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Abstract  

Context: Serious games (SGs) are innovative software applications that, although are 

widely used in education are also applied to a broad spectrum of application areas e.g. 

government, corporate and healthcare. Since SGs are used in diverse areas of society and 

their users are growing every day, SGs are applications that may have a high social 

impact. SG quality could consequently become a critical issue that must be evaluated. 

The ISO quality standards are relevant to all software products, they can be used to 

specify, measure and evaluate the quality of any software product, including SGs. 

However, these standards are generic and this generic nature, has led the standards to fix 

some high-level quality concepts which can be tailored to specific domains. Because the 

relevance of SGs and their quality, there is a need of a quality model specific to SGs that 

allow SG developers and designers evaluate its quality. 

Objective: Despite the fact that, the quality of SGs has been addressed by researchers, 

there is no general quality model that considers all the characteristics, sub-characteristics 

and measures that can be applied to any kind of SG. The goal of this PhD Thesis is 

therefore to Define and validate a product quality model for Serious Games. 

Method: The research proposal, the QSGame-Model, is a product quality model adapted 

from the ISO 25010 standard that is specific to SGs. The QSGame-Model considers all 

the characteristics, sub-characteristics, attributes and measures that are applicable to any 

kind of SG. Moreover, to facilitate the quality evaluation of an SG using the QSGame-

Model, a QSGame-Evaluation process has been defined. In addition, to automate the 

application of the QSGame-Model, the QSGame-Tool has been developed. 

Result: The attributes of QSGame-Model proposed are understandable and important to 

experts on SG development and teaching according to a results of a survey applied to 

them. In addition, the reliability and validity of the measures of the QSGame-Model were 

confirmed through the execution of two quasi-experiments and replica. 

Conclusion: The QSGame-Model is a product quality model, specific for SG, agreed on 

by experts on SG development and teaching. The QSGame-Model considers attributes 

which are not considered in the standard product quality model and is useful in practice, 

in order to allow SG designers and developers to evaluate and improve the quality of the 

SGs they build. 
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Chapter 1  
Introduction 

his chapter first presents the current relevance of Serious Games (SGs) in Section 

1.1, after which the need to evaluate SG quality that led us to define the main 

research objectives of this PhD Thesis is explained (Section 1.2). This is followed 

by the presentation of the research objectives (Section 1.3) in conjunction with the 

research methodology employed to achieve them (Section 1.4). To close the chapter, the 

research projects in which the work of this PhD Thesis was developed are outlined, along 

with the structure of the rest of the document (Sections 1.5 and 1.6, respectively). 
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1.1 Serious game quality 

The use of technology has become “an entire strategy for how to live, survive and thrive 

in the 21st Century” (Prensky, 2004). The fast growth of technology has led to a 

proliferation of electronic devices, such as mobile phones, tablets, laptops, iPhones, etc., 

which have resulted in numerous and innovative software applications. The use of 

software applications to perform a wide variety of business and personal activities is 

currently increasing, to such an extent that they have become essential for most everyday 

activities. Serious games (SGs) are innovative software applications that, although widely 

used in education and recognized as having considerable potential to foster and support 

active learning (Romero, Usart, & Ott, 2015), are also applied to a broad spectrum of 

application areas e.g. government, corporate and healthcare (Susi, Johannesson, & 

Backlund, 2007). SGs can be considered as members of the set of tools with which to 

develop new skills for the 21st century (Prensky, 2006). According to (Redecker et al., 

2012; Romero et al., 2015), these skills are principally are: Collaboration/teamwork, 

Communication, ICT literacy/computer or digital literacy/eCompetence, Social 

skills/cultural skills/cultural heritage awareness/citizenship, Creativity, Critical thinking, 

Problem solving, and Developing quality products/productivity. The term SG itself has 

now been established, but there is not as yet a single definition of the concept. The 

definition most frequently used is “games for purposes other than mere entertainment” 

(Susi et al., 2007), which means that they have a serious purpose. SGs are a fast-emerging 

area of opportunity, in addition to being a rapidly-growing market (Michael & Chen, 

2005). In 2013, worldwide revenues for game-based learning (a type of SG) alone 

amounted to 1.74 billion dollars. With a global growth rate of almost 7% a year, it is 

forecasted that by 2018 worldwide revenue will reach 2.4 billion dollars (Tyson, 2014). 

SGs are vitally important at present, as they may be a means to achieve relevant goals 

from both a personal and an institutional point of view. The number of users of these 

systems is growing each day, signifying that their social impact is very high. They may 

have a major impact on many areas of society and on a huge amount of users. It is for this 

reason that the quality of SGs is so critical; they are not just another variety of software 

(in which it is already assumed that quality is important). Improving the quality of SGs is 

therefore our duty as both researchers and computer professionals. 

Despite the availability of a considerable amount of information regarding the benefits 

that the use of SGs brings (Corti, 2006; LUDUS, 2010; Prensky, 2001b, 2006; Redecker 

et al., 2012; Susi et al., 2007; Wouters, Van der Spek, & Van Oostendorp, 2009), it is 

extremely important not to ignore their quality, because the high quality of SGs (and of 

any software product) is essential if value is to be provided and potential negative 

consequences for their users are to be avoided (ISO, 2011a). What is more, the realization 

of goals and objectives for personal satisfaction, business success and/or human safety 

relies on high-quality software and systems (ISO, 2011a). According to Capgemini 



 

18  Problem statement 

 

  

 

 

(2015) the global growth of the software industry signifies that the quality of any software 

product takes on yet more importance. In order to deliver high quality software products, 

digital transformation has pushed for a much greater recognition of quality assurance and 

testing, predicting that the proportion of spending on information technology allocated to 

both will rise by 40% in 2018. This has led software development companies to invest 

more resources so as to ensure the quality of the software products they manufacture and 

customers to evaluate the quality of the software products they buy to a greater extent 

(Piattini & Garzás, 2010). 

In recent years, the great interest in and importance of the quality of the software products 

have driven the development a set of standards for the specification of quality 

requirements and for the evaluation of the quality of these products. Among the most 

popular standards used to specify and evaluate the quality of software, it is possible to 

highlight the ISO/IEC 25000 standard. This standard presents a quality model for product 

quality and a quality model for the quality in use of software products (ISO, 2011a). Since 

this quality standard is relevant to all software products, it can be used to specify, measure 

and evaluate the quality of any software product, including SGs. However, the standard 

is generic and as stated by Deissenboeck, Juergens, Lochmann, and Wagner (2009) the 

variety of software systems is extremely large, ranging from huge business information 

systems to tiny embedded controllers, signifying that the differences among software 

systems must be accounted for in quality models by defining means of customization. In 

consequence, given the relevance of SGs and their quality, a quality model that considers 

the specific characteristics of SGs is needed.  

1.2 Problem statement 

The current relevance of the quality of SGs, as explained in the previous section, led us 

to focus our research on the construction of a product quality model adapted from the ISO 

25010 standard (ISO, 2011a) that is specific to SGs. As mentioned above, the standard 

quality models are relevant to all software products which are, however, generic. This 

generic nature has led the standards to fix some high-level quality concepts which can be 

tailored to specific domains (Franch & Carvallo, 2003). Several models have been 

developed by taking the standard as starting point and adapting it to specific domains. 

Some works on quality models that have been adapted can be found in: Radulovic and 

Garcia-Castro (2011) in which a product quality model was adapted to semantic 

technologies; González Sánchez, Montero Simarro, Padilla Zea, and Gutiérrez Vela 

(2009) in which the quality in use model was adapted to define a playability model for 

videogames; Herrera, Moraga, Caballero, and Calero (2010) in which the ISO 25010 

standard was used as a basis to adapt a quality in use model so as to assess the level of 

quality in use of Web portals; and in Calero, Moraga, and Bertoa (2013) in which a 

specific model for software sustainability that can be added to the software product 
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quality model from the standard ISO 25010 was proposed. All these adaptations reveal 

that it is necessary to extend and adapt the ISO standards. In addition, the standards also 

show the difficulty involved in directly measuring abstract quality characteristics 

(Wagner, 2013). The importance of the quality of SGs motivated us to focus our research 

on the construction of a product quality model adapted to the ISO 25010 standard (ISO, 

2011a) that is specific to SGs. We believe that proposing a specific quality model for SGs 

followed by the feedback regarding the model provided by experts on SGs development 

and teaching will allow us to build a quality model that has been agreed on by experts and 

that will contribute toward SG developers building better quality SGs.  

1.3 Objectives of the thesis 

The main goal of this Thesis is to: 

OBJECTIVE 

Define and validate a product quality model for Serious Games 

The achievement of this objective will be based on the accomplishment of the following 

partial objectives: 

O1. Analyze the state-of-the-art with the aim of discovering the existing initiatives 

regarding SG quality. 

O2. Define the QSGame-Model, which is a product quality model specific to SGs, 

taking into account the findings of the state-of-the-art literature review on SG 

quality. 

O3. Define the QSGame-Evaluation process, which is an evaluation process 

employed to facilitate the application of the QSGame-Model. 

O4. Automate the application of the QSGame-Model by developing a tool called 

“QSGame-Tool”. 

O5. Refine the proposed QSGame-Model using the feedback collected from a survey 

of experts on SG development and teaching about the proposed model. 

O6. Evaluate the feasibility of the QSGame-Model and of the QSGame-Evaluation 

process with the aim of verifying its applicability to the evaluation of different 

SGs. 

O7. Evaluate the reliability and the validity of the QSGame-Model in order to obtain 

empirical evidence of: 1) the degree of agreement between the measurements 

obtained by different judges (students) in the quality evaluation of an SG and 2) 
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the accuracy or bias of the evaluations of the measures performed by several 

judges (students) with regard to an expert evaluation, respectively.  

1.4 Research methodology 

Each of the objectives of this PhD Thesis previously formulated will be addressed in the 

following manner (see Figure 1): 

 In order to achieve objective O1, i.e., to analyze the current initiatives proposed 

for the evaluation of SG quality, a Systematic Mapping Study (SMS) (Kitchenham 

& Charters, 2007; Petersen, S., & Kuzniarz, 2015) was carried out. This SMS was 

complemented with a Systematic Literature Review (SLR) with which to gather 

the empirical evidence on the evaluation of SG quality. 

 In order to propose the QSGame-Model by adapting the ISO 25010 (ISO, 2011a) 

and taking into account the specific characteristics of SGs, the top-down 

methodology proposed in (Franch & Carvallo, 2003) was used. (Objective O2). 

 The definition of the QSGame-Evaluation process was based on the ISO 25040 

standard (ISO, 2011b) (Objective O3). 

 The Unified Modeling Language (UML)(Booch, 2005; OMG, 2010) and an 

adapted version of SCRUM (Scrum; Verdugo, Rodríguez, & Piattini, 2014) were 

used to design and develop the tool called “QSGame-Tool”, which was built for 

the automation of the QSGame-Model (Objective O4). 

 The refinement of the QS-Game Model (Objective O5) was achieved by means of 

a survey (Kitchenham & Pfleeger, 2008; Pfleeger & Kitchenham, 2001) filled in 

by experts on SG development and teaching. (Objective O5). 

 In order to achieve the objective O6, i.e. evaluate the feasibility of the QSGame-

Model and of the QSGame-Evaluation process, the manual application of the 

model to two educational SGs and the automatic application of the model to 

another educational SG following the QSGame-Evaluation process, were 

performed. 

 A quasi-experiment and a its replication (Wohlin et al., 2012) were carried out in 

order to gather empirical evidence about the reliability and the validity of the 

QSGame-Model (Objective O7). 
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Figure 1. Structure of the PhD Thesis 

A brief description of the research methods used to achieve the objectives of this PhD 

Thesis are presented in the following subsections. 

1.4.1 Systematic Literature Reviews and 

Systematic Mapping Studies 

Secondary studies are methods that allow the existing literature on a particular topic to be 

collected in a systematic and rigorous manner. In software engineering, Systematic 

Mapping Studies (SMS) and Systematic Literature Reviews (SLR) are used as secondary 

research methods. The interest in and conducting of these research methods in software 

engineering have grown substantially during the first decade of the twenty-first century 

(Wohlin et al., 2012). This is evidenced by the number of SLRs on software engineering 

published between 2004 and 2010 which, according to (Zhang & Babar, 2013), amounted 

to 148. In addition, and with the aim of improving the scientific and methodological 
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infrastructure used to support these research methods, extensive research was carried out 

(Kitchenham & Brereton, 2013). Some examples of these works are: how to improve the 

search procedure (Kitchenham, Pretorius, et al., 2010; Zhang, Babar, & Tell, 2011) how 

to perform the quality assessment of primary studies (Dybå & Dingsøyr, 2008b; 

Kitchenham, Brereton, et al., 2010) the evaluation of the reliability of SLRs as research 

method (MacDonell, Shepperd, Kitchenham, & Mendes, 2010), the use and adoption of 

SLRs in software engineering and the challenges that researchers confront when 

performing SLRs (Zhang & Babar, 2013), among others. In this study, both SMS and 

SLR research methods were applied. A brief description of each one is provided in the 

following subsections. 

1.4.1.1 SLR 

An SLR is a means of identifying, evaluating and interpreting all the evidence available 

relevant to a particular research question (Brereton, Kitchenham, Budgen, Turner, & 

Khalil, 2007). The individual studies that contribute to a systematic review are called 

primary studies; a systematic review is a form of secondary study. In contrast to an ad 

hoc literature review, an SLR is a methodologically rigorous review of research results. 

An SLR is planned formally and is executed in a systematic and a methodic manner. 

According to (Kitchenham & Charters, 2007), the advantages of SLRs are: 

 The well-defined methodology makes it less likely that the results of the literature 

will be biased, although it does not protect against publication bias in the primary 

studies. 

 They can provide information about the effects of a particular phenomenon as 

regards a wide range of settings and empirical methods. If studies give consistent 

results, systematic reviews provide evidence that the phenomenon is robust and 

transferable. If the studies give inconsistent results, sources of variation can be 

studied. 

 In the case of quantitative studies, it is possible to combine data using meta-

analytic techniques. This increases the likelihood of detecting real effects that 

individual smaller studies are unable to detect. 

Although SLRs have numerous advantages, their weak point is that they require 

considerably more effort than traditional literature reviews, so one of the main challenges 

when conducting SLRs is that of achieving a balance between the methodological rigor 

and the effort required (Genero, Cruz-Lemus, & Piattini, 2014). 



 

Introduction 23 

 

 

 

1.4.1.2 SMS 

An SMS (or scoping study) is designed to provide a wide overview of a research area in 

order to establish whether research evidence exists and to indicate the quantity of the 

evidence (Kitchenham & Charters, 2007). The results of an SMS can identify suitable 

areas in which to conduct SLRs along with areas in which a primary study is more 

appropriate. 

According to Kitchenham and Charters (2007) the main differences between SMS and 

SLR are the following: 

 Mapping studies are generally driven by broader research questions and often ask 

multiple research questions. 

 The search terms for mapping studies will be less highly focused than those for 

systematic reviews and are likely to return a very large number of studies. For a 

mapping study, however, this is less of a problem than with large numbers of 

results during the search phase of the systematic review as the aim here is for 

broad coverage rather than narrow focus. 

 The data extraction process for mapping studies is also much broader than the data 

extraction process for systematic reviews and can more accurately be termed as a 

classification or categorization stage. The purpose of this stage is to classify 

papers with sufficient detail to answer the broad research questions and to identify 

papers for later reviews without it being a time consuming task. 

 The analysis stage of a mapping study concerns summarizing the data in order to 

answer the research questions posed. It is unlikely to include in-depth analysis 

techniques such as meta-analysis and narrative synthesis, but rather totals and 

summaries. Graphical representations of study distributions by classification type 

may be an effective reporting mechanism. 

 Dissemination of the results of a mapping study may be more limited than for a 

systematic review, it’s being limited to commissioning bodies and academic 

publications, with the aim of influencing the future direction of primary research. 

In Kitchenham, Budgen, and Brereton (2011) it is stated that high quality mapping studies 

can be used as: 

 A baseline against which research trends can be tracked over time. 

 A justification for further primary studies when there are few (or no) relevant 

empirical studies. 
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 As a means of identifying relevant literature for the “related research” section in 

other primary studies. 

 A baseline for empirical research of various kinds. 

 A set of known references which other mapping studies and SLRs can use to 

validate their own searches. 

 An education resource. 

In addition, Kitchenham et al. (2011) mentioned that the benefits of performing SMSs 

include: 

 Providing a starting point for PhD students who need “to organize and understand 

the existing research work in a specific domain”. 

 In the longer term, providing the next generation of researchers with a body of 

knowledge as the starting point of their research rather than forcing every 

researcher to start from scratch. 

1.4.1.3 Process for performing a SLR/SMS 

Kitchenham and Charters (2007) proposed a process with which to perform SLRs and 

SMSs that consists of three main activities: planning the review, conducting the review 

and reporting the review (see Figure 2). The process used to perform SMSs and SLRs is 

basically the same, the main difference being that SMSs are secondary studies with a 

broader scope than SLRs, since their main objective is to provide an overview of a 

particular topic of interest (with or without an empirical approach) and to identify the 

amount and type of research along with the available results on it. This makes it possible 

to identify topics on which empirical evidence is scarce and more empirical studies are 

needed. Although the activities of this process are performed sequentially, it is often 

necessary to perform several iterations, especially to refine the protocol. Hereafter, a brief 

description of each activity of the SLR process is presented. The complete guidelines on 

how to perform SRLs/SMSs can be found in (Kitchenham & Charters, 2007; Petersen et 

al., 2015). 

Planning 

The main objective of the planning activity is to specify the methods that will be used to 

undertake the review, making it systematic and rigorous in order to reduce the possibility 

of researcher bias. This specification is detailed in a document known as the review 

protocol. The stages associated with this phase are: 

 Identification of the need for a review - The need for a systematic review arises 

from the requirement of researchers to summarize all existing information about 
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a particular phenomenon in a thorough and unbiased manner. This may be in order 

to draw more general conclusions about that phenomenon than is possible from 

individual studies, or may be undertaken as a prelude to further research activities. 

 Specifying the research question(s) - Specifying the research questions is the most 

important part of any systematic review. The review questions drive the entire 

systematic review methodology: the search process must identify primary studies 

that address the research questions, the data extraction process must extract the 

data items needed to answer the question and the data analysis process must 

synthesize the data in such a way that the questions can be answered. 

 Developing a review protocol - A review protocol specifies the methods that will 

be used to undertake a specific systematic review. A pre-defined protocol is 

necessary to reduce the possibility of researcher bias. The components of a 

protocol include all the elements of the review plus some additional planning 

information (see Table 1). 

 Evaluating the review protocol - The protocol is a critical element of any 

systematic review. Researchers must agree on a procedure with which to evaluate 

the protocol. The basic review questions stated can be adapted to assist in the 

evaluation of a systematic review protocol. In addition, the internal consistency 

of the protocol can be checked to confirm that: the search strings are appropriately 

derived from the research questions, the data to be extracted will properly address 

the research question(s) and the data analysis procedure is appropriate to answer 

the research questions. 

Table 1. Components of the protocol 

Protocol component Component description 

Definition of the research 

questions  

The questions that the review is intended to answer. 

Search strategy  The search strategy that will be used to search for primary 

studies including search terms, construction of search string 

and resources to be searched. Resources include digital 

libraries, specific journals, and conference proceedings. 

Study selection criteria. Study selection criteria are used to determine which studies are 

included in, or excluded from, a systematic review. 

Study selection procedures  The protocol should describe how the selection criteria will be 

applied e.g. how many assessors will evaluate each 

prospective primary study, and how disagreements among 

assessors will be resolved. 

Study quality assessment 

checklists and procedures 

The researchers should develop quality checklists to assess the 

individual studies. The purpose of the quality assessment will 

guide the development of checklists. 

Data extraction strategy This defines how the information required from each primary 

study will be obtained. 
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Protocol component Component description 

Dissemination strategy In the case of it not having already been included in a 

commissioning document. 

Project timetable This should define the review schedule. 

 

Conducting 

Once the protocol has been agreed on, the review proper can start in the conducting 

activity. In this activity, everything planned in the protocol is performed and the final 

results are obtained. These results will answer the research questions stated in the 

planning activity. The stages associated with the conducting activity are: 

 Identification of research - It is necessary to determine and follow a search strategy. 

A general approach is to break down the question into individual facets i.e., 

population, intervention, comparison, outcomes, context, and study designs. Then 

draw up a list of synonyms, abbreviations, and alternative spellings. Sophisticated 

search strings can then be constructed using Boolean ANDs and ORs. 

 Selection of primary studies – Once the potentially relevant primary studies have 

been obtained, they need to be assessed for their actual relevance. Study selection 

criteria are intended to identify those primary studies that provide direct evidence 

about the research question. In order to reduce the likelihood of bias, selection 

criteria should be decided during the protocol definition, although they may be 

refined during the search process. Inclusion and exclusion criteria should be based 

on the research question. They should be piloted to ensure that they can be reliably 

interpreted and that they classify studies correctly. Inclusion and exclusion criteria 

should be based on the research question. Study selection is a multistage process. 

Initially, selection criteria should be interpreted liberally, so that unless a study 

identified by the electronic and hand searches can be clearly excluded based on title 

and abstract, a full copy should be obtained. When two or more researchers assess 

each paper, each disagreement must be discussed and resolved. This may be a 

matter of referring back to the protocol or may involve writing to the authors for 

additional information. Single researchers (such as PhD students) should consider 

discussing included and excluded papers with their advisor, an expert panel or other 

researchers. 

 Study quality assessment – In addition to general inclusion/exclusion criteria, it is 

considered critical to assess the “quality” of primary studies: to provide still more 

detailed inclusion/exclusion criteria, to investigate whether quality differences 

provide an explanation for differences in study results, as a means of weighting the 

importance of individual studies when results are being synthesized, to guide the 

interpretation of findings and determine the strength of inferences and to guide 
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recommendations for further research. An initial difficulty is that there is no agreed 

definition of study “quality”. However, existing guidelines suggest that quality 

relates to the extent to which the study minimizes bias and maximizes internal and 

external validity. 

 Data extraction and monitoring – The objective of this stage is to design data 

extraction forms to accurately record the information researchers obtain from the 

primary studies. To reduce the opportunity for bias, data extraction forms should be 

defined and piloted when the study protocol is defined. The data extraction forms 

must be designed to collect all the information needed to address the review 

questions and the study quality criteria. Data extraction forms need to be piloted on 

a sample of primary studies. If several researchers will use the forms, they should 

all take part in the pilot. Whenever feasible, data extraction should be performed 

independently by two or more researchers. Data from the researchers must be 

compared and disagreements resolved either by consensus among researchers or 

arbitration by an additional independent researcher. It is important not to include 

multiple publications of the same data in a systematic review synthesis because 

duplicate reports would seriously bias any results. When there are duplicate 

publications, the most complete should be used. It may even be necessary to consult 

all versions of the report to obtain all the necessary data. 

 Data synthesis - Data synthesis involves collating and summarizing the results of 

the included primary studies. Synthesis can be descriptive (non-quantitative). 

However, it is sometimes possible to complement a descriptive synthesis with a 

quantitative summary. Extracted information about the studies (i.e. intervention, 

population, context, sample sizes, outcomes, and study quality) should be tabulated 

in a manner consistent with the review question. Tables should be structured to 

highlight similarities and differences between study outcomes. Quantitative data 

should also be presented in tabular. However, in order to synthesize quantitative 

results from different studies, study outcomes must be presented in a comparable 

way. 

Reporting 

The final activity of a systematic review involves writing up the results of the review and 

circulating the results to potentially interested parties. The stages associated with this 

activity are: 

 Formatting the main report - Systematic reviews will usually be reported in at least 

two formats: in a technical report or in a section of a PhD Thesis and in a journal or 

conference paper. A journal or conference paper will normally have a size 

restriction. In order to ensure that readers are able to properly evaluate the rigor and 
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validity of a systematic review, journal papers should reference a technical report 

or thesis that contains all the details. 

 Evaluating the report - Journal articles will be peer reviewed as a matter of course. 

Experts review PhD theses as part of the examination process. In contrast, technical 

reports are not usually subjected to any independent evaluation. However, if 

systematic reviews are made available on the Web so that results are made available 

quickly to researchers and practitioners, it is worth organizing a peer review. If an 

expert panel were assembled to review the study protocol, the same panel would be 

appropriate to undertake a peer review of the systematic review report, otherwise 

several researchers with expertise in the topic area and/or systematic review 

methodology should be approached to review the report. 

 

Figure 2. Activities in the SMS/SLR process 

1.4.2 Top-down methodology for the 

adaptation of quality models 

Quality model adaptation to specific domains can principally be performed by following 

top-down and bottom-up approaches (Dromey, 1999). The top-down approach starts with 

general characteristics, which are used as a basis to obtain concrete measures, while the 

bottom-up approach starts from quality measures, which are the basis used to define 

quality sub-characteristics for each measure. Because the top-down approach is 
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frequently used to adapt quality models to a specific domain (Botella et al., 2003; 

Carvallo, Franch, & Quer, 2003; González Sánchez et al., 2009; Herrera et al., 2010), we 

decided to use it in this PhD thesis. An outline of this approach is presented as follows. 

In the top-down approach, six consecutive steps are proposed in order to adapt a quality 

model to a specific domain (see Figure 3)(Franch & Carvallo, 2003): 

1. This steps deals with the decomposition of characteristics that appear in the 

standard, into the sub-characteristics. It is possible to add new sub-characteristics 

that are specific to the domain, refine the definition of existing ones, or even 

eliminate some.  

2. In the second step, it is possible to decompose sub-characteristics with regard to 

certain factors, thus yielding a hierarchy. 

3. Since quality sub-characteristics provide a comprehensible abstract view of the 

quality model, it is necessary to decompose these abstract concepts into more 

concrete ones (attributes).  

4. When an attribute cannot be directly measurable (derived attribute), it should be 

decomposed until it is completely expressed in terms of basic attributes. 

5. In order to obtain a more exhaustive model of relationships between quality 

characteristics, sub-characteristics and attributes are stated. 

6. In the last step, measures for each of the attributes that are directly measurable are 

defined. 

 



 

30  Research methodology 

 

  

 

 

Figure 3. Steps of the top-down methodology (Franch & Carvallo, 2003) 

1.4.3 Survey 

A survey is a comprehensive research method with which to collect information in order 

to describe, compare or explain knowledge, attitudes and behavior (Fink, 1995). Surveys 

can also be used to describe the characteristics of methods or tools (Genero et al., 2014). 

A survey is a complex process consisting of the following activities (Kitchenham & 

Pfleeger, 2008): setting objectives, survey design, developing a survey instrument, survey 

instrument evaluation, obtaining valid data, analyzing survey data and reporting results. 

A brief description of each of the activities in the survey process is presented below. 

1.4.3.1 Setting objectives 

The first step in any survey research is to set objectives, otherwise referred to as problem 

definition. Each objective is simply a statement of the survey’s expected outcomes or a 

question that the survey is intended to answer. The origin of the objectives can be diverse 

and may, for example: arise as a result of a doubt that has appeared after a search of the 

literature; because some need is perceived by the researchers responsible who then 

attempt to explore the possibilities associated with it, it may have been established 

directly by an expert. Regardless of their origin, the objectives of the survey should be as 

clear as possible and must be measurable. These objectives will determine most of the 

remaining activities in the process of conducting surveys, and must therefore be 

established with caution (Genero et al., 2014). 

1.4.3.2 Survey design 

According to (Kitchenham & Pfleeger, 2008), there are two common types of survey 

design: 1) cross sectional, in which participants are asked for information at one fixed 

point in time and 2) longitudinal, which is a forward-looking study that provides 

information about changes in a specific population over time. The other issue to be 

considered when designing the survey is whether it will be administered by using self-

administered questionnaires (usually postal but increasingly via the Internet), telephone 

surveys or one-to-one interviews. The questions that can be addressed are influenced by 

this factor. In addition, the strategies used to obtain reliable data such as question ordering 

and wording differ according to the administration method. It is important to mention that 

self-administered questionnaires are the most frequently used option in the field of 

software engineering. 

1.4.3.3 Developing a survey instrument 

Survey instruments are developed by considering several activities: searching the relevant 

literature to discover what questionnaires or other data collection mechanisms have 
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previously been used in research related to the same subject and constructing an 

instrument by taking into account the type of the questions, the design of the questions, 

the design of the answers to the questions, the questionnaire format, and the response rate 

and motivation. 

1.4.3.4 Survey instrument evaluation 

Once the instrument has been created, it is essential evaluate it (Litwin, 1995). Evaluation 

is often called pre-testing, and it has several different goals: to check that the questions 

are understandable, to assess the likely response rate and the effectiveness of the follow-

up procedures, to evaluate the reliability and validity of the instrument, and to ensure that 

our data analysis techniques match our expected responses. The two most common ways 

in which to organize an evaluation are focus groups and pilot studies. After the instrument 

is finalized, Bourque and Fielder (2003) recommend starting to document the survey by 

writing a descriptive document. 

1.4.3.5 Obtaining valid data 

When a survey is administered, it is not possible to survey the entire population. Instead, 

we survey a subset of the population, called a sample, in the hope that the responses of 

the smaller group represent what would have been the responses of the entire group. There 

are three main types of sample-selection methods (Kitchenham & Pfleeger, 2008):1) 

probabilistic sampling methods, 2) cluster-based sampling, and 3) non-probabilistic 

sampling methods. A major issue of concern when sampling is determining the 

appropriate sample size, because an inadequate sample size may lead to results that are 

not statistically significant (i.e., if the sample size is not sufficiently large it is not possible 

generalize conclusions) or the inadequate sampling of clusters or strata disables our 

ability to compare and contrast different subsets of the population. Any reliable survey 

should measure and report its response rate, that is, the proportion of participants who 

responded in comparison to the number who were approached. However, recent research 

has suggested that achieving higher response rates does not necessarily mean more 

accurate results (Krosnick, 1990). If we have used probability sampling, low response 

rates may not imply lower representativeness. 

1.4.3.6 Analyzing survey data 

The most important aspects of the data analysis are: 

 Data validation – Before undertaking any detailed analysis, responses should be 

vetted for consistency and completeness.  

 Partitioning the responses - Before starting to analyze the results of the survey, it is 

convenient to divide and group questions into homogeneous groups. These 



 

32  Research methodology 

 

  

 

 

groupings are commonly carried out on the basis of the demographic information 

obtained from the participants, such as age, geographic location, experience in a 

particular field, etc. 

 Analyzing ordinal and nominal data - Analyzing numerical data is relatively 

straightforward. However, there are additional problems according to whether your 

data is ordinal or nominal .It is common practice to convert the ordinal scale into 

its numerical equivalent (e.g. the numbers 1–5) and to analyze the data as if they 

were simple numerical data. There are occasions on which this approach is 

reasonable, but it violates the mathematical rules employed to analyze ordinal data. 

Using a conversion from ordinal to numerical entails a risk that subsequent analyses 

will give misleading results. Some approaches that can be used to avoid scale 

violations can be found in Kitchenham and Pfleeger (2008). 

1.4.3.7 Reporting results 

The information generated during the performance of the survey and the analysis of the 

results must be published. The elements to be included in the survey document are 

specified in (Fink, 2003). 

1.4.4 Quasi-experiment 

Depending on the purpose of an empirical valuation, three different kinds of empirical 

studies can be carried out: surveys, case studies and experiments (Colin, 2002). In 

software engineering, an experiment is an empirical enquiry that manipulates one variable 

(called an independent variable or factor) of the setting being studied and measures its 

effect on an outcome variable called an independent variable. There are two types of 

experiments: those in which the controlled treatments are assigned subjects randomly 

(controlled experiments), and those in which this randomization it is not possible (quasi 

experiments). Experiments are appropriate for investigating different aspects (Hannay, 

Sjøberg, & Dybå, 2007; Sjøberg, Dybå, Anda, & Hannay, 2008): confirming or testing 

existing theories, evaluating the accuracy of models, validating measures, among others. 

The strength of an experiment is that it can investigate in which situations the claims are 

true, and it can provide a context in which certain standards, methods and tools are 

recommended for use. To carry out an experiment, it is necessary to follow an 

experimental process in which the activities undertaken, what should be done and the 

inputs and outputs of each activity are detailed. Figure 4 illustrates the main activities 

contained in the experimental process suggested by Wohlin et al. (2012). 
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Figure 4. Overview of the experimental process (Wohlin et al., 2012) 

The starting point for an experimental is insight, and the idea that an experiment would 

be a possible means of evaluating whatever we are interested in. In other words we have 

to realize than an experiment is appropriate for the question we are going to investigate. 

The five activities of the experimental process are described in the following sub-sections. 

1.4.4.1 Definition 

The first activity is the definition of the objectives and goals. The intention is to explain 

why the experiment is being conducted. The goal is formulated from the problem to be 

solved. In order to capture the scope, the framework of Basili and Rombach (1988) is 

suggested: 

 Object of study (what is studied?), 

 Purpose (what is the intention?), 

 Quality Focus (which effect is studied?), 

 Perspective (whose view?), and 

 Context (where is the study conducted?) 
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The object of study is the entity that is being studied. This may be products, processes, 

models, resources, etc. The purpose describes what the intention of the experiment is. For 

instance, the purpose of an experiment might be to evaluate the use of different methods. 

The quality focus describes which effect is being studied. Examples of quality focus are: 

reliability, maintenance, etc. The perspective describes what the view of the experiment 

is. An experiment can take the perspective of the analyst, developer, tester, researcher, 

manager, amongst others. Finally, the context describes where the study is conducted (the 

environment). It includes the description of the people (i.e., students, practitioners) and 

the software artifacts involved in the experiment. 

1.4.4.2 Planning 

The next activity is to plan the experiment and it is at this moment that the foundation for 

the experiment is laid. The context of the experiment is determined in detail. Here, the 

hypothesis (including a null hypothesis and an alternative hypothesis) of the experiment 

is formally stated, and the independent variables (inputs) and dependent variables 

(outputs) are determined. The subjects of the study are also identified. Furthermore, the 

choice of the experimental design and the instrumentation used need to be justified. The 

experimental design includes choosing a suitable experiment design including, for 

example, randomization of subjects. As a part of the planning, it is important to consider 

the question of the validity of the results we can expect. Validity can be divided into four 

major classes. 

 Internal validity, which is concerned with the validity within the given 

environment and the reliability of the results. 

 External validity, which is a question of how general the findings are. 

 Construct validity, which is a matter of judging whether the treatment reflects the 

cause construct and the outcome provides a true picture of the effect construct. 

 Conclusion validity, which is concerned with the relationship between the 

treatment and the outcome of the experiment. 

Planning is a crucial step in an experiment if we are to ensure that the results from the 

experiment will be useful. Poor planning may ruin any well-intended study. 

1.4.4.3 Operation 

This activity has three steps: preparation, execution and data validation. The first step 

consists of preparing the subjects and the material needed (for example, the data 

collection forms). The participants must be informed about the intention; the subject must 

consent and must be committed. The second step consists of ensuring that the experiment 

is conducted according to the plan and design of the experiment. In the third step, the data 
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collected are reviewed to ensure that they are correct and provide a valid picture of the 

experiment. 

1.4.4.4 Analysis and interpretation 

The data collected during operation provide the input to this activity, and are analyzed 

and interpreted. In an informal analysis, the data is first analyzed using descriptive 

statistics. If necessary, the data is then reduced by either removing data points or reducing 

the number of variables (if more than one variable provides the same data). After some 

data have been removed, the hypotheses are tested, after which the appropriate test is 

chosen based on measurement scales, values for the input data, and the type of results that 

are being sought. One important aspect of this activity is the interpretation: it must be 

possible to determine from the analysis whether the hypothesis could be rejected. This 

forms the basis for decision-making and conclusions concerning how to use the results 

from the experiment, which includes motivation for further studies. 

1.4.4.5 Presentation and package 

Finally, the presentation and package activity is related to preparing documentation (i.e., 

research paper, lab package) with the findings obtained from the experiment. This is very 

useful for replication purposes or as part of an experimental database. 

1.5 Thesis framework 

This PhD Thesis was developed in the Alarcos Research Group at the University of 

Castilla-La Mancha, in Ciudad Real, Spain, from November 2012 to July 2016. This 

Thesis has been developed within the framework of the following projects and grants: 

 GEODAS-BC (Gestión para el Desarrollo Global de Software mediante Ingeniería 

de Negocio y Entornos Avanzados de Colaboración TIN2012-37493-C03-01). The 

GEODAS-BC project was coordinated by members of three Spanish universities: 

Murcia, Alicante and Castilla-La Mancha, and financed by Ministerio de Economía y 

Competitividad. The project started in January of 2013 and finished in December of 

2015. The goal of this project is investigate the application of different techniques in 

order to improve the management of software factories working in global 

environments. The contribution of this Thesis was focused on the development of a 

quality model for the assessment of SG quality that can be applied in global contexts. 

 SEQUOIA (SEcurity and QUality in prOcesses with bIg data and Analytics 

TIN2015-63502-C3-1-R). The SEQUOIA project was coordinated by members of 

three Spanish universities: Sevilla, Alicante and Castilla-La Mancha, and financed by 

Ministerio de Economía y Competitividad. The project started in January of 2016 and 
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finished in December of 2018. The goal of this project is to provide models, methods 

and software tools that will enable organizations to address the quality and security 

of Big Data projects. The contribution of this Thesis was focused on the use of SGs 

in Big Data applications. 

 PRODEP grant. The author of this Thesis obtained a scholarship from the 

government of México through the Programa para el Desarrollo Profesional 

Docente (PRODEP)1. The goal of this program is contribute toward raising the quality 

of education by means of the development of competent professionals through full-

time faculty members who will permanently raise their level of qualification based on 

appropriate profiles for each subsystem of higher education. 

1.6 Thesis outline 

The organization of the chapters of this PhD Thesis is as follows (see Figure 1): 

 Chapter 2: Background and state-of-the-art. In the second chapter, the 

complete study preformed on the existing literature related to initiatives on quality 

of SG is described, first by conducting an SMS to discover the current proposals 

on SG quality and then by performing an SLR in order to discover how the SG 

quality was evaluated and validated. 

 Chapter 3: QSGame-Model. In this chapter, the construction process followed 

to define the quality model specific for SGs (QSGame-Model) is presented. 

Moreover, all the elements of the quality model, including characteristics, sub-

characteristics, attributes and measures, are thoroughly described. The QS-Game 

Model was built as an extension of the ISO 25010 (ISO, 2011a) and considered 

the main findings obtained in the study of the state-of-the-art carried out in the 

previous chapter. The ISO/IEC 25040 (ISO, 2011b) standard is additionally used 

as a basis to define a QSGame-Evaluation process with which to facilitate the 

application of the QSGame-Model. The QSGame-Tool, a tool developed for the 

automation of the QSGame-Model, is also described in Chapter Three. 

 Chapter 4: QSGame-Model refinement. The survey conducted using an 

iterative process to refine the QSGame-Model is described in the Chapter Four. 

                                                 

 

 

1 http://dsa.sep.gob.mx/prodep.html 
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 Chapter 5: Feasibility evaluation of the QSGame-Model and of the QSGame-

Evaluation process. The feasibility evaluation of the QSGame-Model by means 

of its application to three different SGs is detailed in Chapter Five. 

 Chapter 6: Reliability and validity evaluation of the QSGame-Model. A 

quasi-experiment and its replica carried out in academic contexts are described in 

Chapter Six. The main goal of both empirical studies is to assess the reliability 

and validity of the QSGame-Model. 

 Chapter 7: Conclusions. In the Chapter Seven, the main contributions of this 

PhD Thesis, the results obtained and the future research lines are detailed. 

 Chapter 8: Appendices. The following appendices are presented in this PhD 

Thesis: 

Appendix A. Additional information on the SMS and SLR. Additional 

information regarding the results of the literature reviews presented in Chapter 

Two is shown in Appendix A. 

Appendix B. Glossary of relevant terms and artifacts for the QSGame-

Evaluation process. The list of the relevant terms of the QSGame-Model and 

some of the artifacts required in order to apply the QSGame-Evaluation process 

presented in Chapter Three are described in this Appendix.  

Appendix C. The survey questionnaire. The complete description of the 

questions that comprise the questionnaire applied in the survey presented in 

Chapter Four in order to refine the QSGame-Model is shown in Appendix C. 

Appendix D. Additional information on SGs evaluation results. In this 

Appendix, some additional information on the results of the SG evaluation 

examples described in Chapter Five is presented. 

Appendix E. Material used in the quasi-experiment. This Appendix presents 

all the material designed to carry out the quasi-experiment and its replica 

described in Chapter Six. 

Appendix F. Acronyms. The acronyms used throughout this PhD are listed in 

Appendix F. 

 Bibliography. The bibliography used is listed at the end of this PhD Thesis. 
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Chapter 2  
Background and state-

of-the-art 

he main objective of this chapter is to Analyze the state-of-the-art of the existing 

initiatives regarding SG quality (O1).This goal was achieved by defining the 

following partial objectives: 1) Present an overview of the SG field (Subsection 

2.1), 2) Describe the existing software quality standards for the evaluation of software 

products and how they can be adapted to specific domains, along with a standard related 

to the evaluation process of a software product which describes the activities undertaken 

to carry out that evaluation (Subsection 2.2) and 3) Analyze the state-of-the-art on SG 

quality by means of two literature reviews, the first being a Systematic mapping study 

(SMS) performed to collect and analyze the existing initiatives on SG quality, and the 

second being a Systematic Literature Review (SLR) with which to carry out an in-depth 

analysis of the papers found in the previous SMS that present empirical evidence on how 

the SG quality was evaluated and validated (Subsections 2.3 and 2.4). 

  

T 
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2.1 Overview of serious games 

The aim of this subsection is to present an overview of the SG field, including its history, 

its definition and its benefits, and some examples of SGs per application area.  

2.1.1 History of SGs 

The use of games with a serious focus is older than is thought. In the educational area, 

SGs have been used since at least the twentieth century. Between 1960 and 1970, paper-

based educational games were very popular, but in 1970 the movement concerning the 

change in how to teach, known as "back-to-basics", resulted in a decrease in the use of 

these educational games. The objective of this movement was that students should focus 

on reading, writing and arithmetic (Morgan & Robinson, 1976). In the 1980s, educational 

games became very popular owing to the boom of computers. These games were mainly 

characterized as being a means to perform exercises easily rather than being a new way 

in which to learn. The educational games of the 1990s challenged children to apply their 

knowledge and learn new things. However, it was difficult for teachers to map these 

games into the curriculum. In 2001, the Games-to-Teach project was the inspiration for 

the SG initiatives that emerged during the six years the project lasted. These SGs were 

created using role playing techniques, mobile technologies and physics-based racing 

games. The topics covered were as diverse as engineering education and complex system 

dynamics, among others. The year 2002 is considered to be the starting point of the 

“current wave” of SGs (Djaouti, Alvarez, Jessel, & Rampnoux, 2011), since the “Serious 

Games Initiative” appeared with the aim of promoting the use of games for serious 

purposes. The America’s Army game was also released in the same year, a game which 

is considered by Sawyer to be “the first successful and well-executed serious game that 

gained total public awareness” (Gudmundsen, 2006). Although the United States Army 

is the largest consumer and producer of SGs, there is now a great interest in the use of 

these applications in areas such as education, vocational training, health, advertising, 

public policy and social change (Wikipedia, 2009). 

2.1.2 SGs definition 

Although SGs have commonly been defined as “games in which education is the primary 

goal, rather than entertainment” (Michael & Chen, 2005), this definition does not fully 

define what an SG is. According to Ben Sawyer (Michael & Chen, 2005), the word 

“serious” refers to the purpose of the game and not to the content of the game itself. SGs 

are not only intended for education; serious purpose takes in a wide range of application 

areas (Susi et al., 2007). A broader definition of SG provided by Michel Zyda is “a mental 

contest, played with a computer in accordance with specific rules that uses entertainment 

to further government or corporate training, education, health, public policy, and strategic 
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communication objectives”(Zyda, 2005). In a more general and simplified way, it can be 

said that SGs are games for purposes other than entertainment (Susi et al., 2007). 

Although one might initially think that a game cannot be serious, play is an important part 

of the learning process.Van Eck (2006) has pointed out that play is a primary socialization 

and learning mechanism common to all human cultures and many animal species. 

Connolly, Boyle, MacArthur, Hainey, and Boyle (2012) for their part, claim that SGs 

provide features which, according to modern learning theories, make learning more 

effective. 

2.1.3 SGs benefits 

Susi et al. (2007), Wouters et al. (2009) and Zyda (2005) agree that the widespread 

acceptance of SGs is owing to both their positive impact and the advantages they have 

over traditional learning methods. Some of the benefits of SGs are the following: 

1) SGs allow learners to experience situations that it would otherwise be impossible to 

experience in real life owing to aspects related to costs, resources, time, security, etc. 

(Susi et al., 2007).  

2) There is evidence that SGs support the acquisition of knowledge, that they are more 

effective than traditional instructional methods as regards training cognitive skills and 

that they have a promising use in the learning of fine-grid motor skills that require 

excellent hand-eye coordination (Wouters et al., 2009).  

3) SGs enable the employment potential of staff to be enhanced, while simultaneously 

improving their technical capabilities. They also make it possible to catch up with and 

keep abreast of technological development; they foster local development and 

strengthen regional cohesion (LUDUS, 2010).  

4) In the particular case of Advergames, longer information retention and more effective 

memorization is achieved, signifying that more complex messages can be delivered 

without boring a captive audience; these people will thus remember the brand 

specifications better. 

5) SGs motivate learners to complete learning activities and provide them with authentic 

learning experiences during which entertainment and learning are seamlessly 

integrated (Gee, 2005; Prensky, 2001b).  

6) SGs help to improve customers and partner education to gain a comprehensive 

understanding of, for example, the products and service portfolio (Corti, 2006). 
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2.1.4 Examples of SGs per application area 

In this section, some examples of SGs in different application areas are presented. As 

mentioned in the previous section, although SGs are widely used in education, their 

application areas are very diverse. Some of these applications areas are, among others: 

military, government, corporate, healthcare and business. Some examples of each of these 

are shown in Table 2. 

Table 2. Examples of SGs per application area 

Application 

area 

SG examples 

Military Military SGs allow the creation of low-cost simulations that are both accurate 

and engaging, and for a considerably lower cost than traditional simulations. 

The military is also the major user of SGs. The first “serious game”, designed 

and used for military training, was Army Battlezone, designed by Atari in 

19802. However, one of the best known, and perhaps the leading example of 

SG application, was released in 2002 – America’s Army – which, in contrast 

to most video games, is free for download3. From a military perspective, video 

game playing (more generally) has a number of advantages, such as improved 

hand-eye coordination, improved ability to multitask, ability to work in a team 

using minimal communication, and willingness to take aggressive action 

(Michael & Chen, 2005). 

Government Governmental SGs may concern a number of different kinds of tasks and 

situations, such as different types of crisis management like, for instance, 

dealing with terrorist attacks, disease outbreaks, biohazards, health care policy 

issues, city planning, traffic control, firefighting, budget balancing, ethics 

training, and defensive driving (Michael & Chen, 2005). One major advantage 

of computer simulations is that they allow scenarios to be run repeatedly. They 

can also be carried out with varying degrees of severity, at different locations, 

etc., and often with low costs as regards personnel and material resources. An 

example of this kind of SGs is Decisive Combat — Singapore Armed Forces 

Centre for Leadership Development4. 

Corporate Computer assisted training allows corporations to cut costs allocated to training 

staff, special equipment, locales, etc. The interest in SGs and simulations is for 

several reasons; the number of employees familiar with video games is 

increasing, and their attention is quickly and effectively attracted by interactive 

SGs. Corporate training can comprise a number of topics, some of which are 

common to different corporations, while others are specific to a corporation’s 

own needs. SGs offer a paradigm shift in training as they change the role of the 

trainee from passive to active, and the role of the trainer from merely delivering 

material to being a facilitator (Michael & Chen, 2005). Some examples are 

vBank and MENTAT5. 

                                                 

 

 

2wikipedia.org 
3americasarmy.com 
4http://www.youtube.com/watch?v=X3BKZ5UXLLE 
5http://www.breakawaygames.com/serious-games/overview/ 
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Application 

area 

SG examples 

Healthcare SGs for health and healthcare could, for example, be those related to education 

in health/self-directed care such as Hungry Red Planet6. This SG, funded by 

The National Institutes of Health (NIH) in the US, teaches children nutritional 

skills and healthy eating habits. Some SGs related to health are used as 

distractive therapeutic tools to, for instance, help chronically ill children to deal 

with pain, distract them during uncomfortable treatments, or to lessen 

anticipatory anxiety before medical procedures like surgery, such as FreeDive 

from BreakAway Games7. 

Bussiness Empathy Map is an SG whose goal is to understand what stakeholders want 

from one’s business8. Another example of this kind of SG is SWOT Analysis, 

whose objective is to uncover how to attain a desired end state in one’s 

business. An additional example of an SG for business is Prune The Product 

Tree, whose goal is to shape one’s product to market needs. 

 

2.2 Software quality standards 

Software quality is defined as the "degree to which a software product satisfies stated and 

implied needs when used under specified conditions" (ISO, 2011a). This means that when 

a software application is developed, it is necessary to ensure that the final product meets 

the user needs for which this software application was created. Several international 

standards establish generic bases on which to characterize the quality of the software. The 

ISO/IEC 25000 Software Engineering Software product Quality Requirements and 

Evaluation (SQuaRE) (ISO, 2014a) is a family of standards related to quality models, 

quality measurements and quality evaluations. This standard is the integration of the 

ISO/IEC 9126(ISO, 2001 ) and ISO/IEC 14598 (ISO, 1999) standards and its aim is to 

create a general framework with which to assess the quality of the software product. This 

standard is composed of the: 

 ISO/IEC 25012, which presents a general quality model for data quality (ISO, 

2008). 

 ISO 25010, which presents a quality model for product quality and a quality model 

for quality in use of software products (ISO, 2011a). 

 ISO/IEC 25040, which is a reference model for software evaluation (ISO, 2011b). 

                                                 

 

 

6www.hungryredplanet.com 
7www.breakawaygames.com 
8http://www.innovationgames.com/empathy-map/ 

http://www.hungryredplanet.com/
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 ISO/IEC 25001, which focuses on establishing requirements and guides that are 

used to manage the evaluation and specification of requirements of software 

products (ISO, 2014b). 

 ISO/IEC 25024: 2015, which provides measures, including associated 

measurement functions and QMEs for the quality characteristics in the data 

quality model (ISO, 2015a). 

 ISO/IEC DIS 25023, which provides measures, including associated measurement 

functions and QMEs for the quality characteristics in the product quality model 

(ISO, 2015c). 

 ISO/IEC DIS 25022, which provides measures, including associated measurement 

functions for the quality characteristics in the quality in use model (ISO, 2015b). 

The main purpose of the SQuaRE standard is to specify and assess the quality of software 

products (Calero, Piattini, & Moraga, 2010). In the study of product quality, this standard 

defines “the quality in the lifecycle” from three different perspectives: process, software 

product and effect of software product (see Figure 5). 

 

Figure 5. Quality in the lifecycle (ISO, 2011a) 

Improving process quality contributes to improving product quality; product quality, in 

turn, contributes to improving system quality in use. That means that assessing and 

improving a process is a means of raising the level of product quality, and that evaluating 

and improving product quality is one way of improving system quality in use. Similarly, 

evaluating system quality in use can provide feedback with which to improve a product, 

while evaluating a product can provide feedback that will help improve a process (ISO, 

2011a). Evaluating the quality of software has been tackled for several years and is done 

on the basis of standards related to software quality. The reasons for using a standard are: 
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1) to avoid conflicts and inconsistencies as regards the vocabulary used; and 2) to start 

with a widely accepted set of quality characteristics that has been agreed on by consensus. 

In this dissertation, we focus on the ISO 25010 and ISO 25023 standards, since they are 

taken as basis for the construction of the proposed product quality model for SG, which 

is the main objective of the current work. Both standards are part of the SQuaRE series 

of international standard. The ISO25010 standard (ISO, 2011a) presents a detailed quality 

model for computer systems and software products, while the ISO 25023 (ISO, 2015c) 

standard provides a set of quality measures for the characteristics of system/software 

products that can be used to specify requirements, and measure and evaluate the 

system/software product quality. Another important aspect of the ISO 25000 standard is 

the ISO 25040 standard which is related to the process that describes the activities 

undertaken to carry out the evaluation of a software product. The ISO25010 (Subsection 

2.2.1), the ISO 25023 (Subsection 2.2.2) and the ISO 25040 standards are described in 

the following section. 

2.2.1 The ISO 25010 standard 

The main idea behind the ISO 25010 standard is the definition of a quality model and its 

use as a framework for software evaluation. A quality model is defined by means of the 

general characteristics of software. These are then refined into sub-characteristics, which 

are in turn decomposed into attributes, thus yielding a multilevel hierarchy. The bottom 

of the hierarchy contains measurable software attributes whose values are computed by 

using a particular measure. These measures must be thoroughly and precisely defined 

within the quality model. The output of a quality evaluation of a software product is 

therefore a set of measurement values that have to be interpreted in order to provide 

developers and designers with feedback regarding the quality of the software products. 

The ISO 25010 standard is composed of two models: the Product Quality Model and the 

Quality in Use Model. Both models are useful as regards evaluating the quality of a 

software product which is determined from two perspectives: Product Quality and Quality 

in Use. 

2.2.1.1 Software product quality 

The product quality is the degree to which a software product satisfies the stated and 

implied needs of the specific users when used in specific contexts of use. The product 

quality model measures the internal properties (such as software specification, 

architectural design, among others), or the external properties (such as the behavior of the 

code when executed). The Product Quality Model classifies product quality properties 

into eight characteristics: functional suitability, performance efficiency, compatibility, 

usability, reliability, security, maintainability and portability; and thirty-one sub-

characteristics shown in Figure 6. 
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Figure 6. Product quality model ISO 25010 (ISO, 2011a) 

2.2.1.2 Software quality in use 

The quality in use is the degree to which a product or system can be used by specific users 

to meet their needs to achieve specific goals with effectiveness, efficiency, freedom from 

risk and satisfaction in specific contexts of use. The quality in use model measures the 

quality properties of a software product related to the outcome of the interaction when a 

product is used in a particular context. The Quality in Use Model describes five quality 

characteristics: effectiveness, efficiency, satisfaction, freedom from risk, and context 

coverage; and the nine sub-characteristics shown in Figure 7. 

 

Figure 7. Quality in use model ISO 25010 (ISO, 2011a) 
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2.2.2 The ISO 25023 standard 

The ISO 25023 Measurement of system and software product quality standard is a part 

of the 2502n Quality Measurement Division of the SQuaRE series that currently consists 

of the international standards shown in Figure 8. 

 

Figure 8. Structure of the quality measurement division (ISO, 2015c) 

The ISO 25023 standard provides internal and external quality measures with which to 

quantitatively measure software product quality in terms of the characteristics and sub-

characteristics defined in ISO 25010, and is intended to be used together with it. It is 

possible to select measures from this standard for the measurement of quality 

characteristics of interest. This could be for the purpose of defining requirements, 

evaluating system/software products, performing quality management activities, or 

others. The ISO 25023 standard contains: 

1. An explanation of how to apply software and computer system quality measures; 

and 

2. A basic set of quality measures for each characteristic and sub-characteristic. 

The ISO 25023 standard can be applied to any kind of software product. The proposed 

quality measures are primarily intended to be used for quality assurance and the 

improvement of software products during or after the development life cycle process. The 

quality characteristics and sub-characteristics can be quantified by applying measurement 

functions. A measurement function is an algorithm that is used to combine quality 

measure elements. The result of applying a measurement function is called a quality 



 

Background and state-of-the-art 47 

 

 

 

measure. Quality measures therefore become quantifications of the quality characteristics 

and sub-characteristics of a software product. 

2.2.3 Adaptation of quality standard to specific 

domains 

As mentioned previously, the ISO 25010 quality standard is generic; the characteristics 

defined by it are relevant to all software products and are not related exclusively to code 

or executable software, but also to analysis and design artifacts. This generic nature 

allows the standard to fix some high-level quality concepts which can be tailored to 

specific domains (Franch & Carvallo, 2003). 

The adaptation of a quality model to specific domains can principally be performed by 

following top-down and bottom-up approaches (Dromey, 1999). The top-down approach 

starts with general characteristics, which are used as a basis to obtain concrete measures, 

while the bottom-up approach starts from quality measures, which are the basis used to 

define quality sub-characteristics for each measure. In both approaches, six consecutive 

steps are proposed in order to adapt a quality model to a specific domain (Franch & 

Carvallo, 2003; Radulovic & Garcia-Castro, 2011). Regardless of the approach used, 

several models have been developed by taking this standard as a starting point and 

adapting it to specific domains. Some examples of authors who have done this are: 

1. Radulovic, García-Castro, and Gómez-Pérez (2015), who presented a product 

quality model for semantic technologies called SemQuaRE. This quality model is 

based on the SQuaRE standard and describes a set of quality characteristics 

specific to semantic technologies and the quality measures that can be used for 

their measurement. 

2. Herrera et al. (2010), who adapted a quality in use model in order to assess the 

level of quality in use of Web portals. The quality model used the ISO 25010 

standard as a basis. Some of the sub-characteristics defined in the standard were 

adapted to the contexts of web portals, although other sub-characteristics were not 

included because they were not considered to be sufficiently relevant for web 

portal usage. 

3. González Sánchez et al. (2009), who presented a quality in use model with which 

to evaluate the player experience during the use of video games. This quality 

model is based on the ISO/IEC 9126-4 standard (ISO, 2004) and characterizes the 

player’s experience through the definition of factors and measures. 

4. Carvallo et al. (2003), who built a product quality model based on the ISO/IEC 

9126-1 (ISO, 2001) quality standard and adapted it to a particular COTS domain: 
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that of mail servers. This model can be used in two different contexts related to 

COTS procurement: the precise formulation of quality requirements and the 

description of COTS. 

2.2.4 The ISO 25040 standard 

As mentioned above, the ISO 25040 standard (ISO, 2011b) concerns the process that 

describes the activities undertaken to carry out the evaluation of a software product. 

According to this standard, the evaluation of a software product must consist of the 

following activities: 

 Activity 1. Establish the purpose of the evaluation. The tasks involved in this 

activity are those of determining the objective of the evaluation, specifying the 

quality requirements of the software product and identifying which parts of the 

product must be evaluated. 

 Activity 2. Specify the evaluation. Select the measures to be applied and establish 

decision criteria of both measures and evaluation. 

 Activity 3. Design evaluation. This activity is related to the planning and design 

of the evaluation activities. 

 Activity 4. Execute the evaluation. Calculation of the measurements and 

application of the decision criteria of the metrics and of the evaluation. 

 Activity 5. Complete the evaluation. Review the results of the evaluation and its 

quality and elaborate the evaluation report. 

2.3 SMS on SGs quality 

In order to discover the existing proposals regarding how the quality of SGs has been 

addressed, we conducted an SMS. The aim of this section is to present the process carried 

out to perform this SMS and the results obtained once concluded. The synthesis of the 

empirical evidence of these results is also presented. 

We initially found six other literature reviews that were to some extent related to our 

SMS: (Kirriemuir & McFarlane, 2004); (Hays, 2005); (Susi et al., 2007); (Wouters et al., 

2009); (Connolly et al., 2012); and (McClarty et al., 2012). Our literature review is 

different from the previous ones in several respects: 

 Goal. We have collected the existing literature on SG quality, and have not 

focused solely on empirical evidence. 
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 Period. The period covered is longer. 

 Procedure. This literature review was carried out in a systematic and rigorous 

manner, following the guidelines provided by (Kitchenham & Charters, 2007; 

Petersen et al., 2015). These guidelines have the objective of presenting a fair 

evaluation of a research topic by using a trustworthy, rigorous, and auditable 

methodology (Kitchenham et al., 2011; Kitchenham & Charters, 2007; Petersen, 

Feldt, Mujtaba, & Mattsson, 2008; Petersen et al., 2015). 

According to the guidelines proposed by Kitchenham and Charters (2007), an SMS must 

be conducted by performing three main activities: planning, execution and reporting. The 

details of the SMS tasks performed in each of these activities are described in the 

following subsections. 

2.3.1 Planning 

Planning is related to developing the SMS protocol, which establishes a controlled 

procedure used to conduct the review. The protocol includes objectives, research 

questions, a search string, a search strategy, a selection strategy (inclusion/exclusion 

criteria) and a data extraction form. 

2.3.1.1 Goal and research questions 

The main goal of this SMS was determine the current state of SG quality initiatives and 

identify gaps that merit further research. This goal was used as a basis to propose a series 

of research questions (see Table 3). 

Table 3. SMS research questions 

Research questions Main motivation 

RQ1.What particular quality characteristics 

of SGs have been investigated by 

researchers? 

To identify the quality characteristics of 

SGs that have been addressed by 

researchers, and map them onto the quality 

characteristics proposed in the ISO 25010 

(ISO, 2011a). 

RQ2. What is the nature of the research on 

SG quality? 

To discover what proposals have been 

produced by the research work on SG 

quality. 

RQ3. What research methods have been 

used to investigate SG quality? 

To determine whether or not the research 

has been validated and to discover which 

research method was used to validate it. 

RQ4. What software artifacts has the 

research on SG quality been focused on?  

To discover whether SG quality has been 

researched throughout the whole software 

development lifecycle or whether it has 

focused solely on certain software 

artifacts. 
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Research questions Main motivation 

RQ5. What have the application areas of 

SGs in the research of SG quality been? 

To identify the SG application areas in 

which quality has been investigated. 

2.3.1.2 Search string 

The search string was constructed using the steps described in (Brereton et al., 2007). The 

major search terms were “Evaluation” and “Serious Game”. The alternative spellings, 

synonyms and terms related to the major terms are shown in Table 4. 

Table 4. SMS major search terms and their alternative terms 

Major Terms  Alternative terms 

Evaluation  (evaluat* OR assess* OR measur* OR test*)  

Serious game (“serious game” OR “educational game” OR “learning game” 

OR “educational computer game”) 

We initially carried out a pilot search using "Serious Game" AND "Quality" as our search 

string. As this search returned very few useful results, we decided not to include the term 

"Quality" in the search string, because it was too ambiguous. We then included the terms 

"evaluat*", "assess"*, "measur*" and "test*", because we found that these terms were 

frequently used in papers dealing with the quality of SGs. 

2.3.1.3 Search strategy 

The searches were performed in electronic collections that contain a wide variety of 

computer science journals: SCOPUS database, Science@Direct with the subject 

Computer Science, Wiley InterScience with the subject of Computer Science, IEEE 

Digital Library, ACM Digital Library, and the SPRINGER database. A summary of the 

search strategy used is shown in Table 5. 

Table 5. Search strategy 

Databases Searched Scopus 

Science@Direct (subject Computer Science) 

Wiley InterScience (subject Computer 

Science) 

IEEE Digital Library 

ACM Digital Library 

Springer database 

Target items Journal papers 

Workshop papers 

Conference papers 

Search applied to Title 

Abstract 

Keywords 

Language Papers written in English. 

Publication period Until April 2013 (inclusive) 
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2.3.1.4 Selection strategy (inclusion/exclusion criteria) 

Papers were excluded/included according to the criteria shown in Table 6. 

Table 6. SMS inclusion and exclusion criteria 

Inclusion criteria Papers that fulfill the search string. 

Journals, conferences and workshop papers. 

Papers written in English. 

Papers published until April 2013 (inclusive). 

Exclusion criteria Papers not focusing on SG quality. 

Papers available only in the form of abstracts or 

PowerPoint presentations.  

Papers that presented an abstract of a workshop 

submission. 

Duplicate papers (same research in different 

databases). 

Papers in which SG quality is mentioned only as a 

general introductory term, or in which there is no 

proposal related to quality among the paper´s 

contributions. 

2.3.1.5 Data extraction form 

The task of classifying the data gathered was made easier by the use of a two-part form. 

The first part was related to the metadata of the paper (paper ID, extractor name, reviewer 

name, and title), while the second part contained the multidimensional classification 

scheme. A set of five dimensions was used to classify the research, based on the research 

questions described in Table 7. Each of the five dimensions consisted of several 

categories. The Quality Characteristic categories were defined on the basis of the ISO 

25010 standard (ISO, 2011a). The scheme suggested by (Wieringa, Maiden, Mead, & 

Rolland, 2006) was used as a starting point to determine the categories for the research 

method. The categories for the remaining dimensions were defined prior to the extraction 

of information from the SMS and were refined on the basis of the data extracted. These 

dimensions and their categories are summarized in Table 7. A detailed description of the 

classification scheme can be found in Subsection 8.1.1 in Appendix A. 

Table 7. Summary of the classification scheme of the SMS 

Dimensions Categories 

Quality 

characteristic 

Quality in Use Model: Effectiveness, efficiency, satisfaction (usefulness, 

trust, pleasure) 

Product Quality Model: functional suitability (functional completeness, 

functional correctness, functional appropriateness) performance efficiency 

(time behavior) 

usability (appropriateness recognizability, learnability, user error 

protection, operability, user interface aesthetics) 

reliability (fault tolerance) 

portability (adaptability) 

Research result Questionnaire, knowledge, scale, guide, tool, heuristic, framework, 

method 



 

52  SMS on SGs quality 

 

  

 

 

Dimensions Categories 

Research method Proposal, evaluation, validation, philosophical, opinion or personal 

experience 

Software artifact Requirement, design, code, final product 

Application area Skills development, awareness, health, training, general application, 

education (Computer, Languages, History, Mathematics, Physics, Natural 

Sciences, Geography, etc.) 

2.3.2 Execution 

The SMS process was completed in twelve months; this period included the time needed 

for planning, conducting and reporting. Four researchers took part in the whole process. 

The outline of the SMS is shown in Table 8. The planning of the SMS began in December 

2012. All papers related to SG quality published until April 2013 were retrieved in May 

2013. We found 1236 papers; after the title and abstract of each paper had been reviewed, 

the number of papers selected was reduced to 262 (by excluding papers not related to SG 

quality). We excluded 93 duplicate papers (the same paper in a different database) and 

proceeded to extract and review the full texts of the remaining 169 papers. The inclusion 

and exclusion criteria were applied (to the full text), and 34 more papers were discarded. 

We excluded 23 more duplicate papers (the same study published more than once). This 

analysis was used to refine the extraction and classification schemes, identify primary 

studies, eliminate follow-up studies and make final classifications. The final 112 papers 

were then analyzed and the results were interpreted (see Figure 9). The list of 112 primary 

studies is available in Subsection 8.1.2 Appendix A. 

Figure 9. SMS selection process 

Table 8. Outline of the SMS 

Chronology Step Activities Outcome 

December 

2012 
Planning Protocol development Review protocol 

April 2013 Conducting Data retrieval Metadata information of 1236 

papers  
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Chronology Step Activities Outcome 

  Study selection (title and 

abstract) 

Metadata information of 262 papers 

selected  

  Removal of duplicates Metadata information of 169 papers 

selected 

  Extraction of files of the papers Repository of papers (169 papers) 

July 2013 Planning Protocol improvement 

Pilot data extraction 

Data extraction form (classification 

scheme refined), 169 papers 

reviewed 

August 

2013 
Conducting Study selection, classification 

(full text) 

Data extraction form complete, 135 

papers classified 

  Removal of oldest versions of 

same papers 

112 papers reviewed and classified 

  Data synthesis  

November 

2013 
Reporting Report on the stages and 

activities undertaken during 

the development of the SMS 

Final report 

2.3.3 Results of the SMS 

In this section we present the answers to the research questions described in Table 3 and 

discuss and interpret the main findings. A summary of the quantitative results of the 

research questions from RQ2 to RQ5 is presented in Table 9. 

2.3.3.1 RQ1. What particular quality characteristics of SGs have been 

investigated by researchers? 

The results for RQ1 revealed that most of the papers selected addressed more than one 

quality characteristic or sub-characteristic. The results clearly showed the importance that 

researchers attach to the quality in use model. The characteristics most frequently 

addressed by the quality in use model were effectiveness (78.57%) and satisfaction 

(64.29%). Satisfaction was mostly addressed by the sub-characteristics pleasure 

(62.50%), and utility (13.39%) (see  Figure 10). The characteristics of the product quality 

model most frequently researched, meanwhile, were usability (45.54%), and distantly 

followed by functional suitability (8.93%). We observed that usability was most 

frequently researched through the use of the operability sub-characteristic (38.39%), 

closely followed by the user interface aesthetics sub-characteristic (35.71%), and to a 

much lesser degree by the learnability sub-characteristic (8.93%) (see Figure 11). These 

results could be explained by the fact that researchers are principally concerned with 

demonstrating or confirming that the SG meets the (serious) purpose for which it was 

created, which is why they look at effectiveness and usefulness. But researchers are also 

interested in knowing whether the SG is capable of providing enjoyment and 

entertainment, which is the part of the SG that has to do with playability. That is why 

pleasure, the user interface aesthetics and operability are also the focus of research. We 

believe that this explains why the other characteristics of SG quality that are not related 
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to these aspects, such as efficiency, performance efficiency or security, have been 

ignored. Similar findings were reported by (Connolly et al., 2012), who found that the 

most frequently researched issue was the effectiveness of knowledge acquisition, but that 

many papers also reported on enjoyment and engagement. 

 

Figure 10. SMS distribution of papers according to characteristics of the quality in use model 

 

Figure 11. SMS distribution of papers according to characteristics of the product quality model 

2.3.3.2 RQ2. What is the nature of the research on SG quality? 

This research question refers to a result generated in the research, i.e., the proposal that is 

made in the research addressing SG quality. The results showed that the most common 

output was the questionnaire (43 papers, 38.39%). This type of research produced 

questionnaires to illustrate the proposals presented. In a very close second place (37 

papers, 33.04%), was the confirmation of knowledge. These studies evaluated the 

effectiveness of SGs, confirming whether participants improved their learning. In third 
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place were frameworks (13 papers, 11.60%), and this category contained articles that 

proposed frameworks, checklists for carrying out evaluations, etc. In fourth place were 

heuristics and methods (6 papers each, 5.36%), followed by scales, which were the result 

of 3 studies (2.68%). Finally, in seventh place, were guides and tools (2 paper each, 

1.79%). 

Most of the proposals that evaluate the quality of SGs do so for a particular game, but in 

a different manner, and there is therefore no agreement among researchers as to how to 

evaluate the same quality characteristic. For example, we found that effectiveness is 

evaluated by means of frameworks, methods, questionnaires, etc. This problem was also 

indicated by (McClarty et al., 2012), who claimed that one of the reasons why the results 

of the effectiveness of SGs are not conclusive is that researchers have not agreed on either 

the definitions or the methodologies used for evaluation. 

Only 28.57% (32 papers) produced an outcome that could be applied to any kind of SGs. 

There is a need for research into SG quality, the outcome of which can be applied to any 

SG in general, thus enabling researchers to validate any proposed SG in the same way. 

Table 9. Summary of the quantitative results from RQ2 to RQ5 of the SMS 

Research questions Possible answers Papers Percentages 

RQ2. Research result  questionnaire 

knowledge 

scale 

guide 

tool 

heuristic 

framework 

method 

 43 

 37 

 3 

 2 

 2 

 6 

 13 

 6 

 38.39 

 33.04 

 2.68 

 1.79 

 1.79 

 5.36 

 11.60 

 5.36 

RQ3. Research method  Empirical evidence: 

 Validation 

 experiment 

 quasi-experiment 

 evaluation 

Non Empirical evidence: 

 philosophical 

 proposal 

41 

39 

 26 

 13 

2 

71 

 

12 

59 

 36.61 

 34.82 

 23.21 

 11.61 

 1.79 

 63.39 

 

 10.71 

 52.68 

RQ4. Software artifact requirement 

design 

code 

product 

 2 

 8 

 2 

 109 

 1.79 

 7.14 

 1.79 

 97.32 

RQ5. Application area education 

skills development 

awareness  

health 

training 

general application 

 68 

 8 

 1 

 8 

 13 

 4 

 60.71 

 7.14 

 0.89 

 7.14 

 11.62 

 12.50 
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2.3.3.3 RQ3. What research methods have been used to investigate SG 

quality? 

This question was answered by using the classification of research approaches proposed 

by (Wieringa et al., 2006), as recommended in (Petersen et al., 2008). This classification 

makes it possible to classify empirical research into either validation or evaluation. The 

scheme also presents the classification of non-empirical research, which contains the 

categories of proposal papers, philosophical papers, opinion papers and personal 

experience papers. In this review we found only papers that were classified by the 

categories of validation, evaluation, proposal and philosophical; the majority of the 

papers were related to proposal and philosophical (non-empirical research) (63.39 %). 

The results showed that proposal (52.68%) stood out as the dominant research method. 

The second most common research method used was validation (34.82%); in third place 

was philosophical (10.71%); finally, in last place was evaluation (1.79%). Experiment 

(23.21%) was the validation method that was used most, followed by the quasi-

experiment (11.61%). Less than half of all the research work reviewed in the papers 

selected had been validated (41, 36.61%); in these pieces of work the validation was done 

by conducting an experiment or a quasi-experiment. In most of these papers, empirical 

validation had been conducted by the same researchers who had proposed the SG, and in 

the majority of cases the studies had not been replicated. We believe that there is a need 

to replicate empirical validations in order to corroborate and generalize the findings 

obtained. 

2.3.3.4 RQ4. What software artifacts has the research on SG quality been 

focused on? 

This kind of SG quality is produced after the product has been developed, or when a final 

version is ready. 8 papers (7.14%) looked at SG quality in the design, and the request and 

the code were addressed by 2 papers each (1.79%). The results show that the evaluation 

of quality in current SG development practices is often deferred to late stages in the SG 

game development cycle; that in turn means that quality problems from early stages may 

be propagated to late stages of the development, consequently making their detection and 

correction a very expensive task. The introduction of pedagogical or playability aspects 

in the design stage, for example, might have an impact on the effectiveness of SGs. 

Addressing SG quality in the final product is necessary if we are to explore user behavior, 

but there is also a need to address the quality of SGs from the early stages of the 

development in order to ensure the quality of the final product. 
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2.3.3.5 RQ5. What have the application areas of SGs in the research of SG 

quality been? 

The results of the SMS revealed that education was by far the most widely-used 

application area in which SGs were referred to (60.71%). This type of research dealt with 

SGs that were intended to teach a specific topic. In second place were SGs that were 

incorporated into some kind of professional training (11.62%). Thirdly, with the same 

percentage, were health-related SGs, and SGs that were used for skill development 

(7.14%). The health-related SGs were those whose aim was to show how to perform a 

surgical procedure or ones used by patients as physical therapy. Finally, in fourth place, 

were SGs for some kind of awareness (0.89%). Certain SGs (12.50%) could not be sorted 

into any of the above areas, and were therefore classified as general applications. Because 

of the large amount of articles that were related to education, this application area was 

sub-classified into sub-areas to which the SG teaching referred (see Figure 12). The order 

of this sub-classification was: firstly, SGs for Computing (16), secondly, SGs related to 

Languages (9), thirdly, SGs with which to teach History (8). After these, in fourth place, 

were SGs for the teaching of Mathematics (6) and in fifth place, SGs about Physics (5), 

followed by SGs for Natural Science teaching (4). In last place were SGs related to 

teaching Geography (3). Given the diversity of the knowledge sub-areas in 17 papers, 

these were grouped into a classification called Other. 

The results show the importance and wide acceptance that SGs have had in education, but 

simultaneously highlight the lack of research work into quality in other areas of SG 

application. They indicate an opportunity for research in application areas such as 

training, healthcare, and skill development, etc. 

 

Figure 12. Distribution of papers of the SMS per education area 
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2.3.3.6 Other findings 

Starting from 2007, there has been a clear progression in the number of publications 

focused on SG quality that appear each year, with the highest point being reached in 2012 

(see Figure 13). The number of publications in 2013 was lower, because this study only 

considered publications until April 2013. Results show that since 2008, SGs have 

undergone very significant growth, and have in recent years become a “hot topic”, thus 

making SG quality an area of opportunity for future research. 

 

Figure 13. Distribution of papers of the SMS per year 

2.4 SLR on SGs quality 

An SLR must be conducted by performing steps similar to those in an SMS: planning, 

execution and reporting (Kitchenham & Charters, 2007). The SLR presented hereafter is 

based on the review protocol previously defined for the SMS presented in Subsection 

2.3.1. This section therefore solely highlights the main differences with regard to the 

aforementioned SMS, which are related to the goal, the research questions and the data 

extraction form. 

2.4.1 Planning 

The protocol highlights the main features of the protocol review of this SLR, including 

goal and research questions, strategy selection (inclusion/exclusion criteria) and data 

extraction strategy. 
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2.4.1.1 Goal and research questions 

The following research question was formulated in order to understand the state-of-the-

art as regards SG Quality in terms of gaps and commonalities in existing empirical results: 

“What is the state-of-the-art as regards empirical studies on SG quality?” 

We shall attempt to answer this research question by presenting an analysis based on 

several characteristics of studies that were carried out empirically: the empirical methods 

of the study, the context in which the empirical studies were executed, the kind of 

participants in the empirical studies (i.e., the subjects); and which quality characteristics 

were investigated in empirical studies and the measures used to measure them, the 

treatments of the studies, the quality assessment and the strength of evidence of the 

papers. We also wish to analyze the evolution of this type of research over time and the 

main type of publications or forums in which SG quality research has been published. 

Eight research questions were proposed on the basis of these issues. Table 10 shows these 

questions, and describes the motivation of each one. 

Table 10. SLR research questions and their motivation 

Research questions Main motivation 

RQ1. Which empirical research methods have 

been used to investigate SG quality?  

To identify the type of empirical research 

methods that have been conducted in the area 

of SG quality.  

RQ2. Where are the empirical studies related to 

SG quality conducted? 

To discover the context in which the empirical 

studies were performed. 

RQ3. Who is evaluated in the empirical studies 

on SG quality? 

To determine the kind of participants involved 

in the empirical studies. 

RQ4. What is evaluated in the empirical studies 

on SG quality?  

To discover the quality characteristics 

evaluated in the empirical studies, the 

measures used to measure them and the 

treatments considered.  

RQ5. Which is the quality of empirical studies 

carried out in the area of SG quality? 

To determine the quality of empirical studies 

based on quality assessment criteria. 

RQ6. What is the strength of the empirical 

evidence on SG quality?  

To discover the strength of the empirical 

evidence reflected in SG quality literature. 

RQ7. How has the research on empirical 

evidence on SG quality evolved over time? 

To know the importance that has been placed 

on empirical studies on the topic of SG quality 

over time. 

RQ8. In what types of publications or forums has 

the research on SG quality that provides 

empirical evidence been published? 

To discover what the most relevant publication 

forums in which empirical research on SG 

quality has been disclosed are. 

2.4.1.2 Selection strategy (inclusion / exclusion criteria) 

We would like to stress that the objective of the SMS, which has been stated in Subsection 

2.3.1, was to discover all the papers that present any research related to SG quality (with 

or without empirical evidence), that are written in English and that have been published 

until April 2013. It was for this reason that terms related to empirical studies were not 
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considered in either the search string (Table 4) or in the inclusion criteria (Table 11). A 

new inclusion criteria was therefore added to the SLR (shown in bold type in Table 11). 

Table 11. SLR inclusion and exclusion criteria 

Inclusion criteria Papers that fulfill the search string. 

Papers that include empirical evidence. 

Journals, conferences and workshop papers. 

Papers written in English. 

Papers published until April 2013 (inclusive). 

 Exclusion criteria Papers not focusing on SG quality. 

Papers available only in the form of abstracts or 

PowerPoint presentations.  

Papers that presented an abstract of a workshop 

submission. 

Duplicate papers (same paper in different 

databases). 

Papers in which SG quality is mentioned only as a 

general introductory term, or where there is no 

proposal related to quality among the paper´s 

contributions. 

2.4.1.3 Data extraction form 

The activity of classifying and synthesizing the data gathered on this SLR was facilitated 

with the use of a template in two-parts (Table 12). The first part (I. GENERAL 

INFORMATION) was related to the general information of the paper (paper ID, extractor 

name, reviewer name, and title), while the second part of the data extraction form (II. 

DATA EXTRACTION) was defined to collect specific information related to empirical 

studies. A brief description of each of these pieces of data is shown below: 

 Empirical methods: type of empirical method used, such as a case study, a survey, 

an experiment or action research. 

 Context: place in which the empirical study was conducted: academic, home, etc. 

 Number of subjects: the sample size, or number of subjects involved in the 

empirical study. 

 Type of subjects: the kind of people participating in the study: students, professors 

or professionals. 

 Dependent variables and their measures: the dependent variables investigated and 

the measures used to measure them. 

 Independent variables: the independent variables selected in the study, i.e., what 

the treatments compared were. 
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 Task duration: Time allocated for the accomplishment of the task required in the 

empirical study. 

Table 12. SLR data extraction form 

I. GENERAL INFORMATION 

Paper ID  

Data extractor name  

Data review name  

Title  

Author(s) name(s)  

Author(s) institution  

Year of publication  

Type of publication  

II. DATA EXTRACTION 

Empirical method Survey Case study Action Research Experiment 

    

Context  

Number of subjects  

Type of subjects  

Dependent variables/Measures  

Independent variable  

Task duration  

2.4.1.4 Quality assessment 

In order to assess the rigor of each empirical study, the criteria used were based on 8 

questions. These questions were taken from the work presented in (Dybå & Dingsøyr, 

2008a, 2008b), and which minor changes were made to them in order to adapt them to 

our work. Table 13 shows the 8 quality assessment criteria, along with the way in which 

each criterion was scored. As a quality criterion for the selection of primaries studies, it 

was decided that the results of this assessment would help identify the quality of empirical 

research carried out, but not be used to exclude papers from this SLR. 

Table 13. SLR quality assessment criteria 

1. Aims and Objectives  5 points 

1.1. Is there a clear statement of the aims of the research? + 1 

1.2. Is there an explanation of the reason for undertaking the research? + 1 

1.3. Do the authors state research questions (RQs)? + 1 

1.4. Do the authors state hypotheses and explain them? + 2 

2. Context   3 points 

2.1. Do the authors present and explain how materials and subjects are selected? + 2 

2.2. Is the recruitment strategy explained? + 1 

3. Design of the Experiment  2 points 
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3.1. Has the researcher justified the research design (e.g., have the authors discussed how 

they decided which methods to use – blocking, within or between-subject design; do 

treatments have levels)? 

+ 1 

3.2. Do the authors present and explain all treatments and all controls?  + 1 

4. Control Group   1 point 

4.1. Is there a control group with which to compare treatments?  + 1 

5. Data Collection   5 points 

5.1. Are the measures clearly defined?  + 1 

5.2. Is there a clear explanation of how the data were collected (e.g. semi-structured 

interviews, focus group, etc.)?  

+ 1 

5.3. Is there a description of the way in which the data were collected (e.g., tape recording, 

video material, notes, etc.)?  

+ 1 

5.4. Is there a clear explanation of the tasks (multiple choice, open questions, etc.)?  + 1 

5.5. Are quality control methods used to ensure the consistency, completeness and accuracy 

of the data collected?  

+ 1 

6. Data Analysis Procedures  9 points 

6.1. Do the authors justify their choice/describe the procedures/provide references to 

descriptions of the procedures? 

+ 3 

6.2. Is there a report of significance levels, effect sizes and the power of tests?  + 3 

6.3. Is there a justification for the exclusion of outliers from the analysis?  + 1 

6.4. Are sufficient data presented to support the findings?  + 1 

6.5. Is there a link and/or descriptive statistics?  + 1 

7. Threats to Validity/Bias  6 points 

7.1. Has the relationship between researchers and participants been adequately considered?  + 1 

7.2. If the authors were the developers of some or all of the treatments, do the authors discuss 

the implications of this anywhere in the paper? 

+ 1 

 

7.3. Was the allocation of treatments random? + 1 

7.4. Are training and conduct similar for all treatment groups? + 1 

7.5. Did the researchers know to which treatment each subject was assigned (allocation 

concealment)? 

+ 1 

7.6. Do the researchers discuss the threats to validity?  + 1 

8. Conclusions  5 points 

8.1. Are the results presented clearly?  + 1 

8.2. Are the conclusions presented clearly?  + 1 

8.3. Are conclusions aligned with the results?? + 1 

8.4. Are the conclusions directly related to the original RQs? + 1 

8.5. Do the authors discuss whether or how the findings can be transferred to other 

populations, or consider other ways in which the research can be used? 

+ 1 

2.4.2 Execution 

Table 14 summarizes the chronology of activities rigorously performed to carry out the 

SLR. The basis employed to define the protocol of this SMS was the protocol of the SMS 

described in Subsection 2.3.1. The protocol refinement process started in October and 

ended in November 2014 and this refinement resulted in a new reviewed protocol which 

included the new research questions used to address the objective of this SLR, the criteria 

employed to select the empirical studies and the new empirical data extraction form. The 

identification and selection of empirical studies was performed between November 2014 

and May 2015. 112 papers were initially found, and after reading the full-text of each of 

these 112 papers and applying the new inclusion criteria (highlighted in bold type in Table 

11), 41 papers that contained empirical studies were filtered (see Subsection 8.1.3 

Appendix A.). Each of the 41 papers that remained after the data synthesis activity was 



 

Background and state-of-the-art 63 

 

 

 

assessed on the basis of 8 questions, taken from a work presented in (Dybå & Dingsøyr, 

2008a, 2008b), in order to assess the rigor of each empirical study. Some of these 41 

papers reported a single empirical study; however, some other papers reported more than 

one experiment or replication in a single paper. In these cases, we counted each 

replication and original separately for only one paper, which is why the total number of 

empirical studies is greater than the total number of papers. The empirical analysis was 

carried out for 46 empirical studies, which were reported in 41 papers. These 46 empirical 

studies are considered to answer the research questions formulated in Table 10. 

Table 14. Outline of the SLR 

Chronology Step Activities Outcome 

October 

2014 

Planning Protocol refinement SLR protocol  

Conducting Selection of papers 41 papers were selected which 

contained 46 empirical studies 

Data extraction Data extraction form completed 

with the information from the 46 

empirical studies 

Data Synthesis  

June 2015 Reporting Report including the 

main characteristics of 

the current SLR. 

Final report of the SLR 

2.4.3 Results of the SLR 

In this subsection, we presents the results of the SLR based on the 46 empirical studies 

found in the 41 papers eventually selected. The structure of the results is based on the 

research questions formulated in Table 10. The answers to each question are based on the 

synthesis carried out on the data gathered in Table 140 (see Subsection 8.1.4 Appendix 

A). In addition, an exhaustive analysis of the empirical evidence found is presented in 

Subsection 2.4.3.9. This analysis combines several research questions. 

2.4.3.1 RQ1. Which empirical research methods have been used to 

investigate SG quality? 

This question refers to the empirical research method used to validate the SG research in 

each study. Table 15 shows the empirical method used in the papers, the number and 

percentage of studies that used this empirical method and the list of the ID of these studies. 

Most of the studies report an experimental design (44, 95.65%), 32 of them (69.57%) 

used a pre and posttest design with 2 groups, 9 used a posttest design (19.57%) and 3 used 

a pre and posttest design with 3 groups (6.52%). We also extracted the type of 

experimental design used in those papers in which the empirical method was experiments 

(this information is shown in Table 141, Subsection 8.1.5 Appendix A.). Case studies are 

scarce in empirical research on SG quality (2, 4.35%). The vast majority of empirical 

studies (44, 95.65%) were conducted by the same authors who had developed the SGs, 

and only 2 studies involved researchers who were not the developers of the SGs [P74, 
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P75]. The results show that empirical research on SG quality is commonly performed 

with SG prototypes used in a group of subjects (control) and its performance is compared 

with that of another group of subjects that does not use the SG, with a pre and posttest 

design. This is perhaps because the pre and posttest experimental design is one of the 

design types most frequently used when attempting to test the effect of a new teaching 

method (Dugard & Todman, 1995). The studies with a posttest design had the objective 

of determining whether subjects learnt more when using the SG. Any initial 

questionnaires were applied to the group of subjects, and at the end a posttest was applied 

to the same group. The types of tests used were surveys, questionnaire or teachers’ 

evaluations. 

Table 15. Results per empirical method (RQ1) 

Empirical 

method 

#studies % List of papers 

Experiment 44 95.65 P03, P07, P09, P12, P17, P18, P22, P23, P27, P32, P33, P38, 

P46, P48, P49, P50, P51 (2 studies), P52, P59, P60, P64, P70, 

P73, P74, P75, P78, P80, P81, P86, P88 (2 studies), P89, P91 

(2 studies), P92, P98, P99 (3 studies), P100, P102, P104, P105 

Case study 2 4.35 P06, P72 

Total 46 100  

2.4.3.2 RQ2. Where are the empirical studies related to SG quality 

conducted? 

This question is related to the context in which the validation was carried out. Table 16 

shows the context in which the validation on SG quality was performed, the number and 

percentage of studies that were validated in this context and the list of the ID of these 

studies. Studies were carried out in the following contexts: academic, home, 

archaeological park or hospital (see Table 16). The context most frequently used was 

academic (39, 84.79%). We also extracted some additional information for those papers 

whose contexts were academic (such as educational level, application area and topic 

taught) (This information is shown in Table 141, Subsection 8.1.5 Appendix A). In an 

academic context, the educational level principally found was the university context (19 

studies, 41.30%) and the elementary academic context (12 studies, 26.09%). It is 

understandable that the academic context is the most viable way in which to carry out 

empirical research on SG quality, owing to the fact that SGs are widely used in education. 

Table 16. Results per context (RQ2) 

Context #studi

es 

% List of papers 

Academic 39 84.79 P07, P18, P46, P52, P60, P80, P86, P88 (2 studies), P89, P100, 

P105 (Elementary school) 

P12, P17, P22, P32, P51 (2 studies) (Middle school) 

P48, P78 (High school) 

P03, P09, P27, P38, P49, P59, P70,P73, P74, P75, P81, P91 (2 

studies), P98, P99 (3 studies), P102, P104 (University) 
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Context #studi

es 

% List of papers 

Archaeological 

park 

1 2.17 P23 

Home 1 2.17 P06 

Hospital 2 4.35 P50, P72 

No mentioned 3 6.52 P33, P64, P92 

Total 46 100  

2.4.3.3 RQ3. Who is evaluated in the empirical studies on SG quality? 

This question refers to the type of subjects who participated in the validation of SG 

quality. Table 17 shows the type of subjects who participated, the number and percentage 

of empirical studies in which this type of subjects participated and the list of the ID of 

these studies. The majority of empirical studies tended to be carried out with students (40 

studies, 86.95%) (see Table 17), and mostly with undergraduate students in the first year 

of different degrees (19 studies, 41.30%) and elementary school students (12 studies, 

26.09%). This is not necessarily inappropriate, because several studies have reported that 

SGs are used as pedagogical tools in teaching because they enhance the effectiveness of 

the students’ learning process (Connolly et al., 2012; De Freitas, 2006; De Freitas & 

Maharg, 2011; Prensky, 2001a). (De Freitas, 2006) argue that “general trends in the 

research indicate the increasing popularity amongst learners for using SGs and 

simulations to support curricula objectives”. We believe this support could be more useful 

in University degrees than in the middle or basic education because their courses are more 

complex. A considerably lower percentage of empirical studies was carried out by stroke 

victims; i.e., people who had suffered severe brain damage (2, 4.35%), health workers (2, 

4.35%), and heavy computer users; i.e., people who engage in programming activities or 

those who spend a great deal of time carrying out programming activities (2, 4.35%). The 

average number of subjects used in the empirical studies in the papers found was 69.17. 

Table 17. Results per type of subject (RQ3) 

Type of 

subjects 

#studi

es 

% List of papers 

Students 40 86.95 P03, P07, P09, P12, P17, P18, P22, P23, P27, P32, P38, P46, P48, 

P49, P51 (2 studies), P52, P59, P60, P70, P73, P74, P75, P78, P80, 

P81, P86, P88 (2 studies), P89, P91 (2 studies), P98, P99 (3 studies), 

P100, P102, P104, P105 

Stroke 

persons 

2 4.35 P06, P64 

Health 

workers 

2 4.35 P50, P72 

Heavy 

computer 

users 

2 4.35 P33, P92 

Total 46 100  
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2.4.3.4 RQ4. What is evaluated in the empirical studies on SG quality? 

This question is related to the variables investigated in the empirical studies: the 

dependent variables (i.e., what was the SG quality focus in empirical studies?) in 

conjunction with the measures used to measure them and the independent variables (i.e., 

what treatments were compared?). Table 18 shows the dependent variables on which 

empirical research on SG quality was focused, the measure used to measure these 

dependent variables, the number and percentage of studies that were focused on these 

dependent variables and the list of the ID of these studies. Please recall that since these 

papers had different names for the quality characteristic addressed (dependent variable), 

we performed a mapping between the SG qualities mentioned in each paper with the 

definitions provided in the ISO 25010 standard (ISO, 2011a). Furthermore, some papers 

refer to the measure of the same concept in a different way (for example, in some papers 

the amount of correct answers is called “learning progress”, while in others this measure 

is called “effectiveness”). In order to construct Table 18 and to count how many papers 

used the same measure, we grouped those measures that look at the same concept under 

one name, so that the resulting number makes sense. In addition, it is important to note 

that the total number of empirical studies per quality focused, did not lead to a total of 46 

empirical studies because many of the studies dealt with more than one quality aspect. 

Both qualitative and quantitative measures were used as dependent variables. The 

quantitative measures used were: number of Correct answers in the questionnaires 

employed to measure the improvement in knowledge; Time required, to measure the time 

spent on the assignments; Physical health test to measure the improvement in the patient's 

health; Number of casualties correctly tagging according to the triage sieve protocol 

(Carley & Mackway-Jones, 2005); Eye tracking metric, to measure the number of eye 

fixations on the game per second; and Quantity of work achieved, to measure the number 

of missions completed during the game. Qualitative measures are related to the subjects’ 

perceptions of the variable measured. The quality characteristic (i.e., dependent variable) 

which is most widely-studied is effectiveness (43 studies, 93.48%). Table 18 shows that 

the total number of studies (46) that address effectiveness is higher than the number of 

empirical studies mentioned previously (43), since one of the papers (P51 with 2 studies) 

used both qualitative and quantitative measures and another paper (P27) used two 

quantitative measures. The majority of these studies used the objective measure number 

of Correct answers (34 studies; 73.91%). 

Other objective measures are used to measure effectiveness: Physical health test in 2 

studies [P06, and P64], Time required in 2 studies [P27, and P81], Number of casualties 

correctly tagging in 1 study [P59], Quantity of work achieved in 1 study [P74], and Eye 

tracking metric in 1 study [P59]. Only 5 of these studies (10.87%) focused on 

effectiveness by means qualitative questionnaires [P03, P49, P51(2 studies), P98]. The 

other dependent variables most frequently addressed were pleasure (29 studies, 63.04%), 
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operability (11 studies, 23.91%), the user interface aesthetics (10 studies, 21.74%) and 

usefulness (9 studies, 19.57%). It is important to note in Table 18 that the total number of 

studies that address usefulness (9) is actually 8, since one of the papers [P06] used two 

different measures (observation and interview) and is counted twice. These dependent 

variables are mainly measured by means of questionnaires (43, 93.49%), scales (12, 

26.09%), qualitative surveys (8, 17.39%), interviews (5, 10.87%), frameworks (5, 

10.87%), and observations (2, 4.35%). 

We also extracted some information regarding the independent variables that were used 

in the empirical studies (i.e., which treatments were compared in the empirical studies). 

Table 19 shows the independent variables and treatments used in the empirical studies, 

the number and percentage of studies that used these independent variables and the list of 

the ID of these studies. The main treatments used in the empirical studies were the use of 

an SG, in which a specific topic was taught with the SG; and the use of traditional 

methods, in which the teaching of a specific topic was taught in the traditional way, i.e., 

by means of a teacher's explanations, exercises in class, etc. This confirms that although 

there is empirical evidence on the effectiveness of the SG, it has long been questioned 

whether or not SGs really are effective because there is almost no evidence of their 

effectiveness when compared with other approaches (McClarty et al., 2012), such as the 

use of a video game. Table 19 shows that most of the empirical studies (22, 47.83%) 

compare an SG with a traditional method. This is followed by those who used the SG and 

performed an evaluation of the subjects in order to compare the evaluation results before 

and after the treatment (15, 32.60%), the comparison between an SG and a videogame (3, 

6.53%), an SG, a videogame and a traditional method (3, 6.53%), and so on. 

We also extracted information concerning the duration of the task. Table 20 shows the 

duration of the task expressed in a range of minutes, the number and percentage of studies 

with tasks performed between this range of minutes and the list of the ID of these studies. 

The duration of the task is usually greater than 5 hours in length (22, 47.83%). This could 

be owing to the fact that some studies were performed in extended periods of time, such 

as several weeks [P06, P17, P18, P38, P51, P64, P70, P73, P88, P89]. In some studies (9, 

19.57%) the duration of the tasks is not specified. There are some studies in which the 

presence of the supervisor is not necessary and the subjects have one or several weeks to 

complete the tasks (in these cases we considered 7 days per week, and 24 hours per day). 

In all the studies found, the average time taken amounts to approximately 15,422 minutes 

(257 hours). 

Table 18. Dependent variables focused on per study (RQ4) 

Dependent 

variable (SG 

quality focus) 

Measure #stud

ies 

% List of papers 

Effectiveness 

(quantitative) 

Correct answers 

 

34 76.09 P07, P09, P17, P18, P23, P27, P32, P33, 

P38, P46, P48, P51 (2 studies), P52, 
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Dependent 

variable (SG 

quality focus) 

Measure #stud

ies 

% List of papers 

P59, P60, P70, P73, P75, P78, P80, P86, 

P88 (2 studies), P89, P91 (2 studies), 

P99 (3 studies), P100, P102, P104, P105 

 Physical health test 2 4.35 P06, P64 

 Time required 2 4.35 P27, P81 

 No. of casualties correctly 

tagging (reaction and 

learning level of 

Kirkpatrick model) 

1 2.17 P50 

 Eye tracking metric 1 2.17 P59 

 Quantity of work achieved 

(number of missions 

completed) 

1 2.17 P74 

 Total 41 91.30  

Effectiveness 

(qualitative) 

Qualitative questionnaire 

scored from 1 (strongly 

disagree) to 5 (strongly 

agree) 

2 4.35 P03, P98 

 Qualitative survey 3 6.52 P49, P51 (2 studies) 

 Total 5 10.87  

Satisfaction – 

usefulness 

Qualitative interview 2 4.35 P06, P60 

 Observation 1 2.17 P06 

 Scales: Short Flow State, 

Core Flow State 

1 2.17 P12 

 Qualitative questionnaire 4 8.70 P22, P81, P98, P102 

 Significant events 

recorded (based on Serious 

Game Usability Evaluator 

– SeGUE) 

1 2.17 P72 

 Total 9 19.57  

Satisfaction - 

pleasure 

Scales: Short Flow State, 

Core Flow State 

1 2.17 P12 

 Qualitative questionnaire 19 41.30 P18, P22, P23, P32, P33, P38, P59, P70, 

P74, P75, P78, P80, P81, P98, P99 (3 

studies), P104, P105 

 Qualitative survey 3 6.52 P27, P88 (2 studies) 

 Qualitative interview 2 4.35 P46, P86 

 Attitude observations, 

video recording 

1 2.17 P52 

 AT framework 

(observations, interviews) 

1 2.17 P60 

 Significant events 

recorded (based on Serious 

Game Usability Evaluator 

– SeGUE) 

1 2.17 P72 

 SUS (System Usability 

Scale) 

1 2.17 P92 

 Total 29 63.04  

Satisfaction - 

trust 

SUS (System Usability 

Scale) 

1 2.17 P92 

 Significant events 

recorded (based on Serious 

1 2.17 P72 
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Dependent 

variable (SG 

quality focus) 

Measure #stud

ies 

% List of papers 

Game Usability Evaluator 

– SeGUE) 

 Qualitative questionnaire 1 2.17 P98 

 Total 3 6.52  

Usability - 

operability 

Qualitative survey 3 6.52 P12, P88 (2 studies) 

 Qualitative questionnaire 

(6 point scale from 

strongly agree to don’t 

know) 

6 13.04 P22, P59, P74, P78, P98, P104 

 AT framework 

(observations, interviews) 

1 2.17 P60 

 SUS (System Usability 

Scale) 

1 2.17 P92 

 Total 11 23.91  

Usability – 

user interface 

aesthetics 

Qualitative questionnaire 

(6 point scale from 

strongly agree to don’t 

know) 

6 13.04 P22, P74, P78, P98, P104, P105 

 AT framework 

(observations, interviews) 

1 2.17 P60 

 Qualitative interview 1 2.17 P86 

 Qualitative survey 2 4.35 P88 (2 studies) 

 Total 10 21.74  

Usability - 

appropriatenes

s 

recognizability 

AT framework 

(observations, interviews) 

1 2.17 P60 

 Total 1 2.17  

Usability - 

learnability 

Qualitative questionnaire 1 2.17 P59 

 AT framework 

(observations, interviews) 

1 2.17 P60 

 SUS (System Usability 

Scale) 

1 2.17 P92 

 Total 3 6.52  

Context 

coverage - 

context 

completeness 

Qualitative questionnaire 

(6 point scale from 

strongly agree to don’t 

know) 

1 2.17 P22 

 Total 1 2.17  

Functional 

suitability – 

functional 

completeness 

Qualitative questionnaire 

(6 point scale from 

strongly agree to don’t 

know) 

2 4.35 P22, P99 

 Significant events 

recorded (based on Serious 

Game Usability Evaluator 

– SeGUE) 

1 2.17 P72 

 Total 3 6.52  

Functional 

suitability – 

functional 

appropriatenes

s 

Qualitative questionnaire  2 4.35 P78, P99 
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Dependent 

variable (SG 

quality focus) 

Measure #stud

ies 

% List of papers 

 Significant events 

recorded (based on Serious 

Game Usability Evaluator 

– SeGUE) 

1 2.17 P72 

 Total 3 6.52  

Functional 

suitability – 

functional 

correctness 

Qualitative questionnaire 1 2.17 P99 

 Significant events 

recorded (based on Serious 

Game Usability Evaluator 

– SeGUE) 

1 2.17 P72 

 Total 2 4.35  

 

Table 19. Treatments used per study (RQ4) 

Treatments #studie

s 

% List of papers 

Using SG 

(SG before vs. SG after) 

15 32.60 P03, P06, P09, P12, P22, 

P33, P38, P51 (2 studies), 

P52, P60, P70, P72, P81, 

P98 

Using SG vs. using traditional 

methods 

(SG vs. non SG) 

22 47.83 P07, P17, P18, P23, P27, 

P32, P46, P50, P59, P64, 

P74, P78, P80, P86, P91, 

P99 (3 studies), P100, 

P102, P104, P105 

Using updated SG vs. using SG 

without update 

(SG version 1 vs. SG version 2) 

1 2.17 P49  

Using SG vs. using videogame 

(SG vs. videogame) 

3 6.53 P88, P91, P92 

Using SG vs. using videogame vs. 

using traditional methods 

(SG vs. videogame vs. non SG) 

3 6.53 P48, P73, P89 

Using SG site 1 vs. using SG site 2 vs. 

using SG site 3 vs. previous results 

(SG vs. SG vs. SG vs. results) 

1 2.17 P75 

Using SG group 1 vs. using SG group 

2 vs. using SG group 3 

(SG vs. SG vs. SG) 

1 2.17 P88 

Total 46 100  

 

Table 20. Duration of the tasks per study 

Duration 

(min) 

#studi

es 

% List of papers 

0-60 6 13.04 P03, P12, P33, P49, P78, P92 

61-120 6 13.04 P32, P59, P60, P70, P72, P98 

121-300 3 6.52 P07, P102, P105 
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Duration 

(min) 

#studi

es 

% List of papers 

301-1000 13 28.26 P17, P18, P48, P51 (2 studies), P74, P80, P86, P88 (2 

studies), P99 (3 studies) 

“+” 1000 9 19.57 P06, P22, P38, P52, P64, P73, P75, P89, P100 

No 

specified 

9 19.57 P09, P23, P27, P46, P50, P81, P91 (2 studies), P104 

Total 46 100  

 

2.4.3.5 RQ5. Which is the quality of empirical studies carried out in the area 

of SG quality? 

The empirical studies were evaluated on the basis of the quality criteria shown in Table 

13 in Subsection 2.4.1.4. The main purpose of this assessment was to determine the 

quality of each paper on the basis of the score obtained. The maximum score that could 

be obtained by each paper was 36 points. That number was used as a basis to consider 

three quality categories: 

 High: from 21 to 36 points. 

 Medium: from 20 to 14 points. 

 Low: from 0 to 13 points. 

Table 21 shows the quality assessment of the empirical studies. The information 

presented in this table is the quality category, which could be high, medium or low, the 

number and percentage of papers in this quality category and the list of the ID of these 

papers. As shown in this table, the majority of the papers obtained a high score (30; 

73.17%) in this quality assessment. With regard to the “Aims and Objectives” criterion, 

we can state that most of the papers achieved a high score because none of them obtained 

a score of less than 1 point out of 5 and more than half of them (23; 53.09%) achieved a 

score of at least 3 points out of 5. However, in this criterion, several papers forgot to state 

the research questions (criterion 1.3 in Table 13) and did not explain hypotheses (criterion 

1.4 in Table 13). Figure 14 shows the main aspects of quality assessment neglected in 

papers. Most of the papers had a good description of the context in which the studies were 

performed, since 37 of them (90.24%) obtained the maximum score (3) in the “Context" 

criterion. This could be because it is not possible to obtain universally valid results of 

experiments in Software Engineering, so it is necessary provide a detailed description of 

the particular context in which results are valid in order to determine the scope of their 

applicability (Dyba, 2013). Nearly all the papers obtained a score of 1 out of 2 for the 

“Design of the Experiment” criterion because they forgot to justify the research design 

(32; 78.05%) (criterion 3.1 in Table 13), and only 9 papers achieved a maximum score 

for this criterion, signifying that they provided a detailed description of both the design 

of the experiment and the treatments. With regard to the "Control Group" criterion, over 
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half of the papers (27; 65.85%) clearly described the control group used to compare 

treatments while 14 papers did not. The "Data Collection" criterion assessment revealed 

that in none of papers described whether they used a quality control method to ensure the 

consistency, completeness and accuracy of the data collected (criterion 5.5 in Table 13). 

Despite this, most papers (31; 75.60%) defined and clearly explained the measures used, 

how the data were collected, and how the tasks were performed, achieving a high score 

of 4 out of 5. The assessment of the criterion concerning "Data Analysis Procedures" 

showed that the majority of the papers obtained a high score of greater than or equal than 

4 to 6 points (25; 60.98%) or a medium score of 3 points out of 6. With regard to the 

"Threats to the Validity/Bias" criterion, only 2 papers achieved the maximum score in 

this category, which was 6. More than half of the papers had a low score (25; 60.96%) 

obtaining a score of 3 or less points out of 6. It is important to note that in several papers, 

the authors were the developers of some or all of the treatments, and they did not discuss 

the implications of this (criterion 7.2 in Table 13), which might influence the validity of 

the results. Another important aspect to note is that it was not clear whether or not the 

researchers know to which treatment each subject was assigned (allocation concealment, 

criterion 7.5 in Table 13), which might influence the results when checking their 

responses. Finally, in the majority of the papers, the researchers did not discuss the threats 

to validity (criterion 7.6 in Table 13). With regard to the assessment of the last criterion, 

“Conclusions", 28 papers achieved a high score, between 4 and 5 points out of a total of 

5. Table 142 in Subsection 8.1.6 Appendix A shows a detailed summary of the score 

obtained in the quality assessment per paper. 

Table 21. Quality assessment of the empirical studies (RQ5) 

Quality #studie

s 

% List of papers 

High 30 73.17 P03, P09, P12, P17, P18, P22, P23, P27, P32, P38, 

P46, P48, P49, P50, P51, P52, P59, P60, P70, P74, 

P75, P78, P80, P81, P86, P88, P89, P91, P99, P102 

Medium 11 26.83 P06, P07, P33, P64 ,P72 ,P73 ,P92 ,P98 ,P100, P104 

, P105 

Low 0 0.0  

Total 41 100  
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Figure 14. Main aspects of quality assessment ignored in selected papers 

2.4.3.6 RQ6. What is the strength of the empirical evidence on SG quality? 

Several systems can be used to make judgments about the strength of evidence in SLRs 

(GRADE Working Group, 2004). We used the GRADE (Grading of Recommendations 

Assessment, Development and Evaluation) working group definitions to grade the overall 

strength of the evidence, which can obtain four final values: high, moderate, low, or very 

low. Table 22 shows the values of strength of evidence and the definitions of each value 

(see Table 22). These definitions originated from a medical environment, but can be 

applied to a wide range of interventions and contexts (GRADE Working Group, 2004) 

and have previously been applied to the software engineering field in (Dybå & Dingsøyr, 

2008a; Furlan, Pennick, Bombardier, & Van Tulder, 2009). GRADE determines the 

strength of evidence on the basis of the combination of four key elements: study design, 

study quality, consistency, and directness. With regard to study design, the GRADE 

system categorizes randomized experiments with a high grade and observational studies 

with a low grade. In relation to the quality, consistency and directness of the studies in 

the evidence base, the grade may be assigned as: 

 low grade - to evidence from inconsistent, low-quality experiments 

 high grade - to strong or very strong evidence of association from two or more 

high-quality observational studies 

Table 22. Grading of Recommendations Assessment Development and Evaluation (GRADE 

Working Group, 2004) 
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Value of strength of 

evidence 

Definition 

High Further research is very unlikely to change our confidence in the 

estimate of effect. 

Moderate Further research is likely to have an important impact on our 

confidence in the estimate of effect and may change the estimate. 

Low Further research is very likely to have an important impact on our 

confidence in the estimate of effect and is likely to change the 

estimate. 

Very low Any estimate of effect is very uncertain. 

 

In this study, we are evaluating the strength of evidence as regards SG quality initiatives. 

When focusing on study design, we found only 2 observational studies in this SLR (2 

case studies). The remaining empirical studies were 44 controlled experiments. Our initial 

categorization of the total evidence in this SLR based on study design, is therefore high 

as regards study design. 

As mentioned above (section 2.4.3.5), the quality of the empirical studies in this SLR is 

mainly high. Although several issues were ignored in some empirical studies in this SLR 

(explain the hypotheses stated, completely justify the design of the experiment, use 

quality control methods to collect data and discuss the threats to validity), the majority of 

the studies clearly presented the following issues: description of the objectives, statement 

of the hypothesis, description of the context (subjects and materials), specification of the 

control group used to compare the treatments, description of data collection and analysis 

methods and statement of conclusions. Based on the criteria used to assess the quality of 

the empirical studies of this SLR, the results of this assessment allow us to conclude that 

there are no serious limitations to the quality of the studies that will inevitably increase 

the risk of bias or confounding. 

Consistency is related to the similarity among estimates of effect across studies. Most of 

the studies in this SLR were focused on the evaluation of the effectiveness of an SG (44 

studies). Only two studies did not consider evaluating this aspect [P12, P22]. When taking 

into account those studies that focused on the evaluation of the effectiveness of SGs, the 

consistency of the results of these studies is high because all of them have the same 

direction of effects and the size of differences in effects, i.e., we found consistent evidence 

of association. For example, the majority of the studies were focused on the influence of 

the use of SGs in learning and the same result was obtained in all of them: its use has a 

positive influence on learning. 

Directness is the extent to which the people, interventions, and outcome measures are 

similar to those of interest. Most of the studies focusing on SG quality initiatives used in 

learning were performed with student subjects, which raises a good point regarding the 
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directness of evidence because students are real users of these applications. Regarding 

interventions, we found that the majority of empirical studies focused on education (39; 

84.78%) mainly evaluated the effect of the use of SG in learning versus a traditional 

method, and a positive outcome measure of their use was reported in 34 of these studies 

(73.91%). Although research supports the theory that SGs can facilitate learning, 

relatively few SGs in this SLR (5;0.87%) have been tested against other teaching and 

learning approaches. These studies compared the use of SG in learning versus the use of 

videogames. We believe that this is an important issue as regards the directness of 

evidence of the empirical studies included, and their directness is therefore is low. 

Upon combining the four components: study design, study quality, consistency, and 

directness, we found that the strength of the evidence in this SLR regarding SG quality is 

moderate. Any further research is therefore likely to have an impact on our confidence in 

the estimate of effect and may change the estimate. 

This means that other empirical research performed in the field of SG quality initiatives 

might obtain different results to those found in this study. The differences in the results 

might have been principally caused by the use of different treatments (i.e., comparing the 

use of SGs in learning versus other learning approaches), of different kind of subjects 

(other than to students), and the environments (other than academic environments). This 

assumption allows us to recommend that researchers go deeper into the field using the 

aforementioned characteristics. 

2.4.3.7 RQ7. How has the research on empirical evidence on SG quality 

evolved over time? 

Starting in 2007, there is a clear progression in the number of empirical publications 

focused on SG quality that appear each year, with the highest point being reached in 2009 

and 2012 (see Figure 15). The number of publications in 2013 was lower, because this 

study only considered publications until April 2013. Results show that since 2008, SGs 

have undergone a very significant growth, and have in recent years become a “hot topic”, 

thus making SG quality an area of opportunity for future research. 



 

76  SLR on SGs quality 

 

  

 

 

 

Figure 15. Number of papers per year 

2.4.3.8 RQ8. In what types of publications or forums has the research on 

SG quality that provides empirical evidence been published? 

The publications with the largest number of papers related to research on SG quality that 

provide empirical evidence are shown in Table 23. This table shows the name of the 

Journal or Conference where the papers were published, and the number and percentage 

of papers published in this Journal or Conference. When analyzing the types of 

publication, we found that conferences were the most common type, with 23 publications 

(56%), followed by journals, with 18 publications (44%). The journal with the highest 

number of publications is Computers and Education with 4 papers (9.76%). The 

conferences with the highest number of papers are Lecture Notes in Computer Science 

and the International Conference on Games and Virtual Worlds for Serious Applications 

with 4 papers each (9.76%). 

Table 23. Top five journals and conferences with empirical evidence on SG quality 

Journal/Conference  papers % 

Lecture Notes in Computer Science (Conference) 4 9.76 

International Conference on Games and Virtual Worlds for 

Serious Applications (Conference) 

4 9.76 

Computers and Education (Journal) 4 9.76 

International Conference on Virtual Systems and Multimedia 

(Conference) 

2 4.88 

Proceedings of the ACM Technical Symposium on Computer 

Science Education (Conference) 

2 4.88 
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2.4.3.9 Exhaustive analysis of the empirical evidence, combining several 

RQs and additional information extracted 

Figure 16 shows the combination of the quality characteristics evaluated in the empirical 

studies, the application area of the studies, the research method used in these studies and 

the results obtained in the 46 empirical studies. We consider only five quality 

characteristics (effectiveness, pleasure, operability, user interface aesthetics and 

usefulness) in Figure 16 because they are those addressed most in empirical studies. The 

aim of this section is to thoroughly analyze the empirical evidence on SG quality found 

in this SLR, combining some research questions with additional information extracted 

from empirical studies. This figure shows that, of the 46 empirical studies analyzed: 

 43 evaluated the effectiveness with the aim of confirming whether the SG fulfilled 

the serious purpose for which it was created.  

 Some of the 43 empirical studies that evaluate effectiveness also evaluate other 

aspects. These are: pleasure, with the objective of determining whether the SG 

users obtained pleasure from fulfilling their personal needs by using an SG (29 

studies); operability, aiming to ascertain whether the SG has attributes that make 

it easy to operate and control (11 studies), user interface aesthetics, in the quest to 

discover whether the SG user interface enables there to be pleasing and satisfying 

interaction for the user (10 studies) and usefulness, where the purpose is to 

establish whether the SG users were satisfied with the achievement of their 

objectives using the SG (8 studies). 

 Of the 3 studies which did not evaluate effectiveness, 2 of them assessed 

usefulness [P12, P22], and the other study evaluated pleasure [P92]. 

 41 results reported in favor of the use of SGs (36 in education and 5 in the area of 

health). In the case of education, the positive results in favor of Using SGs were 

manifested, for example, as “the students using an SG had a higher gain in 

learning than students using the traditional learning methods”; and in the case of 

health “the use of SG provides favorable health support in the treatment of 

participants with hemiplegia”. Studies which presented either unfavorable results 

in the use of SGs [P60] or no significance difference in the use of SGs [P23, P99 

(3studies)] focused on education. 

 2 out of 5 empirical studies focused on health, evaluating the effectiveness with 

experiments [P50, P64] and another 2 with case studies [P6, P72]. The remaining 

study that focused on health evaluated pleasure with an experiment [P92]. 

 Of the studies focusing on education, and whose empirical method was an 

experiment: 39 out of 41 evaluated effectiveness, 26 of 28 evaluated pleasure, 10 
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out of 11 evaluated operability, 10 of 10 evaluated user interface aesthetics and 6 

out of 6 evaluated usefulness. 

 

Figure 16. Combination of quality characteristic, result obtained, application area and empirical 

method 

The majority of the empirical evidence found focused on the effectiveness of the use of 

SGs in the area of education (39 experiments). Part of this evidence also looked at 

pleasure, operability, user interface aesthetics and usefulness. We shall therefore go on to 

analyze this evidence in greater depth. Figure 17 shows the combination of the quality 

characteristic and the result obtained in the experiments focusing on the area of education. 
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Figure 17. Combination of quality characteristic and result obtained from experiments focusing on 

education 

The 39 experiments which focused on education and evaluated effectiveness have the 

following characteristics: 

 Goal: to evaluate the improvement of learning using an SG in comparison to using 

traditional teaching methods (i.e., effectiveness). 37 out of 39 experiments were 

carried out by the researchers who had developed the SGs as pedagogical tools 

for teaching diverse topics.  

 Educational level and topics taught: The educational level to which most of these 

games referred was the university, in first place (20), and in second place the 

elementary school (12). Although the topics to which these SG referred were very 

diverse, undergraduate courses referred mainly to Computer Programming and 

elementary courses referred mainly to Mathematics and English topics. 

 Experimental designs: The experimental designs used most were the pre- and 

post-test design with 2 groups (experimental group and control group) (28; 

71.80%), and the post-test design (8; 20.51%). 3 studies (7.69 %) [P48, P73, P89] 

used a pre- and post-test experimental design with three groups: two experimental 

groups and one control group. The objective of studies with a pre- and post-test 

design with 2 groups was that of determining whether the subjects learnt more 

using the SG when compared to the traditional teaching method. A pretest was 
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applied to all subjects. After this, two groups were formed: one group was taught 

in the traditional way (control group) and the other group was taught through the 

use of an SG (experimental group). At the end of the experiment, a post-test was 

applied to both groups. The results of the pre- and post-test questionnaires of both 

groups were compared by means of statistical analysis and it was determined 

whether the subjects of the experimental group had been able to increase their 

learning. The studies with a post-test design attempted to discover whether the 

subjects learnt more using the SG, but without comparing it with the traditional 

teaching method, the subjects were not given an initial questionnaire and the 

group of subjects was taught using an SG. At the end, a post-test was applied to 

the group of subjects.  

 Measures used to evaluate effectiveness: As Table 24 reflects, many more studies 

used quantitative measures (37) than qualitative measures (5). The total number 

of studies (42) is higher than the total number of empirical studies (39) since one 

of the papers (P51 with 2 studies) used both qualitative and quantitative measures, 

and another paper (P27) used two quantitative measures. The measure used most 

was the number of Correct answers (34) (Table 24). In 2 papers [P27, P81], a 

measure of the Time required to perform a task was used, and only one paper 

[P74] used Quantity of work achieved as a measure. Qualitative measures were 

obtained by means of Likert scale questionnaires. 

 The other characteristics (pleasure, operability, user interface aesthetics and 

usefulness) were principally evaluated by means of qualitative questionnaires. As 

Table 25 reflects, the qualitative questionnaires were used to evaluate pleasure in 

18 experiments, to evaluate operability in 6 experiments, to evaluate user interface 

aesthetics in 6 experiments, and to evaluate usefulness in 4 experiments. These 

characteristics were assessed to a much lesser extent by means of surveys, 

interviews, frameworks and scales. 

Table 24. Measures used to evaluate effectiveness in experiments focusing on education 

Type of 

measures 

#studies Measure #studies List of papers 

Quantitative 37 Correct Answers 34 P07, P09, P17, P18, P23, P27, P32, 

P33, P38, P46, P48, P51 (2 

studies), P52, P59, P60, P70, P73, 

P75, P78, P80, P86, P88 (2 

studies), P89, P91 (2 studies), P99 

(3 studies), P100, P102, P104, 

P105 

  Time required 2 P27, P81 

  Work achieved 1 P74 

Qualitativ

e 

5 Likert scale 2 P03, P98 
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Type of 

measures 

#studies Measure #studies List of papers 

  Not mentioned 3 P49, P51 (2 studies) 

 Total 42  

 

Table 25. Measuring instruments used to evaluate characteristics other than effectiveness in studies 

focusing on education 

Quality 

characteristic 

Measuring instrument #stud

ies 

List of papers 

Pleasure Scales: Short Flow State, 

Core Flow State 

1 P12 

Qualitative questionnaire 18 P18, P22, P23, P32, P33, P38, 

P59, P70, P74, P75, P78, P80, 

P81, P98, P99 (3 studies), P104, 

P105 

Qualitative survey 3 P27, P88 (2 studies) 

Qualitative interview 2 P46, P86 

Attitude observations, 

video recording 

1 P52 

AT framework 

(observations, interviews) 

1 P60 

Total 26  

Operability Qualitative survey 3 P12, P88 (2 studies) 

Qualitative questionnaire 

(6 point scale from strongly 

agree to don’t know) 

6 P22, P59, P74, P78, P98, P104 

AT framework 

(observations, interviews) 

1 P60 

Total 10  

User interface 

aesthetics 

Qualitative questionnaire 

(6 point scale from strongly 

agree to don’t know) 

6 P22, P74, P78, P98, P104, P105 

AT framework 

(observations, interviews) 

1 P60 

Qualitative interview 1 P86 

Qualitative survey 2 P88 (2 studies) 

Total 10  

Usefulness Qualitative interview 1 P60 

Scales: Short Flow State, 

Core Flow State 

1 P12 

Qualitative questionnaire 4 P22, P81, P98, P102 

Total 6  

2.5 Conclusions of chapter 2 

Since SGs are used in diverse areas of society and their users are growing every day, SGs 

are applications that may have a high social impact. SG quality could consequently 
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become a critical issue that must be evaluated. In addition, the growing use of SGs and 

the number of studies focusing on SG quality shows the researchers’ interest in this 

research field is growing. 

Two literature reviews were therefore performed with the aim of discovering the state-of-

the-art of the existing quality initiatives on SGs: 1) An SMS was performed in order to 

discover the current proposals on SG quality and 2) an SLR was carried out with aim of 

obtaining empirical evidence on how the SG quality was evaluated and validations were 

performed. The main findings of the SMS indicate that researchers are mainly concerned 

with demonstrating or confirming the effectiveness of SGs, along with their capability of 

providing enjoyment and entertainment in the final product for a particular game by 

means of other quality characteristics, which are pleasure, operability, the user interface 

aesthetics, and usefulness. 

The main findings of the SLR showed that the majority of the empirical studies are 

experiments focused on the comparison of the effectiveness of the use of SGs vs. the use 

of traditional teaching methods in education. Most of them showed better effectiveness 

in favor of the use of SGs and were evaluated by measuring the number of correct 

answers. But there is no consensus as to what all the quality characteristics that it is 

desirable to evaluate as regards SGs are. The evidence only shows a clear tendency that 

effectiveness is relevant. 

The SMS and SLR results showed that, although the quality of SGs has been addressed 

by researchers, there is no general quality model that considers all the characteristics, sub-

characteristics and measures that can be applied to any kind of SG. The standard quality 

models are relevant to all software products. However, they are generic and it is necessary 

to adapt them to specific domains. Given the relevance of SG quality, a quality model 

that considers the specific characteristics of SGs is therefore needed. This motivated the 

main goal of this PhD Thesis, which is the construction of a product quality model for 

SG, denominated as QSGame-Model. This quality model consists of the quality 

characteristics/sub-characteristics/attributes and measures that are specific to any kind of 

SG. It is based on the quality characteristics discovered through an exhaustive analysis of 

literature and of the ISO 25010 (ISO, 2011a) software product quality standard. 
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Chapter 3  
The QSGame-Model 

The main goals of this chapter are to: Define the QSGame-Model (O2), Define 

the QSGame-Evaluation process (O3) and Automate the application of the 

QSGame-Model (O4). These goals were achieved by defining the following 

partial objectives: 1) Present the steps followed in the construction process of a product 

quality model specific to SGs called “QSGame-Model” (Section 3.1), 2) Describe the 

final version of QSGame-Model obtained as a result of the refinement process described 

in Chapter 4 Subsection 4.2.4.1. The aim of this is to avoid confusion when reading this 

PhD Thesis, since the presentation of the different versions of the model might be unclear. 

The description of the QSGame-Model includes its characteristics, sub-characteristics, 

and measures (Section 3.1), 3) Describe the QSGame-Evaluation process, which is an 

evaluation process used to facilitate the application of the QSGame-Model (Section 3.2) 

and 4) Present the main characteristics of the QSGame-Tool, which is a tool developed 

for the automation of the QSGame-Model (Section 3.3). 

  

T 
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3.1 The QSGame-Model: an SG product 

quality model 

The importance of the quality of SGs led us to focus our research on this topic. As a first 

step in this research, we performed literature reviews on SG quality (Chapter 2). The 

results of these literature reviews indicated that there is no a quality model that can be 

applied to any kind of SG. The standard quality models are relevant to all software 

products. However, they are generic and it is therefore necessary adapt them to specific 

domains. In consequence, and given the relevance of SG quality, a quality model that 

considers the specific characteristics of SGs is needed. Based on this, we propose a 

product quality model for SGs adapted from the ISO 25010 standard (ISO, 2011a) called 

QSGame-Model. In the first part of this section, the steps followed to build the first 

version of the QSGame-Model are thoroughly described. The complete description of the 

QSGame-Model presented in Subsection 3.1.2 corresponds to the QSGM fv, which was 

a result of the refinement process described in detail in Chapter 4 Subsection 4.2.4.1 of 

this PhD Thesis. 

3.1.1 Construction process of the QSGame-

Model 

The QSGame-Model was constructed by adapting and extending the current standard on 

software product quality - the ISO 25010 standard (ISO, 2011a). Figure 18 shows the 

QSGame-Model, in which the squares with a white background represent the 

characteristics or sub-characteristics, to which no changes were made, i.e., they are the 

same as those in the standard. Squares with a background color represent the sub-

characteristics to which modifications were made. These modifications are related to the 

attributes and measures that were added to QSGame-Model. When adapting this model, 

it was considered appropriate to use the top-down approach methodology proposed by 

(Franch & Carvallo, 2003) which drives the construction of domain-specific quality 

models. Top-down approaches are frequently used to adapt quality models to a specific 

domain (Botella et al., 2003; Carvallo et al., 2003; González Sánchez et al., 2009; Herrera 

et al., 2010). These approaches start from general characteristics and then obtain concrete 

measures. The methodology proposes six sequential steps, but they can also be 

intertwined or repeated. These six steps were followed in order to identify the quality 

characteristics, sub-characteristics and attributes of the QSGame-Model: 

1. Determining quality sub-characteristics. Taking the top of the hierarchy from the 

ISO 25010 standard as a starting point, we adopted all the sub-characteristics and 

made minor modifications to them. The principal changes consisted of adapting 
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all the definitions of the sub-characteristics to the context of SGs; in some cases, 

we adapted some sub-characteristics and made only minimal changes to them, 

such as the sub-characteristic Learnability. In the ISO 25010 standard (ISO, 

2011a), Learnability is defined as “ the degree to which a product or system can 

be used by specified users to achieve specified goals of learning to use the product 

or system with effectiveness, efficiency, freedom  from  risk  and satisfaction in a 

specified context of use”, while our definition is “the degree to which an SG and 

its mechanics are easy to understand and master by SG users, with effectiveness, 

efficiency, efficiency and satisfaction in an SG context”. We redefined this sub-

characteristic in order to consider the learning of the game mechanics as a part of 

the SG learning process. All the definitions of the sub-characteristics in the 

QSGame-Model are described in Subsection 3.1.2. 

 

Figure 18. QSGame-Model (characteristics and sub-characteristics) 

2. Defining a hierarchy of sub-characteristics. It is possible to decompose sub-

characteristics with regard to certain factors, thus yielding a hierarchy. We 

adopted all the sub-characteristics that are defined on the second level of the 

hierarchy as defined in the ISO 25010 standard. 

3. Decomposing sub-characteristics into attributes. An attribute keeps track of a 

particular observable feature of the software in the domain. Based on the elements 

of the SGs considered by researchers according to the state-of-the-art study on SG 

quality (Chapter 2, Subsection 2.3), our main contribution is the addition of 

specific SG attributes which are not considered in the standard product quality 

model (ISO, 2011a). We considered the addition of several attributes to the 

Functional Suitability sub-characteristics: Functional completeness, Functional 

correctness and Functional appropriateness (see Figure 19, Table 28, Table 30 and 

Table 32); and to the Usability sub-characteristics: Appropriateness 
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recognizability, Learnability, Operability, User interface aesthetics, and 

Accessibility (see Figure 20, Table 39, Table 41, Table 43, Table 46 and Table 

48). We did not make any significant changes to the remaining sub-characteristics 

from the product quality model standard: Performance efficiency, Compatibility, 

Reliability, Security, Maintainability, and Portability sub-characteristics. 

4. Decomposing derived attributes into basic ones. The attribute appearance 

aesthetics of user interfaces of the QSGame-Model have been divided into basic 

attributes (see Table 26).  

5. Stating relationships between quality characteristics, sub-characteristics and 

attributes. If a more exhaustive model is to be obtained, it is important to explicitly 

state the relationships between quality characteristics, sub-characteristics and 

attributes. Given two quality entities, A and B, the types of relationships are: 

Collaboration (+). Growing A implies growing B.  

Damage (-). Growing A implies decreasing B. 

Dependency (D). Some values of A require that B must fulfill certain conditions 

The complete relationships between the quality attributes of the model are shown 

in Table 144 Subsection 8.2.2 in Appendix B. Table 27 shows an excerpt of the 

relationships established. Attributes in rows contribute to attributes in columns. 

For example, as more functions are implemented by considering mechanics 

coverage (i.e., each objective established provides a challenge, and each challenge 

achieved offers a reward), there will be more functions with consistent game 

mechanics. On the other hand, functions that provide challenges supported by 

challenges which have been outscored in previous levels (scaffolding correctness 

functions), depend on whether the functions in the game have established 

consistent game mechanics. These relationships were established on the basis of 

the influences exerted among some of the characteristics of the ISO 25010 (ISO, 

2011a) standard and on our experience, but they have not been corroborated 

empirically. 

6. Determining measures for attributes. We defined measures for each of the 

attributes that are directly measurable. For each of the measures added or 

modified, we defined their name, a description of them, their measurement 

function and the sources from which these measures were obtained. These sources 

are the primary studies of the SMS on SG quality (Chapter 2) and/or (González 

Sánchez, 2010). The complete names of the measures (added or modified), the 

description of the measures and the sources from which they were obtained are 

described in Subsections 4.1.2.1 and 4.1.2.4. Most of the attributes of the 

QSGame-Model proposed can be evaluated using integer or floating values of a 
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particular unit (for example, the ratio of functions which provide a correct score 

to signal progress or advancement in the game); and very few of the attributes can 

be represented using logical single values such as yes or no (for example, 

Functional customization measure if the SG allows the user to establish particular 

preferences. 

Table 26. Basic attributes of the appearance aesthetics of user interfaces attribute 

Name of the basic 

attributes 

Description of the basic attributes 

Balance 

 

Balancing interface elements between the horizontal and 

vertical axes. 

Symmetry 

 

Balancing interface elements vertically, horizontally and 

diagonally, thus obtaining symmetry between pairs of 

objects. 

Regularity 

 

Placing the interface elements regularly between rows and 

columns. 

Predictability 

 

Placing the interface elements in such a way that their 

functionality can be predicted. 

Sequentially 

 

Placing the interface elements, from largest to smallest, in 

different quadrants in the form of a Z. 

Economy 

 

Using the fewest possible number of sizes, shapes and 

colors. 

Unity Minimizing the space between the interface elements when 

they are all the same size. 

Proportionality Using similar proportions between the height and width of 

the interface elements. 

Simplicity Organizing the elements as simply as possible. 

Grouping 

 

Associating interface elements in groups according to their 

function or similarity. Using visual reinforcement to 

separate groups (edges). 

 

Table 27. Excerpt of attribute relationships 

 

Attributes 

Consistent game 

mechanics 

functions 

Real control 

Objective coverage 

functions 

+  

Mechanics coverage 

functions 

+  

Scaffolding correctness 

functions 

D  

Realism functions  + 
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Figure 19. Functional suitability: sub-characteristics and attributes 

 

Figure 20. Usability: sub-characteristics and attributes 
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3.1.2 Description of the QSGame-Model 

This section provides a complete description of the QSGame-Model. The definition of 

each quality characteristic and sub-characteristic, along with the name and description of 

each of the measures added or modified, the measurement function and the references of 

each measure added to or modified in the QSGame-Model proposed, are presented (Table 

28 - Table 66). The references, which begin with “P”, are taken from the primary studies 

selected in the SMS on SG Quality (Chapter 2, Section 2.3). A complete list of these 

primary studies is shown in Appendix A Subsection 8.1.2 of this PhD Thesis. The 

meaning of the colors used for the names of the measures is as follows: green indicates 

that the measure was added, red indicates that the measure in the standard was modified 

and black indicates a measure defined in the standard (Table 28 - Table 66). A glossary 

of relevant terms is included in the Subsection 8.2.1 Appendix B with the aim of ensuring 

that the terms and definitions in the context of SG used in the QSGame-Model proposed 

are clearly understood. 

3.1.2.1 Functional suitability characteristic 

As mentioned above, one of the quality characteristics to which quality attributes were 

added was Functional suitability. Therefore, before describing its measures, its quality 

attributes are described. 

The Functional suitability characteristic is defined as the “Degree to which an SG 

provides functions that meet stated and implied needs when used under specified 

conditions”. 

The three sub-characteristics of Functional suitability (Functional completeness, 

Functional correctness and Functional appropriateness) are described below. 

3.1.2.1.1 . Functional completeness 

Functional completeness is the degree to which the set of SG functions covers all the 

specified tasks and user objectives. Table 28 and Table 29 describe the attributes and 

measures added to and modified in this sub-characteristic respectively. 

Table 28. Attributes added to and modified in the Functional completeness sub-characteristic 

Attributes Attributes description 

Objective coverage functions Functions relating to one of the objectives established in the game. 

Mechanics coverage functions Functions implemented: each objective established provides a 

challenge, and each successfully confronted challenge offers a 

reward. 

Coverage of progress functions Functions that indicate how the player will progress during the 

game. 
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Attributes Attributes description 

Coverage of rewards functions Functions that specify how the rewards will be awarded in the 

game. 

Coverage of shared challenges 

functions 

Functions that allow the player to share successfully confronted 

challenges with other players. 

Coverage of shared rewards 

functions 

Functions that allow the player to share the rewards obtained with 

other players. 

Table 29. Measures of the Functional completeness sub-characteristic 

Measure Measure description Measurement function References 

objective 

coverage 

 

How complete is the 

implementation of SG 

functions according to 

established objectives on 

SG requirements? 

 

X = 1 – A / B 

 

A = number of functions 

missing 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P12, P26, P35, 

P42, P43, P44, P45, 

P77, P83] 

Notes: 

Functions of SG are functions directly related to game objectives. 

Game objectives are established in the Serious Game Design Document (SGDD). 

A missing function is detected when the SG does not have the ability to perform a function related to an 

objective established in the SGDD. 

mechanics 

coverage 

How complete is the 

implementation of game 

mechanics in SG functions 

so that each function 

provides a challenge, and 

each challenge is expected 

to offer a reward according 

to the objective established 

in the function? 

X = 1 – A / B 

 

A = number of functions 

missing  

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the   

better 

(González Sánchez, 

2010), [P13, P26, P74, 

P107] 

Notes: 

The game mechanics of each SG function are specified in the SGDD. 

A missing function is detected when an SG function does not have the ability to perform with mechanics, 

i.e., according to the established objective, it provides a challenge and offers a reward to meet the 

challenge. 

coverage of 

progress 

To what extent do SG 

functions indicate how the 

player will progress during 

the game? 

 

X = A / B 

 

A = number of functions 

which indicate how the 

player will progress 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P22, P25, P35, 

P41, P42, P43, P44, 

P45, P74, P77, P83, 

P98] 

Notes: 

The way in which the player will progress in the SG functions is established in the SGDD. 

coverage of 

rewards 

To what extent do SG 

functions specify how the 

rewards will be awarded in 

the game? 

X = A / B 

 

(González Sánchez, 

2010), [P13, P26, P74, 

P107] 
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Measure Measure description Measurement function References 

A = number of functions 

which specify how the 

rewards will be awarded  

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

Notes: 

The way in which rewards will be awarded to the player in the SG functions is specified in the SGDD. 

coverage of 

shared 

challenges 

 

 

To what extent do SG 

functions allow the player 

to share the challenges 

achieved with other 

players? 

X = A / B 

 

A = number of functions 

which allow challenges 

achieved to be shared 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P13, P26, P74, 

P107] 

Notes: 

Applies to online games. 

On SGDD (profile of game), is established if the game is played online. 

Allows player to share individual challenges achieved with other players who use the same game. 

coverage of 

shared rewards 

To what extent do SG 

functions allow the player 

to share the rewards 

obtained with other 

players? 

X = A / B 

 

A = number of functions 

which allow rewards 

obtained to be shared 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

Notes: 

 Applies to online games. 

The SGDD (profile of game) is established if the game is played online. 

Allows player to share individual rewards obtained with other players who use the same game. 

functional 

coverage 

What proportion of the 

specified functions is 

implemented? 

X = 1 – A / B 

A = number of functions 

missing 

B = number of functions 

specified 

(ISO, 2015c) 

Notes: 

Functions specified are all functions of the game as tutorials, functions which provide information, etc., 

not just those functions which are directly related to the objectives of the game. 

Functions can be specified in a requirement specification, a design specification, a user manual or all of 

these. 

A missing function/operation is detected when the system or software product does not have the ability 

to perform a function that is specified. 

Function could here be an elementary process as defined from functional user requirement 
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3.1.2.1.2 . Functional correctness 

Functional correctness is the degree to which an SG provides the correct results with the 

degree of precision needed. The attributes and measures added to and modified in this 

sub-characteristic are shown in Table 30 and Table 31 respectively. 

Table 30. Attributes added to and modified in the Functional correctness sub-characteristic 

Attributes Attributes description 

Functions with correct progress Functions that provide a correct and accurate score to indicate the 

player’s progress or advancement in the game. 

Functions with immediate 

feedback 

Functions that provide the player with immediate feedback in 

response to an incorrect action. 

Functions with appropriate 

reward 

Functions which offer rewards, according to the specification of 

SG requirements. 

Scaffolding correctness 

functions 

Functions that provide challenges supported by challenges, which 

have been outscored in previous levels. 

Table 31. Measures of the Functional correctness sub-characteristic 

Measure Measure description Measurement 

function 

References 

functional progress 

correctness 

What proportion of the 

implemented functions 

provides a correct score to 

signal the player’s 

progress or advancement 

in the game? 

X = A / B 

 

A = number of functions 

which provide score to 

signal progress 

B = number of functions 

of SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P22, P25, 

P35, P41, P42, P43, 

P44, P45, P74, P77, 

P83, P98] 

Notes: 

The functions considered for evaluation are a set of functions which are directly related to the SG 

objective. 

A correct score in an SG function is one that provides a score according to how the player’s progress 

was specified in the SGDD (i.e., the way in which the player will progress). The score of the game can 

be shown to the player in different ways, for example with accumulated points, amount of accumulated 

coins, challenges achieved, etc. 

functional 

immediate feedback 

What proportion of the 

implemented functions 

offers immediate 

feedback to the player, in 

response to an incorrect 

action? 

X = A / B 

 

A = number of functions 

which offer immediate 

feedback to player in 

response to incorrect 

action 

B = number of functions 

of SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P02, P04, 

P12, P22, P25, P35, 

P60, P74, P77, P107, 

P108, P112] 

appropriateness of 

reward 

What proportion of 

implemented functions 

offers rewards, according 

X = A / B 

 

[P13, P26, P74, 

P107] 
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Measure Measure description Measurement 

function 

References 

to the specification of SG 

requirements? 

A = number of the 

implemented functions 

which offer rewards 

B = number of functions 

of SG 

 

X [0,1]; the closer to 1 the 

better 

Notes: 

Rewards granted to the player, in a SG function, must be specified in the Serious SGDD (rewards are 

related to the challenges achieved). 

functional 

scaffolding 

correctness 

To what extent do 

functions provide 

challenges supported by 

challenges which have 

been outscored in previous 

levels? 

 

X = A / B 

 

A = number of the 

implemented functions 

which provide challenges 

supported by challenges 

which have been 

outscored in previous 

levels 

B = number of functions 

of SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

Notes: 

Functions with challenges supported by challenges which have been outscored in previous levels allow 

player to achieve correct scaffolding. 

3.1.2.1.3 . Functional appropriateness 

Functional appropriateness is the degree to which the SG functions facilitate the 

accomplishment of specified SG tasks and objectives. The attributes and measures added 

to and modified in this sub-characteristic are shown in Table 32 and Table 33 respectively. 

Table 32. Attributes added to and modified in the Functional appropriateness sub-characteristic 

Attributes Attributes description 

Customizable functions  Functions that allow the user to establish particular preferences, e.g. 

to identify with a character of a particular sex or with certain looks, 

etc. 

Randomization functions Functions that have actions or tasks produced in a random order. 

Control functions Functions that allow the user to choose different controls to operate 

the game. 

Realism functions Functions that allow that virtual world to be closer to the real world. 

Storyline and storytelling 

functions 

Functions with tasks and activities relevant to the storyline and 

storytelling being conducted throughout the game. 

Appropriateness levels of 

difficulty on functions 

Ability of the SG to allow the user to set levels of difficulty in the 

game. 

Team function Functions could be played by a team of players. 
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Table 33. Measures of the Functional appropriateness sub-characteristic 

Measure Measure description Measurement function References 

functional 

customization  

Does the SG allow the user 

identified as an avatar to 

establish a particular sex or 

given looks, etc.? 

X = yes or not 

 

Depending on the 

preference established, the 

value of X will be: 

“0.25” if the sex is 

established 

“0.75” if the sex and 

appearance are established 

“1” if further preferences 

are established 

 

X [ 0 or 1]; 1 is better 

(González Sánchez, 

2010), [P71, P77] 

functional 

randomization 

 

What proportion of the 

implemented functions has 

actions or tasks produced in 

a random order? 

X = A / B 

 

A = number of implemented 

functions which have 

actions or tasks produced in 

a random order 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P77, P98] 

Notes: 

The evaluation of this measure must be considered if the game genre (game genre is specified in game 

profile) is a strategy. 

In strategy games it is better if all the functions present the actions to be taken in a random order, to 

prevent them from be played following the same pattern. 

functional 

control  

 

Do the game functions 

allow the user to choose a 

different control to operate 

the game? 

X = yes or no 

 

If the game allows the user 

to choose a different control 

to operate the game, the 

value of X will be “1”, 

otherwise it will be “0” 

 

X [ 0 or 1]; 1 is better 

(González Sánchez, 

2010), [P12, P22, 

P25, P35, P60, P74, 

P77, P107, P108, 

P112] 

Notes: 

The control used to operate the game is specified in the game profile. 

Controls could be a mouse, a keyboard, a joystick, etc. 

functional 

realism 

What number of the 

implemented functions 

allows the virtual world to 

be realistic? 

X = A / B 

 

A = number of implemented 

functions which allows the 

virtual world to be realistic 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P58, P69, 

P79, P96] 

Notes: 

Virtual world is related to storyline and storytelling.  
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Measure Measure description Measurement function References 

Storyline and storytelling are specified in the SGDD (game profile). 

The virtual world in which the game is played must be as realistic as possible. 

functional 

storyline and 

storytelling 

How many of the 

implemented functions 

have tasks and activities that 

are relevant to the storyline 

and storytelling being 

conducted throughout the 

game? 

X = A / B 

 

A = number of implemented 

functions which has tasks 

and activities relevant to the 

storyline and storytelling 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P22, P61, 

P77] 

Notes: 

Storyline and storytelling are specified in the SGDD (game profile). 

appropriatenes

s levels of 

difficulty  

To what extent does the SG 

allow the user to set levels 

of difficulty in the game? 

X = yes or no 

 

If the game allows the user 

to choose at least three 

different levels of difficulty 

in game, the value of X will 

be “1”, otherwise it will be 

“0” 

 

X [ 0 or 1]; 1 is better 

(González Sánchez, 

2010) 

team 

functionality 

What proportion of the 

implemented functions 

could be played by a team of 

players? 

X = A / B 

 

A = number of functions 

that are played by a team of 

players 

B = number of functions 

that can be played by a team 

of players 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

Notes: 

A profile of the game is established if the game can be played alone or by a team of players. 

In this case, it is recommended that the functions of the game can be played by team of players. 

Functional 

appropriatenes

s 

 

What proportion of the 

functions required by the 

users to achieve their 

objectives provide an 

appropriate outcome? 

X = A / B 

 

A = number of functions 

that provide appropriate 

outcome 

B = number of functions 

required by users to achieve 

their objectives 

 

X [0,1]; the closer to 1 the 

better  

(ISO, 2015c) 

Notes: 

The objective of this measure is to ensure that the users are at least provided with all the functions 

necessary to achieve their objectives (not only those functions directly related to SG objectives) 

Users could also consider measuring the proportion of user objectives that are achievable in order to 

attain a better understanding of the actual impact on usage. 
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3.1.2.2 Performance efficiency characteristic 

The Performance efficiency characteristic is defined as the “Performance relative to the 

amount of resources used under stated conditions”. 

The three sub-characteristics of the Performance efficiency (Time behavior, Resource 

utilization and Capacity) are described below. 

3.1.2.2.1 Time behavior 

Time behavior is the degree to which the response and processing times and throughput 

rates of the SG, when performing its functions, meet requirements. Table 34 describes the 

measures of the Time behavior sub-characteristic. 

Table 34. Measures of the Time behavior sub-characteristic 

Measure Measure description Measurement function References 

response time How long do users have to 

wait for the next response 

from the SG? 

X = A / B 

 

A = mean response time of 

the SG 

B = specified target response 

time 

(ISO, 2015c) 

3.1.2.2.2 Resource utilization 

Resource utilization is the degree to which the amounts and types of resources used by 

an SG when performing its functions meet requirements. Table 35 describes the measures 

of the Resource utilization sub-characteristic. 

Table 35. Measures of the Resource utilization sub-characteristic 

Measure Measure description Measurement function References 

mean CPU 

Utilization 

How much CPU time is used 

to execute a given set of tasks 

when compared to the 

operation time? 

X = Σ(Ai / Bi) / n; i=1 to n 

 

Ai = CPU time actually used 

to execute a given set of tasks 

Bi = Operation time needed to 

perform the tasks in 

observation period i 

n = Number of observations 

 

X [0, infinite]; smaller is 

better. A X > 1 indicates that 

more CPU times are used than 

allowed. 

(ISO, 2015c) 

mean memory 

utilization 

How much memory is used to 

execute a given set of tasks 

when compared to the 

available memory? 

X = Σ( Ai / Bi) / n; i=1 to n 

 

Ai = Size of memory actually 

used to perform a given set of 

tasks 

(ISO, 2015c) 
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Measure Measure description Measurement function References 

Bi = Size of memory 

available to perform the tasks 

n = Number of task sets 

measured 

 

X [0, infinite]; smaller is 

better. A X > 1 indicates that 

more CPU times are used than 

allowed. 

3.1.2.2.3 Capacity 

Capacity is the degree to which the maximum limits of an SG parameter meet 

requirements. Table 36 describes the measures of the Capacity sub-characteristic. 

Table 36. Measures of the Capacity sub-characteristic 

Measure Measure description Measurement function References 

number of 

users 

How many users can access the 

system simultaneously at a 

certain time against the 

specified target? 

 

X = A / B 

 

A = Number of users 

simultaneously accessing the 

system at a certain time 

B = Required user access 

capacity specified 

 

X [0, infinite]; usually, the larger 

is better 

(ISO, 2015c) 

3.1.2.3 Compatibility characteristic 

The Compatibility characteristic is defined as the “Degree to which an SG can exchange 

information with other products, systems or components, and/or perform its required 

functions, while sharing the same hardware or software”. 

The two sub-characteristics of the Compatibility (Co-existence and Interoperability) are 

described below. 

3.1.2.3.1 Co-existence 

Co-existence is the degree to which an SG can perform its required functions efficiently 

while sharing a common environment and resources with other products, without having 

a detrimental impact on any other product. Table 37 describes the measures of the Co-

existence sub-characteristic. 

Table 37. Measures of the Co-existence sub-characteristic 
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Measure Measure description Measurement function References 

available 

co-existence 

What proportion of specified 

products can share their 

environment with the software 

product (without having an 

adverse impact on the other 

quality characteristics or 

functionality on any of them)? 

X = A / B 

 

A= Number of other specified 

software products with 

which this product can co-exist 

B= Number of software products 

specified to coexist with the 

product in the operation 

environment 

(ISO, 2015c) 

3.1.2.3.2 Interoperability 

Interoperability is the degree to which two or more SGs can exchange information and 

use the information that has been exchanged. Table 38 describes the measures of the 

Interoperability sub-characteristic. 

Table 38. Measures of the Interoperability sub-characteristic 

Measure Measure description Measurement function References 

data 

exchangeab

ility 

(Data 

format 

based) 

What proportion of the 

specified data formats is 

exchangeable with other 

software or systems? 

X = A / B 

 

A = Number of data formats 

exchangeable with other 

software or systems 

B = Number of data formats 

specified to be exchangeable 

(ISO, 2015c) 

3.1.2.4 Usability characteristic 

The other quality characteristic in which quality attributes were added, was the Usability. 

Therefore, before describing its measures, its quality attributes are described. 

The Usability characteristic is defined as the “Degree to which an SG can be used by 

specified users to achieve specified goals with effectiveness, efficiency and satisfaction in 

an SG context”. 

The six sub-characteristics of the Usability (Appropriateness recognizability, 

Learnability, Operability, User error protection, User interface aesthetics and 

Accessibility) are described below. 

3.1.2.4.1 Appropriateness recognizability 

Appropriateness recognizability is the degree to which users can recognize whether an 

SG is appropriate for their needs. Table 39 and Table 40 describe the attributes and 

measures added to and modified in this sub-characteristic respectively. 

Table 39. Attributes added to and modified in the Appropriateness recognizability sub- 

characteristic 
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Attributes Attributes description 

Tutorial description 

completeness functions 

Functions that are described in SG tutorials.  

Demo capability functions Functions whose operations are shown in demos. 

Table 40. Measures of the Appropriateness recognizability sub-characteristic 

Measure Measure description Measurement function Reference 

tutorials 

description 

completeness 

To what extent are SG 

functions described in SG 

tutorials according to SG 

requirements? 

 

X = A / B 

 

A = number of SG functions 

described in tutorials 

according to SG 

requirements 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

[P77] 

demos 

capability 

To what extent is the 

operation of SG functions 

shown to the user in SG 

demos according to SG 

requirements? 

X = A / B 

 

A = number of SG functions 

whose operation is shown in 

demos according to SG 

requirements 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

Notes: 

Appropriateness recognizability will depend on the ability to recognize the appropriateness of the product 

or system’s functions from initial impressions of the product or system and/or any associated documentation. 

The information provided by the product or system can include demonstrations, tutorials, documentation or, 

for a web site, the information on the home page. 

3.1.2.4.2 Learnability 

Learnability is the degree to which an SG and its mechanics are easy to understand and 

master, with efficiency and satisfaction in an SG context. The attributes and measures 

added to and modified in this sub-characteristic are described in Table 41 and Table 42 

respectively. 

Table 41. Attributes added to and modified in the Learnability sub-characteristic 

Attributes Attributes description 

Understandable tutorial 

functions 

Functions that are explained in detail in tutorials as required. 

Understandable demo functions Functions that are shown in demos as required. 

Clear rules Number of clear SG rules. 

Appropriate feedback messages 

functions 

Number of feedback messages, which describes the means used to 

enhance learning. 



 

100  The QSGame-Model: an SG product quality model 

 

  

 

 

Attributes Attributes description 

Consistent game mechanics 

functions 

Functions which have a consistent relationship among objectives, 

challenges and rewards. 

Easy navigation functions Functions which can be easily navigated. 

Challenges - contextual help Number of SG challenges with contextual help. 

Correction mechanism functions Functions with corrections mechanisms. 

Table 42. Measures of the Learnability sub-characteristic 

Measure Measure description Measurement function Reference 

understandable 

tutorials 

To what extent are SG 

functions explained in 

detail in tutorials to enable 

the user to apply the 

functions? 

X = A / B 

 

A= number of SG functions 

explained in detail in tutorials 

as required 

B= number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

[P77] 

understandable 

demos 

To what extent do demos of 

the SG functions shown in 

the game enable the user to 

apply the functions? 

X = A / B 

 

A= number of SG functions 

shown in demos as required 

B= number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

clear rules To what extent do SG rules 

state what actions are 

allowed to be performed 

within the SG (what we can 

do and what we cannot do) 

according to SG 

requirements? 

X = A / B 

 

A= number of clear SG rules 

B= number of SG rules 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P26, P74, 

P107] 

Notes: 

Learnability is closely related to Appropriateness recognizability, and Appropriateness recognizability 

measurements can be indicators of the Learnability potential of the software. 

appropriate 

feedback 

messages 

To what extent do feedback 

messages describe an 

opportunity to enhance 

learning? 

X = A / B 

 

A= number of feedback 

messages which describe the 

ways of enhancing learning. 

B= number of feedback 

messages 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P02, P04, P12, 

P22, P25, P35, P60, 

P74, P77, P107, P108, 

P112] 

consistent game 

mechanics 

To what extent do SG 

functions have a consistent 

relationship among 

objectives, challenges and 

rewards, i.e., the challenge 

achieved is directly related 

X = A / B 

 

A= number of SG functions 

which have a consistent 

relationship among 

(González Sánchez, 

2010), [P13, P26, P74, 

P107] 
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Measure Measure description Measurement function Reference 

to the objective of the SG 

function, and the reward 

obtained is directly related 

to the challenge achieved 

objectives, challenges and 

rewards 

B= number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

easy navigation To what extent can SG 

functions be easily 

navigated, i.e., do the SG 

functions have shortcuts to 

go from one place to 

another within the game 

without having to go 

through multiple menus; or 

is it possible to access 

context menus from any SG 

functions? 

X = A / B 

 

A= number of SG functions 

which can be easily 

navigated 

B= number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P31, P42, P43, 

P44, P45, P60, P77, 

P78, P83, P95, P97] 

challenges 

contextual help 

To what extent does the SG 

have dynamic contextual 

help as regards the 

challenges? 

X = A / B 

 

A= number of challenges 

with contextual help 

B= number of challenges in 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

Note: 

The number of SG challenges is established in the SGDD. 

correction 

mechanisms 

To what extent do SG 

functions have mechanisms 

to correct player’s actions? 

X = A / B 

 

A= number of SG functions 

with correction mechanisms 

B= number of SG functions 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

entry fields 

defaults 

What proportion of entry 

fields that could have 

default values are 

automatically filled with 

default values? 

X = A / B 

 

A = Number of entry fields 

whose default values have 

been automatically filled in 

during operation 

B = Number of entry fields 

that could have default values 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

3.1.2.4.3 Operability 

Operability is the degree to which an SG has attributes that make it easy to operate and 

control. Table 43 and Table 44 describe the attributes and measures added to and modified 

in this sub-characteristic respectively. 
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Table 43. Attributes added to and modified in the Operability sub-characteristic 

Attributes Attributes description 

Navigational consistency 

functions 

Functions which have a consistent navigational behavior. 

Location consistency screens Number of screens with similar icons located in different places. 

Appearance consistency screens Number of screens with similar icons shown with a different 

metaphor. 

Clear progress messages Number of progress messages which describe how the player 

made progress in the game. 

Clear feedback messages Number of feedback messages which describes the reason why 

the player is receiving feedback. 

Real control Number of game controls that users can use as realistically as 

possible. 

Table 44. Measures of the Operability sub-characteristic 

Measure Measure description Measurement function Reference 

navigational 

consistency 

To what extent do SG 

functions have a consistent 

navigational behavior, i.e., 

are navigation actions in 

each SG function carried 

out with similar options? 

X = A / B 

 

A = number of SG functions 

which have a consistent 

navigational behavior 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P31, P42, P43, 

P44, P45, P60, P77, 

P78, P83, P95, P97] 

location 

consistency 

To what extent do icons, 

with the same functionality, 

on screens always appear in 

the same place (for 

example, the “accept” 

button ought always to 

appear in the bottom right-

hand section of every 

screen)? 

X = 1 – A / B 

A = number of screens with 

similar icons located in 

different places 

B= number of screens with 

similar icons 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

appearance 

consistency 

To what extent are icons, 

with the same functionality, 

shown on screens with the 

same metaphors (for 

instance, the “accept” 

button should use the same 

metaphor in all the screens 

in the game)? 

X = 1 – A / B 

 

A = number of screens with 

similar icons shown with 

different metaphor 

B= number of screens with 

similar icons 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

clarity of 

progress 

messages 

To what extent do the SG 

progress messages describe 

how players have made this 

progress? 

 

X = A / B 

 

A = number of progress 

messages which describe 

how the player has made 

progress  

B = number of progress 

messages 

(González Sánchez, 

2010), [P22, P25, P35, 

P41, P42, P43, P44, 

P45, P74, P77, P83, 

P98] 
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Measure Measure description Measurement function Reference 

 

X [0,1]; the closer to 1 the 

better 

Note: 

The way in which the player will progress is specified on SGDD. 

clarity of 

feedback 

messages 

To what extent do the SG 

feedback messages describe 

the reason why the player is 

receiving feedback? 

 

X = A / B 

 

A = number of feedback 

messages which describes the 

reason why the player is 

receiving feedback 

B = number of feedback 

messages 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010), [P22, P25, P35, 

P41, P42, P43, P44, 

P45, P74, P77, P83, 

P98] 

real 

controllability 

To what extent does the SG 

have controls which users 

could use to control the 

game as realistically as 

possible? 

X = A / B 

 

A = number of game controls 

which users could use as 

realistically as possible 

B = number of game controls 

from which users could 

benefit, and whether they will 

operate those game controls 

realistically 

 

X [0,1]; the closer to 1 the 

better 

(González Sánchez, 

2010) 

operational 

consistency 

To what extent do 

interactive tasks have a 

behavior and appearance 

that is consistent both 

within the task and across 

similar tasks? 

X = 1 – A / B 

 

A = Number of specific 

interactive tasks that are 

performed inconsistently 

B= Number of specific 

interactive tasks that need to 

be consistent 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

functional 

customizability 

What proportion of 

functions and operational 

procedures can users 

customize at their 

convenience? 

X = A / B 

 

A = Number of functions and 

operational procedures which 

can be customized for user’s 

convenience 

B = Number of functions and 

operational procedures for 

which users could benefit 

from customization 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 
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Measure Measure description Measurement function Reference 

user interface 

customizability 

What proportion of user 

interface elements can be 

customized in appearance? 

X = A / B 

 

A= Number of user interface 

elements that can be 

customized 

B= Number of user interface 

elements that could benefit 

from customization 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

monitoring 

capability 

What proportion of the 

function’s state can be 

monitored during 

operation? 

X = A / B 

 

A = Number of functions 

having state monitoring 

capability 

B = Number of functions that 

could benefit from 

monitoring capability 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

undo capability What proportion of tasks 

that have a significant 

consequence provide an 

option for reconfirmation or 

an undo capability? 

X = A / B 

 

A = Number of tasks that 

provide undo capability or 

prompt for re-confirmation 

B = Number of tasks for 

which users could benefit 

from having re-confirmation 

or undo capability 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

terminology 

understandabil

ity 

What proportion of the 

terminology used in the 

user interfaces is familiar to 

the users? 

X = A / B 

 

A = Number of terms that 

would be understood by the 

intended users 

B = Number of terms used in 

the user interface 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

Notes 

Operability measures are expected to be measured through operational testing by representatives of 

operators or end users, or can be measured through static analysis such as review of requirement, design 

specification or user manuals. 

An internal or external Operability quality measure is used to assess whether users can operate and control 

the software. Operability measures can be categorized by the dialogue principles in ISO 9241-10: 

suitability of the software for the task, self-descriptiveness of the software, controllability of the software, 

conformity of the software with user expectations, error tolerance of the software, suitability of the 

software for individualization. 
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3.1.2.4.4 User error protection 

User error protection is the degree to which the SG protects users against making errors. 

Table 45 describes the measures of the User error protection sub-characteristic. 

Table 45. Measures of the User error protection sub-characteristic 

Measure Measure description Measurement function Reference 

avoidance of 

user input 

error 

What proportion of user 

inputs is protected against 

causing any system 

malfunction? 

X = A / B 

 

A = Number of user actions 

and inputs implemented to 

be protected against causing 

any system malfunction 

B = Number of user actions 

and inputs that could be 

protected against causing 

any system malfunction 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

user entry 

error messages 

checking 

 

What proportion of user 

entry error messages is 

clearly described so as to 

facilitate correction of the 

error? 

X = A / B 

 

A = Number of entry errors 

which provide a suggested 

correct value. 

B = Number of entry errors 

detected 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

3.1.2.4.5 User interface esthetics 

User interface aesthetics is the degree to which an SG user interface enables the user to 

obtain a pleasing and satisfying interaction. The attributes and measures added to and 

modified in this sub-characteristic are described in Table 46 and Table 47 respectively. 

Table 46. Attributes added to and modified in the User interface aesthetics sub-characteristic 

Attributes Attributes description 

Suitability of interface design Number of user interfaces in accordance with the screen design 

principles. 

User interfaces with adequate 

legibility 

Number of user interfaces in accordance with the principles of 

readability. 

User interfaces with consistency 

between text and multimedia 

Number of user interfaces which use multimedia elements to 

support the text provided. 

Simple user interfaces Number of user interfaces with minimalist design. 

User interfaces with realistic 

appearance 

Number of user interfaces that are realistic in appearance. 

Table 47. Measures of the User interface aesthetics sub-characteristic 
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Measure Measure description Measurement function Reference 

suitability of 

interface 

design 

What proportion of user 

interfaces uses space, color 

and text correctly, in 

accordance with the screen 

design principles? 

X = A / B 

 

A = number of user interfaces 

in accordance with the screen 

design principles 

B = number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

[P42, P43, P44, P45, 

P83] 

Notes: 

The screen design principles on the use of space, color and text are described in Subsection 8.2.1 

Appendix B. 

adequate 

legibility 

What proportion of user 

interfaces follows the 

principles of readability as 

regards text, color and font? 

X = A / B 

 

A = number of user interfaces 

in accordance with the 

principles of readability 

B = number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

[P42, P43, P44, P45, 

P83] 

Notes: 

The readability principles as regards text, color and font are described in Subsection 8.2.1 Appendix B. 

consistency 

between text 

and 

multimedia 

What proportion of user 

interfaces uses multimedia 

elements (image, animation, 

video and/or sound) to 

support the text provided? 

X = A / B 

 

A = number of user interfaces 

which uses multimedia 

elements to support the text 

provided 

B = number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

[P42, P43, P44, P45, 

P83] 

Note: 

If the application does not have a text, the result of this measure should not affect the quality or not be 

used. 

interface 

simplicity 

To what extent does the 

interface design contain only 

the elements that are 

absolutely necessary (a 

minimalist design that is 

limited to presenting only the 

essential components)? 

X = A / B 

 

A = number of user interfaces 

with minimalist design 

B = number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

[P42, P43, P44, P45, 

P77,P83] 

realistic 

appearance 

of user 

interfaces 

To what extent are user 

interfaces and the overall 

design realistic in 

appearance? 

X = A / B 

 

A= number of user interfaces 

realistic in appearance 

B= number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

[P01, P10, P13, P22, 

P25, P26, P31, P35, 

P36, P41, P42, P43, 

P44, P45, P53, P58, 

P60, P62, P67, P69, 

P71, P74, P76, P77, 

P78, P79, P83, P84, 

P86, P88, P95, P96, 

P98, P103, P104, 

P105, P107, P108, 

P111] 
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Measure Measure description Measurement function Reference 

Notes: 

A realistic user interface is described in Subsection 8.2.1 Appendix B. 

appearance 

aesthetics of 

user 

interfaces 

To what extent are user 

interfaces acceptable and 

attractive in appearance? 

 

 

X = A / B 

 

A= number of user interfaces 

acceptable and attractive in 

appearance 

B= number of user interfaces 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

Notes: 

An acceptable and attractive user interface is described on Subsection 8.2.1 Appendix B. 

An internal or external user interface aesthetics quality measure is used to assess the appearance of the 

user interfaces, and will be influenced by factors such as screen design and color. This is particularly 

important for consumer products. 

3.1.2.4.6 Accessibility 

Accessibility is the degree to which an SG can be used by people with the widest range of 

characteristics and capabilities to achieve a specified goal in an SG context. The attributes 

and measures added to and modified in this sub-characteristic are described in Table 48 

and Table 49 respectively. 

Table 48. Attributes added to and modified in the Accessibility sub-characteristic 

Attributes Attributes description 

Alternative text accessibility 

functions 

Number of functions which provide choice of texts so they can 

be used by users who cannot hear an audio or watch a video. 

Keyboard functionality functions Number of functions whose functionality can be performed using 

keyboard alternatives, in such a way that individuals with 

problems related to their hands can use voice input as if it were 

keyboard input, or use the mouse on an on-screen keyboard. 

Time constraint adjustment 

functions 

Number of functions which allow user to modify time limitations.  

Table 49. Measures of the Accessibility sub-characteristic 

Measure Measure description Measurement function  

alternative 

text  

accessibility  

 

To what extent do SG 

functions provide choice of 

texts such that any non-

textual content may be turned 

into other forms, such as 

large text, Braille code, voice 

or symbols, so that they may 

be employed by users who 

cannot hear an audio or 

watch a video? 

X = A / B 

 

A = number of functions 

which provide choice of texts 

so they can be use by users 

who cannot hear an audio or 

watch a video 

B = number of SG functions 

 

X [0,1]; the closer to 1 the 

better 

(W3C, 2008) 

keyboard 

functionality 

To what extent can the total 

functionality of the SG be 

X = A / B 

 

(W3C, 2008) 
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Measure Measure description Measurement function  

performed using the 

keyboard, in such a way that 

individuals with problems 

related to their hands can use 

voice input as if it were 

keyboard input, or use the 

mouse on an on-screen 

keyboard? 

A = number of functions in 

which content can be 

presented in different ways 

so that it can be accessible to 

users who have hearing or 

visual limitations 

B = number of SG functions 

 

X [0,1]; the closer to 1 the 

better 

time 

constraint 

adjustment 

To what extent do SG 

functions make it possible to 

eliminate time limitations or 

provide enough time for 

disabled users to complete 

their tasks? 

X = A / B 

 

A = number of functions 

which allow users to modify 

time limitations  

B = number of SG functions 

 

X [0,1]; the closer to 1 the 

better 

(W3C, 2008) 

accessibility 

for 

users with 

cognitive 

disability 

To what extent can potential 

users with limited cognitive 

ability successfully use the 

system (with assistive 

technology if appropriate)? 

X = A / B 

 

A = Number of functions 

successfully usable by users 

with cognitive disability. 

B = Number of functions 

implemented 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

accessibility 

for 

users with 

physical 

disability 

To what extent can potential 

users with a limited physical 

ability successfully use the 

system (with assistive 

technology if appropriate)? 

X = A / B 

 

A = Number of functions 

successfully usable by users 

with physical disability. 

B = Total number of 

functions implemented 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

accessibility 

for 

users with 

hearing 

disability 

To what extent can potential 

users with a limited hearing 

ability successfully use the 

system (with assistive 

technology if appropriate)? 

X = A / B 

 

A = Number of functions 

usable by the user with 

hearing disability. 

B = Number of functions 

implemented 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

accessibility 

for 

users with 

visual 

disability 

To what extent can potential 

users with a limited visual 

ability successfully use the 

system (with assistive 

technology if appropriate)? 

X = A / B 

 

A = Number of functions 

usable by users with visual 

disability. 

B = Number of functions 

implemented 

(ISO, 2015c) 
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Measure Measure description Measurement function  

 

X [0,1]; the closer to 1 the 

better 

supported 

languages 

What proportion of necessary 

languages is supported? 

X = A / B 

 

A = Number of languages 

actually supported 

B = Number of languages 

needed to be supported 

 

X [0,1]; the closer to 1 the 

better 

(ISO, 2015c) 

Notes 

When users are attempting to use a system or software with a different language to their own, they 

frequently make operational errors and sometimes give up attempting to achieve their intended goals. 

This case is one of decreasing accessibility and is caused by misunderstandings of descriptions and 

messages. Which languages are to be supported for a possible variation of users is therefore 

considered, specified and implemented. 

Notes 

The range of capabilities includes disabilities associated with age. 

Any person may possibly be a user with limited cognitive or physical ability/hearing or vision in 

specific situations or environments, for examples, in the darkness, in thin air, at high altitudes, in a 

diving suite and so on. 

3.1.2.5 Reliability characteristic 

The Reliability characteristic is defined as the “Degree to which an SG performs specified 

functions under specified conditions for a specified period of time”. 

The four sub-characteristics of the Reliability (Maturity, Availability, Fault tolerance and 

Recoverability) are described below. 

3.1.2.5.1 Maturity 

Maturity is the degree to which an SG meets needs for reliability under normal operation. 

Table 50 describes the measures of the Maturity sub-characteristic. 

Table 50. Measures of the Maturity sub-characteristic 

Measure Measure description Measurement function References 

fault corrected What proportion of detected 

reliability related faults has 

been corrected? 

X = A / B 

 

A=Number of reliability-

related faults corrected in 

design /coding/testing 

phase 

B= Number of reliability-

related faults detected in 

design/coding/testing phase 

 

X [0, infinite]; usually, the 

larger is better. 

(ISO, 2015c) 



 

110  The QSGame-Model: an SG product quality model 

 

  

 

 

Measure Measure description Measurement function References 

mean time 

between 

failures 

(MTBF) 

How long is the average 

MTBF during the SG 

operation as compared to 

the required threshold? 

X = ( A / B ) / C 

 

A= Operation time 

B= Total number of 

system/software failures 

that actually occurred 

C = Required threshold for 

MTBF 

(ISO, 2015c) 

3.1.2.5.2 Availability 

Availability is the degree to which an SG is operational and accessible when required for 

use. Table 51 describes the measures of the Availability sub-characteristic. 

Table 51. Measures of the Availability sub-characteristic 

Measure Measure description Measurement function References 

availability 

of system 

operation 

What proportion of system 

operation time is actually 

provided? 

X = A / B 

 

A = System operation time 

actually provided 

B = System operation time 

regulated in the operation 

schedule 

(ISO, 2015c) 

3.1.2.5.3 Fault tolerance 

Fault tolerance is the degree to which an SG is operational and accessible when required 

for use. Table 52 describes the measures of the Fault tolerance sub-characteristic. 

Table 52. Measures of the Fault tolerance sub-characteristic 

Measure Measure description Measurement function References 

failure 

avoidance 

What proportion of fault 

patterns has been brought 

under control to avoid critical 

and serious failures?? 

X = A / B 

 

A= Number of avoided 

critical and serious failure 

occurrences (based on test 

cases) 

B= Number of executed test 

cases of fault pattern(almost 

causing failure) during 

testing 

(ISO, 2015c) 

3.1.2.5.4 Recoverability 

Recoverability is the degree to which, in the event of an interruption or a failure, an SG 

can recover the data that is directly affected and re-establish the desired state of the 

system. Table 53 describes the measures of the Recoverability sub-characteristic. 

Table 53. Measures of the Recoverability sub-characteristic 
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Measure Measure description Measurement function References 

mean 

recovery time 

conformance 

How well does the system 

recovery time from failure to 

meet the required threshold? 

X = (Σ Ai / n ) / B; i=1 to n 

 

Ai = Total time to recover the 

downed SG and re-initiate 

operation for each failure 

Bi= Required threshold for 

mean recovery time 

n = Total number of failures 

(ISO, 2015c) 

3.1.2.6 Security characteristic 

The Security characteristic is defined as the “Degree to which an SG protects information 

and data so that people or other products or systems have the degree of data access 

appropriate to their types and levels of authorization”. 

The five sub-characteristics of Security (Confidentiality, Integrity, Non-repudiation, 

Accountability and Authenticity) are described below. 

3.1.2.6.1 Confidentiality 

Confidentiality is the degree to which an SG ensures that data are accessible only to those 

authorized to have access. Table 54 describes the measures of the Confidentiality sub-

characteristic. 

Table 54. Measures of the Confidentiality sub-characteristic 

Measure Measure description Measurement function Reference 

access 

controllability 

What proportion of 

confidential data items are 

protected from 

unauthorized accesses? 

X = 1 - A / B 

 

A= Number of data items 

that can be accessed 

without authorization 

B= Number of data items 

that required access control 

(ISO, 2015c) 

Data encryption 

correctness 

 

How correct is the 

encryption/decryption of 

data items implemented as 

stated in the requirement 

specification? 

X = A / B 

 

A = Number of data items 

encrypted /decrypted 

correctly 

B = Number of data items 

that required 

encryption/decryption. 

(ISO, 2015c) 

strength of 

cryptographic 

algorithms 

 

To what extent have well-

vetted cryptographic 

algorithms been used? 

X = 1 – A / B 

 

A = Number of 

cryptographic algorithms 

broken or risky in use 

B = Number of 

cryptographic algorithms 

used 

(ISO, 2015c) 
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3.1.2.6.2 Integrity 

Integrity is the degree to which an SG prevents unauthorized access to, or modification 

of, computer programs or data. Table 55 describes the measures of the Integrity sub-

characteristic. 

Table 55. Measures of the Integrity sub-characteristic 

Measure Measure description Measurement function Reference 

data integrity 

conformance 

To what extent is the data 

corruption or modification 

that occurs as a result of 

unauthorized access 

prevented? 

X = 1 - A / B 

 

A = Number of accesses 

which actually corrupt the 

data. 

B = Number of accesses 

where data damage or 

breakage has to be 

prevented. 

(ISO, 2015c) 

internal data 

corruption 

prevention 

To what extent are the 

available prevention 

methods for data corruption 

implemented? 

X = A / B 

 

A = Number of data 

corruption prevention 

methods actually 

implemented 

B = Number of data 

corruption prevention 

methods available and 

recommended 

(ISO, 2015c) 

validity of array 

accesses 

What portion of array 

accesses with user input is 

validated? 

X = A / B 

 

A = Number of array 

accesses with user input 

that are range checked 

B = Number of array 

accesses with user input in 

software modules 

(ISO, 2015c) 

3.1.2.6.3 Non-repudiation 

Non-repudiation is the degree to which actions or events can be proven to have taken 

place, so that the events or actions cannot be repudiated later. Table 56 describes the 

measures of the Non-repudiation sub-characteristic. 

Table 56. Measures of the Non-repudiation sub-characteristic 

Measure Measure description Measurement function References 

Utilization of 

digital 

signature 

What proportion of events 

requiring non-repudiation is 

processed using a digital 

signature? 

X = A / B 

 

A = Number of events 

processed using digital 

signature 

B = Number of events 

requiring non-repudiation 

property. 

(ISO, 2015c) 
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3.1.2.6.4 Accountability 

Accountability is the degree to which the actions of an entity can be traced uniquely to 

the entity. Table 57 describes the measures of the Accountability sub-characteristic. 

Table 57. Measures of the Accountability sub-characteristic 

Measure Measure description Measurement function References 

Access 

auditability 

How complete is the audit 

trail concerning user access 

to the system or data? 

X = A / B 

 

A = Number of accesses 

recorded in the system log 

B = Number of accesses to 

system or data that actually 

occurred. 

(ISO, 2015c) 

system log 

retention 

conformance 

For what percent of the 

required retention period is 

the system log retained in 

stable storage? 

X = A / B 

 

A = Duration that the 

system log is retained 

instable storage 

B = Required retention 

period for keeping the 

system log in stable storage 

(ISO, 2015c) 

3.1.2.6.5 Authenticity 

Authenticity is the degree to which the identity of a subject or resource can be proved to 

be that which it is claimed to be. Table 58 describes the measures of the Authenticity sub-

characteristic. 

Table 58. Measures of the Authenticity sub-characteristic 

Measure Measure description Measurement function References 

Authentication 

protocol 

conformance  

How well does the system 

authenticate the identity of 

a subject or resource? 

X = A / B 

 

A = Number of 

authentication protocols 

provided (e.g., User 

ID/password or IC card) 

B = Number of 

authentication protocols 

required in the 

specification 

(ISO, 2015c) 

Authentication 

rules 

conformance 

What proportion of the 

required authentication 

rules is established for a 

secure system? 

X = A / B 

 

A = Number of 

authentication rules 

implemented for secure 

system 

B = Number of 

authentication rules 

required for secure system 

(ISO, 2015c) 
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3.1.2.7 Maintainability characteristic 

The Maintainability characteristic is defined as the “Degree of effectiveness and 

efficiency with which an SG can be modified by the intended maintainers”. 

The five sub-characteristics of Maintainability (Modularity, Reusability, Analyzability, 

Modifiability and Testability) are described below. 

3.1.2.7.1 Modularity 

Modularity is the degree to which an SG is composed of discrete components, such that 

a change to one component has a minimal impact on the other components. Table 59 

describes the measures of the Modularity sub-characteristic. 

Table 59. Measures of the Modularity sub-characteristic 

Measure Measure description Measurement function Reference

s 

linking of 

components 

How strong is the coupling 

between the components in 

an SG? 

X = A / B 

 

A = Number of components 

which are implemented 

with minimal impact on 

others. 

B = Number of components 

which are required to be 

independent. 

(ISO, 2015c) 

3.1.2.7.2 Reusability 

Reusability is the degree to which an asset can be used in more than one SG, or in building 

other assets. Table 60 describes the measures of the Reusability sub-characteristic. 

Table 60. Measures of the Reusability sub-characteristic 

Measure Measure description Measurement function References 

reusability 

percentage of 

code (new 

releases) 

What percentage of code in 

an SG is reusable? 

X = A / B 

 

A = Number of lines of code 

which are designed and 

implemented to be reusable 

B = Number of lines of code 

in an SG 

(ISO, 2015c) 

reusability of 

game engine 

assets 

How many assets of the SG 

game engine can be reused? 

X = A / B 

 

A = Number of game engine 

assets which are designed 

and implemented to be 

reusable 

B = Number of game engine 

assets 

(ISO, 2015c) 
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3.1.2.7.3 Analyzability 

Analyzability is the degree of effectiveness and efficiency with which it is possible to 

assess the impact on an SG of an intended change to one or more of its parts, or to 

diagnose an SG for deficiencies or causes of failures, or to identify parts to be modified. 

Table 61 describes the measures of the Analyzability sub-characteristic. 

Table 61. Measures of the Analyzability sub-characteristic 

Measure Measure description Measurement function References 

diagnosis 

function 

sufficiency 

conformance 

To what extent are diagnostic 

functions prepared, or to 

what extent do they work for 

causal analysis? 

X = A / B 

 

A = Number of diagnostic 

functions implemented 

B = Number of diagnostic 

functions required in the 

specification 

(ISO, 2015c) 

3.1.2.7.4 Modifiability 

Modifiability is the degree to which an SG can be effectively and efficiently modified 

without introducing defects or degrading existing SG quality. Table 62 describes the 

measures of the Modifiability sub-characteristic. 

Table 62. Measures of the Modifiability sub-characteristic 

Measure Measure description Measurement function References 

modification 

efficiency 

How efficient is the time 

spent making modifications 

when time? 

X = Σ(Ai / Bi) / n; i=1 to n 

 

Ai = Total work time spent 

making a specific type of 

modification i 

Bi = Expected time needed 

to make the specific type of 

modification i 

n = Number of 

modifications measured 

 

X > 1 represents inefficient 

modifications 

X < 1 represents very 

efficient modifications 

(ISO, 2015c) 

Note 

Expected time needed to make a specific type of modification can be based on historical data or 

industry averages. 

modification 

correctness 

What proportion of 

modifications has been 

implemented correctly? 

X = 1 – (A / B) 

 

A = Number of 

modifications that caused 

an incident or failure within 

a defined period after being 

implemented 

(ISO, 2015c) 
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Measure Measure description Measurement function References 

B = Number of 

modifications implemented 

within the defined period 

modification 

capability 

To what extent are the 

required modifications 

made within specified 

duration? 

X = A / B 

 

A = Number of items 

actually modified within 

specified duration 

B = Number of items 

required to be modified 

(ISO, 2015c) 

3.1.2.7.5 Testability 

Testability is the degree of effectiveness and efficiency with which test criteria can be 

established for an SG, and tests can be performed to determine whether those criteria have 

been met. Table 63 describes the measures of the Testability sub-characteristic. 

Table 63. Measures of the Testability sub-characteristic 

Measure Measure description Measurement function References 

test function 

completeness 

conformance 

How completely are test 

functions and facilities 

implemented? 

X = A / B 

 

A = Number of test 

functions implemented as 

specification 

B = Number of test 

functions required 

(ISO, 2015c) 

autonomous 

testability 

How independently can 

software be tested? 

X = A / B 

 

A = Number of tests that 

can be simulated by stub 

out of the tests depending 

on other systems 

B = Number of tests which 

depends on other systems 

(ISO, 2015c) 

test 

restartability 

How easily can the 

operation test be carried out 

from the restart point after 

maintenance? 

X = A / B 

 

A = Number of cases in 

which maintainer can pause 

and 

restart executing test run at 

desired points to check step 

by step 

B = Number of cases in 

which executing test run 

can be 

paused 

(ISO, 2015c) 
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3.1.2.8 Portability characteristic 

The Portability characteristic is defined as the “Degree of effectiveness and efficiency 

with which an SG can be transferred from one hardware, software or other operational 

or usage environment to another”. 

The three sub-characteristics of Portability (Adaptability, Installability and 

Replaceability) are described below. 

3.1.2.8.1 Adaptability 

Adaptability is the degree to which an SG can effectively and efficiently be adapted to 

different or evolving hardware, software or other operational or usage environments. 

Table 64 describes the measures of the Adaptability sub-characteristic. 

Table 64. Measures of the Adaptability sub-characteristic 

Measure Measure description Measurement function References 

hardware 

environmental 

adaptability 

Is the SG sufficiently 

capable of adapting itself to 

a different hardware 

environment? 

X = 1 – A / B 

 

A= Number of functions of 

which tasks were not 

completed or there were 

not enough to meet 

requirements during 

testing 

B= Number of functions 

which were tested in 

different hardware 

environment. 

(ISO, 2015c) 

system software 

environmental 

adaptability 

Is the software system 

sufficiently capable of 

adapting itself to a different 

system software 

environment? 

X = 1– A / B 

 

A= Number of functions of 

which tasks were not 

completed or there were 

not enough to meet 

requirements during 

testing 

B= Number of functions 

which were tested in 

different system software 

environment. 

(ISO, 2015c) 

Operational 

environment 

adaptability 

Is software system 

sufficiently capable of 

adapting itself to different 

operational environment? 

X = 1 – A / B 

 

A = Number of functions in 

which the tasks were not 

completed or there were 

not enough to meet 

requirements during 

operational testing with 

users’ environment 

B = Number of functions 

which were tested in 

(ISO, 2015c) 
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Measure Measure description Measurement function References 

different operational 

environment. 

3.1.2.8.2 Installability 

Installability is the degree of effectiveness and efficiency with which an SG can be 

successfully installed and/or uninstalled in a specified environment. Table 65 describes 

the measures of the Installability sub-characteristic. 

Table 65. Measures of the Installability sub-characteristic 

Measure Measure description Measurement function References 

ease of 

installation 

Can the user or maintainer 

easily install software in an 

operation environment? 

X = A / B 

 

A = Number of cases in 

which a user succeeds in 

changing the install operation 

at his/her convenience 

B = Number of cases in 

which a user attempts to 

change 

the install operation at his/her 

convenience 

(ISO, 2015c), 

[P26] 

3.1.2.8.3 Replaceability 

Replaceability is the degree to which an SG can be replaced with another SG for the same 

purpose in the same environment (new release). Table 66 describes the measures of the 

Replaceability sub-characteristic. 

Table 66. Measures of the Replaceability sub-characteristic 

Measure Measure description Measurement function References 

usage 

similarity 

 

What proportion of user 

functions of the replaced 

product can be performed 

without any additional 

learning or workaround? 

X = A / B 

 

A = Number of user 

functions which can be 

performed without any 

additional learning or 

workaround 

B = Number of user 

functions in replaced 

software product 

(ISO, 2015c) 

product quality 

equivalence 

What proportion of the 

quality measures are 

satisfied after replacing 

previous one with this 

product? 

X = A / B 

 

A = Number of quality 

measures of the new 

product 

Better than or equal to the 

replaced product 

(ISO, 2015c) 
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Measure Measure description Measurement function References 

B = Number of quality 

measures of the replaced 

product that are relevant 

functional 

inclusiveness  

Can the similar functions 

be easily used after 

replacing the previous 

ones? 

X = A / B 

A = Number of functions 

which produce similar 

results to the previous 

ones. 

B = Number of functions 

tested after replacing the 

software 

(ISO, 2015c) 

3.2 The QSGame-Evaluation process 

In this section, the QSGame-Evaluation process to evaluate the quality of a SG using the 

QSGame-Model is described. This process has been defined by adapting the reference 

model for software product evaluation proposed in the ISO 25040 standard (ISO, 2011b). 

A complete description of this process is presented in the following section. 

3.2.1 QSGame-Evaluation process 

description 

The QSGame-Evaluation process consists of five activities (listed in Table 67) (see Figure 

21), each of which is completed after performing several tasks (T1, T2, etc.). In each of 

these activities, the artifacts involved can be both input or output artifacts. The artifacts 

used in this process are shown in Table 68. More than one person may be responsible for 

each activity, and they can play the following roles: 

 Evaluator designer: The Evaluator designer is responsible for specifying the 

evaluation requirements, designing the evaluation and training the Evaluator. 

 Evaluator: The role of the Evaluator is to execute the evaluation and calculate the 

SG’s quality either manually or automatically. 

Table 67. Activities in the QSGame-Evaluation process 

Activity 

number 

Activity name 

A1 Specification of the evaluation requirements 

A2 Evaluation design 

A3 Evaluator training 

A4 Execution of the evaluation 

A5 Calculation of the SG quality (automatic or manual) 
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Table 68. Artifacts involved in the QSGame-Evaluation process 

Artifact acronym Artifact description 

SGDD 

(Serious Game Design 

Document) 

This document contains SG information required for SG 

evaluation and is related to the description of the game's 

features, which are among others, the requirements of the SG, 

its objectives, the profile of the SG (SG genre, history, 

narrative, etc.), the mechanics, the user interfaces, etc. 

SGGIRF 

(Serious Game General 

Information 

Requirements Form) 

This form contains a summary of the information needed to 

perform the quality evaluation of an SG using the QSGame-

Model, either manually or automatically. 

CHLF 

(CHeckLists Form) 

CHLF is a form which contains each of the SG quality 

attributes that must be evaluated. 

QSGMAG 

(QSGame-Model And 

Glossary) 

This document contains a complete description of the 

QSGame-Model along with a glossary of relevant terms 

related to the SG context. 

SGEF 

(SG Executable File) 

This is an executable file of the SG to be evaluated. 

CHLFFO 

(CHeckLists Form Filled 

Out) 

CHLFFO is the CHLF filled out with the SG evaluation 

results. 

QSGame-Tool It is the tool developed for the automation of the QSGame-

Model. 

MERF 

(Manual Evaluation 

Results Form) 

This form is an Excel file in which the quality values 

calculated manually for each of the measures of the QSGame-

Model must be entered. 

MERFFO 

(Manual Evaluation 

Results Form Filled Out) 

MERFFO is the MERF form filled out with the quality values 

of the measures calculated manually. 

AER 

(Automatic Evaluation 

Results) 

Results of the automatic evaluation generated by the 

QSGame-Tool. 

The SGGIRF, CHLF and MERF artifacts can be found in Appendix B Subsections 8.2.3, 

8.2.4 and 8.2.5, respectively. The CHLFFO and AER, are shown in Appendix D 

Subsections 8.4.1 and 8.4.2 and the SGDD appears in Appendix E Subsection 8.5.1. For 

reasons of the structure of this PhD Thesis, the content of the QSGMAG artifact is located 

in two sections of this document: the QSGame-Model description is in Chapter 3 

Subsection 3.1.2 and the glossary is presented in Appendix B Subsection 8.2.1. The 

software applications used in this process are the SGEF and the QSGame-Tool. 
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Figure 21. QSGame-Evaluation process 

Each of the activities in the QSGame-Evaluation process are described in detail in the 

following sections. 

3.2.1.1 Specification of the evaluation requirements (A1)  

The aim of this activity is to establish the requirements of the evaluation in order to 

delimit the scope of the evaluation. 

Person responsible: Evaluation designer 

Input: SGDD 

Output: SGGIRF 

The tasks involved in this activity are described in Table 69. 

Table 69. Tasks involved in A1 

Task 

num. 

Task action Task description 

T1 Establish the purpose of 

evaluation 

In this task, the quality characteristics to be evaluated are 

determined, i.e., the Functional suitability characteristic, 

the Usability characteristic or both. 

T2 Specify the SG functions The SG functions that will be evaluated are specified, i.e., 

those functions that are directly related to the SG 

mechanics. 

T3 Specify additional 

requirements 

This task has the aim of specifying some additional 

requirements: whether the SG is oriented toward 

differently-abled users, whether the SG is a multiplayer 
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Task 

num. 

Task action Task description 

game, whether or not the SG has levels of difficulty, 

whether the SG is developed in a realistic environment, 

whether the SG is a simulation game, along with whether 

the SG is an strategy game, in order to consider the 

randomization in performing tasks. 

T4 Specify the SG screens and the 

SG interfaces data 

If the need to evaluate the Usability quality characteristic 

has been established, it is necessary to register the 

following information: 

 The list of the user interfaces of the SG that will be 

evaluated. 

 The list of the screens of the SG that will be evaluated. 

T5 Select the measures to be 

discarded 

Depending on the SG requirement specification (T3 in this 

activity), select those measures to be discarded. 

T6 Define information for 

evaluation 

In this task, the numeric values required to perform the 

calculations of some of the quality measures of the SG are 

defined. 

The outcome of the above tasks (SGGIRF) will be used as input by activity A2. 

3.2.1.2 Evaluation design (A2)  

The aim of this activity is to establish the requirements of the evaluation in order to 

delimit the scope of the evaluation. 

Person responsible: Evaluation designer 

Input: SGGIRF 

Output: CHLF 

The tasks involved in this activity are described in Table 70. 

Table 70. Tasks involved in A2 

Task 

num. 

Task action Task description 

T1 Design the checklist form Define the structure of the checklist form depending on 

the specification of the evaluation requirements. 

The checklist form specifies the information that must be collected by the Evaluator when 

performing the quality evaluation of the SG and will be used as input in activities A3 and 

A4. 

3.2.1.3 Evaluator training (A3)  

The objective of this activity is for the Evaluator designer to train the Evaluator how to 

perform the evaluation. 
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Person responsible: Evaluation designer and evaluator 

Input: QSGMAG, SGDD, SGGIRF and CHLF 

Output: none 

The tasks performed in activity A3 are described in Table 71 

Table 71. Tasks involved in A3 

Task 

num. 

Task action Task description 

T1 Introduce the QSGame-

Model 

An explanation overview of the QSGame-Model is 

presented to the Evaluator. 

T2 Introduce the SG The evaluation designer uses the SGDD to show 

the Evaluator the main functions and features of the 

SG. 

T3 Explain CHLF Explanations of how to perform the evaluation and 

how to fill out the CHLF, using the SGGIRF and 

the CHLF, are given to the Evaluator. 

T4 Deliver evaluation 

material 

The Evaluator is provided with: the QSGMAG, the 

SGDD, the SGGIRF and CHLF. 

The QSGMAG, SGDD, SGGIRF and CHLF will also be used as input in the next activity. 

3.2.1.4 Execution of the evaluation (A4)  

The aim of this activity is to execute the evaluation of the quality of an SG by filling in 

the CHLF. 

Person responsible: Evaluator 

Input: QSGMAG, SGDD, SGGIRF and CHLF, and SGEF 

Output: CHLFFO 

The tasks performed in activity A4 are described in Table 72. 

Table 72. Tasks involved in A4 

Task 

num. 

Task action Task description 

T1 Download and install the SG to 

be evaluated 

In the first task of this activity, the downloading and 

installation of the SGEF to be evaluated must be done. 

T2 Be familiar with QSGMAG 

and SGDD documents 

In this task, it is advisable to read the SGDD and the 

QSGMAG concepts related to SGs. 

T3 Perform the SG functions To be familiar with the SG, it is important execute it, 

browsing the whole SG and performing each of its 

functions. 



 

124  The QSGame-Evaluation process 

 

  

 

 

Task 

num. 

Task action Task description 

T4 Evaluate general aspects of the 

SG 

Answer the “GENERAL QUESTIONS” on section I in 

the CHLF 

T5 Evaluate SG functions and 

interfaces 

Answer the “QUESTIONS BY FUNCTION” and the 

“QUESTIONS OF THE INTERFACE IN WHICH THE 

FUNCTION IS EXECUTED” in section II in the CHLF. 

T6 Evaluate screens Answer the “SCREEN QUESTIONS” in section III in the 

CHLF. 

The output of this activity (CHLFFO) contains the quality evaluation result of the SG and 

will be used as input in the next activity. 

3.2.1.5 Calculation of the SG quality: manual or automatic (A5)  

The calculation of the quality measures can be done in two ways: manually or 

automatically. 

3.2.1.5.1 Manual calculation 

The aim of this activity is to calculate the SG quality value manually, taking into account 

the SGGIRF. The calculation of the quality value is performed by calculating the quality 

value of each measure, applying its measurement function defined in the QSGame-

Model. 

Person responsible: Evaluator 

Input: CHLFFO, QSGMAG, SGDD, SGGIRF, and MERF 

Output: MERFFO 

The tasks performed in activity A5 manual calculation are described in Table 73. 

Table 73. Tasks involved in A5 manual calculation 

Task 

num. 

Task action Task description 

T1 Calculate quality value 

measures of YES/NO 

questions 

Count how many SG functions or how many SG interfaces 

comply with what it is asked. The resulting amount of this 

count represents the value of A in the measurement 

function of the quality measure being evaluated. The value 

of B is always the total SG functions being evaluated 

which are specified in the SGGIRF. 

As a hypothetical example, let us suppose we are 

evaluating a game which has 3 functions (value of B 

specified in the SGGIRF). In order to calculate the quality 

value for the attribute coverage of progress, the 

questionnaire requests the Evaluator to answer the 

following: “To what extent do SG functions indicate how 

the player will progress during the game?” If the 

Evaluator considers that the answer to this question is 
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Task 

num. 

Task action Task description 

YES for just 2 (out of 3) of the functions of the game, then 

the total number of functions that meet it, are 2 (value of 

A). The measurement function used to calculate the 

quality value is X= A / B (Subsection 3.1.2.1.1.). 

Therefore, X = 2/3 = 0,667. 

T2 Calculate quality value 

measures of numeric questions 

In order to obtain the value of the variable A of the 

measurement function, the Evaluator must add each of 

numerical values collected by an SG function. The value 

of B is always the total number of SG functions being 

evaluated which are specified in the SGGIRF. 

As a hypothetical example, let us suppose that the game 

being evaluated has 3 functions and a total of 10 progress 

messages (value of B specified in SGGIR). In order to 

calculate the quality measure for the attribute "clarity of 

feedback messages" the questionnaire requests the 

Evaluator to answer the following for each of the game 

functions “How many of the progress messages in this 

function provide the player with a description of how 

progress has been achieved?” 

If the Evaluator considers that function 1 has 2, function 

2 has 1 and function 3 has 2 clear progress messages, the 

total number of clear progress messages is 5 (value of A, 

which is the sum of 2+1+2). The measurement function 

used to calculate the quality value of the measure is X=A/ 

B (Subsection 3.1.2.4.3.). Therefore, X= 5 /10=0,50. 

T3 Enter quality values of the 

measures in an RF 

Each quality measure value calculated must be entered in 

a MERF provided. 

The MERFFO artifact contains the quality evaluation results for each quality measure 

calculated and is grouped by quality characteristic and sub-characteristic. The MERFFO 

evaluation results are the basis used to generate a complete report of the evaluation of an 

SG. 

3.2.1.5.2 Automatic calculation 

The objective of this activity is to calculate the SG quality value automatically, taking 

into account the SGGIRF. This automatic calculation is performed by means of the 

QSGame-Tool, a tool developed with the aim of automating the applicability of the 

QSGame-Model (Subsection 3.3). 

Person responsible: Evaluator 

Input: CHLFFO, QSGMAG, SGDD, SGGIRF, and QSGT 

Output: AER 

The tasks performed in activity A5 automatic calculation are described in Table 74. 

Table 74. Tasks involved in A5 automatic calculation 
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Task 

num. 

Task action Task description 

T1 Register information from the 

evaluation 

Register the information needed to identify the 

evaluation. The company that owns the SG to be 

evaluated, a project associated with this company 

and an evaluation associated with that project must 

be registered. 

T2 Input requirement 

specifications 

Enter the SG evaluation requirements specified in 

the SGGIRF: the quality characteristics to be 

evaluated, the functions directly related to SG 

mechanics, measures to be applied, numeric values 

needed to perform calculations. 

T3 Input data evaluation of 

YES/NO questions 

For each YES/NO question, mark the selected 

choice. 

T4 Input data evaluation of 

numeric questions 

For each numeric question enter the numeric value 

answered. 

T5 Generate the evaluation results Select the QSGT option for the automatic generation 

of the quality values of the evaluation of each of the 

measures, per quality sub-characteristic and per 

quality characteristic. The QSGT also generates a 

graphical evaluation result per sub-characteristic and 

characteristic, along with a global quality result. 

The AER artifact contains the quality evaluation results generated automatically. The 

AER artifact contains the quality value result of each of the measures, along with the 

result of the quality per characteristic and sub-characteristic. It also includes graphics of 

these quality results which are the basis used to generate a complete report of the 

evaluation of an SG. 

3.3 The QSGame-Tool 

The QSGame-Tool tool is an application developed as a result of a Final College Degree 

Project (FCDP) at the University of Castilla La-Mancha in Ciudad Real Spain (Ortega, 

2015). The main objective of this tool is the automation of the applicability of the 

QSGame-Model. The development of the QSGame-Tool was carried out with the 

collaboration of the Alarcos Quality Center (AQC) 9 , a Spin-off Company of the 

University of Castilla-La Mancha, which aims to provide software quality assurance 

services to both factories and developments department and acquirer’s software 

companies. The QSGame-Tool is therefore aligned with the software evaluation 

environment and AQC laboratory certification, which is the first laboratory in Spain to 

have been accredited under the ISO 17025 standard by ENAC10, in order to conduct trials 

                                                 

 

 

9http://www.alarcosqualitycenter.com/index.php/aqc-lab 
10http://enac.es/web/enac/inicio 

http://www.alarcosqualitycenter.com/index.php/aqc-lab
http://enac.es/web/enac/inicio


 

The QSGame-Model127 

 

 

 

regarding the quality assessment of software applications. This mean that the results 

obtained from the evaluation of SGs using the QSGame-Tool can be used in real 

evaluations in the software industry. The QSGame-Tool incorporates standardized quality 

values into the values, resulting in the evaluation of the quality of an SG through the 

QSGame-Model. These standardized quality values are obtained by means of a profile 

function. In this section, the general characteristics and the profile function description of 

the QSGame-Tool are presented. 

3.3.1 General characteristics of the QSGame-

Tool 

The Scrum methodology adapted by AQC (Verdugo et al., 2014) was used during the 

development of the QSGame-Tool. This methodology is appropriate for small work 

teams. It is a management framework, based on an iterative and incremental process that 

uses UML as a modeling language (OMG), which is commonly used in software 

development environments (Pressman & Troya, 1988). The principle key of this 

methodology is the velocity of the results generated, which allow the identification of 

changes that must be made in the product for it to fit the customer. Scrum is a reference 

model that defines a set of practices and roles which can be taken as a starting point for 

the development of a project. The QSGame-Tool was developed using a Model-View-

Controller architecture (MVC) (González Díaz & Romero Fernández, 2012). This 

paradigm divides the parts of which a software application consists in the following 

manner: 

 Model. Data and business rules are established. It is responsible for accessing the 

data storage layer and notifying the View of data changes that may be produced 

by an external agent. 

 View. This shows the information contained in the Model to the user. It is 

responsible for receiving data processed by the Controller and showing them to 

the user. 

 Controller. This manages the input from users. It is responsible for receiving input 

events and contains the rules used to manage them. 
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The architecture has been implemented by using: MVC, SQLite311 for the storage layer, 

Ruby on Rails12 for the controller layer and HTML513 with CSS314 for the application 

view. Figure 22 shows the flow of messages in the QSGame-Tool, along with the 

technologies mentioned previously. 

 

Figure 22. QSGame-Tool architecture 

The QSGame-Tool is integrated from 6 modules that are structured as shown in Figure 

23. Each of these modules has a specific function. 

 User management: This module allows the QSGame-Tool administrator to 

manage the QSGame-Tool users’ permission accesses depending on the role 

assigned to them. 

 Project management: The function of this module is to register the projects to be 

evaluated. The administrator of the QSGame-Tool performs this registration and 

also makes adaptations to the characteristics to be considered in a specific 

evaluation. 

 Companies’ management: In this module, the administrator can register the 

companies at which an evaluation is going to performed. 

 Evaluation management: New evaluations assigned to evaluators can be 

performed in this module. 

                                                 

 

 

11https://www.sqlite.org/ 
12http://www.rubyonrails.org.es/ 
13http://www.w3.org/TR/2014/REC-html5-20141028/ 
14http://www.w3schools.com/css/css3_intro.asp 

https://www.sqlite.org/
http://www.rubyonrails.org.es/
http://www.w3.org/TR/2014/REC-html5-20141028/
http://www.w3schools.com/css/css3_intro.asp
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 Implementation of the QSGame-Model: The QSGame-Model and the results 

generated after applying its measures are implemented in this module. This 

module also includes the implementation of a profile function, which adds values 

to the measures with the purpose of obtaining a single quality value per quality 

characteristic along with only one quality value for each of the sub-characteristics 

that belong to it. 

 

Figure 23. QSGame-Tool modules 

The QSGame-Tool allows two different types of users to attain access (see Table 75): 

 Administrator: This type of user has complete access to the functions of the 

application. The functions that can be performed therefore include management 

of users, management of companies, management of projects and conduct 

evaluations. 

 Evaluator: This type of user can only access the management of projects and the 

conducting of evaluations. The evaluator can access only his/her evaluations, i.e., 

those evaluations that s/he has conducted 

Table 75. Access to modules of the QSGame-Tool by type of user modules 

Module Administrator Evaluator 

User management √ χ 

Project management √ √ 

Companies’ management √ χ 

Evaluation management √ √ 

Implementation of the QSGame-Model √ χ 

Visualization of the results √ √ 
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3.3.2 Profiles function 

As mentioned above, the QSGame-Tool incorporates standardized quality values into the 

values, resulting in the evaluation of the quality of an SG by means of the QSGame-

Model. These standardized quality values are obtained by means of a profile function for 

each characteristic, sub-characteristic or property of a software application based on their 

profile (Rodríguez & Piattini, 2014). The standardized quality values are obtained by 

dividing the levels in a quality element of the software product (quality property, quality 

characteristic, quality sub-characteristic). This division is performed in relation to a 

measure as a basis on which to evaluate that quality element. A division of levels by 

quality sub-characteristic was performed in the QSGame-Model, thus allowing several 

levels to be defined for each quality sub-characteristic, which were then identified by 

means of a sequential number from 1 to n. This sequential order is associated with the 

quality represented by the level for the sub-characteristic. The level 1 therefore represents 

the least desirable values, while the level n represents the most desirable values for that 

measure. The profile of the system is a set of values that indicate the number or percentage 

of elements belonging to each of these levels. The percentage or the densities are used at 

each level (rather than the number of elements) in order to be able to compare the profile 

of different systems, regardless of the number of elements each of the systems have, and 

it is thus possible to define generic functions per profiles that can be applied to all systems. 

However, if the number of elements is previously known, this function can be used to 

indicate absolute values. For the evaluation of sub-characteristics, the number of 

properties that can influence the evaluation is previously known. This number of 

properties is the same for all systems of the same type. It is therefore possible to define 

ranges of values which represent the maximum number of properties (value of quality) 

that influence the evaluation of quality sub-characteristic for each level. In order to define 

the standardized quality value by means of the profile function, the profile of the SG is 

compared with a range of values. Each of these ranges defines the maximum number or 

the maximum percentage that is accepted for each of the levels, with the exception of 

level n, since level n represents the best values of the measure used as a basis for its 

evaluation, and it therefore makes no sense to limit its value, since it is desirable for this 

value to be the maximum value possible. The ranges are identified by a sequence number 

from 1 to n (in the same manner as the levels). The number of the range represents the 

quality for the sub-characteristic evaluated. The SG is located at the highest range in 

which any of the percentages in one’s profile exceeds the percentages range or, what is 

the same, will be located at the immediately inferior range to the first range in which one 

of the values of its profile is higher than the value indicated in the range. In order to add 

the quality values to the Functional suitability and Usability sub-characteristics, it was 

necessary to define the values of the ranges for each of them. The values assigned to these 

ranges, according to the judgment of experts at the AQC Company, are shown in Table 
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76– Table 79 for the Functional suitability characteristics and in Table 80 – Table 85 for 

the Usability sub-characteristics. 

Table 76. Ranges of values for the Functional completeness sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 7 7 7 7 0-25 

2 2 7 7 7 25-50 

3 1 2 7 7 50-75 

4 0 1 3 7 75-100 

5 0 0 0 0 100 

Table 77. Ranges of values for the Functional correctness sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 4 4 4 4 0-25 

2 3 4 4 4 25-50 

3 0 2 3 4 50-75 

4 0 0 2 4 75-100 

5 0 0 0 0 100 

Table 78. Ranges of values for the Functional appropriateness sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 8 8 8 8 0-25 

2 6 8 8 8 25-50 

3 2 3 8 8 50-75 

4 0 2 4 8 75-100 

5 0 0 0 0 100 

Table 79. Ranges of values for the Functional suitability characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 3 3 3 3 0-25 

2 1 3 3 3 25-50 

3 0 1 3 3 50-75 

4 0 0 1 3 75-100 

5 0 0 0 0 100 

Table 80. Ranges of values for the Appropriateness recognizability sub-characteristic 
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 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 2 2 2 2 0-25 

2 1 2 2 2 25-50 

3 1 1 2 2 50-75 

4 0 1 1 2 75-100 

5 0 0 0 0 100 

Table 81. Ranges of values for the Learnability sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 9 9 9 9 0-25 

2 3 9 9 9 25-50 

3 2 3 9 9 50-75 

4 0 2 3 9 75-100 

5 0 0 0 0 100 

Table 82. Ranges of values for the Operability sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 12 12 12 12 0-25 

2 4 8 12 12 25-50 

3 3 4 8 12 50-75 

4 0 3 7 12 75-100 

5 0 0 0 0 100 

Table 83. Ranges of values for the User interface aesthetics sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 6 6 6 6 0-25 

2 2 6 6 6 25-50 

3 1 2 6 6 50-75 

4 0 1 2 6 75-100 

5 0 0 0 0 100 

Table 84. Ranges of values for the Accessibility sub-characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 9 9 9 9 0-25 

2 3 9 9 9 25-50 

3 2 3 9 9 50-75 

4 0 2 3 9 75-100 

5 0 0 0 0 100 
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Table 85. Ranges of values for the Usability characteristic 

 Levels  

Ranges 1 2 3 4 Quality 

level 

0 - - - - 0 

1 5 5 5 5 0-25 

2 2 5 5 5 25-50 

3 1 4 5 5 50-75 

4 0 0 1 5 75-100 

5 0 0 0 0 100 

      

It is important to note that if a quality evaluation of an SG does not evaluate the complete 

measures, average values rather than profile function values for the incorporation of 

standardized quality values are used in the QSGame-Tool. 

3.4 Conclusions of chapter 3 

This chapter presents the construction process of a product quality model for SGs called 

QSGame-Model, which is an adaptation of the ISO 25010 standard (ISO, 2011a). This 

model was adapted to the specific domain of SGs using the top-down approach 

methodology proposed by (Franch & Carvallo, 2003) which drives the construction of 

domain-specific quality models. The QSGame-Model consists of the quality 

characteristics/sub-characteristics/attributes and measures specific to any kind of SGs, 

which were defined on the basis of the quality characteristics discovered after an 

exhaustive analysis of the literature presented in Chapter 2 and of the ISO 25010 (ISO, 

2011a)software product quality standard. The main contribution of the QSGame-Model 

is the addition of specific SG attributes to the Functional suitability and Usability sub-

characteristics which are not considered in the standard product quality model. We 

believe the added attributes consider the elements that can facilitate the player's flow 

experience (Csikszentmihalyi, 1991) and can contribute to achieving the serious goal of 

the game. In addition, we believe that these attributes have an influence when the game 

is in use, thus permitting a better player experience (that is, quality in use) (González 

Sánchez, 2010). Furthermore, the results of the SMS on SG quality (Chapter 2, Section 

2.3) showed that these two characteristics of the product quality model were those most 

frequently addressed by researchers. , In this chapter, the ISO 25040 standard (ISO, 

2011b) has been used as a basis to define a QSGame-Evaluation process with which to 

facilitate the application of the QSGame-Model to the quality evaluation of SGs. As a 

part of this process, the artifacts used during the evaluation of an SG, are presented in 

Appendix B (Section 8.2), Appendix D (Section 8.4) and Appendix E (Section 8.5). In 

addition, the main characteristics of a tool developed, called QSGame-Tool, “for the 

automation of the QSGame-Model are described in this chapter.   
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Chapter 4  
QSGame-Model 

refinement 

he objective of this chapter is to Refine the proposed QSGame-Model (O5). This 

objective has been achieved by defining the following partial objectives: 1) 

Describe the main activities performed to design and execute the survey which 

purpose is to refine the QSGame-Model (Section 4.2), 2) Present the analysis of the data 

obtained through the execution of the survey (Section 4.3) and 3) Present the potential 

threats which can affect the validity of the results of this survey, which are construct 

validity, internal validity, external validity and conclusion validity (Section 4.4). 

  

T 
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4.1 Introduction 

Several quality models that have been proposed have been refined through surveys. For 

example in Caro, Calero, Caballero, and Piattini (2008) carried out a survey to refine the 

proposed attributes of a data quality model for Web portals and in Moraga, Moraga, Caro, 

Muñoz, and Calero (2013) applied a survey to refine intrinsic and contextual categories 

of attributes of a quality model for Web portals from the perspective of users with 

university studies. Taking these works as basis, we decided refine the QSGame-Model 

proposed through a survey. This survey was designed to specifically know the opinion of 

experts in SG development and teaching about on the understandability and importance 

for them of the quality attributes of the QSGame-Model proposed. In the survey, all the 

quality attributes proposed for the Functional suitability characteristic and some quality 

attributes proposed in the Usability characteristic are included. We excluded from the 

survey (not from the QSGame-Model) those quality attributes of the Usability directly 

related to the quality of user interfaces since according to results of the refinement process 

(Subsection 4.1.4.1) experts stressed that the importance of these attributes is obvious not 

only for SG but for any software application. The process of carry out the survey was 

performed following the guidelines and recommendations proposed in Kitchenham and 

Pfleeger (2008), Pfleeger and Kitchenham (2001) and Pfleeger and Kitchenham (2002). 

4.2 Survey description 

In this section the main activities of this process are described: setting objectives, survey 

design, developing a survey instrument, survey instrument evaluation and obtaining valid 

data. 

4.2.1 Setting objectives 

The objective of the survey is to: 

“Get the opinion of experts on SG development and teaching regarding the importance 

for them of each of quality attributes proposed in the QSGame-Model and also whether 

the definitions of these attributes are understandable for them”. 

4.2.2 Survey design 

To design this survey, a cross-sectional survey design was used. Cross-sectional surveys 

are used in studies where respondents are asked for information at a given point in time 

(Kitchenham & Pfleeger, 2008). The majority of surveys conducted in software 

engineering are of this type (Genero et al., 2014). Self-administered questionnaires were 

used on the survey and were applied on-line (Kitchenham & Pfleeger, 2008). These 
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questionnaires are unsupervised, so that instructions on how to complete them, were 

incorporated before the survey questions. According to Jedlitschka, Ciolkowski, Denger, 

Freimut, and Schlichting (2007), on-line questionnaires compared to paper-based 

questionnaires allow to obtain a high return rate of respondents. In addition, Punter, 

Ciolkowski, Freimut, and John (2003) argue that this type of questionnaires facilitate to 

the respondent the activity of data entry on survey, and to the researcher to commit less 

error and to facilitate the data collection activity. 

4.2.3 Developing a survey instrument 

The design of the survey instrument were drew inspiration from previous surveys in 

research related to quality models refinement (Caro et al., 2008; Moraga et al., 2013). The 

type of the questions, the design of the questions, the design of the answers to the 

questions, the questionnaire format and the motivation of these surveys were taken as a 

basis for our instrument developing and tailoring them to our goals. In addition, the 

guidelines provided in Genero et al. (2014) and in Kitchenham and Pfleeger (2008) were 

followed as much as possible in order to construct the instrument. The questions was 

developed to directly address the objective of the survey. The wording of the questions 

was performed in a way that would be easy to understand (i.e. familiar terminology to 

respondents was used) and accurately answer by respondents avoiding the inclusion of 

negative questions. 

The questionnaire included only the necessary questions to limit as much as possible the 

time to complete it. All of the survey questions were closed questions. Questions relatives 

to QSGame-Model attributes were measured using Likert scales of four points in an 

ordinal scale: 1 – “It is not important”, 2- “It is quite important”, 3- “It is very important”. 

Also the answer 0 - "I do not know”, was included in case of the respondent did not know 

about the importance of the quality attribute (see Figure 24). This response has no points 

in the Likert scale. These questions also included a space for any observation of 

respondents. Finally, the questionnaire was composed forty six questions: nine 

demographics questions, thirty four questions related to the quality attributes proposed in 

the QSGame-Model and three open questions. These open questions asks the respondents 

to indicate any other relevant aspect of quality of SG that was not included, thus providing 

us with a feedback of the QSGame-Model. 
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Figure 24. Likert scale used on attributes questionnaire 

In order to motivate the participants to complete the survey, an introductory page was 

included in it with the following information: the purpose of the survey, the relevance of 

the participation of respondents, the reason why they were chosen to participate and the 

strictest confidentiality with which their responses will be held. The survey was structured 

in following blocks: 

 Glossary. Contains a list of definitions of terms that are used in the SG context 

and video games context (see Figure 25). The purpose of the glossary is that all 

respondents used the same term to refer to the same concept when filling in the 

survey. 

 Background and experience. It is a block of nine closed questions related to 

demographics of respondents as gender, education level, country in which they 

work, their experience in TIC's and in video game development or SGs 

development, as well as specific training on SG development. This block of 

questions are used to contextualize the survey responses. Figure 26 shows an 

example of this type of questions. 

 Evaluation of the SGs quality attributes. This block contains thirty-four closed 

questions related to the quality attributes proposed in the QSGame-Model and 3 

open questions to obtain respondent feedback of any additional attribute they 

consider must be include in the model. An example of this type of questions is 

shown in Figure 27. Based on the knowledge and experience of respondents, the 

thirty-four closed questions are intended to know the understanding and 

importance for them, of each one of the quality attributes of the QSGame-Model. 

Additionally, this block of questions is intended to obtain a respondents feedback 
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of any additional observation about each one of these attributes. This feedback 

could be used to explain the results of the evaluation of each one of the SG quality 

attributes. 

 Feedback questions. This is a block of three opened questions related to the time 

it has taken to respondents to complete the survey (in minutes), any other quality 

attributes that respondents consider relevant and any other observations to the 

survey that respondents want to make. 

 

Figure 25. Glossary of terms 

 

Figure 26. Background and experience questions 
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Figure 27. Quality attributes questions 

4.2.4 Survey instrument evaluation 

Taking into account the first version of the QSGame-Model proposed, the initial set of 

questions of the survey was elaborated. With the aim to identify any ambiguities or 

problems with the questionnaire and at the same time refine the QSGame-Model, an 

iterative refinement process were conducted (see Figure 28 upper part) until obtain the 

final version of both the survey questionnaire and the QSGame-Model. 

While the survey and the QSGame-Model were refined, in order to analyze the feasibility 

of the QSGame-Model, the manual application of it to the evaluation of two SGs (see 

Figure 28 lower part) were performed. 

In applying the model manually, we realized it was a very laborious task and without 

having defined an evaluation process of the model, this was a much more difficult task. 

Therefore, we decided to automate the QSGame-Model building the QSGame-Tool 

(Chapter 3 Section 3.3) and facilitating its application by means of the definition of the 

QSGame-Evaluation process (Chapter 3 Section 3.2). At the end of the refinement 

process, the latest version of the QSGame-Model was applied automatically to evaluate 

an SG following the QSGame-Evaluation process defined. 
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Figure 28. Refinement process and application of the QSGame-Model  

Hereafter, the upper side of the Figure 28 which is related to the refinement process of 

the survey and the QSGame-Model is explained. The lower side of Figure 28 is explained 

in detail in Chapter 5. 

4.2.4.1 Refinement process 

Three different pilot studies were conducted to refine the survey and the QSGame-Model 

(see Figure 28): 

1) Pilot study 1: A pilot study with experts on SG development and teaching,  

2) Pilot study 2: A pilot study with a group of students in a Course in Game 

Development,  

3) Pilot study 3: A pilot study with quality experts of AQC.  

An initial designed questionnaire was constructed based on the version number one of the 

GSGame-Model (QSGame-Model v1). The questionnaire was composed of 10 

demographic questions, 35 questions related to the understanding and importance of the 

proposed quality attributes in the QSGame-Model and an open question about some 

additional attributes that respondents would like to consider. This questionnaire was the 

version number one of the survey (Survey v1) and the starting point of the refinement 

process which consisted of three pilot studies (see Figure 28). Hereafter, the description 
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of the results of each of the studies performed for the refinement of the survey and the 

QSGame-Model are presented. 

4.2.4.1.1 Pilot study 1: experts in SG development and teaching 

Input: Survey v1, QSGame-Model v1 

Output: Survey v2, QSGame-Model v2 

The first pilot study was performed on March of 2015. The participants of this study were 

three teachers of a course of video games development, in the School of Informatics at 

University of Castilla La-Mancha15. The main objective of this study was to have an initial 

feedback, from experts in the development and teaching of SGs, on the design of the 

survey and about the quality attributes proposed in the QSGame-Model. The three 

respondents were male, have a profile of researchers with a high level of studies (PhD 

degree), 5 years of experience in ICT area, software development, and SG/video game 

development. 

In this pilot study, besides some minor changes of the wording of some of the survey 

questions, the main changes and observations from the feedback provided were: 

 Four quality attributes were added to the QSGame-Model (which added four more 

questions in the survey) (see Table 86). These attributes were related to 

socialization aspects (Coverage of shared challenges functions and Coverage of 

shared rewards functions), with performing functions in a teams of players (team 

functionality) and with the incremental development of the learning process based 

on the increased difficulty in challenges of the game to the same extent in which 

the player reaches higher levels of difficulty in the game (González Sánchez, 

2010) (Scaffolding correctness functions). 

 Experts noted that the model does not consider specific aspects of the gameplay 

such as fun, pleasure and satisfaction. The gameplay refers to the set of properties 

that describe the player's experience when the player is using the SG and is related 

to fun, pleasure, and satisfaction (González Sánchez, 2010) as quality attributes 

of the quality in use model. The QSGame-Model is a product quality model, 

therefore this model considers product attributes that we believe may influence 

the quality in use to allow the player for a better experience when he is using the 

SG.  

                                                 

 

 

15 www.cursodesarrollovideojuegos.com 
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 At the end of the survey, an open questions to ask respondents about any 

additional comments they wanted to do about the survey, was added. 

Table 86. Attributes added to the QSGame-Model 

Name of the quality 

attribute 

Description of the quality attribute 

Coverage of shared 

challenges functions 

Functions that allow the player to share successfully confronted 

challenges with other players. 

Coverage of shared rewards 

functions 

Functions that allow the player to share the rewards obtained with other 

players. 

Team functions Functions could be played by a team of players. 

Scaffolding correctness 

functions 

Functions that provide challenges supported by challenges, which have 

been outscored in previous levels. 

Upon completion of this pilot study, the survey was composed of 10 demographic 

questions, 39 questions related to the quality attributes of the proposed model and two 

open questions. This questionnaire was the second version of the survey (Survey v2) and 

was taken as basis for refine the QSGame-Model, generating as an output the QSGame-

Model v2. To test the feasibility of the model, we consider important apply this version 

to a manual evaluation of the Functional suitability characteristic of an SG called Ceebot-

A which results are summarized in Chapter 5 Section 5.1 

4.2.4.1.2 Pilot study 2: students in a Course in Game Development 

Input: Survey v2, QSGame-Model v2 

Output: Survey v3, QSGame-Model v3 

Taking as an input the Survey v2, the second pilot study was performed on May of 2015 

with the participation of nineteen students who were enrolled in a Course in Game 

Development in the School of Informatics, University of Castilla La-Mancha16. The 

majority of these participants were male (18 out of 19) and undergraduate students (17 

out of 19). Most of them (15 out of 19), had more than 3 years of experience in ICT area 

and software development, and less than a year in SG/video game development. The 

feedback received from these students were focused mainly on the possibility of exclude 

from the survey (not from the QSGame-Model) those quality attributes directly related to 

the quality of user interfaces since its importance is obvious not only for SG but for any 

software application. Base on this, seven attributes were eliminated from the survey (see 

Table 87). At the end of this pilot study, the Survey v2 and the QSGame-Model v3 were 

                                                 

 

 

16 www.cursodesarrollovideojuegos.com 
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generated. The Survey v2 was composed of 10 demographic questions, 32 questions 

related to the quality attributes of the proposed model and two open questions. Based on 

the QSGame-Model v3, as another example of the feasibility evaluation of the QSGame-

Model, an additional manual evaluation of the Functional suitability characteristic of an 

SG called GSDgame was performed. The manual evaluation results of the GSDgame SG 

are summarized in Chapter 5 Subsection 5.2. 

Table 87. Attributes eliminated from the survey questionnaire 

Name of the quality 

attribute 

Description of the quality attribute 

Tutorial description 

completeness functions 

Functions that are described in SG tutorials.  

Demo capability functions Functions whose operations are shown in demos. 

Location consistency screens Number of screens with similar icons located in different places. 

Appearance consistency 

screens 

Number of screens with similar icons shown with a different metaphor. 

Suitability of interface 

design 

Number of user interfaces in accordance with the screen design 

principles. 

User interfaces with 

adequate legibility 

Number of user interfaces in accordance with the principles of 

readability. 

User interfaces with 

consistency between text and 

multimedia 

Number of user interfaces which use multimedia elements to support the 

text provided. 

4.2.4.1.3 Pilot study 3: with experts on quality of AQC 

Input: Survey v3, QSGame-Model v3 

Output: Survey fv, QSGame-Model fv 

A final pilot study was conducted with the participation of two quality experts who are 

members of the AQC at the University of Castilla-La Mancha on June of 2015. One 

respondent was male and the other one was female. The male respondent had a profile of 

researcher with a high level of studies (PhD degree) and more than 5 years of experience 

in ICT area and software development. The female respondent was undergraduate student 

with at least 3 years of experience in ICT area and software development. Both of the 

respondents were experts in software quality. The feedback received from these experts 

mainly focused on avoiding subjective definitions of the quality attributes, and be careful 

in that the some quality attributes must be based on what has been defined in SG 

requirements (for example those attributes of the Functional suitability quality 

characteristic). Taking into account this feedback, several definitions of the quality 

attributes were modified (some examples are shown in Table 88) and two additional 

attributes were added to the QSGame-Model (see Table 89) (which added two more 

questions in the survey). 
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Table 88. Quality attributes definitions modified 

Name of the quality 

attribute 

Description of the quality attribute (original / modified) 

Functions with 

appropriateness 

rewards 

Proportion of the implemented functions which offers appropriate rewards, in 

relation to the challenge achieved. 

Proportion of implemented functions which offers rewards, according to the 

specification of SG requirements. 

Functions with 

correct progress 

Functions that provide a correct and accurate score to indicate the player’s 

progress or advancement in the game. 

Functions that provide a correct and accurate score to indicate the player’s 

progress or advancement in the game according to the specification of SG 

requirements. 

Table 89. Quality attributes added to the QSGame-Model 

Name of the quality 

attribute 

Description of the quality attribute 

Coverage of progress 

functions 

Functions that indicate how the player will progress during the game. 

Coverage of rewards 

functions 

Functions that specify how the rewards will be awarded in the game. 

Finally, a demographic question was eliminated from the survey because it was 

encompassed by another demographic question and it was considered important to ask 

respondents about the time spent in completing the survey. Once modification were 

completed the final version of the survey (Survey fv) and the final version of the 

QSGame-Model (QSGame-Model fv) were generated. The Survey fv was composed of 

9 demographic questions, 34 questions related to quality attributes and three open 

question. 

4.2.5 Obtaining valid data 

The target population consisted of experts on SG development and teaching. It were 

considered mainly: conferences specific of SG, universities where some master or 

specialty in game development were teaching and groups or blogs on social networks of 

expert SG or videogame developers. To sample the population, a non-probabilistic 

(convenience sampling) method was applied (Kitchenham & Pfleeger, 2008). The 

sampling was performed in the following ways: contacts from the list of attendees of the 

Conference on Virtual Worlds and Games for Serious Applications (VS-Games 2015)17, 

Conference on Serious Games, Interaction and Simulation (Sgames 2015)18, “Congreso 

                                                 

 

 

17 http://www.his.se/en/Research/our-research/Conferences/VS-games-2015/ 
18 http://eai.eu/event/sgames/2015 
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de la Sociedad Española para las Ciencias del Videojuego” (CoSECiVi 2014)19  and 

(CoSECiVi 2015)20 conferences, publishing an advertisement in three research groups on 

SG from Facebook social network (SEGAN21, Videojuegos aplicados a la Educación22, 

arsGAMES23), and contacts from other universities with whom the director of this PhD 

thesis have collaborated or coordinators of courses on SG and videogame development. 

A list of 337 contacts was used to distribute the survey. The invitation to these contacts, 

including in the message a link to the survey where participants could fill in the 

questionnaire, was broadcasted by means of the survey monkey tool (SurveyMonkey). 

Upon receiving a filled-in survey, we asked the respondent to provide us with more 

contacts. No incentive to respondents for their participation in filling in the survey was 

provided. The sfv was uploaded on-line using Survey Monkey (SurveyMonkey), from 

January 21 to February 28 of 2016. A month after upload the survey on-line reminder 

email was sent to those who had not answered the questionnaire or those who had 

answered it incomplete. A total of 62 experts in SGs and video games development and 

teaching showed interest in answering the survey. 

4.3 Analysis of the survey data 

Surveys filled in partially, were filtered. At the end, 41 out of 62 participants filled in 

completely the survey which was online for a month and a half. Taking into account the 

information provided by these 41 participants, in this section an analysis of the survey 

data is presented. 

The procedure followed to analyze the data of the survey is as follows: 1) Perform an 

analysis of the background of the respondents to contextualize the information, 2) 

Perform an analysis of the descriptive statistics with the aim to obtain an overview of the 

understanding and importance of the quality attributes proposed, 3) Perform an interrater 

agreement analysis to determine the reliability of the survey responses regarding the 

understanding of the definitions and the importance of the quality attributes proposed and 

4) Present the results of the opened feedback questions of the survey. 

For the statistical calculations and data processing the R package (GNU, 1993) and MS-

Office Excel 2010 tool were used. 

                                                 

 

 

19 http://secivi.org/?tag=cosecivi-2014 
20 http://secivi.org/?tag=cosecivi 
21 https://www.facebook.com/groups/segan/ 
22 https://www.facebook.com/groups/VideojuegosyEducacion/ 
23 www.facebook.com/groups/arsgames/ 
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In order to facilitate the description of the statistical results, firstly in the following 

subsection, the structure of the question of the survey are presented. After that, an analysis 

of the background and experience of the respondents followed by a descriptive statistical 

analysis are described. Then, the reliability evaluation of the understanding and 

importance of the quality attributes and an analysis of the opened feedback question are 

also presented. Finally the conclusions of the obtained results are showed. 

4.3.1 Structure of the questions in the survey 

This subsection has the aim to present the structure of the questions in the survey. These 

questions are organized as follows: 

 Background and experience are nine questions related to demographics of 

respondents. Table 90 shows the issue addressed by each of these questions and 

the question number. 

 Evaluation of the SGs quality attributes are thirty-four close questions related to 

the understanding and the importance of the quality attributes proposed in the 

QSGame-Model. Table 91 shows the attribute addressed by the corresponding 

question number in the survey as well as the quality characteristic and sub-

characteristic to which this attribute belongs. In addition each of these questions 

has an observation field in case of participants consider important provide some 

additional information about each one of these attributes. 

 Opened questions are three questions for participants to express their personal 

opinion about the issues shown in Table 92. 

Table 90. Demographics issues addressed in the questions of the survey 

Question 

number 

Demographic issue 

DQ1 Sex. 

DQ2 Highest level of education achieved. 

DQ3 Work area. 

DQ4 Country where work. 

DQ5 Period involved in the field of Information and Communication 

Technology (ICT). 

DQ6 Period involved in software development. 

DQ7 Period working in videogame development in general. 

DQ8 Period involved in the development of Serious Games. 

DQ9 Period of training on SG development. 

Table 91. Quality attributes of the QSGame-Model with the corresponding number of question in 

the survey 
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Quality 

characteristic 

Quality sub-

characteristic 

Survey 

Quest 

Quality attribute addressed 

Functional suitability Functional 

completeness 

Q1 Objective coverage functions 

Q2 Mechanics coverage functions 

Q3 Coverage of progress functions 

Q4 Coverage of rewards functions 

Q5 Coverage of shared challenges 

functions 

Q6 Coverage of shared rewards 

functions 

Functional 

correctness 

Q7 Functions with correct progress 

Q8 Functions with immediate 

feedback 

Q9 Functions with appropriateness 

rewards 

Q10 Scaffolding correctness functions 

Functional 

appropriateness 

Q11 Customizable functions 

Q12 Randomization functions 

Q13 Control functions 

Q14 Realism functions 

Q15 Storyline and storytelling 

functions 

Q16 Appropriateness levels of 

difficulty on functions 

Q17 Team functions 

Usability Appropriateness 

recognizability 

Q18 Tutorial/demo description 

completeness 

Q19 Understandable tutorial/demo 

functions 

Learnability Q20 Clear rules 

Q21 Appropriate feedback messages 

function 

Q22 Consistent game mechanics 

functions 

Q23 Easy navigation functions 

Q24 Challenges contextual help 

Q25 Correction mechanics functions 

Operability Q26 Navigational consistency 

functions 

Q27 Clear progress messages 

Q28 Clear feedback messages 

Q29 Real control 

User interface 

aesthetics 

Q30 Simple user interfaces 

Q31 User interfaces with realistic 

appearance 

Accessibility Q32 Alternative text accessibility 

functions 

Q33 Keyboard functionality functions 

Q34 Time constraint adjustment 

functions 
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Table 92. Survey opened questions 

Question 

number 

Opened question description 

Q35 ¿Could you tell us how long it has taken you to fill in this survey? 

Q36 ¿If you think there are any other quality attributes that you consider relevant as regards 

the quality of Serious Games, but which have not been taken into account in this survey, 

please list these below? 

Q37 ¿Do you want to make any other observations to the survey? 

 

4.3.2 Analysis of the background and 

experience of the respondents 

This subsection has the aim to contextualize the information collected in the survey by 

means of an analysis of the demographic information of the respondents. The 

demographics issues addressed in the questions of the survey are show in Table 90. 

Regarding DQ1, out of 41 respondents, 28 were men (72.58%) and 13 were women 

(27.42%), which it is not surprising because as mentioned in Kozlowski (2015) there are 

fewer women in tech than there are men (see Figure 29). 

With respect to DQ2, the majority of the participants (73.17%), have a high educational 

level of PhD´s Degree. Other participants who have a high level of education are Master´s 

Degree (21.95%). Just 2 of the participants have a Bachelor’s Degree (4.88%) (see Figure 

30). The dominants educational levels were PhD´s and Master´s degrees due to the survey 

were distributed at university level where research on SGs is done and where Masters on 

SGs development are taught. 

The work areas of respondents (DQ3) were focused on: video games development (13), 

SGs development (22), video games teaching (20) and SGs teaching (25) (see Figure 31). 

It is important to note, that the responses of this question add more than 41, since almost 

all participants are focused on more than one work area. 

The survey was answered mainly by people working (DQ4) in Spain (11). However the 

rest of participants are working in a very diverse countries: Portugal (6); Germany, 

México and Italy (4) participants each; Malaysia and United Kingdom (3); France (2); 

Belgium, Greece, Brazil, and Serbia (1) participant each (see Figure 32). 
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Figure 29. Survey participants by sex (DQ1) 

 

 

Figure 30. Survey participants by level of education (DQ2) 

 

Figure 31. Work area of survey participants (DQ3) 
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Figure 32. Countries in which survey participants work (DQ4) 

Regarding DQ5, almost all participants (95.12%) have an experience of 5 or more years 

in the area of ITC (see Figure 33) and 81% of them are focused on software development 

(DQ6) (see Figure 34). In relation to the videogame development (DQ7) almost a half of 

the participants (44%) have an experience of 5 or more years (see Figure 35). 

In addition, 37% of respondents also states to have more than 5 years of experience in the 

SG development (DQ8) and other 36% between 3 and 5 years (see Figure 36). Nearly 

40% of the participants stated that they had not received training on SGs development 

(see Figure 37). These numbers allow us to ensure to some extent that the results of this 

survey are reliable because they come from experts of the area on which this research is 

focused. 

 

Figure 33. ITC experience of survey participants (DQ5) 
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Figure 34. Experience on software development of survey participants (DQ6) 

 

Figure 35. Experience on videogames development of survey participants (DQ7) 

 

Figure 36. Experience on SGs development of survey participants (DQ8) 
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Figure 37. Training on SGs development of survey participants (DQ9) 

 

4.3.3 Descriptive statistical analysis: 

understanding and importance of the quality 

attributes 

This descriptive statistical analysis, has the aim to describe the answers of the participants 

of the survey as regards the understandability of the definitions and of the importance of 

quality attributes of the QSGame-Model. In the next subsections the descriptive statistical 

analysis about the understanding of the definitions of the quality attributes and about the 

importance of these attributes are presented. 

4.3.3.1 Understanding of the definitions of the quality attributes 

This descriptive statistical analysis is performed taking into account the two dimensions 

of attributes: Functional suitability (see Table 91 from Q1 to Q17) and Usability (see 

Table 91 from Q18 to Q34). The analysis considers the answers about the 

understandability of the definitions of these attributes. These answers are dichotomous 

variables which take values of YES or NO. The analysis can be done either by analyzing 

percentage of YESs – the P(YES)- or by analyzing the percentage of NOs -the P(NO)- of 

the answers. Obtaining values of the variable either as closest to 0 or as closest to 1 means 

that participants are agree on their answers. Intermediate value of the variable means that 

participants are disagree on their answers. Descriptive statistical analysis results for the 

two dimensions are shown in Figure 38 Figure 39 and respectively. 



 

QSGame-Model refinement 153 

 

 

 

 

Figure 38. Descriptive statistics of P(YES) of the understanding of the definitions of the Functional 

suitability attributes (Q1-Q17) 

 

Figure 39. Descriptive statistics of P(YES) of the understanding of the definitions of the Usability 

attributes (Q18-Q34) 

Results of the understanding of the definitions of both dimensions Functional suitability 

(see Figure 38) and Usability attributes (see Figure 39), show a very favorable percentage 

of agreement of the participants with respect to P(YES). The attributes referred in Q2 and 

in Q12 (see Figure 38), were those with the lowest percentage of agreement of the 

participants with respect to P(YES), which were 80% and 85% respectively. However 

despite this, they are a favorable percentages of agreement. This results reveals that the 

quality attributes of the QSGame-Model are understandable for the most of the 

participants of the survey 
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4.3.3.2 Importance of the quality attributes 

This analysis is performed using descriptive statistical and is based on the Functional 

suitability dimension (see Table 91 from Q1 to Q17) and on the Usability dimension of 

attributes (see Table 91 from Q18 to Q34). This analysis considers the answers about the 

importance of these attributes that are ordinal variables which take numerical values on a 

Likert scale from 0 to 3. The meaning of these values are: 0 - "I do not know”, 1-“It is not 

important”, 2- “It is quite important” and 3- “It is very important”. Descriptive statistical 

analysis for the two dimensions are shown in Figure 40 and Figure 41 respectively. 

Regarding Functional suitability attributes, results of the answers in the survey 

questionnaire show that 50% of respondents (median=3) consider that 6 out of 17 

attributes are “very important” (see Q1, Q3, Q7, Q8, Q15 and Q16 in Table 91). 50% of 

respondents (median=2) consider that 8 out of 17 of the Functional suitability attributes 

proposed are “quite important” (see Q2, Q4, Q5, Q9, Q10, Q11, Q13 and Q17 in Table 

91). The attributes worst evaluated were those related to questions Q6, Q12 and Q14 (see 

Table 91). With respect Q6, Q12 and Q14, 50% of the respondents think these attributes 

are "not important”. Based on the feedback provided by the respondents in the 

observations fields on these attributes, we believe that although they think that these 

attributes are important they are not applicable to all kinds of SG. The reason for this 

could be because in the questionnaire, the definition of these attributes do not specify to 

which type of game they apply, so that, participants could interpret them as if these 

attributes were applicable to all kinds of SG. 

 

Figure 40. Descriptive statistics of the importance of the Functional suitability quality attributes 

(Q1-Q17) 

With respect to Usability attributes, results of the answers in the survey questionnaire 

show that 50% of the respondents consider that most of these attributes are “very 

important” (12 out of 17 attributes) and 50% of the respondents evaluate 4 out of 17 of 

the attributes proposed as “quite important”. The attribute Q31 was the worst evaluated, 
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50% of the respondents think "It is not important". According to the feedback provide by 

respondents in the observations field on this attribute, we believe that although they think 

the attribute is important it depends of the kind of the SG. Again, the reason for this could 

be because the definition of this attribute in the questionnaire is generic, so that, they 

interpreted it as if the attribute was applicable to all kinds of SG. 

 

Figure 41. Descriptive statistics of the importance of the Usability quality attributes (Q18-Q34) 

Summarizing all the above, results of the importance of the attributes proposed on both 

Functional suitability (see Figure 40) and Usability dimensions (see Figure 41), show that 

most the quality attributes of the QSGame-Model are to “very important” or “quite 

important” for the participants of the survey with the exception of Q6, Q12 and Q14 

attributes of Functional suitability and the Q31 attribute of Usability. In these four 

attributes approximately the 50% of the participants opined there are not important or the 

participants stated they do not know if there are important. The reason of this is because 

being the definitions of these attributes very generic in the questionnaire, lead to 

respondents to interpret them as if they were applicable to all kinds of SG 

4.3.4 Reliability evaluation of the quality 

attributes of the QSGame-Model 

The aim of the reliability evaluation of the quality attributes proposed in the QSGame-

Model is to determine the agreement between respondents regarding the understanding 

and the importance of these attributes. A lot of dispersion between evaluations of 

respondents means unreliability (low interrater agreement) or little agreement. High 

interrater agreement is desirable to give credibility to the evaluation results (see Table 

93). To evaluate the reliability of the quality attributes proposed, the statistical method of 

interrater agreement is used. The statistics employed were Cohen’s Kappa “k” for 
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dichotomous variables and the Kendall coefficient of concordance “ŵ” for ordinal 

variables (Kitchenham, Pfleeger, & Fenton, 1995). 

Table 93. Interpretation of the Kappa coefficients (El Emam, 1999) 

Altman Kappa statistic Strength of agreement 

<0.20 Poor 

0.21-0.40 Fair 

0.41-0.60 Moderate 

0.61-0.80 Good 

0.81-1.00 Very Good 

Fleiss Kappa statistic Strength of agreement 

<0.40 Poor 

0.41-0.75 Intermediate to Good 

>0.75 Excellent 

 

The statistical analysis is performed taking into account two dimensions of attributes: 1) 

Functional suitability (from Q1 to Q17 of Table 91) and 2) Usability attributes (from Q18 

to Q34 of Table 91). 

As a first step in the interrater agreement statistical analysis, a null hypothesis (H0) of 

work and an alternative hypothesis (Ha) are established. Therefore, it is necessary to 

establish a null and an alternative hypothesis for each dimension. The decision as to 

whether or not to accept Ha is determined on the basis of the level of 0.05 of the p-value. 

If the p-value <0.05, then H0 would be rejected (or Ha would be accepted), signifying that 

we would accept that there is a degree of interrater agreement (raters are survey 

participants) with regard to the evaluation of the understanding or the importance of the 

quality attributes proposed. The strength of agreement of it, is estimated on the basis of 

the values of the coefficients obtained (see Table 93). 

In the following subsections the reliability evaluation of the understanding of the 

definitions of the quality attributes and the reliability evaluation of the importance of these 

attributes are presented. 

4.3.4.1 Reliability evaluation of the understanding of the definitions of the 

quality attributes 

This study is intended evaluate the understanding of the definitions of the quality 

attributes proposed in the QSGame-Model through the interrater agreement statistical 

analysis. Because in this statistical analysis two dimension of questions (i.e. questions 

related to Functional suitability and questions related to Usability) are taking as basis, it 

is necessary to establish a null and an alternative hypothesis for each of these dimensions. 

The hypotheses formulated are described in Table 94. Since the answers to the questions 

in the questionnaire about the understanding of the definitions of the attributes are 
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dichotomous variables with “yes” or “no” values, the statistic employed was Cohen’s 

Kappa coefficient of concordance “k” (Kitchenham et al., 1995). 

The reliability evaluation of the understanding of the definitions of the quality attributes 

proposed are shown in Table 95. As an example, in the Functional suitability dimension 

(Table 94) the p-value is equal to 2.43e-07, and the condition that p-value <0.05 is 

therefore satisfied. This leads us to reject the null hypothesis for this dimension H1,0 

(Table 96) and accept the alternative hypothesis H1,1: ¬ H1,0. Accepting that respondents 

of the survey do agree on the opinion of the understanding of the definitions of the 

Functional suitability attributes. The strength of agreement of these understanding 

(0.0437) is “Poor" (Table 95). This means that there is a poor reliability on the 

understanding of the definitions of the Functional suitability attributes. 

Table 94. Null and alternative hypotheses for interrater agreement analysis for the reliability 

evaluation of the understanding of the quality attributes proposed 

Dimension Null hypotheses Alternative 

hypotheses 

Functional 

suitability  

H1,0: The evaluation of the understanding of the Functional 

suitability attributes are unreliable according to the opinion of 

experts on SG and video game development and teaching. 

H1,1: ¬ H1,0 

Usability 

attributes 

H2,0: The evaluation of the understanding of the Usability 

attributes are unreliable according to the opinion of experts on 

SG and video game development and teaching. 

H2,1: ¬ H2,0 

Table 95. Results of reliability evaluation of the understanding of the quality attributes proposed: 

Kappa coefficient 

Dimension p-value Kappa Strength of 

agreement 

Functional 

suitability 

2.43e-07 0.0437 Poor 

Usability 2.43e-07 0.0437 Poor 

The results of the reliability evaluation of the understanding of the definitions of the 

quality attributes proposed, show there are a similar strength of agreement in the two 

dimensions (Table 95) of the attributes which are poor. Because there is an interrater 

agreement in the results of the evaluation of the understanding of the definitions in both 

dimensions of attributes, the two null hypotheses formulated in Table 94 are rejected and 

the alternative ones are accepted indicating that the results of the survey related to the 

understanding of the definitions of the Functional suitability and Usability attributes are 

reliable according to the opinion of experts on SG and video game development and 

teaching. 
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4.3.4.2 Reliability evaluation of the importance of the quality attributes 

This study has the aim evaluate the importance of the quality attributes proposed in the 

QSGame-Model through the interrater agreement statistical analysis. The study takes as 

basis the two dimension of questions (i.e. questions related to Functional suitability and 

questions related to Usability) mentioned previously. The null and an alternative 

hypotheses formulated for each of these dimensions are described in Table 96. 

Since the answers to the questions in the questionnaire about the importance of the 

attributes are ordinal variables with numeric values from 0 to 3, the statistic employed 

was Kendall coefficient of concordance “ŵ”. 

The reliability evaluation of the importance of the quality attributes proposed are shown 

in Table 97. 

Table 96. Null and alternative hypotheses for interrater agreement analysis for the reliability 

evaluation of the importance of quality attributes proposed 

Dimension Null hypotheses Alternative 

hypotheses 

Functional 

suitability  

H1,0: The evaluation of the importance of the Functional 

suitability attributes are unreliable according to the 

opinion of experts on SG and video game development and 

teaching. 

H1,1: ¬ H1,0 

Usability 

attributes 

H2,0: The evaluation of the importance of the Usability 

attributes are unreliable according to the opinion of experts 

on SG and video game development and teaching. 

H2,1: ¬ H2,0 

Table 97. Results of reliability evaluation of the importance of the quality attributes proposed: 

Kendall coefficient 

Dimension p-value Kendall Strength of 

agreement 

Functional 

suitability 

1.21e-35 0.319 Fair 

Usability 6.22e-21 0.206 Fair 

The results of the reliability evaluation of the importance of the quality attributes show 

there are a similar strength of agreement in the two dimensions (Table 97) of the attributes 

which are fair. The reason why these results show this strength of agreement could be due 

lacked to specify which types of games apply to some attributes of the survey questions. 

Because there is an interrater agreement in the results of the evaluation of the importance 

in both dimensions of attributes, the two null hypotheses formulated in Table 96 are 

rejected and the alternative ones are accepted indicating that the results of the survey 

related to the importance of the Functional suitability and Usability attributes are reliable 

according to the opinion of experts on SG and video game development and teaching. 
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4.3.5 Analysis of the opened feedback 

questions 

In this subsection, the most relevant aspects of the answers of the three feedback opened 

questions of the survey (Table 92), are presented. 

With respect to Q36, the feedback provided from participants was focused mainly in two 

aspects: 

 They express that SG should always be fun and challenging to play, therefore the 

model must consider the fun as a quality attribute. The QSGame-Model is a 

product quality model, so fun cannot be consider as an attribute of it, instead of 

that the QSGame-Model has included product attributes that we believe may 

influence the quality in use to allow the player for a better fun when he is using 

the SG. 

 Another aspect expressed by participants was that the QSGame-Model must has 

measure indicating whether a player will achieve significant learning or 

effectivity. This aspect it is beyond the scope of the QSGame-Model because 

effectiveness is also an attribute of the quality in use model. 

As regards to Q37, the feedback of the participants pointed that some of the quality 

attributes are very dependent on the type of the SG. We believe this is not something 

wrong because it's true. But what we must do is specify clearly to which type of SG each 

attribute could apply. 

4.3.6 Conclusions of the obtained results 

The analysis of survey data using descriptive statistics and interrater agreement 

(participants) lead us to determine that the final set of quality attributes is same as the 

initial set of the 34 quality attributes proposed in the QSGame-Model. This number of 

quality attributes might appear to be very high, but we believe it allows us to ensure that 

all quality aspects which are relevant to SGs users are taken into account. 

4.4 Threats to validity 

According to the four categories suggested in Wohlin et al. (2012) the potential threats 

which can affect the validity of studies results are construct validity, internal validity, 

external validity and conclusion validity. On-line surveys are considered to have lower 

internal validity and stronger external validity compared to other empirical investigations 

as case studies or experiments (Punter et al., 2003). 
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4.4.1 Threats to construct validity 

This threat is concerned with the relationship between theory and observation and it is 

mainly related to measurements performed in the study. Because the items definitions and 

the scales used in personal opinion surveys could have an influence the study results, a 

particular attention was paid in the following: 

 The design of the questionnaire was performed using guideless proposed in 

(Kitchenham & Pfleeger, 2008). The wording of the questions was performed in 

a standard avoiding the inclusion of either ambiguous or negative questions. 

 A glossary of the meaning of relevant terms was included in the questionnaire. 

 With the aim to identify any problems with the questionnaire, three pilots with 

experts on SG development and teaching were conducted before upload the 

survey on-line.  

 A 3-point Likert scale which allows respondents to express a numerical opinion 

on an ordinal scale from “it is not important” to “it is very important” was 

considered efficient enough to gather the opinion of the subjects. Considering that 

certain studies mention ratings to be less reliable than rankings (Krosnick, 1990), 

and at the same time with the aim to corroborate the findings of this survey, an 

experiment to evaluate the quality attributes of the QSGame-Model was also 

carried out. 

4.4.2 Threats to internal validity 

Internal validity is a threat concern confounding factors that may affect the outcome of 

the results. In a self-administrated surveys, i.e. without supervision (like this survey), the 

level of control is very low. Internal validity is mainly threatened by coverage issues. 

With regard to internal validity, although several issues were considered carefully, some 

possible threats to internal validity are: 

 Different between subjects. A possible threat is to obtain a similarity on profiles 

among the participants. Although the recruitment strategy could have incurred in 

this possible selection bias, we believe that the issues analyzed are not affected by 

this threat because the work areas where respondents were focused were diverse 

and the majority of participants (39 of them) focused on two different work areas. 

In addition the nationalities of respondents were diverse. 

 Problems with the language. Because subjects from diverse countries were used, 

the survey was written in English. Another possible threat related with this issue, 

could be the misunderstanding of the questions (for example, unclear or not well-



 

QSGame-Model refinement 161 

 

 

 

formulated questions). To mitigate this threat, the wording of the questions was 

reviewed by an English native speaker. Furthermore, as mentioned earlier the 

wording of the questions was performed according to the guidelines proposed in 

(Kitchenham & Pfleeger, 2008) and thought carried out 3 pilots to eliminate all 

possible problems related with this issue. 

 Subject motivation. The subjects were volunteers and were convinced that their 

contribution was very important for research in the field of SGs quality. 

Participation in the survey was on a voluntary basis, therefore it is thus reasonable 

to claim that the subjects were sufficiently motivated. However, a possible threat 

of demotivation of the respondents is that the survey was long since 21 of the 62 

people who started the survey did not complete it. To try to mitigate this threat, 

participants were advised about the estimated duration on filled in the survey. 

4.4.3 Threats to external validity 

The external validity threats deals with the extent to which the findings of a study can be 

generalized. Although the profiles of the sample of this survey are diverse, the 

generalizability of the results is not appropriate because the sample size is not too large 

for generalization purposes. This means it is not possible to ensure that the sample is 

representative for the community of the SG in general. However, it is common to find 

these threats in software engineering surveys. 

4.4.4 Threats to conclusion validty 

Conclusion validity concerns those aspects which might affect the ability to draw a correct 

conclusion about the understanding of the definitions and the importance of the quality 

attributes of the QSGame-Model. Interrater agreement statistical tests were used to 

determine the reliability of the attributes regarding its importance and we have explicitly 

mentioned and discussed cases in which differences were present. The conclusion validity 

might also have been affected by the number of observations. Further replications on 

larger datasets are therefore required to confirm or contradict the results. 

4.5 Conclusions of chapter 4 

With the objective to refine the QSGame-Model proposed, a survey was conducted. The 

objective of the survey was to know the opinion of experts on SG development and 

teaching regarding the understanding and importance for them of each of the quality 

attributes proposed in this model. In this Chapter the main activities performed to design 

and execute the survey and the analysis of the survey data obtained through its execution 

were presented. We believe the results obtained from the analysis of the survey data are 
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reliable because demographics information reveled us that the respondents have a high 

educational level, focused mainly on video games and SG development and teaching and 

the majority of them have an experience of 5 or more years on video game and SGs 

development, i.e. the participants of the survey are experts of the area on which this 

research is focused. 

Descriptive statistics results regards understandability of the definitions of the attributes 

proposed reveled that both the Functional suitability (see Figure 38) and Usability 

attributes (see Figure 39) show a very favorable percentage of agreement of the 

participants with respect to P(YES) (90% or more). This means that the attributes 

proposed are understandable for the most of the participants. The attributes referred in Q2 

and in Q12 (see Figure 38), were those with the lowest percentage of agreement of the 

participants with respect to P(YES)(80% and 85% respectively). Despite this, these 

percentages still very favorable. 

As regard the reliability evaluation of the understanding and importance of the attributes, 

an interrater agreement statistical analysis were performed. In relation to the 

understanding of the definitions of the Functional suitability and Usability attributes, 

results show they are reliable according to the opinion of experts on SG and video game 

development and teaching with a “poor” strength of agreement. 

Regarding of the importance of the Functional suitability and Usability attributes, results 

show they are reliable according to the opinion of experts on SG and video game 

development and teaching. Although the importance of the attributes resulted as reliable, 

the strength of agreement of them is fair (Table 97). 

One possible explanation for this result is that in the feedback provided by participants in 

Q37 (which is about any observation to the survey), they pointed that some of the quality 

attributes are not generic and they are dependent on the type of the SG. We are aware of 

that and although in the QSGame-Model we have specified this, in the survey we did not. 

Additionally, in Q36 (which is related to additional attributes that the participants 

considered important to take into account) participants express that the QSGame-Model 

must consider the fun as a quality attribute and must has measure indicating whether a 

player will achieve significant learning or effectivity. These two aspects were not 

considered as attributes of the QSGame-Model because they are attributes of the quality 

in use model. 

For all said the above, we can conclude that to some extent we have achieved the main 

objective of this Chapter, which is Refine the proposed QSGame-Model. . As a 

consequence of these validations, the final set of quality attributes is same as the initial 

set of the 34 quality attributes proposed in the QSGame-Model. Is important to mention 

that although the number of the quality attributes might appear to be very high, we believe 
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it allows us to ensure that all quality aspects which are relevant to SGs users are taken 

into account. 

According the suggestions of experts about the quality in use attributes that should be 

considered for the SGs and that given the relevance of the SGs and their quality, a future 

research line is adapt the quality in use model of the ISO 25010 standard and adapt it to 

the specific domain of SGs. In addition the quality in use model for videogames proposed 

by González Sánchez (2010) could be also used as a basis to build this model 

  



 

164  Conclusions of chapter 4 

 

  

 

 

Chapter 5  
Feasibility evaluation of 

the QSGame-Model and 

of the QSGame-

Evaluation process 

he main objective of this chapter is to: Evaluate the feasibility of the QSGame-

Model and of the QSGame-Evaluation process (O6). In order to achieve this 

main objective, the following partial objectives were defined: 1) Summarize the 

evaluation of the Functional suitability of two educational SGs: a) The Ceebot-A SG 

(EPSITEC, 2012) (Section 5.2) and b) The GSDgame SG (Valencia, 2015) (Section 5.3) 

and 2) Perform the quality evaluation of the Functional suitability and Usability of the 

educational eTesãi SG (González Leguizamón & Volpe Torres, 2015) (Subsection 5.4). 

  

T 
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5.1 Introduction 

In order to demonstrate the feasibility of application of the QSGame-Model, in this 

chapter the application of the QSGame-Model to three SGs is presented. We shall apply 

the QSGame-Model to different SGs so as to broaden the spectrum of the use of this 

model in several topics (EPSITEC, 2012; González Leguizamón & Volpe Torres, 2015; 

Valencia, 2015). These three SGs were selected because the information needed to carry 

out the evaluation, such as the executable file of the SG and its design document with all 

the information required to apply the QSGame-Model, were available. Although it is 

relatively easy to obtain the executable files of many SGs, this is not the case with the SG 

design documents, which are rarely available. 

As mentioned in Chapter 4, the application of the QSGame-Model (see top half of Figure 

28) specifically consists of the application of different versions of the QSGame-Model to 

three SGs, as explained above: 

1. Ceebot-A SG. To evaluate the Functional suitability characteristic by means of 

the manual application of the QSGame-Model v2. 

2. GSDgame SG. To evaluate the Functional suitability characteristic by means of 

the manual application of the QSGame-Model v3. 

3. eTesãi SG. To evaluate the Functional suitability and Usability characteristics 

using the QSGame-Model fv. This evaluation was performed following the 

QSGame-Evaluation process (Chapter 3 Section 3.2) and c the QSGame-Tool 

(Chapter 3 Section 3.3) 

5.2 Ceebot-A SG 

This section presents an example of application of the QSGame-Model v2 in order to 

evaluate the Functional suitability of the Ceebot-A demo 1.17 (EPSITEC, 2012). In this 

example, the calculation of the quality measures of the evaluation of the Functional 

suitability characteristic will be performed by applying the measurement functions for 

each measure of Ceebot-A SG. “The main objective of this SG is for users to learn 

programming while having fun”. From here on, the main features of the Ceebot-A SG 

and its evaluation using the QSGame-Model v2 are described. At the end of the 

evaluation, the results obtained are interpreted and some suggestions as to how the SG 

could be improved are provided 
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5.2.1 General description of the Ceebot-A SG 

The programming language used in Ceebot-A SG is very similar to those employed by 

professional programmers to develop their products. The exercises in the SG are 

progressively more difficult, and lead users to use important concepts such as variables, 

loops, conditional branching, functions, classes, objects, etc. The game allows players to 

register and customize their appearance. In addition, it permits users to access and set up 

various settings related to Controls, Graphics, sound, etc. The tasks or functions to be 

performed by the main character must be defined by the player via the exercises 

requested. This SG requires the player to cover two main topics (Fundamentals and 

Continuation) by carrying out the functions shown in Table 98. 

Table 98. Ceebot-A SG functions 

Function name Function objective 

1. Move Just move forwards 

2. The straight line Draw a perfect straight line 

3. First turn Draw a large “L” 

4. Massacre 1 Destroy three targets with a short program 

5. Massacre 2 Use a loop to blow up six targets 

 

5.2.2 Evaluation of the Ceebot-A SG 

In this section, the application of each of the measure proposed for the Functional 

suitability sub-characteristics and the results of their evaluation to the Ceebot-A SG are 

described. Table 99 – Table 101 show the measure name, measure description, 

measurement function, the value obtained and the comments that are needed to clarify 

some aspects of the values obtained as regards the evaluation of each of the sub-

characteristics of Functional suitability, which are Functional completeness, Functional 

correctness and Functional appropriateness. 

5.2.2.1 Functional completeness sub-characteristic evaluation  

The values obtained after evaluating the measures of the Functional completeness sub-

characteristic are shown in Table 99. 

Table 99. Evaluation of the Functional completeness sub-characteristic of Ceebot-A SG 

Measure 

name 

Measure description Measurement function Measure value/ 

Comment 

Objective 

coverage  

How complete is the 

implementation of SG 

functions according to 

established objectives? 

X = 1 – A / B 

 

A = number of functions 

which do not have the ability 

A = 0; B = 3 

 

X = 1 – 0/5 = 1 – 0 = 1 
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Measure 

name 

Measure description Measurement function Measure value/ 

Comment 

 to perform according to an 

established objective on 

requirements 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

None of the functions 

performed disagree with 

the established 

objectives. 

Mechanics 

coverage  

How complete is the 

implementation of the game 

mechanics in the SG 

functions such that each 

function provides a 

challenge, and each 

challenge is expected to 

offer a reward according to 

the objective established in 

the function? 

X = 1 – A / B 

 

A = number of functions 

missing  

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

A = 2; B = 5 

 

X = 1 – 2 / 5 = 0,6 

 

Function 1 “Move” (1) 

and function 2 “The 

straight line” do not 

provide rewards (2 out of 

5). 

5.2.2.2 Functional correctness sub-characteristic evaluation  

The values obtained in the evaluation of the measures of the Functional correctness sub-

characteristic are shown in Table 100. 

Table 100. Evaluation of the Functional correctness sub-characteristic of Ceebot-A SG 

Measure 

name 

Measure description Measurement function Measure value/ 

Comment 

Functional 

progress  

What proportion of the 

functions implemented 

provides a correct score to 

indicate the player’s 

progress or advancement 

in the game? 

 

X =A / B 

 

A = number of functions 

which provide score to 

indicate progress 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

A = 5; B = 5; 

 

X = 5/5 = 1 

 

5 out of 5 functions 

provide correct progress. 

Functional 

immediate 

feedback 

What proportion of the 

functions implemented 

provides the player with 

immediate feedback in 

response to an incorrect 

action? 

X =A / B 

 

A = number of functions 

which provide player with 

immediate feedback in 

response to incorrect 

action 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

A = 5; B = 5; 

 

X = 5/5 = 1 

 

5 out of 5 functions offer 

immediate feedback to the 

player in response to 

incorrect action. 

 

Functional 

challenge 

provided 

To what extent do the 

functions allow the SG 

user to set levels of 

difficulty in challenges 

X =A / B 

 

A = number of functions 

that allow the SG user to 

set levels of difficulty in 

A = 5; B =5; 

X = 5/5 = 1 

 

Although the CeeBot-A 

demo version does not 
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Measure 

name 

Measure description Measurement function Measure value/ 

Comment 

that adapt to their 

particular skills? 

challenges that adapt their 

skills 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

allow the reuse of the 

option of establishing 

levels of difficulty for 

challenges, we are 

assuming it would be 

possible; the game has the 

option of setting those 

levels. 

5.2.2.3 Functional appropriateness sub-characteristic evaluation  

The values obtained in the evaluation of the measures of the Functional appropriateness 

sub-characteristic are shown in Table 101. 

Table 101. Evaluation of the Functional appropriateness sub-characteristic of Ceebot-A SG 

Measure name Measure description Measurement function Measure value/ 

Comment 

Functional 

customization 

Does the SG allow the 

user identified as an 

avatar to establish a 

particular sex or 

certain looks, etc.? 

X =yes or not 

 

If the game allows the user 

to establish particular 

preferences, the X value 

will be “1”; otherwise the X 

value will be “0” 

X [ 0 or 1]; 1 is better 

X = 1 

 

 

Functional 

randomization 

What proportion of the 

functions implemented 

has actions or tasks 

produced in a random 

order? 

X =A / B 

 

A = number of functions 

implemented which have 

actions or tasks produced in 

a random order 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

A = 0; B = 5 

X = 0/5 = 0 

 

0 out of 5 implemented 

functions have actions or 

tasks produced in a 

random order. 

 

Functional 

control 

Do the game functions 

allow the user to 

choose a different 

control to operate the 

game? 

X = yes or no 

 

If the game allows the user 

to choose a different 

control to operate the game, 

the value of X will be “1”, 

otherwise the value of X 

will be “0” 

 

X [ 0 or 1]; 1 is better 

X = 0 

 

 

 

Functional 

realism 

How many of the 

functions implemented 

allow the virtual world 

to be realistic? 

X =A / B 

 

A = number of functions 

implemented that allow the 

virtual world to be realistic 

B = number of functions of 

SG 

 

A = 5; B = 5 

 

X = 5/5 = 1 

 

5 out of 5 implemented 

functions take place in a 

realistic virtual world. 
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Measure name Measure description Measurement function Measure value/ 

Comment 

X [0,1]; the closer to 1 the 

better 

Functional 

storyline and 

storytelling 

How many of the 

functions implemented 

have tasks and 

activities that are 

relevant to the 

storyline and 

storytelling being 

conducted throughout 

the game? 

X =A / B 

 

A = number of functions 

implemented that have 

tasks and activities relevant 

to the storyline and 

storytelling 

B = number of functions of 

SG 

 

X [0,1]; the closer to 1 the 

better 

A = 0; B = 5 

 

X = 5/5 = 1 

 

5 out of 5 implemented 

functions have tasks and 

activities relevant to the 

storyline and storytelling 

Appropriateness 

of reward 

What proportion of the 

implemented functions 

offered appropriate 

rewards, in relation to 

the challenge 

achieved? 

X =A / B 

 

A = number of 

implemented functions 

which offer appropriate 

rewards 

B = number of total 

functions of SG 

 

X [ 0 or 1]; 1 is better 

A = 2; B = 5 

 

X = 2 / 5 = 0,4 

 

Function 4 “Massacre 1” 

and function 5 “Massacre 

2” provide appropriate 

rewards (2 of 5) 

5.2.3 Interpretation of the results obtained in 

the evaluation of the Ceebot-A SG 

This section presents the measure values obtained by evaluating each of the Functional 

suitability sub-characteristics of the Ceebot-A SG, along with the interpretation of the 

overall evaluation of the Functional suitability characteristic. Figure 42, Figure 43 and 

Figure 44 show the evaluation results per sub-characteristic (Table 99 - Table 101 show 

a detailed description of these evaluations). 

5.2.3.1 Interpretation of the results obtained for the evaluation of the 

Functional completeness sub-characteristic 

The results of the evaluation of the measures related to the Functional completeness sub-

characteristic (see Figure 42) reveal that 1 out of 2 proposed measures, in the first version 

of the QSGame-Model, attained a maximum value of 1. 

With regard to the value obtained for the measure that does not attain the maximum value 

of 1 for this sub-characteristic, the interpretation is: 

 Mechanics coverage: The value obtained in the evaluation was 0.6, because 2 of 

the functions do not provide rewards when the player achieves the function 
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objective (see Figure 42). To improve this result to its maximum value of 1, these 

two functions should provide rewards when the player achieves the goal. 

 

Figure 42. Functional completeness sub-characteristic evaluation results of the Ceebot-A SG 

5.2.3.2 Interpretation of the results obtained for the evaluation of the 

Functional correctness sub-characteristic 

The functional appropriateness sub-characteristic evaluation is shown in Figure 43. This 

evaluation reflects that 3 out of 3 measures attained a maximum value of 1. 

 

Figure 43. Functional correctness sub-characteristic evaluation results of the Ceebot-A SG 
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5.2.3.3 Interpretation of the results obtained for the evaluation of the 

Functional appropriateness sub-characteristic 

The measurement of the Functional appropriateness sub-characteristic shown in Figure 

44 reflects that 3 out of 4 measures attained a maximum value of 1. 

With regard to the value obtained for the other measure of this sub-characteristic, the 

interpretation is: 

 Appropriateness of rewards: The value of 0.4 obtained shows that just 2 of the 5 

functions offer appropriate rewards (Table 101). This value could be improved to 

reach a value of 1 if the 5 functions provided appropriate rewards. 

The following measures of the Functional appropriateness sub-characteristic were not 

applied. The reasons for this are: 

 Functional randomization: the objective of the Ceebot-A SG functions is for 

students to learn programming by performing the 5 functions of the SG. Each of 

these functions is intended to teach students specific programming commands. 

Students can perform any of the functions in the order they prefer depending on 

the programming topic they wish to master. The random execution of tasks in this 

SG is not therefore relevant. 

 Functional control: The Ceebot-A SG does not have option to permit the choice 

of different controls to operate it, although different controls were not necessary 

for this SG. This type of functionality is important for simulation games, which 

use different controls to operate the game, thus allowing the player to have 

realistic game experiences. 

 

Figure 44. Functional appropriateness sub-characteristic evaluation results of the Ceebot-A SG 
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5.2.4 Overall interpretation of the results 

obtained in the evaluation of the Ceebot-A 

SG 

Figure 45 shows all the measure values for the Functional suitability characteristics 

together. Upon observing these values we can conclude that the Ceebot-A SG is of good 

quality with regard to most of the measures of the Functional suitability characteristic, 

with the exception of the following: mechanics coverage and appropriateness of rewards. 

These quality measures could be improved by taking into account the considerations 

described in Subsections 5.2.3.2 and 5.2.3.3. 

 

Figure 45. Functional suitability characteristic evaluation results of Ceebot-A SG 

5.3 GSDgame SG 

In this section, an example of the manual application of the QSGame-Model v3 to the 

GSDgame SG (Valencia, 2015) is presented. In this example, the calculation of the 

quality measures of the evaluation of the Functional suitability characteristic by applying 

the measurement functions for each measure of a prototype of the GSDgameSG is 

presented. The main objective of this SG is to acquire the skills and competencies required 

to work in Global Software Development (GSD). Hereafter, the main features of the 

GSDgame SG, and its evaluation using the QSGame-Model v3 are presented. Finally the 
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results obtained after the evaluation are interpreted and some suggestions as to how the 

SG could be improved are provided. 

5.3.1 General description of the GSDgame 

SG 

The GSDgame SG is based on the planning of a software project during which the user 

plays the role of project manager. The game simulates a working environment involving 

people around the world and the user must confront and solve problems that could arise 

during the development of a software project in a global environment. Depending on the 

role of the user (teacher or student), it is possible to access different functions of the 

GSDgame SG. Function 3 “Scenario management” must be carried out by the teacher, 

while Function 4 “Play the scenario” must be carried out by the student. The name and 

the objective of the GSDgame SG functions are shown in Table 102. Although the 5 

functions of the GSDgame SG are important as regards fulfilling the main purpose of this 

game, Function 4 (Play the scenario) is the only function that is directly related to this 

main purpose, which is to acquire the skills and competencies required to work in GSD. 

The evaluation of the Functional suitability sub-characteristics will therefore be 

performed by considering Function 4 of the GSDgame SG. 

Table 102. GSDgame SG functions 

Function name Function objective 

1. Register and sign in To register new users and/or sign in to the game. 

2. Profile management To update information in the user profiles. 

3. Scenario management To manage the scenario in order to carry out a project. 

4. Play the scenario To play in the scenario of a project. 

5. Results of the game To show the results of the game. 

Apart from the executable of the SG, the authors of the GSDgame SG also provide the 

SGD in which details of all the features required for the evaluation of the SG are provided. 

5.3.2 Evaluation of the GSDgame SG 

It this section, each of the measures proposed in order to evaluate each of the attributes 

of the Functional suitability sub-characteristics, by providing the results of their 

evaluation, are described. Table 103 – Table 105 show the measure name, measure 

description, measurement function, the value obtained and the comments that are needed 

to clarify some aspects of the values obtained as regards the evaluation of the Functional 

completeness, Functional correctness and Functional appropriateness sub-characteristics. 
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5.3.2.1 Functional completeness sub-characteristic evaluation 

The values obtained after evaluating the measures of the Functional completeness sub-

characteristic are shown in Table 103. 

Table 103. Evaluation of the Functional completeness sub-characteristic of the GSDgame SG 

Measure 

name 

Measure description Measurement 

function 

Measure value/ 

Comment 

Objective 

coverage  

How complete is the 

implementation of SG 

functions according to 

established objectives? 

 

X = 1 – A / B 

 

A = number of 

functions which do not 

have the ability to 

perform according to 

an established 

objective on 

requirements 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 0; B = 1 

 

X = 1 – 0/1 = 1 – 0 = 1 

 

None of the functions 

performed disagree 

with the established 

objectives. 

Notes: 

The functions of SG are those directly related to game objectives. 

Game objectives and requirements are established in the SGDD. 

Mechanics 

coverage  

How complete is the 

implementation of the 

game mechanics in the 

SG functions such that 

each function provides 

a challenge, and each 

challenge is expected 

to offer a reward 

according to the 

objective established 

in the function? 

X = 1 – A / B 

 

A = number of 

functions missing  

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B = 1; 

 

X = 1 – 1/1 = 1/1 = 1 

 

Function 4 “Play the 

scenario” provides 

points as a reward. 

Notes: 

The game mechanics of each SG function are specified in the SGDD. 

A missing function is detected when an SG function does not have the ability to 

perform with mechanics, i.e., according to the established objective, it provides a 

challenge and offers a reward when the challenge is met. 

Coverage 

of 

progress 

To what extent do SG 

functions indicate how 

the player will 

progress during the 

game? 

 

X = A / B 

 

A = number of 

functions which 

indicate how the player 

will progress 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B = 1; 

 

X = 1/1 = 1 

 

None of the functions 

in SGDD indicate how 

progress will be 

obtained. 

Notes: 

The way in which the player will progress in the SG functions is established in the 

SGDD. 

Coverage 

of rewards 

To what extent do SG 

functions specify how 

X = A / B 

 

A = 1; B = 1; 
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Measure 

name 

Measure description Measurement 

function 

Measure value/ 

Comment 

the rewards will be 

awarded in the game? 

A = number of 

functions which 

specify how the 

rewards will be 

awarded  

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

X = 1/1 = 1 

 

Although the game 

provides the player 

with accumulated 

points as rewards, the 

SGDD does not 

specify how those 

points will be awarded. 

Notes: 

The way in which rewards will be awarded to the player in SG functions is specified 

in the SGDD. 

Coverage 

of shared 

challenges 

To what extent do the 

SG functions allow the 

player to share 

successfully 

confronted challenges 

achieved with other 

players? 

X = A / B 

 

A = number of 

functions which allow 

successfully 

confronted challenges 

to be shared 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 0; B = 1 

 

X = 0/1 = 0 

 

 

Notes: 

Applies to online games. 

The SGDD (profile of game) establishes whether the game is played online. 

Allows player to share successfully confronted individual challenges with other 

players using the same game. 

Coverage 

of shared 

rewards 

To what extent do SG 

functions allow the 

player to share the 

rewards s/he has 

obtained with other 

players? 

X = A / B 

 

A = number of 

functions which allow 

rewards obtained to be 

shared 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 0; B = 1 

 

X = 0/1 = 0 

 

 

Notes: 

 Applies to online games. 

The SGDD (profile of game) establishes whether the game is played online. 

Allows player to share individual rewards obtained with other players using the same 

game. 

5.3.2.2 Functional correctness sub-characteristic evaluation 

The values obtained in the evaluation of the measures of the Functional correctness sub-

characteristic are shown in Table 104. 

Table 104. Evaluation of the Functional correctness sub-characteristic of the GSDgame SG 
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Measure 

name 

Measure 

description 

Measurement 

function 

Measure value/ 

Comment 

Functional 

progress 

correctness 

What proportion of 

the functions 

implemented 

provides a correct 

score to indicate the 

player’s progress or 

advancement in the 

game? 

 

X =A / B 

 

A = number of 

functions which 

provide score to 

indicate progress 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B = 1; 

 

X = 1/1 = 1 

 

 

Notes: 

The functions considered for evaluation are a set of functions which are directly related 

to the SG objective. 

A correct score in a SG function is one that provides a score according to how the 

player’s progress was specified in the SGDD (i.e., the way in which the player will 

progress). The score of the game can be shown to the player in different ways, such as 

with accumulated points, amount of accumulated coins, challenges successfully 

confronted, etc. 

Function 

immediate 

feedback 

What proportion of 

the functions 

implemented 

provides the player 

with immediate 

feedback in response 

to an incorrect 

action? 

X =A / B 

 

A = number of 

functions which 

provide player with 

immediate feedback in 

response to an 

incorrect action 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B = 1; 

 

X = 1/1 = 1 

 

 

Appropriate

ness of 

rewards 

What proportion of 

the functions 

implemented offers 

rewards, according to 

the specification of 

SG requirements? 

X =A / B 

 

A = number of 

functions implemented 

that offer rewards 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B =1; 

X = 1/1 = 0 

 

 

Notes: 

Rewards granted to the player in an SG function must be specified in the SGDD 

(rewards are related to the challenges successfully confronted). 

Functional 

scaffolding 

correctness 

To what extent do 

functions provide 

challenges supported 

by challenges which 

have been outscored 

in previous levels? 

 

X =A / B 

 

A = number of   

functions implemented 

that provide challenges 

supported by 

challenges which have 

been outscored in 

previous levels 

B = number of 

functions of SG 

 

A = 0; B = 1 

X = 0/1 = 0 

 

0 out of 1 functions 

provide challenges 

supported by 

challenges which have 

been outscored in 

previous levels. 
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Measure 

name 

Measure 

description 

Measurement 

function 

Measure value/ 

Comment 

X [0,1]; the closer to 1 

the better 

Notes: 

Functions with challenges supported by challenges which have been outscored in 

previous levels allow player to achieve correct scaffolding. 

5.3.2.3 Functional appropriateness sub-characteristic evaluation 

The values obtained in the evaluation of the measures of the Functional appropriateness 

sub-characteristic are shown in Table 105. 

Table 105. Evaluation of the Functional appropriateness sub-characteristic of the GSDgame SG 

Measure name Measure 

description 

Measurement 

function 

Measure value/ 

Comment 

Functional 

customization 

Does the SG 

allow the user 

identified as an 

avatar to establish 

a particular sex or 

certain looks, 

etc.? 

X =yes or not 

 

Depending on the 

preference established, 

the value of X will be: 

“0.25” if the sex is 

established 

“0.75” if the sex and 

appearance are 

established 

“1” if further 

preferences are 

established 

 

X [ 0 or 1]; 1 is better 

X = 0 

 

 

Functional 

randomization 

What proportion 

of the functions 

implemented has 

actions or tasks 

produced in a 

random order? 

X =A / B 

 

A = number of 

functions implemented 

which have actions or 

tasks produced in a 

random order 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 1; B = 1 

X = 1/1 = 1 

 

1 out of 1 game 

functions have actions 

or tasks produced in a 

random order. 

 

Notes: 

The evaluation of this measure must be considered depending on the game genre 

(game genre is specified in game profile). 

For example, in strategy games it is better if all the functions present the actions to be 

taken in a random order, to prevent them from being played following the same 

pattern. 

Functional 

control 

Do the game 

functions allow 

the user to choose 

a different control 

to operate the 

game? 

X =yes or no 

 

If the game allows the 

user to choose a 

different control to 

operate the game, the 

value of X will be “1”, 

X = 0 
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Measure name Measure 

description 

Measurement 

function 

Measure value/ 

Comment 

otherwise the value of 

X will be “0” 

 

X [ 0 or 1]; 1 is better 

Notes: 

The control needed to operate the game is specified in the game profile. 

For example, in simulation games it is better to have a different control to operate the 

game. 

Controls could be a mouse, a keyboard, a joystick, etc. 

Functional 

realism 

How many of the 

functions 

implemented 

allow the virtual 

world to be 

realistic? 

X =A / B 

 

A = number of 

functions implemented 

that allow the virtual 

world to be realistic 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 0; B = 1 

 

X = 0/1 = 0 

 

None of the 

implemented functions 

take place in a realistic 

virtual world. 

Notes: 

The virtual world is related to the storyline and storytelling.  

The storyline and storytelling are specified in the SGDD (game profile). 

The virtual world in which the game is played must be as realistic as possible. 

Functional 

storyline and 

storytelling 

How many of the 

functions 

implemented 

have tasks and 

activities that are 

relevant to the 

storyline and 

storytelling being 

conducted 

throughout the 

game? 

X =A / B 

 

A = number of 

functions implemented 

that have tasks and 

activities relevant to 

the storyline and 

storytelling 

B = number of 

functions of SG 

 

X [0,1]; the closer to 1 

the better 

A = 0; B = 1 

 

X = 0/1 = 0 

 

 

Notes: 

The storyline and storytelling are specified in the SGDD (game profile). 

Appropriatenes

s level of 

difficulty 

To what extent 

does SG allow the 

user to set levels 

of difficulty in the 

game? 

X =yes or no 

 

If the game allows the 

user to choose at least 

three different levels of 

difficulty in the game, 

the value of X will be 

“1”, otherwise the 

value of X will be “0” 

X [ 0 or 1]; 1 is better 

X = 0 

 

 

Team 

functionality 

What proportion 

of the functions 

implemented 

could be played 

by a team of 

players? 

X =A / B 

 

A = number of 

functions that are 

played by a team of 

players 

A = 0; B = 1 

X = 0/1 =0 

 

. 
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Measure name Measure 

description 

Measurement 

function 

Measure value/ 

Comment 

B = number of 

functions that can be 

played by a team of 

players 

 

X [0,1]; the closer to 1 

the better 

Notes: 

The profile of the game establishes whether the game can be played alone or by a team 

of players. 

In this case, it is recommended that the functions of the game can be played by a team 

of players. 

5.3.3 Interpretation of the results obtained in 

the evaluation of the GSDgame SG 

In this section, the measure values obtained by evaluating each of the Functional 

suitability sub-characteristics of the GSDgame SG, along with the interpretation of the 

overall evaluation of the Functional suitability characteristic, are presented. The 

evaluation results per sub-characteristic are shown in Figure 46, Figure 47 and Figure 48 

(Table 103 - Table 105 show a detailed description of these evaluations). 

5.3.3.1 Interpretation of the results obtained for the evaluation of the 

Functional completeness sub-characteristic 

The results of the evaluation of the measures related to the Functional completeness sub-

characteristic (see Figure 46) reveal that 4 out of 4 proposed measures reached a 

maximum value of 1. 

The remaining two measures were not applied for the following reasons: 

 Coverage of shared challenges: This measure applies to online games. GSDgame 

SG is not an online game. 

 Coverage of shared rewards: This measure applies to online games. GSDgame SG 

is not an online game. 
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Figure 46. Functional completeness sub-characteristic evaluation results of the GSDgame SG 

5.3.3.2 Interpretation of the results obtained for the evaluation of the 

Functional correctness sub-characteristic 

The results obtained for the Functional correctness sub-characteristic (see Figure 47) 

reveal that 3 out of 3 measures reached a maximum value of 1. 

The other measure was not applied for the following reasons: 

 Functional scaffolding correctness: There are no different game levels in the 

GSDgame SG, and the challenges of each function cannot therefore be based on 

challenges achieved in previous game levels. 

 

Figure 47. Functional correctness sub-characteristic evaluation results of the GSDgame SG 
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5.3.3.3 Interpretation of the results obtained for the evaluation of the 

Functional appropriateness sub-characteristic 

The measurement of the Functional appropriateness sub-characteristic shown in Figure 

48 reflects that 1 out of 5 measures reached a maximum value of 1. 

As regards the values obtained for the other 4 measures of this sub-characteristic, the 

interpretation is: 

 Functional customization: The value obtained in this measure was 0 because the 

SG does not allow the players to customize their appearance. 

 Functional realism: The value of 0 in this measure reveals that Function 4 does 

not allow the virtual world to be realistic. In order to improve this value to 1, 

Function 4 could be take place in a realistic virtual world. 

 Functional storyline and storytelling: The value of 0 obtained in this measure is 

because the game does not have a storyline or storytelling. 

 Appropriateness level of difficulty: The result of 0 in this measure indicates that 

the player does not have the option to set game levels of difficulty. The 

incorporation of this functionality to the game could improve this value to 1. 

The following measures of the Functional appropriateness sub-characteristic were not 

applied for the following reasons: 

 Functional control: The GSDgame SG does not have option to permit the choice 

of different controls to operate it, although different controls were not necessary 

for this SG. This type of functionality is important for simulation games, which 

use different controls to operate the game, thus allowing the player to have 

realistic game experiences. 

 Team functionality: This measure applied to games can be played by a team of 

players. GSDgame SG is a game designed for players to play alone. 



 

182  GSDgame SG 

 

  

 

 

 

Figure 48. Functional appropriateness sub-characteristic evaluation results of the GSDgame SG 

5.3.4 Overall interpretation of the results 

obtained in the evaluation of the GSDgame 

SG 

Figure 49 shows all the measure values for the Functional suitability characteristics 

together. Upon observing these values we can conclude that the GSDgame SG is of high 

quality with regard to most of the measures of the Functional suitability characteristic, 

with the exception of the following measures which are of low quality: appropriateness 

level of difficulty, functional storyline and storytelling, functional customization and 

functional realism. These quality measures could be improved by taking into account the 

considerations described in Subsections 5.3.2.2 and 5.3.2.3. 
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Figure 49. Functional suitability characteristic evaluation results of GSDgame SG 

5.4 eTesãi SG 

This section shows an example of the automatic evaluation of the Functional suitability 

and the Usability characteristics of the eTesãi SG (González Leguizamón & Volpe Torres, 

2015) using the QSGame-Model fv. Moreover, this evaluation was performed following 

the QSGame-Evaluation process (Chapter 3 Section 3.2) and the QSGame-Tool (Chapter 

3 Section 3.3). The main objective of this SG is to provide a learning support tool for 

nursing students that will allow them perform nursing procedures in a safe virtual 

laboratory. In the following subsections, a general description of the eTesãi SG and its 

quality evaluation following each of the activities performed, according to the QSGame-

Evaluation process, are presented. 

5.4.1 General description of the eTesãi SG 

The SG eTesãi provides nursing students with a means to simulate three nursing 

procedures: Extraction of Blood, Glasgow Exploration and Glasgow Evaluation. The start 

menu of the eTesãi SG provides access to the scenarios in which the student can perform 

these three procedures. A scenario has several screens displaying relevant information of 

the situation of the procedure being performed. The eTesãi SG additionally allows the 

nursing student to perform two more options: 1) Send the eTesãi SG progress to a back-

end server (Send Progress option) and 2) Share the score obtained in the eTesãi SG in the 

Facebook social network (Facebook). Figure 50 shows the navigation in the eTesãi SG 

from the start menu. 
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Figure 50. eTesãi SG navigation (González Leguizamón & Volpe Torres, 2015) 

5.4.2 Evaluation of the eTesãi SG 

Hereafter, the tasks carried out by each of the activities defined in the QSGame-Model 

evaluation process (see Figure 51), proposed in Chapter 3 Section 3.2, to perform the 

evaluation of the Functional suitability and Usability characteristics of the eTesãi SG are 

presented. 
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Figure 51. QSGame-Evaluation process 

5.4.2.1 Specification of the evaluation requirements (A1) 

Person responsible: Evaluation designer 

Input: SGDD 

Output: SGGIRF 

The evaluator designer performed the tasks in this activity by using the SGDD of the 

eTesãi SG as a basis (tasks T1 to T5) and defined the information presented below. 

T1. Establish the purpose of evaluation. 

The purpose of the eTesãi SG quality evaluation is to evaluate the quality of both the 

Functional suitability characteristic and the Usability quality characteristics. 

T2. Specify the SG functions. 

The functions of the eTesãi SG that are directly related to its mechanics are shown in 

Table 106. 

Table 106. eTesãi SG functions related to the game mechanics 

Function name Function objective 

1. Extraction of blood To extract blood from a patient by following the steps defined in 

this nursing procedure correctly. 
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Function name Function objective 

2. Glasgow Exploration To explore the reactions of a patient in a state of critical 

consciousness by evaluating his/her eye response, motor 

response and verbal response. 

3. Glasgow Evaluation To evaluate the reactions of a patient in a random state of 

consciousness by evaluating his/her eye response, motor 

response and verbal response. 

T3. Specify additional requirements. 

The additional requirements specified for the eTesãi SG are: 

 It is not a game oriented towards differently-abled people. 

 It is not a strategy game: it is intended to teach nursing procedures to students by 

means of performing sequential steps, so that randomness does not apply. 

 It is not a multiplayer game.  

 It is not a strategy game. 

 It has no levels of difficulty. 

T4. Specify the SG screens and the SG interfaces data. 

The user interfaces of the eTesãi SG to be evaluated are: the Extraction of blood scenario, 

the Glasgow exploration scenario and the Glasgow evaluation scenario. The screens 

considered in the evaluation are show in Table 107. 

Table 107. eTesãi SG screens to be evaluated 

Screen name # of 

screen 

(SGDD) 

Start screen 2 

Menu of elements 4 (left) 

Menu of options 4 (right) 

Menu of voice commands (Extraction of blood) 9 

Feedback and final score (Extraction of blood) 10 

Selection of patient status (Glasgow Exploration) 11 

Menu of voice commands (Glasgow Exploration and Glasgow 

Evaluation) 

14 

Evaluation or patient diagnosis (Glasgow Evaluation) 15 

Feedback and final score (Glasgow Evaluation) 16 

T5. Select the measures to be discarded. 

According to the eTesãi SG requirement specification, the measures shown in Table 108 

are discarded. 

Table 108. eTesãi SG measures to be discarded of the evaluation 
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Functional suitability measure discarded 

Scaffolding correctness functions 

Randomization functions 

Control functions 

Team functions 

Real control functions 

Usability measure discarded 

Alternative text accessibility functions 

Keyboard functionality functions 

Time constraint adjustment functions 

Functions with accessibility for users with cognitive disability 

Functions with accessibility for users with physical disability 

Functions with accessibility for users with hearing disability 

Functions with accessibility for users with visual disability 

T6. Define information for evaluation. 

The numeric values required to perform the calculations of some of the quality measures 

of the eTesãi SG are shown in Table 109. 

Table 109. Numerical values used to calculate some quality measures of the eTesãi SG 

Description of the numerical value and the measure to which refers Value 

Total number of SG rules defined in the requirements of the SG (clear rules): 20 

Total number of feedback messages shown in the SG (appropriate feedback 

messages): 

0 

Total number of entry fields that the SG has (entry field defaults): 7 

Total number of progress messages that the SG shows (clarity of progress 

messages): 

4 

Total number of feedback messages that the SG shows (clarity of feedback 

messages): 

0 

Total number of game controls that the SG has (real controllability): 0 

Total number of interactive tasks that the SG has: (operational consistency): 

 (Note: Interactive tasks are actions carried out by the user when using the game, 

such as selecting elements from a menu). 

6 

Total number of interface elements: (user interface customizability):  

(Note: interface elements are, for example, menus, windows, graphic content, 

cursor, etc.). 

3 

Total number of operations or interactive tasks with important consequences (undo 

capability): 

0 

Total number of terms or concepts in the SG interfaces (understandability of 

terminology): 

4 

Total number of different languages in which the game should be available 

according to its requirements (languages supported): 

1 

Total number of screens (location consistency/appearance consistency): 9 

Total number of interfaces (user interface customizability/ suitability of 

interface design/ adequate legibility/ consistency between text and 

3 
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Description of the numerical value and the measure to which refers Value 

multimedia/ interface simplicity/ realistic appearance of user interfaces/ 

appearance aesthetics of user interfaces): 

5.4.2.2 Evaluation design (A2) 

Person responsible: Evaluation designer 

Input: SGGIRF 

Output: CHLF 

The evaluator designer used the information obtained from the SGGIRF as a basis to 

perform T1 of this stage. 

T1. Design the checklist form. 

The checklist form is designed by considering what specific information will be collected 

during the evaluation of the SG. A general CHLF is shown in Appendix B Subsection 

8.2.4. 

5.4.2.3 Evaluator training (A3) 

Person responsible: Evaluation designer and evaluator 

Input: QSGMAG, SGDD, SGGIRF and CHLF 

Output: none 

The evaluator designer uses QSGMAG, SGDD, SGGIRF and CHLF as the basis to train 

the evaluator performing tasks from T1 to T3 of this activity: (T1) explanation of the 

QSGame-Model, (T2) presentation of the main functions and features of the eTesãi SG 

using the SGDD, (T3) explanations of how to perform the evaluation and how to fill out 

CHLF using the SGGIRF. In addition, the evaluator is provided with the evaluation 

material (A4): QSGMAG, SGDD, SGGIRF and CHLF. 

5.4.2.4 Execution of the evaluation (A4) 

Person responsible: Evaluator 

Input: QSGMAG, SGDD, SGGIRF and CHLF, and SGEF 

Output: CHLFFO 

T1. Download and install the SG to be evaluated. 

The downloading and installation of the eTesãi SGEF were performed without any 

problems. 
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T2. Be familiar with the QSGMAG and SGDD documents. 

Before starting the eTesãi SG evaluation, the QSGMAG and SGDD documents were 

read. 

T3. Perform the SG functions. 

The whole SG was browsed and the execution of each of its functions was performed. 

T4. Evaluate general aspects of the SG. 

The values answered by the “GENERAL QUESTIONS” in section I of the CHLF are 

shown in Table 110. 

Table 110. Answers to general questions of the eTesãi SG evaluation 

General question description Type of 

answer 

Answer 

To what extent does the game allow the player’s appearance to be 

personalized (functional customization)? 

a. It does not allow the appearance to be personalized.  

b. It allows gender to be personalized.  

c. It allows gender and appearance to be personalized.  

d. It allows other characteristics in addition to gender and 

appearance to be personalized. 

Choice 

an option 

a 

Can more than one control be used to operate the game (functional 

control)? 

yes or no no 

Can different levels of difficulty be established in the game 

(appropriateness of levels of difficulty)? 

 

yes or no no 

In how many different languages is the game available (languages 

supported)? Total number of different languages: 

numeric 1 

T5. Evaluate SG functions and interfaces. 

The purpose of the eTesãi SG quality evaluation was (SGGIRF) the evaluation of both 

the Functional suitability and Usability quality characteristics. The CHLF questions that 

are related to SG functions and interfaces in which these functions are executed were 

therefore answered in this task. Table 111 and Table 112 show, as an example, some 

answers to the questions regarding the eTesãi SG functions of CHLF. Table 113 shows 

an example of answers to the questions regarding the eTesãi SG interfaces of the CHLF. 

Table 111. Example of some answers (yes/no) to questions concerning the “Extraction of blood” 

function 

Function question description (yes or no type answer) Answer 

Does the function provide the player with a challenge and reward him/her when 

that challenge is met (mechanics coverage)? 

yes 
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Function question description (yes or no type answer) Answer 

Does the function indicate, in the game document, how the game will progress 

(coverage of progress)? 

yes 

Does the function indicate, in the game document, how the reward will be given 

(coverage of rewards)? 

yes 

Does the function allow the challenges that are met to be shared online 

(coverage of shared challenges)? 

yes 

Table 112. Example of some answers (numeric) to questions concerning the “Extraction of blood” 

function 

Function question description (numeric type answer) Answer 

How many rules in the serious game are fulfilled in accordance with how they 

are defined in the requirements (clear rules)? Number of rules: 

20 

How many of the entry fields that can be filled by default are automatically 

filled in the game (entry field defaults)? Number of entry fields:  

0 

How many of the progress messages in the game provide the player with a 

description of how progress has been achieved (clarity of progress messages)?  

Number of progress messages: 

1 

How many of the feedback messages show the player the reason for feedback 

(clarity of feedback messages)? Number of feedback messages: 

1 

Table 113. Example of some answers to questions concerning the “Extraction of blood” user 

interface 

Interface question description (yes or no type answer) Answer 

Does the user interface follow the principles of legibility as regards the text, 

color and fonts used (adequate legibility)? 

Principles of legibility: 

The use of the San Serif family of fonts (such as Arial, Helvetica, Tahoma, 

Verdana) to favor legibility (√).  

The use of an appropriate font size (neither very large nor very small) (√).  

The use of different fonts only to emphasize a text (√).  

The situation in which everything is in capital letters, everything is in bold type 

or everything is in italics is avoided (√).  

The use of contrasting colors in the text and in the background (√).  

The use of different colors in the text solely for the purpose of emphasis (√).  

The use of the same color in the text to emphasize various related words (√). 

Yes 

T6. Evaluate screens. 

After reviewing the screens specified in the SGGIRF (see Table 107), the questions 

related to screen quality measures were answered. Table 114 shows an example of the 

answers to these questions. 

Table 114. Example of some answers of a numeric type to questions regarding screens 

Screen question description (numeric type answer) Answer 

responder 

Are there icons with the same functionality but which are located on different 

parts of the screen (location consistency)? Number of screens:  

4 
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Screen question description (numeric type answer) Answer 

responder 

Are there icons with the same functionality that are shown using different 

metaphors (appearance consistency)? Number of screens: 

0 

The CHLFFO contains the complete answers to all the questions related to the quality 

measures for the Functional suitability characteristic and for the Usability characteristic. 

Table 115 summarizes the values registered in CHLFFO for the evaluation of the 

attributes of the Functional suitability characteristic, while Table 116 summarizes the 

values registered in CHLFFO for the evaluation of the attributes of the Usability 

characteristic. 

Table 115. Values registered in the attributes for the evaluation of the Functional suitability 

characteristic 

 

 

Functional suitability 

attributes 

E
x

tr
a

ct
io

n
 o

f 

b
lo

o
d

 

G
la

sg
o

w
 

ex
p

lo
ra

ti
o

n
 

G
la

sg
o

w
 

ev
a

lu
a

ti
o

n
 

S
en

d
 d

a
ta

 

F
a

ce
b

o
o

k
 

Objective coverage functions Yes Yes Yes - - 

Mechanics coverage functions Yes No Yes - - 

Coverage of progress functions Yes No No - - 

Coverage of rewards functions Yes Yes Yes - - 

Coverage of shared challenges 

functions 

Yes No Yes - - 

Coverage of shared rewards 

functions 

Yes No Yes - - 

Unperformed functions Yes No Yes Yes Yes 

Functions with correct progress Yes No No - - 

Functions with immediate 

feedback 

No No No - - 

Functions with appropriate 

reward 

Yes Yes Yes - - 

Scaffolding correctness 

functions 

Not applicable 

Customizable functions  No 

Randomization functions Not applicable 

Control functions Not applicable 

Realism functions Yes Yes Yes - - 

Storyline and storytelling 

functions 

No No No - - 

Appropriateness of levels of 

difficulty of functions 

No 
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Functional suitability 

attributes 
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Team functions Not applicable 

Functions with appropriate 

results 

Yes No Yes Yes Yes 

Explanations of why these values have been registered are: 

 Objective coverage functions: The three functions of eTesãi SG are performed in 

agreement with the objectives established in the SGDD. 

 Mechanics coverage functions: Function 2 “Glasgow Exploration” does not 

provide rewards in accordance with the specifications in the SGDD. 

 Coverage of progress functions: Only Function 1 “Extraction of blood” indicates 

how the player will progress during the game in accordance with the specifications 

in the SGDD. 

 Coverage of rewards functions: The three functions of the eTesãi SG specify how 

rewards will be awarded in the game in accordance with the specifications in the 

SGDD. 

 Coverage of shared challenges functions: Function 1 “Extraction of blood” and 

Function 3 “Glasgow Evaluation” allow the player to share challenges. 

 Coverage of shared rewards functions: Function 1 “Extraction of blood” and 

Function 3 “Glasgow Evaluation” allow the player to share rewards. 

 Unperformed functions: The five eTesãi SG functions specified in the SGDD are 

implemented (and not only those functions which are directly related to the 

objectives of the game). 

 Functions with correct progress: Only Function 1 “Extraction of blood” provides 

a correct score according to the specifications of the SGDD. 

 Functions with immediate feedback: None of the functions implemented provide 

the player with immediate feedback in response to incorrect actions. 

 Functions with appropriate reward: The three functions of eTesãi SG offer 

rewards to the player according to the specifications of the SGDD. 

 Scaffolding correctness functions: The evaluation of this attribute is not applicable 

because there are no different game levels in the eTesãi SG, and the challenges of 
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each function cannot therefore be based on challenges achieved in previous game 

levels. 

 Customizable functions: The eTesãi SG does not allow the players to customize 

their appearance. 

 Randomization functions: The evaluation of this attribute is not applicable 

because eTesãi SG functions aim to teach students how to perform nursing 

procedures, which consist of well-defined sequential steps. Since performing 

sequential steps is mandatory in these kinds of procedures, it makes no sense to 

perform these steps in a random order. 

 Control functions: The evaluation of this attribute is not applicable because 

different controls are not necessary to operate eTesãi SG. This type of 

functionality is important for simulation games, which use different controls to 

operate the game, thus allowing the player to have realistic game experiences. 

 Realism functions: The three implemented functions of eTesãi SG take place in a 

realistic virtual world. 

 Storyline and storytelling functions: The storyline and storytelling are not 

specified in the SGDD, and no functions therefore have tasks and activities that 

are relevant to the storyline and storytelling. 

 Appropriateness levels of difficulty on functions: The player does not have the 

option to set game levels of difficulty. 

 Team functions: The evaluation of this attribute is not applicable, because it is 

intended to be applied to games that can be played by a team of players. eTesãi 

SG is a game designed for players to play alone. 

 Functions with appropriate results: Function 2 “Glasgow Exploration” does not 

provide an appropriate outcome as specified in the SGDD. 

Table 116. Values registered in the attributes for the evaluation of the Usability characteristic 
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Tutorial description 

completeness functions 

Yes Yes Yes - - 

Demos capability functions No No No - - 
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Usability attributes 
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Understandable tutorial 

functions 

Yes No Yes - - 

Understandable demo functions No No No - - 

Clear rules 20 0 0 - - 

Appropriate feedback messages 

functions 

0 0 0 - - 

Consistent game mechanics 

functions 

Yes No Yes - - 

Easy navigation functions No No No - - 

Challenges - contextual help No No No - - 

Correction mechanism functions Yes Yes Yes - - 

Entry fields with default 

entries 

0 3 4 0 0 

Navigational consistency 

functions 

Yes Yes Yes - - 

Location consistency screens 4 

Appearance consistency screens 0 

Clear progress messages 1 0 1 - - 

Clear feedback messages 1 0 1 - - 

Real control Not applicable 

Operational consistency tasks  0 0 0 0 0 

Customizability functions 0 0 0 0 0 

Customizability user 

interfaces 

0 0 0 0 0 

Monitoring capability 

functions 

0 0 0 0 0 

Undo capability tasks  0 0 0 0 0 

Understandability of terms 0 4 0 0 0 

Suitability of interface design Yes Yes Yes - - 

User interfaces with adequate 

legibility 

Yes Yes Yes - - 

User interfaces with consistency 

between text and multimedia 

No No No - - 

Simple user interfaces Yes Yes Yes - - 

User interfaces with realistic 

appearance 

Yes Yes Yes - - 

Appearance aesthetics of user 

interfaces 

Yes Yes Yes - - 
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Usability attributes 
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Alternative text accessibility 

functions 

Not applicable 

Keyboard functionality functions Not applicable 

Time constraint adjustment 

functions 

Not applicable 

Functions with accessibility for 

users with cognitive disability 

Not applicable 

Functions with accessibility for 

users with physical disability 

Not applicable 

Functions with accessibility for 

users with hearing disability 

Not applicable 

Functions with accessibility for 

users with visual disability 

Not applicable 

Supported languages 1 

 

Explanations of why these values have been entered are: 

 Tutorial description completeness functions: Although the tutorial of the eTesãi 

SG is not available, the three functions of this SG are described in the SGDD. 

 Demo capability functions: eTesãi SG has no demos. 

 Understandable tutorial functions: Although the tutorial of the eTesãi SG is not 

available, Function 1 “Extraction of blood” and Function 3 “Glasgow Evaluation” 

are explained in detail in the SGDD to enable user to apply them. 

 Understandable demo functions: eTesãi SG has no demos. 

 Clear rules: 20 rules are defined in eTesãi SG, which state what actions can be 

performed in the SG (what we can do and what we cannot do) only in Function 1 

“Extraction of blood”. 

 Appropriate feedback messages functions: None of the eTesãi SG functions have 

feedback messages which describe an opportunity to enhance learning. 

 Consistent game mechanics functions: In both Function 1 “Extraction of blood” 

and Function 3 “Glasgow Evaluation”, the challenge achieved is directly related 

to the objective of the SG function, and the reward obtained is directly related to 

the challenge achieved. 
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 Easy navigation functions: None of the eTesãi SG functions have shortcuts to go 

from one place to another in the game without having to go through multiple 

menus; nor is it possible to access context menus from any of the SG functions. 

 Challenges - contextual help: None of the eTesãi SG functions have dynamic 

contextual help as regards the challenges. 

 Correction mechanism functions: The three implemented functions of eTesãi SG 

functions have correction mechanisms for the player’s actions. 

 Entry fields with default entries: eTesãi SG has 3 fields in Function 2 “Glasgow 

Exploration” and 4 fields in Function 3 “Glasgow Exploration”, which are 

automatically filled with default values. 

 Navigational consistency functions: Navigation actions in each of the three eTesãi 

SG functions are carried out with similar options. 

 Location consistency screens: Four screens have similar icons located in different 

places. 

 Appearance consistency screens: None of the screens have similar icons shown 

with a different metaphor. 

 Clear progress messages: Function 1 “Extraction of blood” and Function 3 

“Glasgow Evaluation” each have a progress message which describes how the 

player has made progress. 

  Clear feedback messages: Function 1 “Extraction of blood” and Function 3 

“Glasgow Evaluation” each have a feedback message which describes the reason 

why the player is receiving feedback 

 Real control: The evaluation of this attribute is not applicable because the eTesãi 

SG has no different game controls to operate it. 

 Operational consistency tasks: eTesãi SG interactive tasks have a behavior and 

appearance that are consistent both within the task and throughout similar tasks, 

i.e., none of the interactive tasks in the eTesãi SG are performed inconsistently. 

 Customizability functions: None of the eTesãi SG functions can be customized at 

the user’s convenience. 

 Customizability user interfaces: None of the user interface elements in eTesãi SG 

interfaces can be customized. 
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 Monitoring capability functions: None of the eTesãi SG functions can be 

monitored during operation. 

 Undo capability tasks: eTesãi SG has no tasks which have significant 

consequences, and eTesãi SG tasks do not therefore provide an undo capability or 

a prompt for re-confirmation. 

 Understandability of terms: Function 2 “Glasgow Exploration” has four terms that 

are understood by nursing students. 

 Suitability of interface design: The user interfaces of the eTesãi SG are in 

accordance with the screen design principles (Appendix B Subsection 8.2.1). 

 User interfaces with adequate legibility: The user interfaces of the eTesãi SG are 

in accordance with the principles of readability (Appendix B Subsection 8.2.1). 

 User interfaces with consistency between text and multimedia: None of the user 

interfaces of the eTesãi SG use multimedia elements to support the text provided. 

 Simple user interfaces: The design of the eTesãi SG user interfaces are minimalist 

(Appendix B Subsection 8.2.1). 

 User interfaces with realistic appearance: The overall design of the eTesãi SG 

user interfaces are realistic in appearance (Appendix B Subsection 8.2.1). 

 Appearance aesthetics of user interfaces: User interfaces of the eTesãi SG are 

acceptable and attractive in appearance (Appendix B Subsection 8.2.1). 

 Alternative text accessibility functions: The evaluation of this attribute is not 

applicable because eTesãi SG is not oriented towards differently-abled users.  

 Keyboard functionality functions: The evaluation of this attribute is not applicable 

because eTesãi SG is not oriented towards differently-abled users. 

 Time constraint adjustment functions: The evaluation of this attribute is not 

applicable because eTesãi SG is not oriented towards differently-abled users. 

 Functions with accessibility for users with cognitive disability: The evaluation of 

this attribute is not applicable because eTesãi SG is not oriented towards 

differently-abled users. 

 Functions with accessibility for users with physical disability: The evaluation of 

this attribute is not applicable because eTesãi SG is not oriented towards 

differently-abled users. 
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 Functions with accessibility for users with hearing disability: The evaluation of 

this attribute is not applicable because eTesãi SG is not oriented towards 

differently-abled users. 

 Functions with accessibility for users with visual disability: The evaluation of this 

attribute is not applicable because eTesãi SG is not oriented towards differently-

abled users. 

 Supported languages: eTesãi SG is supported by 1 language. 

Once activity A4 is complete, the CHLFFO contains the information to be registered in 

the QSGame-Tool in order to calculate the quality measures of the eTesãi SG. The 

complete CHLFFO artifact of the eTesãi SG is presented in Appendix D Subsection 8.4.1. 

5.4.2.5 Calculation of the SG quality automatic (A5) 

Person responsible: Evaluator 

Input: CHLFFO, QSGMAG, SGDD, SGGIRF, and QSGT 

Output: AER 

SGGIRF, QSGMAG, QSGame-Tool and the CHLFFO are taken as the basis for the 

automatic calculation of the quality measures. This automatic calculation is performed by 

means of the QSGame-Tool. 

T1. Register information of the evaluation. 

Before starting the evaluation of the eTesãi SG, some information needed to identify this 

evaluation was registered. The company that owns the eTesãi SG to be evaluated is the 

National University of Asunción, Paraguay (see Figure 52). 
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Figure 52. Interface used to introduce the company that owns the eTesãi SG 

The project associated with the National University of Asunción, Paraguay, and which is 

previously registered is therefore the eTesãi SG (see Figure 53). 

 

Figure 53. Interface used to introduce a project 

Once the eTesãi SG project has been created, a new evaluation associated with it is 

registered (see Figure 54). 
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Figure 54. Interface used to create a new evaluation for the eTesãi SG project 

T2. Input requirement specifications. 

Once the information of the evaluation has been entered, some evaluation requirements 

specified in the SGGIRF must be registered. First, eTesãi SG functions directly related to 

game mechanics are registered (Table 106). For each of these functions, the code of the 

function, the description of the function and whether the function is directly related to the 

mechanics of the eTesãi SG, are entered (see Figure 55). 

 

Figure 55. Interface used to introduce eTesãi SG functions related to its mechanics 
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After the eTesãi SG functions related to its mechanics has been registered, the quality 

characteristics to be evaluated (Functional suitability and Usability quality 

characteristics) and the measures to be discarded (see Table 108) from the evaluation 

according to evaluation requirements specified in T3 and T5 tasks of the activity A1, are 

entered. The quality characteristics, the quality sub-characteristics and measures which 

correspond to functions specific to the game mechanics are displayed in a tree (see Figure 

56). As an example, Figure 57 shows the measures of the accessibility sub-characteristic, 

which was discarded as established in the evaluation requirements specification. 

 

Figure 56. Interface used to enter the requirements related to quality characteristics, quality sub-

characteristics and measures 
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Figure 57. Interface showing accessibility measures discarded 

Finally, some numeric values needed to perform certain calculations are entered. Figure 

58 shows some of the numeric values entered. 

 

Figure 58. Interface used to enter some numeric values with which to perform calculations of 

measures 
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T3. Input data evaluation of YES/NO questions. 

The answers in the CHLFFO are used as a basis to enter the answers to the YES/NO 

question, as shown in Figure 59. The QSGame-Tool automatically requests the answer to 

each of the YES/NO questions of the measures applied to functions directly related to the 

game mechanics. 

 

Figure 59. Interface used for input data evaluation of YES/NO questions 

T4. Input data evaluation of numeric questions. 

The answers to the numeric questions are taken from the CHLFFO and entered in the 

QSGame-Tool, as shown in Figure 60. The QSGame-Tool automatically requests the 

answer to each of the numeric questions of the measures applied to functions directly 

related to the game mechanics. 
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Figure 60. Interface for data evaluation of numeric questions 

T5. Generate the evaluation results. 

After entering all the data evaluation, the quality evaluation results are generated by 

means of an option in the QSGame-Tool. These results show the quality value of each of 

the measures (right-hand side of Figure 61, Figure 62and Figure 63), along with the 

quality value per quality sub-characteristic (center of Figure 61, Figure 62 and Figure 63), 

per characteristic (left-hand side of Figure 61, Figure 62 and Figure 63). These measures 

are calculated automatically on the basis of the measurement functions defined in the 

QSGame-Model which are in turn implemented in the QSGame-Tool. 
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Figure 61. Evaluation results of Functional suitability characteristic 

 

Figure 62. Evaluation results of Usability characteristic (part 1) 
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Figure 63. Evaluation results of Usability characteristic (part 2) 

The automatic calculation of the quality evaluation by means of the QSGame-Tool 

generates standardized quality values for each of the Functional suitability and Usability 

quality sub-characteristics (see center of Figure 61) on the basis of average values rather 

than profile function values because not all measures were evaluated in the eTesãi SG 

evaluation (see Chapter 3, Subsection 3.3.2). These standardized quality values resulted 

in a value of 2 for the Functional suitability quality characteristic and a value of 3 for the 

Usability quality characteristic. The values obtained per sub-characteristic are shown in 

Table 117 and Table 118 and in Figure 61, Figure 62 and Figure 63. The QSGame-Tool 

also generates the results of the quality evaluation in a radar graphic. Figure 64 and Figure 

65 show the graphic results of the quality evaluation of the Functionality suitability and 

Usability sub-characteristics, respectively. 
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Figure 64. Radar graph with the results of the Functional suitability characteristic 

 

Figure 65. Radar graph with the quality evaluation result for the Usability characteristic 

Table 117. Quality values of the Functional suitability sub-characteristics 
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Functional suitability quality 

sub-characteristic 

Quality 

value 

Functional completeness 5 

Functional correctness 2 

Functional appropriateness 2 

Table 118. Quality values of the Usability sub-characteristics 

Usability quality sub-

characteristic 

Quality 

value 

Appropriateness recognizability 3 

Learnability 2 

Operability 3 

User interface aesthetics 3 

Accessibility 1 

The AER generated by means of the QSGame-Tool represents the outcome of this stage 

and are the basis employed to elaborate the final evaluation report. 

5.4.3 Overall interpretation of the results 

obtained in the evaluation of the eTesãi SG 

Based on the quality evaluation results of the Functional suitability characteristic, we can 

conclude that the eTesãi SG is of medium to high quality with regard to most of the 

measures of this quality characteristic (from 2 to 5 points, see Table 117). The overall 

quality evaluation results of the Functional suitability characteristic could be improved if 

the quality values of their measures were improved. The values of the quality measures 

of the Functional suitability characteristic shown in Figure 59 could be improved by 

taking into account the following considerations. 

 Mechanics coverage: The value obtained in the evaluation was 0.67, because 1 of 

the functions does not provide rewards when the player achieves the function 

objective. To improve this result to its maximum value of 1, this function should 

provide rewards when the player achieves the goal. 

 Coverage of progress: The value of 0.33 obtained shows that just 1 game function 

indicates how the player will progress during the game. This value could be 

improved to reach a value of 1 if the other 2 game functions were to tell the player 

how well s/he is progressing in the game. 

 Coverage of shared challenges: The value obtained in the evaluation was 0.67, 

since 2 game functions allow the players to share their challenges with others 

players and could be improved to its maximum value of 1 if the remaining 

function were to allow players to share their challenges. 
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 Coverage of shared rewards: The value obtained in the evaluation was 0.67, since 

2 game functions allow the players to share their rewards with others players and 

could be improved to its maximum value of 1 if the remaining function were to 

allow players to share their rewards. 

 Functional immediate feedback: The evaluation result of this measure was 0 

because none of the game functions provide the player with immediate feedback 

in response to an incorrect action. This could be improved to reach a value of 1 if 

the 3 game functions provided the player with immediate feedback. 

 Functional progress correctness: The value of 0.33 obtained shows that just 1 

game function indicates how the player will progress during the game. This value 

could be improved to reach a value of 1 if the other 2 game functions tell the 

player how well s/he is progressing in the game. 

With regard to the Usability characteristic, its evaluation results reveal that this 

characteristic has a medium to low quality (from 1 to 3 points, see Table 118). The overall 

quality evaluation results of the Usability characteristic could be improved if the quality 

values of their measures were improved. The values of the quality measures of the 

Usability characteristic shown in Figure 62 and Figure 63 could be improved by taking 

into account the following considerations: 

 Demo capability functions and understandable demo functions: The value of 0 of 

these measures could be improved to 1 if the eTesãi SG functions included demos 

in order to show the operation of the game. 

 Understandable tutorial functions: To improve the evaluation result of 0.67 to 1 

of this measure, it is necessary for the operation of Function 2 “Glasgow 

Exploration” to be explained in detail in the SGDD. 

 Appropriate feedback message functions: The value of 0 in this measure could be 

improved to attain a value of 1 if the three game functions provided feedback 

messages which describe an opportunity to enhance learning. 

 Consistent game mechanics functions: Although in Function 2 “Glasgow 

exploration” the challenge achieved is directly related to the objective of the SG 

function, no reward is obtained by the player when the challenge is achieved. The 

evaluation result of this measure could be improved to the value of 1 if the player 

obtained a reward when meeting the challenge in this function and if the reward 

obtained were directly related to the challenge achieved. 

 Easy navigation functions: Since none of the eTesãi SG functions have shortcuts 

to go from one place to another within the game without having to go through 
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multiple menus, the evaluation result value of this measure could attain a value of 

1 if the three game functions were to include shortcuts. 

 Challenges - contextual help: To improve the result value of this measure to 1, 

the three eTesãi SG functions should have dynamic contextual help as regards the 

challenges. 

 Location consistency screens: To attain the maximum value of 1 of the evaluation 

result of this measure, all the screens of the SG should have similar icons located 

in the same place on each screen.  

 Clear progress messages: Function 2 “Glasgow exploration” should have a 

progress message to describe how the player has made progress in order to 

improve the result value of this measure. 

 Clear feedback messages: In order to improve the result value of this measure, 

Function 2 “Glasgow exploration” should have a feedback message to describe 

the reason why the player is receiving feedback. 

 Customizability functions: The evaluation result of this measure could attain the 

maximum value of 1 if the three eTesãi SG functions were to be customized at the 

user’s convenience. 

 Customizability user interfaces: This measure could attain the maximum value of 

1 if the three eTesãi SG interfaces were to allow the player to customize the 

interface elements. 

 Monitoring capability functions: If the three eTesãi SG functions could be 

monitored during its operation, then this measure could attain the maximum value 

of 1. 

 User interfaces with consistency between text and multimedia: The evaluation 

result of this measure could attain the maximum value of 1 if the three user 

interfaces of the eTesãi SG were to use multimedia elements to support the text 

provided. 

According to the requirement specifications of eTesãi SG established in the activity A1 

of the evaluation process (Subsection 5.4.2.1), the following measures are not applicable: 

 Scaffolding correctness functions: There are no different game levels in the eTesãi 

SG, and the challenges of each function cannot therefore be based on challenges 

achieved in previous game levels. 

 Randomization functions: eTesãi SG functions aim to teach students how to 

perform nursing procedures, which consist of well-defined sequential steps. Since 
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performing sequential steps is mandatory in these kinds of procedures, it makes 

no sense to perform these steps in a random order. 

 Control functions: The eTesãi SG does not have an option to permit the choice of 

different controls to operate it, although different controls were not necessary for 

this SG. This type of functionality is important for simulation games, which use 

different controls to operate the game, thus allowing the player to have realistic 

game experiences. 

 Team functions: This measure applied to games can be played by a team of 

players. eTesãi SG is a game designed for players to play alone. 

 Real control: The evaluation of this attribute is not applicable because the eTesãi 

SG has no different game controls to operate it. 

 Alternative text accessibility functions, Keyboard functionality functions, Time 

constraint adjustment functions, Functions with accessibility for users with 

cognitive disability, Functions with accessibility for users with physical disability, 

Functions with accessibility for users with hearing disability and Functions with 

accessibility for users with visual disability: The evaluation of these attributes is 

not applicable because eTesãi SG is not oriented towards differently-abled users. 

5.5 Conclusions of chapter 5 

In order to evaluate the feasibility of the QSGame-Model, this Chapter presents examples 

of its application to three educational SGs: 

1. The Ceebot-A, which is an SG that can be used to learn programming, and the 

GSDgame SG, an SG with which to acquire the skills and competencies required 

to work in GSD. The Functional suitability quality characteristic of both SGs was 

evaluated. 

2. The eTesãi, an SG with which to learn nursing by following the QSGame-

Evaluation process defined in Chapter 3, Section 3.2. The Functional suitability 

and the Usability quality characteristics of this SG were evaluated. 

The first two examples provide a detailed description of how we obtained the values of 

the measures proposed for the Functional suitability characteristic, in addition to the 

interpretation of the values obtained. 

In order to evaluate the feasibility of the QSGame-Evaluation process (Chapter 3, Section 

3.2), the third example presents the complete evaluation of the eTesãi SG by performing 

each activity defined in this process. 
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Some suggestions as to how each of the SGs evaluated could be improved were also 

proposed. These suggestions have been well accepted by the authors of the three SGs. For 

all of the above reasons, we can conclude that we have achieved the main objective of 

this chapter, which was to Evaluate the feasibility of the QSGame-Model and of the 

QSGame-Evaluation process. In addition, the QSGame-Evaluation process with well-

defined activities and tasks makes it easier carry out the evaluation of an SG. What is 

more, the QSGame-Tool with the automation of the SG quality calculation makes the 

QSGame-Evaluation process more efficient. 

We are, however, aware that in order to determine the feasibility of using the QSGame-

Model to evaluate the quality of any type of SG, it is necessary to apply it to SGs in areas 

other than education, such as health care, engineering, emergency management, city 

planning, defense, etc. and that it must be applied by people who are not the authors of 

this model. Unfortunately, we were, until recently, unable to find an SG from a different 

area to education whose authors could provide us not only with the executable file of the 

SGs, but also with its design document. This is because, in many areas, SGs are built 

without performing their design or the SGDDs are confidential and not made public. This 

is, therefore, an issue that is a challenge for work in the near future. 
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Chapter 6  
Reliability and validity 

evaluation of the 

QSGame-Model 

The objective of this Chapter is to: Evaluate the reliability and the validity of the 

QSGame-Model (O7). This goal has been achieved by defining the following 

partial objectives: 1) Describe a series of quasi-experiments (Section 6.1) which 

consist of a: a) First quasi-experiment (QE1) and its replica (QE1-R) with which to 

evaluate the reliability and validity of the Functional suitability measures defined in the 

QSGame-Model and b) Second quasi-experiment (QE2) with which to evaluate the 

reliability and validity of the Usability measures defined in the QSGame-Model, 2) 

Present the data analysis and interpretation of the results of QE1, QE1-R and QE2 

(Section 6.2) and 3 Discuss the potential threats that may affect the validity of the results 

of these quasi-experiments, which are construct validity, internal validity, external 

validity and conclusion validity (Section 6.3). 

  

T 
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6.1 Description of quasi-experiments and 

replica 

This section presents a complete description of the empirical studies conducted to obtain 

evidence of the reliability and validity of the measures proposed in the QSGame-Model. 

The empirical evidence was obtained for the following measures: 

 The Functional suitability measures, by means of the execution of QE1 and QE1-

R. 

 The Usability measures by carrying out QE2. 

The participants in these quasi-experiments were 3th and 4th year Computer Science 

undergraduate students. QE1 was carried out at the University of Castilla La-Mancha 

(Ciudad Real, Spain) in October 2015. QE1-R and QE2 were performed at the University 

of Bari (Bari, Italy) in November 2015. 

Figure 66 presents the general characteristics and chronology of the quasi-experiments 

and a replica. We started with QE1 and considered carrying out a replica of it given that 

an isolated experiment does not lead to conclusive results. Replications of empirical 

studies might be regarded as an essential activity in the construction of knowledge in any 

empirical science based on the following propositions: “We do not take even our own 

observations quite seriously, or accept them as scientific observations, until we have 

repeated and tested them”(Popper, 2005). 

QE1-R can be considered as strict internal replication of QE1 because the essential 

aspects of the experimental conditions have not varied in any way: the only difference is 

the participants involved. 
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Figure 66. Characteristics and chronology of the quasi-experiments and replica 

The main characteristics of the quasi-experiments and replica are shown in the following 

subsections They were structured as suggested by Wohlin et al. (2012): definition, 

planning, operation and data analysis and interpretation. 

6.1.1 Definition 

The GQM template proposed by Basili and Rombach (1988) was used to state the main 

goal of these quasi-experiments, which is: 

Analyze the measures of the Functional suitability and Usability defined within the 

QSGame-Model 

with the purpose of evaluating their reliability and validity  

from the point of view of researchers 

in the context of 4th and3rd year Computer Science undergraduate students at the 

University of Castilla-La Mancha and the University of Bari, respectively. 

6.1.2 Planning 

The activity of planning is related to: determining the context of the experiment in detail, 

formally stating the hypothesis (null and alternative hypothesis) of the experiment, 

determining the independent variables (inputs) and dependent variables (outputs), 



 

216  Description of quasi-experiments and replica 

 

  

 

 

identifying the subjects of the study, and justifying the experimental design choice and 

the instrumentation used. All of these issues are explained in the following subsections. 

6.1.2.1 Context selection 

These quasi-experiments and the replica were conducted with 4th and 3rd year Computer 

Science undergraduate students at the Universities of Ciudad Real and Bari. When the 

replication was conducted, the replicators supported the native speakers and helped them 

when needed (e.g., in the translation of technical terms). 

The experimental objects used were: 

 eTesãi SG. This is a SG that was developed as a product of a final degree thesis 

by González Leguizamón and Volpe Torres (2015) whose main objective is to 

provide a learning support tool for nursing students that will allow them perform 

three nursing procedures in a safe virtual laboratory: the Extraction of Blood, 

Glasgow Exploration and Glasgow Evaluation. The start menu of the eTesãi SG 

provides access to the scenarios in which the student can perform these three 

procedures. A scenario has several screens displaying relevant information 

regarding the situation of the procedure being performed. 

 SGDD. This is a document which contains details of the SG features, which are 

required for the evaluation of the SG to which the QSGame-Model is being 

applied. In addition to the SG functions and its objectives, other information 

required is whether the SG is oriented towards differently-abled users, whether 

the SG is a multiplayer game, whether the SG has any levels of difficulty, whether 

the SG is developed in a realistic environment, whether the SG is a simulation 

game, along with whether SG is an strategy game, in order to consider 

randomization in performing tasks. We have chosen this SG because although it 

is relatively easy to obtain the executable files of many SGs, this is not the case 

with the SGDDs, which are rarely available. The complete SGDD is shown in 

Appendix E Subsection 8.5.1. 

The subjects’ knowledge was sufficient for them to understand the experimental objects 

provided, and they had roughly the same background. The experimental material used in 

QE1 was in Spanish but was, however, translated into Italian by a native Italian speaker 

in order to reduce bias related to the language. The experimental material in Italian was 

used in QE1-R and QE2. 

6.1.2.2 Hypotheses formulation 

The hypotheses formulated for this study were: 
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H1,0: The Functional suitability measures are unreliable according to the evaluation of 

an SG performed by the students. H1,1: ¬H1,0 

H2,0: The Functional suitability measures are not valid according to the evaluation of 

an SG performed by the students and an expert. H2,1: ¬H2,0 

H3,0: The Usability measures are unreliable according to the evaluation of an SG 

performed by the students. H3,1: ¬H3,0 

H4,0: The Usability measures are not valid according to the evaluation of an SG 

performed by the students and an expert. H4,1: ¬H4,0 

The goal of the statistical analysis is to study whether the data are in favor or against of 

these hypotheses. In all the statistical tests performed, we decided used the significance 

level of 0.05 (Wohlin et al., 1999) and R as a statistical package (GNU, 1993). 

6.1.2.3 Variables selection 

The independent variables are: 

 Measures of the Functional suitability. 

 Measures of the Usability. 

The types of variables used in the Functional suitability and Usability measures are: 

 Dichotomous qualitative variables. These variables can take only two values: YES 

or NO .The statistical analysis was performed by considering these values as 1’s 

or 0’s. This type of variables is analyzed by means of the Cohen’s Kappa 

coefficient “k” (Kitchenham et al., 1995). 

 Ordinal qualitative variables. These variables can take different values from a 

defined scale of categories. In these studies, the ordinal variables were absolute 

numerical values. This type of variables is analyzed by means of Kendall 

coefficient of concordance ŵ (Kitchenham et al., 1995). 

The dependent variables are: 

 The reliability of the measures denotes the degree of agreement-similarity 

between the measurements obtained by different judges (students). It is associated 

with the "dispersion" of the results obtained. 

 The validity of the measures denotes the accuracy or bias of the evaluations of the 

measures performed by several judges (students) with regard to an expert 

evaluation. The ideal of the validity is for there to be very little bias between the 

judges’ evaluation and that of an expert. 
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Both dependent variables are measured in the following manner: 

 Reliability of the measures of the Functional suitability. This is determined by 

means of the degree of interrater agreement with regard to the evaluation of the 

Functional suitability measures performed by students. 

 Validity of the Functional suitability measures. The decision as to whether the 

Functional suitability measures are valid is determined on the basis of whether the 

expert’s average estimation is within the Confidence Interval (CI) at 95%, 

obtained from the average of the measures of students, otherwise the measure is 

biased (not valid). 

 Reliability of the Usability measures. This is determined by means of the degree 

of interrater agreement with regard to the evaluation of the Usability measures 

performed by students. 

 Validity of the Functional suitability measures. The decision as to whether the 

Usability measures are valid is determined on the basis of whether the expert’s 

average estimation is within the CI at 95%, obtained from the average of the 

measures of students , otherwise the measure is biased (not valid). 

6.1.2.4 Selection of subjects 

The subjects participating in these empirical studies were students from the University of 

Bari and the University of Castilla-La Mancha. The students’ participation was voluntary 

and they were selected for convenience i.e., students attending the corresponding course. 

The participants in each of the quasi-experiments and the replica had the following 

characteristics: 

 QE1. The subjects involved in this experiment were 18 4th year Computer Science 

undergraduate students from the University of Castilla La-Mancha (Ciudad Real, 

Spain) who had specialized in Software Engineering and were attending a course 

on Software Quality and Management. This course is taught by a single professor 

and is a one semester course for which a total of 6 credits can be attained. The 

course includes several practical lessons, one of which concerns software product 

quality using a tool for the static analysis of code. The quasi-experiment was 

conducted when the course was neared its completion, signifying that the students 

already had knowledge of software quality models and of the ISO/IEC 25000 

standard at the time of the quasi-experiment. In addition, the students had 

previously taken two courses on Software Engineering and some others related 

topics. 
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 QE1-R. The subjects involved in this replica were 88 3rd year Computer Science 

undergraduate students from the University of Bari (Bari, Italy) who were 

attending a course on Software Quality and Management. This course is taught by 

a single professor and it is a 12 week course with a total of 12 possible credits 

(117 hrs.) including a project work assignment in groups. The replica was 

conducted when the course had neared its completion, signifying that at the time 

of the experiment the students already had knowledge of software quality models. 

In addition, all the students had already taken courses on programming, 

algorithms and software engineering in the first and second year and had also 

carried out a software engineering project in groups. They took a Human computer 

interaction course in the third year (same semester), along with software quality 

and management, signifying that they have some notions and experience of how 

to develop software system interfaces. The knowledge that the students had 

acquired in these courses was sufficient for them to be able to run the eTesãi SG 

and evaluate it. 

 QE2. The group of subjects who participated in this quasi-experiment was the 

same group that participated in QE1-R. 

To avoid the fear of the evaluation that could cause threats to validity of these empirical 

studies, the students were informed that their grade on the course would not be affected 

by their performance. In addition, in order to prevent the mortality effect, the students 

were aware that in the final exam of the course they might have to perform similar tasks 

to those performed in the quasi-experiments. 

6.1.2.5 Experiment design 

For the evaluation of the reliability of the measures, we selected a between subjects design 

without a control group , i.e., each subject worked on the same experimental object 

(eTesãi SG) in one run. 

In case of the evaluation of the validity of the measures, we selected a between subjects 

design with an expert as a control group, i.e., each subject worked on the same 

experimental object (eTesãi SG) in one run and the results of the subjects evaluation was 

compared to the evaluation performed by an expert. 

When designing the experiment, we attempted to alleviate several issues that might 

threaten the validity of the research as suggested by Wohlin et al. (2000). With the aim 

of avoiding instrumentation effects, the material used in the experiment was checked by 

two reviewers to find possible issues. It was not necessary to modify the material used. 

In order to alleviate maturation and mortality effects, the complexity and duration of the 

experiment were checked by carrying out a pilot study with 3 undergraduate students 

from the University of Castilla-La Mancha. We considered the use of undergraduate 
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students since the intended students in these quasi-experiments and replica would have 

the same experience as those who took part in this pilot study. Based on the results of this 

pilot, we considered that the experimental object (the eTesãi SG) fitted the time 

constraints of the experiment while being sufficiently realistic as regards its simple 

operation. 

6.1.2.6 Instrumentation 

The experimental objects (the executable file of eTesãi SG and the SGDD), the QSGame-

Model and the questionnaires used for the SG evaluation were prepared during the 

instrumentation. The questionnaires used in the SG evaluation were: 

1. Questionnaire on Functional suitability. This questionnaire is composed of 51 

closed questions for the evaluation of the Functional suitability attributes and is 

intended to evaluate them by means of several questions which represents the 

quality measures of this these attributes. The questionnaire is composed of the 

following type of questions (Table 119): 

 Generic questions. Integrated by three objective generic closed questions 

(yes/no) which applied to all the eTesãi SG functions and represented the 

evaluation of three of the measures of the Functional suitability characteristic 

of the QSGame-Model (see Figure 67).  

 Questions by function. These are a total of forty-eight objective closed 

questions (yes/no) applied to each eTesãi SG function, i.e., sixteen questions 

per function ("Extraction of blood", "Explore Glasgow" and "Evaluate 

Glasgow") (see Figure 68). 

Table 119. Questions of Functional suitability questionnaire 

Question description and 

type of answer 

Applied 

to 

Functions which 

applied 

No. of 

questions 

Total 

Generic questions (yes/no) SG  3 3 

Questions by function 

(yes/no)  

SG 

functions 

Extraction of blood 

Glasgow exploration 

Glasgow evaluation 

16 48 

Total of questions in the questionnaire 51 

 

2. Questionnaire for Usability. This questionnaire is composed of 44 closed 

questions for the evaluation of the Usability attributes and is intended to evaluate 

them by means of several questions which represent the quality measures of these 

attributes. The questionnaire is composed for the following type of questions 

(Table 120): 

 Questions by function (yes/no). These are eighteen objective closed questions 

(yes/no) applied to each eTesãi SG function, i.e., six questions per function 
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("Extraction of blood", "Explore Glasgow" and "Evaluate Glasgow") (see 

Figure 70). 

 Questions by function (numeric). This block is composed of eighteen 

objective numeric closed questions about eTesãi SG functions, i.e., six 

questions per function ("Extraction of blood", "Explore Glasgow" and 

"Evaluate Glasgow") (see Figure 71). 

 Interface questions (yes/no). There are six objective closed questions (yes/no) 

concerning the eTesãi SG interfaces. The eTesãi SG is executed in two 

different interfaces, signifying that there are three questions per interface (see 

Figure 72). 

 Interface questions (numeric). This block is composed of two objective 

numeric closed questions regarding the eTesãi SG interfaces. The eTesãi SG 

is executed in two different interfaces and there is therefore one question per 

interface (see Figure 73). 

Table 120. Questions of Usability questionnaire 

Question description 

and type of answer 

Applied to Functions or interfaces 

which applied 

No. of 

questions 

Total 

Generic by function 

(yes/no) 

SG 

functions 

Extraction of blood 

Glasgow exploration 

Glasgow evaluation 

6 18 

Questions by function 

(numeric)  

SG 

functions 

Extraction of blood 

Glasgow exploration 

Glasgow evaluation 

6 18 

Interface questions 

(yes/no) 

SG 

interfaces 

Interface of Extraction 

of blood function 

Interface of Glasgow 

exploration function 

3 6 

Interface questions 

(numeric) 

SG 

interfaces 

Interface of Extraction 

of blood function 

Interface of Glasgow 

exploration function 

1 2 

Total of questions in the questionnaire 44 

3. Post-experiment survey. This is a survey consisting of eleven closed feedback 

questions in the form of statements and scaled responses with ordinals on a 5-

point Likert scale from 1 to 5. These questions are related to the use and 

comprehension of the evaluation procedure, the time assigned for the evaluation 

and the conditions of the environment in which the evaluation takes place (see 

Figure 69). In addition, this survey has 3 subjective open questions to obtain the 

students’ feedback with regard to the QSGame-Model evaluation procedure (see 

Figure 69). 

In addition to the questionnaires, other experimental materials were prepared: 
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1. The eTesãi SG evaluation procedure. In this procedure, the steps and the 

instructions needed to perform the evaluation of the quality of eTesãi SG are 

described. 

2. The QSGame-Model document. This is a document with a complete description 

of the proposed model. This document describes the quality characteristic, sub-

characteristics, attributes and measures proposed that are specific to SGs. 

During the instrumentation activity, the tasks to be performed by the subjects during the 

experiment were also designed. The objective of the tasks designed was to evaluate the 

Functional suitability and Usability by means of questionnaires. In addition, the subjects 

filled in the post-experimental survey. The filling in of the questionnaires was performed 

manually. These tasks were: 

 Fill in the generic questions in the questionnaire for Functional suitability. The 

students had to play the game for 50 minutes, performing the three SGs functions, 

following the steps outlined in the SGDD, from the start to obtain feedback and 

the final score in each of the functions. At the end, the students had to answer the 

three generic questions regarding the SG functions (see Figure 67 and Appendix 

E Subsection 8.5.2). 

 Fill in the questions by function in the questionnaire for Functional suitability. 

The subjects had to play the functions in the eTesãi SG (“Extraction of blood”, 

“Explore Glasgow” and “Evaluate Glasgow”) one by one and answer the sixteen 

questions for each SG function (see Figure 68 and Appendix E Subsection 8.5.2). 

 Fill in a post-experiment survey. After the evaluation of the Functional suitability 

characteristic of the three SGs functions, the students were asked to fill in a post-

experiment survey. The objective of this survey was to obtain feedback about 

participant’s perception of the time assigned to the SG evaluation, the evaluation 

procedure and the conditions of the context in which the evaluation had taken 

place. This feedback would later be used to interpret and explain the results 

obtained in the experiment (see Figure 69and Appendix E Subsection 8.5.4). 

 Fill in the questions in the Usability questionnaire. The students participating in 

QE2 were also asked to play the functions in the eTesãi SG and analyze its 

interfaces in order to answer questions related to the Usability quality attributes 

(see Figure 70 to Figure 73 and Appendix E Subsection 8.5.3) 
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Figure 67. Generic questions in questionnaire for Functional suitability 

 

Figure 68. Questions for function in questionnaire for Functional suitability 
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Figure 69. Post-experiment survey 

 

Figure 70. Questions for function (yes/no) in questionnaire for Usability 

 

Figure 71. Questions for function (numeric) in questionnaire for Usability 
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Figure 72. Interface questions (yes/no) in questionnaire for Usability 

 

Figure 73. Interface questions (numeric) in questionnaire for Usability 

6.1.3 Operation 

The operation activity of the experimental process concerned: preparing the subjects and 

the material needed, ensuring that the experiment was conducted according to plan and 

the design of the experiment and reviewing the data collected to ensure that it was correct 

in order to provide a valid picture of the study. The steps involved in this activity, which 

are preparation, execution and data validation, are described in the following subsections. 
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6.1.3.1 Preparation 

In addition to the instrumentation experimental objects presented in Subsections 6.1.2.6, 

other materials were prepared. These materials consisted of slides for the presentation of 

the: 

 QSGame-Model document. 

 eTesãi SG (executable file of the game) 

 Suggestions and instructions for performing the evaluation. 

A week before conducting QE1, and in order to verify that all the materials had been 

elaborated correctly and whether the duration of the experiment was adequate, a pilot 

exercise was conducted with 3 undergraduate students. This pilot study was performed 

on two consecutive days in the same manner as the experiment would be conducted. The 

objective was to simulate the quasi-experiment as realistically as possible. The feedback 

obtained from these students was used to correct some spelling mistakes and rewrite some 

questions in the evaluation questionnaire in order to make them more understandable. 

Some minor changes were also made to the presentation slides and the evaluation 

procedure. This pilot also served to ensure that the time estimated to carry out the 

experiment was sufficient. 

In addition, the Spanish version of the material was checked by 2 PhD students, and the 

Italian version by one native Italian PhD student, all of whom were students at the 

University of Castilla-La Mancha. 

6.1.3.2 Execution 

One week after the pilot study was performed, the QE1 was conducted, and a month later 

QE1-R and QE2 took place. Both studies took place in a classroom under the supervision 

of the course professor and the experimenter. The students were informed that they could 

not communicate with each other, and told that any doubt should be communicated 

directly to the experimenter. 

These empirical studies took place on two consecutive days (see Table 121). On the first 

day, the training session was carried out. The execution session started on the first day 

and was completed on the second day. The activities performed in these two sessions 

were: 

 Training session. On the first day, the training session of the experiment took place 

in a classroom and each of the students was provided with the experimental 

objects described in the Subsection 6.1.2.1. They then attended the training 

session, in which the QSGame-Model, the main features of the eTesãi SG 

functions, the procedure for the evaluation and the type of questions to be 
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answered were explained to them in detail. Some important suggestions as regards 

performing the evaluation were also highlighted. The students were not provided 

with any details of the experimental hypotheses and they were informed that the 

data collected in the experiments would be used for research purposes only and 

treated confidentially, and that their grade on the course they were taking would 

not be affected by their answers in the questionnaires of the experiment. 

 Execution session. After the training session, on the first day, the execution of the 

experiment took place in the same classroom that training session had taken place. 

The students were supervised by the course instructor (a different one depending 

on QE1, QE1-R or QE2) and one experimenter (always the same one). In order to 

become familiar with the eTesãi SG, the subjects were asked to browse through 

the eTesãi SG and play its functions for 50 minutes, after which they had to answer 

3 generic questions. At the beginning of the second day, as a reminder, some 

important suggestions as regards performing the evaluation were again 

highlighted and the experiment continued in the same classroom supervised by 

the course instructor and the experimenter. The subjects then played the eTesãi 

SG and performed its evaluation by answering the complete questionnaire for 120 

minutes. 

Table 121. Planning of the execution of the quasi-experiments 

Day Session Activity Duration 

(minutes) 

First Training Introduction to QSGame-Model 30 

Introduction to eTesãi SG 30 

Suggestions and explanations needed to 

perform the evaluation 

15 

Execution Browsing and executing eTesãi SG functions 50 

Filling in the evaluation questionnaire (3 

generic questions) 

5 

Second Execution Suggestions and explanations needed to 

perform the evaluation 

5 

Playing the eTesãi SG and filling in the 

evaluation questionnaire (48 questions on 

eTesãi SG functions and 14 questions in the 

post-experimental survey) 

120 

6.1.3.3 Data validation 

After the execution of each quasi-experiment and replica, the evaluation questionnaires 

and the post-experiment survey were collected and it was verified that each of them was 

complete. These evaluations were considered reliable, since all the subjects had 

knowledge of software quality models and the questionnaires were also complete. All the 
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data gathered were registered on an excel sheet which was designed specifically for this 

purpose. 

6.1.4 Data analysis and interpretation 

procedure 

The procedure followed to analyze the data of the quasi-experiments and replica is as 

follows: 

1. Perform an analysis of the descriptive statistics with the aim of obtaining a general 

overview of the dependent variables, i.e., the Functional suitability and Usability 

quality measures. 

2. Test the hypothesis related to the reliability of the measures:  

H1,0: The Functional suitability measures are unreliable according to the 

evaluation of an SG performed by the students. 

H3,0: The Usability measures are unreliable according to the evaluation of an 

SG performed by the students. 

The aim of this analysis is to determine the reliability of the Functional suitability 

and Usability measures. In order to corroborate the reliability of the measures, the 

interrater agreement statistical analysis was performed using the Cohen’s Kappa 

coefficient “k” for dichotomous values and the Kendall coefficient of concordance 

ŵ (Kitchenham et al., 1995) for ordinal values. As a first step in this analysis, a 

null hypothesis (H0) of work and an alternative hypothesis (Ha) were proposed. 

These hypotheses were formulated on the basis of what was to be tested, and were 

in this case based on H1,0 or H3,0. The decision as to whether or not to accept Ha 

was determined on the basis of the level of 0.05 of the p-value. If the p-value 

<0.05, then H0 would be rejected (or Ha would be accepted), signifying that we 

would accept that there is a degree of interrater agreement (students) with regard 

to the evaluation of the measures and the strength of agreement of it, estimated on 

the basis of the values of the coefficients obtained (El Emam, 1999). 

3. Test the hypothesis related to the validity of the measures: 

H2,0: The Functional suitability measures are not valid according to the 

evaluation of an SG performed by the students and an expert. 

H4,0: The Usability measures are not valid according to the evaluation of an SG 

performed by the students and an expert. 
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The aim of this analysis was to determine the validity of the Functional suitability 

and Usability measures. To corroborate the validity of the measures (i.e., the 

accuracy or bias of the measure), the analysis was based on: 

3.1.Confidence Intervals (CI). The CI is a procedure that is quite often used in the 

standards and whose steps are 1) the average of the evaluation of students (for 

dichotomous values) or the median (for ordinal values) are calculated, 2) the 

CIs at 95% are constructed for each average or median of students, and 3) the 

decision regarding the validity of the measure is determined on the basis of 

whether the expert’s average estimation is within the CI, otherwise the 

measure is biased (not valid). 

3.2.Interrater agreement (students and an expert). Another approximation of the 

validity is that of calculating the interrater agreement with students and an 

expert as raters. If the degree of the interrater agreement when the raters are 

students with regard to interrater agreement when the raters are students and 

an expert is not very different, it can be argued that the measure is favorable 

to the validity. 

4. Perform the analysis of the descriptive statistics of the data collected from the 

post-experiment questionnaire and illustrate it with box-plot graphs. This 

information could be used to explain the results of this study. 

6.2 Data analysis and interpretation of the 

results 

In order to facilitate the data analysis, the questions from the questionnaires of QE1, QE1-

R and QE2 were organized into dimensions, i.e., groups of questions. In the following 

subsection, the dimensions for both Functional suitability and Usability questionnaires 

are described followed by the procedure used to analyze the data presented in Subsection 

6.1.4., the descriptive statistics, the test of the hypotheses related to the reliability and 

validity of the measures and the analysis of the post-experimental survey are presented. 

6.2.1 Dimensions of group of questions in the 

questionnaires 

This subsection, describes the dimensions of groups of questions for the Functional 

suitability questionnaire and for the Usability questionnaire. 
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6.2.1.1 Functional suitability questionnaire 

This questionnaire was composed of fifty-one closed questions for the evaluation of the 

Functional suitability attributes and was intended to evaluate them by means of several 

questions in order to obtain the quality measures of these attributes. Statistically, these 

questions represented a kind of dichotomous variable whose answer can take the value of 

"yes" or "no". The questionnaire was grouped in four dimensions or groups of questions 

(Table 122 shows the nomenclature of these questions): 

 F-GROUP 1. This dimension was integrated by means of three objective 

generic closed questions which applied to all the eTesãi SG functions and 

represented the evaluation of three of the Functional suitability characteristic 

measures in the QSGame-Model.  

 F-GROUP 2, F-GROUP 3 and F-GROUP 4. Each of these dimensions 

consisted of sixteen objective closed questions applied to each of the eTesãi 

SG functions. F-GROUP 2 refers to the questions applied to the "Extraction 

of blood" function, F-GROUP 3 refers to the questions applied to the "Explore 

Glasgow" function and F-GROUP 4 contained questions related to the 

"Evaluate Glasgow" function. These questions represented the evaluation of 

sixteen of the Functional suitability characteristic measures which applied to 

the three SG functions, giving a total of forty-eight questions. 

Table 122. Groups of questions in the Functional suitability questionnaire 

Dimension Nomenclature Function(s) 

where 

applied 

F-GROUP 

1 

FQi.1; where i takes values from 

1 to 3 

All the 

eTesãi SGs 

functions 

F-GROUP 

2 

FQi.2; where i takes values from 

1 to 16 

Extraction 

of blood 

F-GROUP 

3 

FQi.3; where i takes values from 

1 to 16 

Glasgow 

exploration 

F-GROUP 

4 

FQi.4; where i takes values from 

1 to 16 

Glasgow 

evaluation 

6.2.1.2 Usability questionnaire 

This questionnaire was composed of forty-four closed questions for the evaluation of the 

Usability attributes and was intended to evaluate them by means of several questions in 

order to obtain the quality measures of these attributes. Statistically, these questions 

represented two kind of variables: 1) a dichotomous variable whose answer can take the 

value of "yes" or "no" and 2) ordinal variables whose answer takes a range of ordinal 
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values. The questionnaire was grouped in three dimensions of groups of questions and its 

nomenclature is show in Table 123. 

Table 123. Groups of questions in the Usability questionnaire 

Dimension Sub dimensions and nomenclature of the questions Function(

s) where 

applied 

U-GROUP 

1 

USG1-1 - UQi.1; where i takes values from 1 to 6 

USG1-2 - UNQ i.1; where i takes values from 1 to 7 

USG1-3 - UQ i.1; where i takes values from 7 to 9 

USG1-4 - UNQ i.1; where i takes a value of 8 

Extraction 

of blood 

U-GROUP 

2 

USG2-1 - UQi.2; where i takes values from 1 to 6 

USG2-2 - UNQ i.2; where i takes values from 1 to 6 

USG2-3 - UQ i.2; where i takes values from 7 to 9 

USG2-4 - UNQ i.2; where i takes a value of 7 

Glasgow 

exploratio

n 

U-GROUP 

3 

USG3-1 - UQ i.3; where i takes values from 1 to 6 

USG3-2 - UNQ i.3; where i takes values from 1 to 6 

Glasgow 

evaluation 

 

A brief description of each of these dimensions is shown as follows: 

 U-GROUP 1 and U-GROUP 2. The questions in these dimensions were applied 

to the “Extraction of blood” and “Explore Glasgow” functions. These questions 

represented the evaluation of sixteen of the Usability characteristic measures by 

means of thirty-two questions applied to both functions. These questions were: 

 Six objective closed generic questions with a dichotomous variable answer. 

 Six objective closed generic questions with a numeric answer. 

 Three objective closed interface questions with a dichotomous variable 

answer. 

 One objective closed interface question with a numeric answer  

 U-GROUP 3. Dimension, which refers to the evaluation of twelve of the Usability 

characteristic measures by means of twelve questions applied to the "Evaluate 

Glasgow" function. The questions in this group are: 

 Six objective closed generic questions with a dichotomous variable answer. 

 Six objective closed generic questions with a numeric answer. 
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6.2.2 Descriptive statistical analysis of the 

measures 

The objective of this descriptive statistical analysis was to describe the students’ answers 

by means of dimensions of questions of the questionnaires applied to them in order to 

evaluate the quality measures of the Functional suitability and Usability of the Tesãi SG. 

The descriptive statistical analysis was performed by taking into account the types of 

variables described in Subsection 6.2.1.3. The descriptive statistical analysis for the 

Functional suitability measures (QE1 and QE1-R) and for the Usability measures (QE2) 

are presented in the following subsections. 

6.2.2.1 Descriptive statistical analysis for Functional suitability measures 

(QE1 and QE1-R) 

This descriptive statistical analysis was performed taking into account the four 

dimensions or groups of questions for Functional suitability measures (F-GROUP 1, F-

GROUP 2, F-GROUP 3 and F-GROUP 4) described in Subsections 6.2.1.1. The type of 

the variable of these questions are dichotomous variables called FQi.j. The indices used 

in these names meaning the following: for example, the variable called FQi.3 is the i th 

dichotomous question of Functional suitability belonging to F-GROUP 3. 

All the questions of these four dimensions are dichotomous, with the exception of 

question FQ1.1 in F-GROUP 1. Because the values observed in this question can be 

classified as "1" or "no 1", the analysis of them was similar to the analysis of the 

dichotomous variables. This analysis can be carried out either by analyzing the percentage 

of YESs – the P(YES)- or by analyzing the percentage of NOs -the P(NO)- of the answers. 

As mentioned previously, the values of these variables are analyzed as 0’s or 1’s, such 

that obtaining values of the variable that are either closest to 0 or closest to 1 signifies 

that the students’ answers agree. Intermediate value of the variable signify that the 

students’ answers no not agree. The descriptive statistical analysis for the four dimensions 

of QE1 and QE1-R are shown in Figure 74, Figure 75, Figure 76 and Figure 77. 

The results obtained for F-GROUP 1 in both QE1 and QE1-R show a very favorable 

percentage of agreement by the students for FQ1.1 with regard to P(YES) and for FQ3.1 

with regard to P(NO). In FQ1.2, there is an unfavorable percentage of agreement by the 

students. FQ3.1is a question which refers to the use of controls to operate the SG. One 

possible reason for this unfavorable percentage of agreement by the students as regards 

the answers to this question could be that the definition of this concept in the glossary 

was confusing. 
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Figure 74. Descriptive statistical analysis of P(YES) for F-GROUP 1 of QE1 and QE1-R 

The questions in dimensions F-GROUP 2, F-GROUP 3 and F-GROUP 4 refer to the same 

measures but applied to different SG functions. In these three dimensions, and 

considering the results of both QE1 and QE1-R, it is important highlight the following. 

 The results obtained for questions FQ8.jFQ12.j and FQ14.j (where j=2,3,4) show an 

unfavorable percentage of agreement by the students. 

  Possible reasons for this are: 

 FQ8.j. This question is related to whether the progress of the SG function 

is correct in accordance with what is specified in SGDD. The definition of 

SG in the glossary confused the students. 

 FQ12.j and FQ14.j.The first of these two questions was related to carrying 

out tasks of the SG function in a random fashion and the second was 

related to whether these tasks were relevant to the story and narrative of 

the SG. In both cases the right answer to these questions should have been 

"NOT APPLICABLE" but the questionnaires only had the "YES" or "NO" 

answers. 

 In questions FQ5.j, FQ6.j and FQ15.j (where j=2,3,4), although the results are 

favorable in both QE1 and QE1-R, they are favorable in an opposite way. For 

example, for the results of question FQ15.j (where j=2,3,4) the three dimensions in 

QE1 show a very favorable percentage of agreement by students with regard to 

P(NO) and the three dimensions in QE1-R show a very favorable percentage of 

agreement by the students with regard to P(YES). The possible reasons for this 

are: 
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 FQ5.j, and FQ6.j.These questions refer to whether the function allows the 

player to share the challenges met and the rewards obtained, respectively, 

online. These functionalities were available in the original version of the 

SG and this was specified in the SGDD. The eTesãi SG was evaluated 

with a version for Windows, and although the students were warned that 

these functionalities would not be available at that moment, many of them 

evaluated the SG as if the game did not have them. 

 FQ15.j.This question caused confusion among students 

 

Figure 75. Descriptive statistical analysis of P(YES) for F-GROUP 2 of QE1 and QE1-R 

 

Figure 76. Descriptive statistical analysis of P(YES) for F-GROUP 3 of QE1 and QE1-R 
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Figure 77. Descriptive statistical analysis of P(YES) for F-GROUP 4 of QE1 and QE1-R 

The F-GROUP 3 dimension has an unfavorable percentage of agreement by the students 

as regards some other questions (questions FQ2.3, FQ4.3 and FQ10.3). This is probably due 

to implementation problems in the SG function "Explore Glasgow" because the questions 

in this dimension are related to this function. 

The dimension of F-GROUP 2 show a favorable percentages of agreement by the students 

for the rest of the questions. 

The F-GROUP 4 dimension also show a favorable percentages of agreement by the 

students for the rest of the questions and results of this dimension has similarities with 

results of the F-GROUP 2 dimension. 

6.2.2.2 Descriptive statistical analysis for Usability measures (QE2) 

In this subsection, the descriptive statistical analysis for the Usability measures is 

presented. The analysis is performed by taking into account the three dimensions, or 

groups of questions U-GROUP 1, U-GROUP 2 and U-GROUP 3 for Usability measures, 

which are described in Subsection 6.2.1.2. These dimensions are in turn composed of sub 

dimensions called USG1 for U-GROUP 1, USG2 for U-GROUP 2 and USG3 for U-

GROUP 3. 

According to the type of the variable of the questions, these sub dimensions are grouped 

in questions of dichotomous variables called UQi.j and question of numeric variables 

called UNQi.j. The indices used in these names meaning the following: for example, the 

variable called UQi.3 is the i th dichotomous question of Usability belonging to the sub 

dimension 3 and the variable called UNQi.2 is the ith numeric question of Usability that 

belongs to the sub dimension 2. 
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In the case of the dichotomous variables, the analysis is carried out by analyzing the 

P(YES) or the P(NO) of the answers and for ordinal variables this is done by means of 

box-plot graphs. The descriptive statistical analysis as regards the Usability questionnaire 

of QE2 for the dichotomous variables are shown in Figure 78, Figure 79 and Figure 80;  

those for the ordinal variables of absolute numeric values are shown in Figure 81, Figure 

82 and Figure 83. 

The results obtained revealed that with regard to dichotomous variables, in the three 

dimensions of the Usability questionnaire there are a favorable percentage of agreement 

by the students in the answers to these questions, with the exception of question UQ5.1 

and questions UQ2.2 and UQ3.2. With regard to UQ5.1, the response of the SG was 

sometimes rather slow, thus giving the students the impression that they could not correct 

the operations performed incorrectly. With regard to the students’ disagreement in 

question UQ2.2, the reason for this could be that the SGDD did not clearly mention 

whether the "Explore Glasgow" function would give the player a reward when s/he met 

challenge, resulting in confusion. 

 

Figure 78. Descriptive statistical analysis of P(YES) for sub dimensions USG1-1 and USG1-3 of U-

GROUP 1 in QE2 
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Figure 79. Descriptive statistical analysis of P(YES) for sub dimensions USG2-1 and USG2-3 of U-

GROUP 2 in QE2 

 

Figure 80. Descriptive statistical analysis of P(YES) for sub dimension USG3-1 of U-GROUP 3in 

QE2 

The remaining dichotomous questions in the three dimensions of the Usability 

questionnaire show favorable percentages of agreement by the students and these results 

also have similarities. It is important to note that questions UQ7.j, UQ8.j and UQ9.j (where 

j=1,2), which refer to the general design of the interfaces, have very favorable percentages 

as regards the students’ agreement. 

With regard to the ordinal variables of the absolute numerical values, the results show 

that in the answers to questions UNQ1.j, UNQ4.j, UNQ6.j, UNQ7.j(where j=1,3) and 

question UQN8.1 there is a lot of dispersion. However, these questions were scored with 

a similar value by approximately 50% of the students in questions UNQ1.j, UNQ4.j (where 

j=1,3) and UQN8.1, and by more than 75% of the students in question UNQ7.j (where 
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j=1,3). Question UNQ1.j (where j=1,3) was scored with a similar value by only 25% of 

students. A possible reason of these results could be that in the post-experimental survey, 

students expressed that the answers to these questions were difficult to interpret and 

calculate. To answer these questions the student ought to count some aspects of the game 

such as number of progress messages, number of input fields, etc. Students suggested 

redesign these questions in order to they can be easier to answer for them. 

The results on the dimension U-GROUP 2 show dispersion in all the questions. This could 

be owing to the fact that the SG function "Explore Glasgow" had problems when it is 

running. 

 

Figure 81. Descriptive statistical analysis for sub dimensions USG1-2 and USG1-4 of U-GROUP 1 

in QE2 

 

Figure 82. Descriptive statistical analysis for sub dimensions USG2-2 and USG2-4 of U-GROUP 2 

in QE2 
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Figure 83. Descriptive statistical analysis for sub dimension USG3-2 of U-GROUP 3 in QE2 

6.2.3 Reliability evaluation of the measures: 

testing H1,0 and H3,0 

The reliability of the measures of both Functional suitability and Usability were evaluated 

using the statistical method of interrater agreement (students as raters). The statistical 

analysis was performed by taking into account the dimensions (or group of questions) 

described in Subsection 6.2.1.1, for the Functional suitability measures, and 6.2.1.2 for 

the Usability measures. 

The statistics employed were Cohen’s Kappa “k” for dichotomous variables and the 

Kendall coefficient of concordance “ŵ” for ordinal variables. A considerable amount of 

dispersion between the subjects’ evaluations signifies unreliability (low interrater 

agreement) or little agreement (a lot of dispersion== unreliability == little agreement). A 

high interrater agreement is desirable in order to give credibility to the evaluation results 

(see Table 124). 

Table 124. Interpretation of the Kappa coefficients (El Emam, 1999) 

Altman Kappa statistic Strength of agreement 

0.20 Poor 

0.21-0.40 Fair 

0.41-0.60 Moderate 

0.61-0.80 Good 

0.81-1.00 Very Good 

Fleiss Kappa statistic Strength of agreement 

<0.40 Poor 

0.41-0.75 Intermediate to Good 

>0.75 Excellent 
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In the following subsections the reliability evaluation of the Functional suitability 

measures performed in QE1 and QE1-R and the reliability evaluation of the Usability 

measures performed in QE2 are presented. 

6.2.3.1 Reliability evaluation of the Functional suitability measures (QE1 

and QE1-R): testing H1,0 

This study is intended to test the null hypothesis H1,0 formulated in Subsection 6.1.2.2, on 

the basis of the results of QE1 and QE1-R. As mentioned in Subsection 6.1.4., as a first 

step in the interrater agreement statistical analysis, a null hypothesis (H0) of work and an 

alternative hypothesis (Ha) are established. Because the statistical analysis of the 

reliability of the Functional suitability measures is performed using four dimensions 

(Table 122), it is necessary to establish a null and an alternative hypothesis for each 

dimension. The hypotheses formulated are described in Table 125. 

The answers to the questionnaires used in QE1 and QE1-R are dichotomous variables 

with the exception of one of the answers in the F-GROUP 1 questionnaire which is an 

ordinal variable with values from 1 to 4. Because this response was answered by all the 

students with only the value of 1, it was treated as a dichotomous variable. The reliability 

analysis of the Functional suitability measures of QE1 and QE1-R was therefore 

performed with an interrater agreement statistical analysis using the Kappa coefficient. 

The reliability of the Functional suitability measures per dimension for QE1 and QE1-R 

are shown in Table 126 and Table 127 respectively. 

Table 125. Null and alternative hypotheses for interrater agreement analysis for reliability 

evaluation of the four dimensions of Functional suitability measures based on H1,0 hypothesis 

(Subsection 6.1.2.2) 

Dimension Null hypotheses Alternative 

hypotheses 

F-GROUP 1 H1,1,0: The F-GROUP 1 Functional suitability measures are unreliable 

according to the evaluation of an SG performed by the students. 

H1,1,1: ¬ 

H1,1,0 

F-GROUP 2 H1,2,0: The F-GROUP 2 Functional suitability measures are unreliable 

according to the evaluation of an SG performed by the students. 

H1,2,1: ¬ 

H1,2,0 

F-GROUP 3 H1,3,0: The F-GROUP 3 Functional suitability measures are unreliable 

according to the evaluation of an SG performed by the students. 

H1,3,1: ¬ 

H1,3,0 

F-GROUP 4 H1,4,0: The F-GROUP 4 Functional suitability measures are unreliable 

according to the evaluation of an SG performed by the students. 

H1,4,1: ¬ 

H1,4,0 

Table 126. Results of QE1 of the reliability of the Functional suitability measures per dimension: 

Kappa coefficient 

Dimension p-value Kappa 

(students) 

Strength of 

agreement 

F-GROUP 1 0 0.647 Good 

F-GROUP 2 0 0.504 Moderate 

F-GROUP 3 0 0.301 Fair 
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Dimension p-value Kappa 

(students) 

Strength of 

agreement 

F-GROUP 4 0 0.514 Moderate 

Table 127. Results of QE1-R of the reliability of the Functional suitability measures per dimension: 

Kappa coefficient 

Dimension p-value Kappa 

(students) 

Strength of 

agreement 

F-GROUP 1 0.477 -0.0127  

F-GROUP 2 0 0.730 Good 

F-GROUP 3 0 0.691 Good 

F-GROUP 4 0 0.700 Good 

 

As an example, in the dimension F-GROUP 1 of QE1 (Table 126) the p-value is equal to 

0, and the condition that p-value <0.05 is therefore satisfied (Subsection 6.1.4). This leads 

us to reject the null hypothesis for this dimension H1,1,0 (Table 125) and accept the 

alternative hypothesisH1,1,1: ¬ H1,1,0. We can therefore accept that the students do agree 

on the evaluation of the Functional suitability measures of F-GROUP 1. The strength of 

agreement of F-GROUP 1 (0.647), which is based on the Kappa coefficients, is "Good" 

(Table 124). This means that there is a good reliability as regards the evaluation of these 

Functional suitability measures of F-GROUP 1. 

The results of the reliability evaluation of the Functional suitability measures in QE1 

show that although there are interrater agreements in the four dimensions (Table 126), F-

GROUP 1 is that with the best strength of agreement (Good) and F-GROUP 3 is that with 

the worst (Fair). F-GROUP 2 and F-GROUP 4 have the same of the strength of agreement 

which is Moderate. The reason why the F-GROUP 3 has this strength of agreement may 

be owing to implementation problems in the SG function "Explore Glasgow" which were 

detected in QE1. The students who participated in QE1-R were therefore warned about 

this and they improved the evaluation on these measures. 

In QE1-R the results show there is an interrater agreement in three of the four dimensions 

of the Functional suitability (Table 127). The strength of agreement in F-GROUP 2, F-

GROUP 3 and F-GROUP 4 is greater than those in QE1, but there is not strength of 

agreement in the F-GROUP 1 dimension. These could be because, according to the results 

of the post-experimental survey, some glossary terms related to certain questions on this 

dimension seemed incomprehensible to the students in QE1-R. 

Because there is an interrater agreement in the results of the evaluation of the measures 

in three dimensions of the Functional suitability (F-GROUP 2, F-GROUP 3 and F-

GROUP 4) in both QE1 and QE1-R the corresponding null hypotheses of these 

dimensions formulated in Table 125 are rejected and the alternative ones are accepted 

indicating that the Functional suitability measures of F-GROUP 2, F-GROUP 3 and F-

GROUP 4 are reliable according to the evaluation of an SG performed by the students. 



 

242  Data analysis and interpretation of the results 

 

  

 

 

The hypothesis H1,1,0 related to Functional suitability measures of F-GROUP 1 is rejected 

in QE1 and accepted in QE1-R meaning that for the students in QE1 the measures of F-

GROUP 1 are reliable and for the students in QE1-R the measures of F-GROUP 1 are 

unreliable. 

Therefore the null hypothesis H1,0 (Subsection 6.1.2.2) cannot be rejected because one of 

the hypothesis that emerged from it, has been accepted in QE1-R. However since the 

other hypotheses are rejected, it can be said that to some extent that the Functional 

suitability measures are reliable according to the evaluation of an SG performed by the 

students. 

6.2.3.2 Reliability evaluation of the Usability measures (QE2): testing H3,0 

The objective of the reliability evaluation of the Usability measures was to test the null 

hypothesis H3,0 (Subsection 6.1.2.2) on the basis of the results of QE2. This study is 

similar to that presented in Subsection 6.2.3.1. The statistical analysis of the reliability of 

the Usability measures is performed basis on the dimensions U-GROUP 1, U-GROUP 2 

and U-GROUP 3 and sub dimensions USG1, USG2, USG3 and USG4 show in Table 

122. 

It is important to note that for the reliability evaluation of the Usability measures in QE2, 

the decision was made to include the measure of the USG1-4 and of the USG2-4 within 

the USG1-2 and USG2-2 respectively, because the evaluation of this numeric question 

for each of these sub dimensions alone was very poor. Therefore the analysis was 

performed for U-GROUP 1 and U-GROUP 2 dimensions into the sub dimensions USG1, 

USG2 and USG3 and for the U-GROUP 3 dimension in the sub dimensions USG1 and 

USG2. As a first step in this analysis, a null and an alternative hypothesis for each 

dimension of Usability defined in Subsection 6.2.1.2 was established (Table 128). 

The answers to the questionnaires used in QE2 are both dichotomous and numeric 

variables, and the reliability analysis of the measures of Usability was therefore 

performed with an interrater agreement statistical analysis using the Kappa coefficient for 

dichotomous values and the Kendall coefficient for the numerical values. The reliability 

evaluation of the Usability measures per dimension for QE2 are shown in Table 129. 

Table 128. Null and alternative hypotheses for interrater agreement analysis for reliability 

evaluation of the three dimensions of Usability measures based on H3,0 hypothesis (Subsection 

6.1.2.2) 

Dimension Null hypotheses Alternative 

hypotheses 

U-GROUP 1 H3,1,0: The U-GROUP 1 Usability measures are unreliable according to 

the evaluation of an SG performed by the students. 

H3,1,1: ¬ 

H3,1,0 

U-GROUP 2 H3,2,0: The U-GROUP 2 Usability measures are unreliable according to 

the evaluation of an SG performed by the students. 

H3,2,1: ¬ 

H3,2,0 
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Dimension Null hypotheses Alternative 

hypotheses 

U-GROUP 3 H3,3,0: The U-GROUP 3 Usability measures are unreliable according to 

the evaluation of an SG performed by the students. 

H3,3,1: ¬ 

H3,3,0 

 

Table 129. Results of QE2 of the reliability evaluation of the Usability measures per dimension: 

Kappa and Kendall coefficients 

Dimension Kappa 

 

Kendall  

ŵ 

Strength of 

agreement 

U-GROUP 1 

USG1-1  0.500  Moderate 

USG1-2  0.373 Fair 

USG1-3 0.401  Moderate 

U-GROUP 2 

USG2-1 0.512  Moderate 

USG2-2   0.116 Poor 

USG2-3 0.572  Moderate 

U-GROUP 3 

USG3-1 0.700  Good 

USG3-2  0.179 Poor 

 

The results of the reliability evaluation of Usability measures in QE2 show that there is 

an interrater agreement in the three dimensions of Usability (Table 129). However, the 

subgroups 2 of each dimension are those that show less strength of agreement. The 

questions in these subgroups refer to numerical measures that have to do with the 

evaluation of the interface in which the function is executed. The results of the post-

experimental survey show that these questions were difficult for the students to interpret 

and calculate. Because there is an interrater agreement in the results of the evaluation of 

the measures in the three dimensions of Usability, the four null hypotheses formulated in 

Table 128 are rejected and the alternative ones are accepted. The null hypothesis H3,0 

(Subsection 6.1.2.2) is therefore rejected and the alternative hypothesis H3,1: ¬ H3,0 is 

accepted, indicating that the Usability measures are reliable according to the evaluation 

of an SG performed by the students. 

6.2.4 Validity evaluation of the measures: testing 

H2,0 and H4,0 

In order to evaluate the validity of both the Functional suitability and Usability measures, 

the validity analysis is based on: 1) CI and 2) an interrater agreement (students and an 

expert) (Subsection 6.1.4). The statistical analysis was performed by taking into account 

the dimensions (or group of questions) described in Subsections 6.2.1.1 for Functional 

suitability measures and 6.2.1.2 for Usability measures, respectively. 
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The aim of this analysis is to corroborate the validity of the Functional suitability and 

Usability measures of the students and an expert. In the following subsections, the validity 

evaluation of the Functional suitability measures performed in QE1 and QE1-R and the 

validity evaluation of the Usability measures performed in QE2 are presented. 

6.2.4.1 Validity evaluation of the Functional suitability measures (QE1 and 

QE1-R): testing H2,0 

This study is intended to test the null hypothesis H2,0 formulated in Subsection 6.1.2.2 on 

the basis of the results of QE1 and QE1-R. The validity evaluation of the Functional 

suitability measures is based on the dichotomous values of the answers of the Functional 

suitability questionnaires used in QE1 and QE1-R, which are described in Subsection 

6.2.1.1. In the following subsections, the validity evaluation of the Functional suitability 

measures based on both CI and an interrater agreement (students and an expert) is 

presented. 

6.2.4.1.1 . Validity evaluation of the Functional suitability measures based 

on CI 

As a first step in the statistical studies based on CI for dichotomous variables (Subsection 

6.1.4), the averages of the students per dimension were calculated and the CI was 

subsequently set at 95%. The expert’s average estimate for each dimension was the basis 

used to make the decision regarding the validity of these measures. Table 130 and Table 

131 show the evaluation of the Functional suitability measures per dimension in QE1 and 

in QE1-R as regards the validity, respectively. 

As an example, in the F-GROUP 1 of QE1 (Table 130) the expert’s estimated average is 

equal to 0 and this value is not within the CI for this dimension. The decision made was, 

therefore, that measures of the F-GROUP 1 of QE1are not valid. The statistical analysis 

based on CI at 95% for the validity of the Functional suitability measures for both QE1 

and QE1-R showed that the measures are not valid in all the dimensions. The null 

hypothesis H2,0 (Subsection 6.1.2.2) is therefore accepted and the alternative hypothesis 

H2,1: ¬ H2,0 is rejected, indicating that the Functional suitability measures are not valid 

according to the quality evaluation of an SG performed by the students and an expert. 

Table 130. Results of QE1 of the validity evaluation of the Functional suitability measures per 

dimension: based on CI 

Dimension CI at 95% Expert’s 

average 

Decision 

F-GROUP 1 (0.1138310, 0.4156571) 0 Not valid 

F-GROUP 2 (0.02024142, 0.06942444) 0.6875 Not valid 

F-GROUP 3 (0.5869894, 0.6969190) 0.25 Not valid 

F-GROUP 4 (0.6668723, 0.7793164) 0.5625 Not valid 
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Table 131. Results of QE1-R of the validity evaluation of the Functional suitability measures per 

dimension: based on CI 

Dimension CI at 95% Expert’s 

average 

Decision 

F-GROUP 1 (0.4035714, 0.5607136) 0 Not valid 

F-GROUP 2 (0.6111684, 0.6662631) 0.6875 Not valid 

F-GROUP 3 (0.4209261 0.4768291) 0.25 Not valid 

F-GROUP 4 ( 0.6070054, 0.6618691) 0.5625 Not valid 

6.2.4.1.2 . Validity evaluation of the Functional suitability measures based 

on interrater agreement: students and an expert as raters 

This statistical analysis is based on an interrater agreement (students and an expert), and 

the process used to perform this is very similar to that presented in Subsection 6.2.3.1. Be 

expected that, if the measures are valid with respect to the expert, the degree of agreement 

including the expert is similar to that obtained by considering only students. 

The first step in this analysis was therefore to establish a null and an alternative hypothesis 

for each dimension of Functional suitability defined in Subsection 6.2.1.1. The 

formulation of these hypotheses was based on the H2,0 null hypothesis formulated in 

Subsection 6.1.2.2. The hypotheses formulated per dimension are described in Table 132. 

The validity analysis of the Functional suitability measures of QE1 and QE1-R was 

performed with an interrater agreement statistical analysis using the Kappa coefficient. 

The validity evaluation of the measures of Functional suitability per dimension for QE1 

and QE1-R are shown in Table 133 and Table 134, respectively. 

Table 132. Null and alternative hypotheses for interrater agreement analysis for validity evaluation 

of the four dimensions of Functional suitability measures based on H2,0 hypothesis (Subsection 

6.1.2.2) 

Dimension Null hypotheses Alternative 

hypotheses 

F-GROUP 1 H2,1,0: The F-GROUP 1 Functional suitability measures are not valid 

according to the evaluation of an SG performed by the students and an 

expert. 

H2,1,1: ¬ 

H2,1,0 

F-GROUP 2 H2,2,0: The F-GROUP 2 Functional suitability measures are not valid 

according to the evaluation of an SG performed by the students and an 

expert. 

H2,2,1: ¬ 

H2,2,0 

F-GROUP 3 H2,3,0: The F-GROUP 3 Functional suitability measures are not valid 

according to the evaluation of an SG performed by the students and an 

expert. 

H2,3,1: ¬ 

H2,3,0 

F-GROUP 4 

 

H2,4,0: The F-GROUP 4 Functional suitability measures are not valid 

according to the evaluation of an SG performed by the students and an 

expert. 

H2,4,1: ¬ 

H2,4,0 

 

Table 133. Results of QE1 of the validity evaluation of the Functional suitability measures per 

dimension: based on an interrater agreement with students and expert as raters, Kappa coefficient 
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Dimension Kappa (students) Kappa (students + expert) Strength of 

agreement 

(validity) 

F-GROUP 1 0.647 0.651 Good 

F-GROUP 2 0.504 0.516 Moderate 

F-GROUP 3 0.301 0.269 Fair 

F-GROUP 4 0.514 0.512 Moderate 

 

Table 134. Results of QE1-R of the validity evaluation of the Functional suitability measures per 

dimension: based on an interrater agreement with students and expert as raters, Kappa coefficient  

Dimension Kappa 

(raters: students) 

Kappa 

(raters: students + expert) 

Strength of 

agreement 

(validity) 

F-GROUP 1 -0.0127 0.321 Fair 

F-GROUP 2 0.730 0.632 Good 

F-GROUP 3 0.691 0.614 Good 

F-GROUP 4 0.700 0.712 Good 

 

Results show that, it can generally be observed that the strength of agreement is not 

distorted when an expert is included in the evaluation, i.e., the expert’s evaluation does 

not distort the strength of agreement when the raters are only students. As the degree of 

the interrater agreement when the raters are students with regard to the interrater 

agreement when the raters are students and an expert is not very different, it can be argued 

that the measure is favorable to the validity. Because there are strength of agreement in 

the results of the evaluation of the measures in the four dimensions of the Functional 

suitability in both QE1 and QE1-R, the four null hypotheses formulated in Table 132 are 

rejected and the alternative ones are accepted. The null hypothesis H2,0 (Subsection 

6.1.2.2) is therefore rejected and the alternative hypothesis H2,1: ¬ H2,0 is accepted, 

indicating that the evaluation results of the Functional suitability measures seem 

favorable to the validity according to the evaluation of an SG performed by the students 

and an expert. 

6.2.4.2 Validity evaluation of the Usability measures (QE2): testing H4,0 

The aim of this study is to test the null hypothesis H4,0 formulated in Subsection 6.1.2.2 

on the basis of the results of QE2. The validity evaluation of the Usability measures is 

based on the dichotomous and numeric values of the answers in the Usability 

questionnaires used in QE2 (Subsection 6.2.1.2) and is performed on the basis of both CI 

and an interrater agreement of students and an expert. In the following subsections, the 

validity evaluation of the Usability measures is presented. 
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6.2.4.2.1 . Validity evaluation of the Usability measures based on CI 

The process followed in this statistical study is similar to that described in subsection 

6.2.4.1.1 with regard to dichotomous values. In order to construct the CI at 95% of 

numeric variables, in this study it is also necessary perform the calculation of the median 

of students. Once the CI is set, the expert’s average estimate for each dimension is used 

as the basis for the decision regarding the validity of these measures. Table 135 shows 

the validity evaluation of the Usability measures per dimension in QE2. The statistical 

analysis was based on CI at 95% for the validity of the Usability measures, and showed 

that the measures were not valid in all the dimensions with the exception of a variable 

that was evaluated alone. The null hypothesis H4,0 (Subsection 6.1.2.2) is therefore 

accepted and the alternative hypothesis H4,1: ¬ H4,0 is rejected, indicating that the Usability 

measures are not valid according to the quality evaluation of an SG performed by the 

students and an expert. 

Table 135. Results of QE2 of the validity evaluation of the Usability measures per dimension: based 

on CI 

Dimension CI at 95% Expert’s 

average 

Decision 

U-GROUP 1 

USG1-1  (0.3188465, 0.4251656) 0.500 Not valid 

USG1-2 (4.50, 6.28) 3.14 Not valid 

USG1-3 (0.7952625, 0.8884931) 0.66666 Not valid 

USG1-4 (0, 1.054) 0 Valid 

U-GROUP 2 

USG2-1  (0.3852771,0.4773643) 0.500 Not valid 

USG2-2 (0.69,1.30) 0.500 Not valid 

USG2-3 (0.8133959,0.9056595) 0.667 Not valid 

USG2-4 (0, 0.21) 0.08 Valid 

 

As with the validity evaluation based on CI described in Subsection 6.2.4.1.1, we also 

believe that these results are, to some extent, unreliable because only an expert’s 

evaluation is being considered, and in order to obtain more reliable results it would be 

necessary to obtain evaluations from more experts, and even perform the statistical 

analysis upside down, i.e., construct a CI of the experts’ average and make the decision 

regarding the validity of the measures if the estimate average of students is within the 

experts’ CI. 

6.2.4.2.2 . Validity evaluation of the Usability measures based on interrater 

agreement: students and an expert as raters 

This statistical analysis is very similar to that presented in Subsection 6.2.4.1.2, in which 

the validity evaluation of the measures is performed on the basis of an interrater 

agreement (students and an expert). Be expected that, if the measures are valid with 
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respect to the expert, the degree of agreement including the expert is similar to that 

obtained by considering only students. 

The first step in this analysis was to establish a null and an alternative hypothesis for each 

dimension of Usability defined in Subsection 6.2.1.2. The formulation of these 

hypotheses was based on the H4,0 null hypothesis formulated in Subsection 6.1.2.2. The 

hypotheses formulated per dimension are described in Table 136. 

The answers to the questionnaires used in QE2 are both dichotomous and numeric 

variables, and the validity evaluation of the Usability measures was therefore performed 

with an interrater agreement statistical analysis using the Kappa coefficient for 

dichotomous values and the Kendall coefficient for the numerical values. The validity 

evaluation of the Usability measures per dimension for QE2 are shown in Table 137. 

Table 136. Null and alternative hypotheses for an interrater agreement analysis for validity 

evaluation of the four dimensions of Usability measures based on H4,0 hypothesis (Subsection 

6.1.2.2) 

Dimension Null hypotheses Alternative 

hypotheses 

U-GROUP 1 H4,1,0: The U-GROUP 1 Usability measures are not valid according to 

the evaluation of an SG performed by the students and an expert. 

H4,1,1: ¬ 

H4,1,0 

U-GROUP 2 H4,2,0: The U-GROUP 2 Usability measures are not valid according to 

the evaluation of an SG performed by the students and an expert. 

H4,2,1: ¬ 

H4,2,0 

U-GROUP 3 H4,3,0: The U-GROUP 3 Usability measures are not valid according to 

the evaluation of an SG performed by the students and an expert. 

H4,3,1: ¬ 

H4,3,0 

U-GROUP 4 H4,4,0: The U-GROUP 4 Usability measures are not valid according to 

the evaluation of an SG performed by the students and an expert. 

H4,4,1: ¬ 

H4,4,0 

 

Table 137. Results of QE2 of the validity evaluation of the Usability measures per dimension: based 

on an interrater agreement with students and expert as raters, tests Kappa and Kendall 

Dimension Kappa 

(students) 

Kappa 

(students + 

expert) 

Kendall ŵ 

(students) 

Kendall ŵ 

(students + 

expert) 

Strength of 

agreement 

(validity) 

U-GROUP 1 

USG1-1  0.500 0.500   Moderate 

USG1-2   0.373 0.626 Good 

USG1-3 0.401 0.0165   Poor 

USG1-4    1 Very good 

U-GROUP 2 

USG2-1  0.512 0.509   Moderate 

USG2-2   0.116 0.119 Poor 

USG2-3 0.572  -0.00604   Poor 

USG2-4    1 Very good 

U-GROUP 3 

USG3-1  0.700 0.696   Good 
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Dimension Kappa 

(students) 

Kappa 

(students + 

expert) 

Kendall ŵ 

(students) 

Kendall ŵ 

(students + 

expert) 

Strength of 

agreement 

(validity) 

USG3-2   0.179 0.226 Fair 

 

In almost in all the sub dimensions, the results are favorable to the validity of Usability 

measures with when the expert’s evaluation is included, with the exception of the sub 

dimensions USG2-3 USG1-3 in which the results are not favorable to the validity (see 

Table 137). However, the results show an interrater agreement in the three dimensions of 

the Usability measures, which leads us to state that the four null hypotheses formulated 

in Table 136 can be rejected and the alternative ones can be accepted. The null hypothesis 

H4,0 (Subsection 6.1.2.2) is therefore rejected and the alternative hypothesis H4,1: ¬ 4,0 is 

accepted, indicating that the evaluation results of the Usability measures seem favorable 

to the validity according to the evaluation of an SG performed by the students and an 

expert. 

6.2.5 Post-experiment survey analysis results 

(QE1, QE1-R and QE2) 

In this subsection, the results of the analysis of the post-experiment survey applied to the 

students in QE1, QE1-R and QE2 are presented. The group of students who participated 

in QE2 was the same group of students that participated in QE1-R, and in this subsection 

we therefore refer only to the students in QE1-R. The first subsection presents the result 

of the analysis of the eleven closed questions in this questionnaire followed by some 

feedback provided by the students on the three open questions in this questionnaire. 

6.2.5.1 Post experimet survey results of closed questions 

This analysis is performed using a descriptive statistical analysis and is based on the 

eleven closed questions in the post-experiment questionnaire (Table 138). The variables 

of this questionnaire are ordinals with numerical values on a Likert scale from 1 to 5. 

The results of this analysis are shown in Figure 84 and Figure 85. The analysis of the 

answers to the post-experiment questionnaire revealed that, with regard to the time needed 

to carry out the evaluation (Q1) of the eTesãi SG, it was considered to be “very adequate” 

and “adequate” by approximately 75% of students in both QE1 and QE1-R. This result 

reveals that the time was adequate because it was derived from a pilot study in which the 

participants were students with the same characteristics as the students who participated 

in both QE1 and QE1-R. 

With regard to whether the students were able to concentrate and feel comfortable while 

carrying out the experiment (Q2), in QE1-R almost 100% of the students answered 



 

250  Data analysis and interpretation of the results 

 

  

 

 

"agree", and in QE1 approximately 75% of the students responded with "agree" and 

"totally agree". These results were obtained because we provided them with a quiet and 

comfortable classroom in which to perform the SG evaluation. We took care with aspects 

such as lighting or time of day. The main idea was that classroom conditions would not 

influence the outcomes of the experiments. 

Question Q3 is related to the students’ opinions about their participation in the 

experiment. In QE1-R, almost 100% of the students felt the experiment was "interesting" 

and in QE1 approximately 75% of students felt their participation in the experiment was 

"interesting" and "very interesting". These results may be owing to the fact that the 

students were taking a course on software quality in which one of the topics covered is 

quality models. Their knowledge of quality models enabled them to carry out the 

evaluation, and they were therefore motivated. 

The students’ knowledge of the SG before they evaluated it (Q4) and of the procedure 

before using it (Q5) were scored as “neither good nor bad” by 75% and 100% of the 

students in QE1.This result is not inappropriate, because previous knowledge could have 

affected the results of these experiments. In the case of QE1-R, although more than 50% 

of the students responded “neither good nor bad”, “very bad” and “inexistent”  the rest of 

students stated that they had a “very good” knowledge of the procedure before using it. 

These results may be owing to the fact that before performing the evaluation, an 

explanation of the procedure was gave to students by means of slides. It may be possible 

that they referred to this explanation as prior knowledge of the procedure before using it. 

In relation to the clarity of the description of the game in the SGDD (Q6), in both QE1 

and QE1-R students responded “very clear” or “clear” (75% of the students in QE1-R and 

almost 100% of the students in QE1). In order to ensure that the SGDD was clear, it was 

reviewed by two PhD students and the original Spanish version was also translated into 

Italian by a native Italian speaker. This could have contributed to the fact that the SGDD 

was clear to both Spanish and Italian students. 

In terms of the clarity and understanding of the procedure evaluation (Q7), the mean of 

the student responses in both studies was that the procedure is "clear and understandable". 

However, in QE1-R 25% of the students answered "neither clear nor incomprehensible". 

The feedback provided by these students indicates that there is a certain amount of 

ambiguity in some numeric questions in the questionnaire. These questions are related to 

Usability measures. 

Almost 100% of students, in both QE1 and QE1-R, responded "agree" or "totally agree" 

as regards knowing what to do while performing the evaluation of the SG (Q8). 

Regarding of the ease of use of the evaluation procedure (Q9), although in both studies 

the mean of the students responded that it was "easy", 25% of the answers were "neither 



 

Reliability and validity evaluation of the QSGame-Model 251 

 

 

 

easy nor difficult". The feedback provided by these students indicates that: it was difficult 

to interpret and calculate values for numerical questions, some glossary terms were not 

well understood and some of the questions were ambiguous. 

Q10 refers to the fact that it would be easy for students to become experts in the use of 

the procedure employed to evaluate an SG. In both QE1 and QE1-R, approximately 50% 

of the students answered that they thought it would be “easy” for them. 

Regarding the usefulness of the evaluation procedure used to develop better quality SGs 

(Q11), almost 100% of the students in both studies answered that the procedure is "very 

useful" or "useful". 

 

Figure 84. Descriptive statistical analysis for the eleven closed questions of the post-experimental 

survey in QE1 

 

Figure 85. Descriptive statistical analysis for the eleven closed questions of the post-experimental 

survey in QE1-R and QE2 
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Table 138. Issues addressed in the closed questions of the post-experiment survey 

ID Issue Possible 

answer 

Q1 Time provided to carry out the evaluation of the eTesãi SG. (1-5) 

Q2 Was able to concentrate and feel comfortable while carrying out the 

experiment. 

(1-5) 

Q3 Taking part in this practical exercise seemed… (1-5) 

Q4 Knowledge of the SG before evaluating its quality. (1-5) 

Q5 Knowledge of the procedure used to evaluate the SG before using it. (1-5) 

Q6 Clarity description of the SG in the SGDD. (1-5) 

Q7 Clarity and understanding of the procedure used to evaluate the SG. (1-5) 

Q8 What to do while carrying out the experiment. (1-5) 

Q9 Ease of use of the procedure used to evaluate an SG. (1-5) 

Q10 Ease as regards becoming an expert in the use of the procedure employed to 

evaluate an SG. 

(1-5) 

Q11 Usefulness of the evaluation procedure for the development of better quality 

SGs. 

(1-5) 

5-very adequate; 4-adequate; 3-neither adequate nor inadequate; 2-inadequate; 1-totally inadequate 

(Q1) 

5-totally agree; 4-agree; 3-neither agree nor disagree; 2-disagree; 1-totally disagree (Q2, Q8) 

5-very interesting;4-interesting; 3-neither tedious nor interesting; 2-tedious; 1-very tedious (Q3) 

5-excellent; 4-very good; 3-neither good nor bad; 2-very bad; 1-inexistent (Q4, Q5) 

5-very clear; 4-clear; 3-neither clear nor confusing; 2-confusing; 1-totally confusing (Q6) 

5-very clear and understandable; 4-clear and understandable; 3-neither clear nor incomprehensible; 

2-confusing and incomprehensible; 1-totally confusing and incomprehensible (Q7) 

5-very easy; 4-easy; 3-neither easy nor difficult; 2-difficult; 1-very difficult (Q9,Q10) 

5-very useful;4-useful; 3-neither useful nor useless; 2-useless; 1-totally useless(Q11) 

6.2.5.2 Post experimet survey results of opened questions 

In this section, the most relevant aspects of the answers to the three feedback open 

questions of the post-experimental survey (Table 139) are presented. 

Table 139. Opened questions of the post-experiment survey 

ID Question 

Q12 What would you modify in or add to the SGDD? 

Q13 What would you modify in or add to the serious game evaluation procedure? 

Q14 If there are any important aspects that you believe should be considered in order to 

carry out this evaluation and which have not been mentioned previously, please state 

as follows. 

 

With respect to Q12, the feedback provided by the students was focused mainly on the 

following: 

 Explain in a detailed manner what rewards the player should be given during the 

game and how they should be calculated. 
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 Describe in detail what feedback the player should receive. 

As regards Q13, the students’ feedback indicated the following: 

 Reduce, simplify or avoid those questions that require the performance of a 

numerical count. 

 Rephrase some questions to make them clearer. 

 Change the questions that expect a number as an answer to those that use a closed 

multiple choice answer. 

 Correct the ambiguity in some of the questions 

The feedback received regarding question Q14 was related to the improvement of 

technical aspects of the SG such as, the movement of the camera, changes from 2D to 3D 

effects, and the quality of the SG interaction. 

6.3 Threats to validity 

According to Wohlin et al. (2000) the potential threats which may affect the validity of 

studies results are construct validity, internal validity, external validity and conclusion 

validity. In the following subsections, those issues that may have threatened the validity 

of the quasi-experiments presented in this chapter are described. 

6.3.1 Threats to construct validity 

This validity may have been influenced by the measures used to obtain a quantitative 

evaluation of the SG and the post-experiment survey, in addition to social threats. The 

quantitative questionnaires were designed so that answering the questions would be an 

easy task for the students and they were also formulated in a similar way. The post-

experiment questionnaire was designed using standard forms and scales. The evaluation 

apprehension social threat was avoided, since the students were not graded on the results 

obtained in the quasi-experiments. Absenteeism was avoided by performing similar tasks 

to the exercises that would appear in their final exam. 

6.3.2 Threats to internal validity 

The threats to the internal validity have been mitigated by the design of the experiment. 

In both the two quasi-experiments and the replica, the internal validity threat was 

mitigated owing to the fact that the participants had similar experience with the topic of 

software quality models. Additionally, in the post-experiment survey results, the 
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participants opined that the material provided, the tasks, and the goals of the quasi-

experiments were clear for them. 

With regard to the exchange of information among the students, they were not allowed to 

communicate with each other and to prevent this, we monitored them during the quasi-

experiments. Regarding the instrumentation, in order to check its validity, it was tested in 

the pilot study conducted. 

In this pilot study, the maturation effects was also mitigated by checking the complexity 

of the quasi-experiment. In addition, mortality threats were mitigated by offering the 

subjects extra points in their final marks and by raising their awareness that in the final 

exam of the course they would perform similar tasks to those performed in the quasi-

experiments. To mitigate the threat of variability, any students who did not have a lap top 

computer with the required characteristics were provided with one. 

Another internal threat could have been the influence of the language used. English was 

used in the quasi-experiment and a replica that took place in Bari, to give the students the 

training session. This may have represented a threat owing to the fact that English is not 

the participants’ native language. However, the professor in charge of the course was a 

native Italian speaker and helped the supervisors during the experiment in case of doubts, 

and we do not therefore consider this to be a great threat. The documentation with which 

the students were provided in the replication and in the second quasi-experiment was in 

their Italian, signifying that this threat was mitigated. A further threat might have been 

the translation process; however, the experimental material was translated by a native 

Italian speaker. 

6.3.3 Threats to external validity 

External validity may be threatened when experiments are performed with students. 

However, as Basili, Shull, and Lanubile (1999) and Wohlin et al. (2000) argue, under 

certain conditions there is no great difference between conducting experiments with 

students and conducting experiments with professionals. In addition, Verelst (2005) 

stated that some of the advantages of working with students is that their prior knowledge 

is fairly homogeneous and it is possible to have a large number of participants. The 

sample size influences the generalization of the results, since the higher the size sample 

is, the lower the probability of making a mistake (Genero et al., 2014). 

The students were informed that their grade on the course would not be affected by their 

performance in the quasi-experiment. However, their names were annotated in order to 

provide them with extra points on their course. The students’ participation might also 

have been biased because they were able to benefit from it (extra points), but their 

performance was not biased since all the participants obtained the same benefits, 

independently of their responses. 
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The participants’ lack of familiarity with the software quality model domain might have 

affected the SG evaluation, thus biasing the results. To mitigate this, we decided to 

perform the experiment with students who were attending a course on Software Quality 

and Management in which this topic was covered. In addition, all the students had already 

taken courses such as software engineering, programming and human computer 

interaction, and the knowledge that they had acquired on these courses was sufficient for 

them to be able to run the eTesãi SG and evaluate it. 

There are no threats related to the material used since the SG evaluated was used in a 

school to teach nursing procedures in simulated real scenarios and its construction was 

based on well-known nursing standards for these procedures. The experimental object 

(the eTesãi SG) is small, fitted the time constraints of the experiment and at the same time 

sufficiently realistic as regards its simple operation. The results of the experiments might 

therefore be different when using bigger SGs as experimental objects. 

6.3.4 Threats to conclusion validity 

Conclusion validity concerns those aspects which might affect the ability to draw a correct 

conclusion such as the data collection, the reliability of the measurement, and the validity 

of the statistical tests. Statistical tests were used to reject the null hypotheses. We have 

explicitly mentioned and discussed cases in which non-significant differences were 

present. The conclusion validity might also have been affected by the number of 

observations. Further replications on larger datasets are therefore required to confirm or 

contradict the results 

6.4 Conclusions of chapter 6 

This Chapter presents the description and the results of two quasi-experiments and a 

replica carried out with students from Spain and Italy with the objective of evaluating the 

reliability and the validity of the measures proposed in the QSGame-Model. 

 QE1 and QE1-R. The first quasi-experiment and its replica were carried out at the 

University of Castilla-La Mancha (Ciudad Real, Spain) and at the University of 

Bari (Bari, Italy) respectively. The aim of these quasi-experiments were to 

evaluate the reliability and validity of the Functional suitability measures of the 

QSGame-Model. 

 QE2. This quasi-experiment was performed at the University of Bari (Bari, Italy) 

and its objective was to evaluate the reliability and validity of Usability measures 

of the QSGame-Model.  
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With regard to the evaluation of the reliability of the measures, the interrater agreement 

statistical analysis (students as raters) was performed. The results of this analysis showed 

that there is an interrater agreement as regards the reliability evaluation of both the 

Functional suitability and the Usability measures. This means that the values of the 

measures obtained by the students at the University of Castilla-La Mancha and University 

of Bari for the quality evaluation of the eTesãi SG, are similar to each other. 

Although the statistical analysis results show that all the measures of these sub-

characteristics are reliable, the Functional suitability measures have a higher strength of 

agreement (Table 126 and Table 127) than the Usability measures (Table 129), signifying 

that the Functional suitability measures are, to some extent, more reliable than the 

Usability measures. 

With regard to the evaluation of the validity of the measures, a statistical analysis was 

performed based on: CI at 95% and an interrater agreement (students and expert as 

raters).The statistical analysis based on CI at 95% showed that both the Functional 

suitability (Table 130 and Table 131) and the Usability measures (Table 135) resulted in 

the measures not being valid. This means that the values of the measures obtained by the 

students at the University of Castilla-La Mancha and University of Bari for the quality 

evaluation of the eTesãi SGare deviate from an expert’s evaluation. 

We believe that these results were, to some extent, obtained because only one expert’s 

evaluation was considered, and to obtain more reliable results it would be necessary to 

obtain evaluations from more experts, and even perform the statistical analysis upside 

down, i.e., construct a CI of the experts’ average and make the decision as to the validity 

of the measures if the students’ estimate average is within the experts’ CI. We also 

performed another approximation to the validity of the measures by performing a 

statistical analysis based on an interrater agreement (students and expert as raters). 

Be expected that, if the measures are valid with respect to the expert, the interrater 

agreement including the expert is similar to that obtained by considering only students 

and it is possible to argue that both the Functional suitability and the Usability measures 

seem favorable to the validity according to the evaluation of an SG performed by the 

students and an expert (Table 133, Table 134 and Table 137). Although the measures of 

the Usability seem favorable to the validity with this statistical analysis (students and 

expert as raters), the strength of agreement of the Usability measures is, in most cases, 

from moderate to fair and is even poor in one dimension (Table 137). 

One possible explanation for this result is that the post-experiment survey revealed that 

25% of students considered that numerical questions on the Usability measures were 

difficult to interpret and calculate, and some glossary terms and questions were not well 

understood, which may have confused students at the time of the evaluation. 
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All of the above allows us to conclude that we have, to some extent, achieved the main 

objective of this Chapter, which was to Evaluate the reliability and the validity of the 

QSGame-Model. We are, however, aware that in order to ensure the reliability and 

validity of the measures in the QSGame-Model, it is necessary to perform more empirical 

studies considering the evaluation of more experts rather than only one expert, and 

considering the complete set of measures of the quality model. 

In addition, we must review and correct the problems related to the Usability measures 

detected by students according to the results of the post-experimental survey. We should 

stress that when the quasi-experiments were conducted, the steps to be followed to 

perform the evaluation were thoroughly explained to the students, but there was no 

explicit evaluation process, with inputs, outputs, activities and tasks. This may, to some 

extent, have made the evaluation carried out more difficult. The evaluation process was 

therefore later defined (Chapter 3 Subsection 3.2) and we believed that the availability of 

this process might have mitigated some of the problems identified by the students in the 

post-experimental survey. All of the issues mentioned above are considered as part of our 

future work in the last Chapter of this document. 
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Chapter 7  
Conclusions 

his chapter provides the conclusions of this PhD Thesis. Firstly, the main 

objective of this Thesis and the achievement of the research objectives are 

analyzed in Section 7.1, after which the main contributions of this PhD Thesis 

are presented in Section 7.2. In Section 7.3, some research lines that arose during the 

development of the Thesis and that we intend to research in the future are discussed. To 

close Chapter 7, Section 7.4 shows a complete list of the papers published to date. 
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7.1 Analysis of the achievement of 

objectives 

The objective of this section is to review the achievement of the main objective of this 

PhD Thesis that was established in the Chapter 1: 

OBJECTIVE 

Define and validate a product quality model for Serious Games 

The aforementioned objective was addressed by stating and achieving a set of partial 

objectives. 

O1. Analyze the state-of-the-art with the aim of discovering the existing initiatives 

regarding SG quality. 

This objective was fulfilled by performing the SMS and the SLR that provided the results 

presented in Chapter 2. 

O2. Define the QSGame-Model, which is a product quality model specific to SGs, 

taking into account the findings of the state-of-the-art literature review on SG 

quality. 

O3. Define the QSGame-Evaluation process, which is an evaluation process employed 

to facilitate the application of the QSGame-Model 

O4. Automate the application of the QSGame-Model by developing a tool called 

“QSGame-Tool”. 

These three objectives were covered by proposing the product quality model specific to 

SGs and denominated as QSGame-Model, which was described in Section 3.1, by 

defining the QSGame-Evaluation process (Section 3.2) and by developing the QSGame-

Tool (Section 3.3), respectively. 

O5. Refine the proposed QSGame-Model using the feedback collected after surveying 

experts in SG development and teaching as regards the proposed model. 

This objective was achieved by conducting 3 pilot studies so as to refine the QSGame-

Model and by applying a survey that provided the results presented in Chapter 4. 

O6. Evaluate the feasibility of the QSGame-Model and of the QSGame-Evaluation 

process with the aim of verifying its applicability to the evaluation of different SGs. 
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This objective was covered by evaluating three SGs by means of the application of the 

QSGame-Model and the QSGame-Evaluation process in Chapter 5. The evaluation 

results and some suggestions as to how the SGs could be improved were also proposed.  

O7. Evaluate the reliability and the validity of the QSGame-Model as regards evidence 

of: 1) the degree of agreement between the measurements obtained by different 

judges (students) in the quality evaluation of an SG and 2) the accuracy or bias of 

the evaluations of the measures performed by several judges (students) with 

regard to an expert evaluation, respectively. 

This objective was fulfilled by conducting two quasi-experiments and a replica in order 

to evaluate an SG, which are presented in Chapter 6. 

The fulfillment of the partial objectives allows us to state that the main objective of this 

PhD Thesis has been fulfilled. 

7.2 Main contributions of the research 

The main contribution of this PhD Thesis is the QSGame-Model, a product quality model 

that is specific to the quality evaluation of SGs. Although the quality of SGs has been 

addressed by researchers, there is, to the best of our knowledge, no general product quality 

model that considers all the characteristics, sub-characteristics and measures that can be 

applied to any kind of SG. The QSGame-Model defines SG attributes that are specific to 

the Functional suitability and Usability sub-characteristics, which are not considered in 

the standard product quality model and are, according the SMS and SLR results, those 

most frequently addressed by researchers. We believe the attributes added consider the 

elements that can facilitate the player's flow experience (Csikszentmihalyi, 1991) and can 

contribute to achieving the serious goal of the game. In addition, we believe that these 

attributes have an influence when the game is in use, thus permitting a better player 

experience (that is, quality in use) (González Sánchez, 2010). 

The quality model was complemented with a QSGame-Evaluation process, which was 

defined by adapting the reference model for software product evaluation proposed in the 

ISO 25040 standard (ISO, 2011b). This process provides a detailed definition of the roles 

that the person responsible for each activity can play when evaluating an SG, the activities 

that must be performed during the evaluation, the tasks to be performed in each activity 

and the artifacts involved. The QSGame-Evaluation process facilitates the application of 

QSGame-Model, thus making the evaluation of an SG easier. In addition, the QSGame-

Tool makes the QSGame-Evaluation process more efficient by automating the SG quality 

calculation. 
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In this research we have not only proposed the quality model together with the evaluation 

process, but we have also gone further with the objective of validating them. This was 

done by carrying out the following studies: 

1) The refinement process of the QSGame-Model, which was conducted by means 

of 3 pilot studies, after which experts in SG development and teaching completed 

a survey, whose objective was to confirm whether the attributes of the QS were 

understandable and important for them. The results of the survey led us to 

maintain the same quality attributes included in the QSGame-Model. 

2) The feasibility of the QSGame-Model and the evaluation process have been 

evaluated by means of three examples of the evaluation of educational SGs, 

providing a detailed description of how the values of the quality measures were 

obtained along with the interpretation of these values. One of these examples 

presents the complete evaluation of an SG, which was done by performing each 

activity defined in the QSGame-Evaluation process. The results of these 

evaluations are contributions that demonstrate the applicability of the QSGame-

Model and of the QSGame-Evaluation process. 

3) The reliability and validity evaluation of the quality measures proposed in the 

QSGame-Model have been validated in an academic context. The results of these 

studies are also a contribution which provide evidence that the measures in the 

QSGame-Model are reliable, because there is a concordance in the results of the 

quality evaluation of an SG. They are also valid, because the results showed that 

the measures of the QSGame-Model are favorablein this respect when taking the 

evaluation of an expert as a reference. 

7.3 Future research lines 

The future research lines that have been derived from this PhD Thesis are described in 

the following paragraphs: 

 The QSGame-Model is a product quality model that is specific to SGs and the 

attributes proposed in them, could therefore help to improve the quality in use of 

these applications. However, experts in SG development and teaching stressed 

that QSGame-Model does not consider the attributes of quality in use, such as 

satisfaction and fun. Despite the fact that there is a quality in use model for 

videogames that could be applied to SGs, we believe that given the relevance of 

the SGs and their quality, one future line of work would be to take this model and 

the quality in use model of the ISO 25010 standard as a basis, and adapt them to 

the specific domain of SGs. 
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 We are aware that although we evaluated the feasibility of the QSGame-Model 

through the evaluation of three educational SG, another future research line is to 

determine the feasibility of using the QSGame-Model to evaluate the quality of 

any type of SG by applying it to SGs in areas other than education, such as health 

care, engineering, emergency management, city planning, defense, etc. It would 

also be desirable for the quality model to be applied by evaluators other than the 

authors of this model. 

 In order to ensure the reliability and validity of the measures in the QSGame-

Model, it is necessary, as a future research line, to perform more experiments by 

considering the evaluation of more experts rather than only one expert as occurred 

in this PhD Thesis, and it might also be desirable to consider the complete set of 

measures of the quality model.  

 In order to generalize the results obtained as regards the reliability and validity of 

the QSGame-Model, a family of experiments could also be conducted. Moreover, 

a meta-analysis could be carried out by aggregating and interpreting the set of 

results obtained from different empirical studies that are inter-related, since they 

verify similar hypotheses. The meta-analysis could consequently be used to 

strengthen the conclusions obtained from all the experiments conducted. 

 Some issues detected in the experimentation should be corrected, such as: 1) 

Review and correct the problems related to the Usability measures detected by 

students according to the results of the post-experiment survey of the quasi-

experiments and 2) During the experiment execution it would be desirable to help 

the subjects by giving them the QSGame-Evaluation process in order to carry out 

the quality evaluation of an SG, so as to mitigate the problems identified by the 

students in the post-experiment survey. 

 In addition to the experiment, we should carry out empirical validations using 

other research methods, such as case studies (Runeson, Host, Rainer, & Regnell, 

2012) and action-research techniques (Wieringa & Morah, 2012). This may 

contribute toward the adoption in practice of the QSGame-Model and its 

evaluation process. 

All of this future work will contribute to ensuring that the model can, it the not too distant 

future, be used by serious game designers, thus contributing toward the development of 

better quality SGs. 



 

Conclusions 263 

 

 

 

7.4 Contrast of results 

The results derived from this PhD Thesis have been published in several forums. This 

section presents the research papers that have been submitted and research papers that 

have already been published. 

7.4.1 Submitted papers 

The following research papers have been submitted to journals included in the Journal 

Citation Report (JCR), and we are currently awaiting the results of the evaluation: 

 García-Mundo, L., Vargas, J. A., Genero, M., & Piattini, M (2016). A Serious Game 

Product Quality Model: Construction and Application to an Educational Serious 

Game. Submitted to the Journal of Computing in Higher Education (Impact Factor 

=0.909). 

 Vargas, J. A., García-Mundo, L., Genero, M., & Piattini, M (2016). Empirical 

evidence on the gamified software quality: a systematic mapping study. Submitted to 

the Journal of Computing in Higher Education. (Impact Factor =0.909). 

7.4.2 Published papers 

In this subsection, the list of research works that have already been published is presented. 

7.4.2.1 International conference papers 

The research papers that have been already published in international conferences are: 

 Vargas, J. A., García-Mundo, L., Genero, M., & Piattini, M. (2014). A systematic 

mapping study on serious game quality. In Proceedings of the 18th International 

Conference on Evaluation and Assessment in Software Engineering (p. 15). ACM. 

 García-Mundo, L., Genero, M., & Piattini, M. (2015). Towards a Construction 

and Validation of a Serious Game Product Quality Model. In Virtual Worlds and 

Games for Serious Applications (VS-Games), 2015 7th International Conference 

on (pp. 1-8). IEEE. 

 Vargas-Enríquez, J., García-Mundo, L., Genero, M., & Piattini, M. (2015, 

September). A systematic mapping study on gamified software quality. In Virtual 

Worlds and Games for Serious Applications (VS-Games), 2015 7th International 

Conference on (pp. 1-8). IEEE. 

 García-Mundo, L., Genero, M., & Piattini, M. (2016). Applying a Serious Game 

Quality Model. In Serious Games, Interaction, and Simulation (SGAMES), 2015 
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6th EAI International Conference on (pp. 12-20). Springer International 

Publishing. 

 Valencia, D., Vizcaíno, A., Piattini, M., García-Mundo, L. & Soto, J.P. (2016) 

GSDgame: A serious game for the acquisition of the competencies needed in 

GSD. In International Conference on Global Software Engineering, ICGSE 2016. 

7.4.2.2 National conference papers 

The research papers that have already been published in national conferences are: 

 García-Mundo, L., Vargas-Enríquez, J., Genero, M., & Piattini, M. (2014). 

¿Contribuye el Uso de Juegos Serios a Mejorar el Aprendizaje en el Área de la 

Informática?. Actas de las XX JENUI. Oviedo, 9(11). 

 Vargas-Enríquez, García-Mundo, L., J., Genero, M., & Piattini, M. (2015). 

Análisis de uso de la Gamificación en la Enseñanza de la Informática. Actas de 

las XXI JENUI. Andorra La Vella, 8-10 de julio 2015. ISBN: 978-99920-70-10-

9. 

 Genero, M., Vargas, Juan A., García-Mundo, L., & Piattini, M. (2014). A 

systematic mapping study on Serious Game quality. In Proceedings of the 1st 

Congreso de la Sociedad Española para las Ciencias del Videojuego (CoSECiVi). 

 García-Mundo, L., Genero, M., & Piattini, M. (2015). Refinamiento de un Modelo 

de Calidad para Juegos Serios. In Proceedings of the 2nd Congreso de la Sociedad 

Española para las Ciencias del Videojuego (CoSECiVi). 

 Valencia, D., Vizcaíno, A., Piattini, M., García-Mundo, L. & Soto, J.P. (2016). 

¿Qué desafíos presenta el desarrollo global del software? Aprende jugando. In 

XXI Jornadas de Ingeniería del Software y Bases de Datos (JISBD 2016). 

7.4.2.3 National journals papers 

The research paper that has been already published in a national journal is: 

 Lilia García-Mundo, Juan Vargas-Enríquez, Marcela Genero, Mario Piattini. 

Revista de investigación en docencia universitaria, 8(1), 2015. ISSN 1989-1199. 

As much of the research work in this PhD Thesis has yet to be published, we intend to 

submit at least three papers to journals and/or conferences in the near future. These papers 

will consist of the contents of Chapters 4, 5 and 6, respectively.  
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Chapter 8  
Appendices 

his part of this PhD Thesis is integrated by several appendices, which are: 1) 

Appendix A, in Section 8.1, contains additional information regarding the results 

of the literature reviews presented in Chapter 2, 2) Appendix B, in Section 8.2. is 

integrated by the list of the relevant terms of the QSGame-Model and some of the artifacts 

required in order to apply the QSGame-Evaluation process presented in Chapter 3, 3) 

Appendix C, in Section 8.3,. shows the complete description of the questions that 

comprise the questionnaire applied in the survey presented in Chapter 4, 4) Appendix D, 

in Section 8.4,. presents some additional information on the results of the SG evaluation 

examples described in Chapter 5, 5) Appendix E, in Section 8.5, presents all the material 

designed to carry out the quasi-experiment and its replica described in Chapter 6 and 

Appendix F, in Section 8.6, lists the acronyms used throughout this PhD Thesis. 
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8.1 Appendix A. Additional information on 

the SMS and SLR 

This appendix provides additional information on the results of the literature reviews 

performed (SMS and SLR), which are the bases used to establish the state of art of the 

research work presented in this PhD Thesis. 

Firstly, the classification scheme used to classify the information extracted from the SMS 

is defined in Subsection 8.1.1. The list of the primary studies analyzed in the SMS on SG 

quality is presented in Subsection 8.1.2. In Subsection 8.1.3, the 41 papers used as a basis 

to analyze the empirical evidence on SG quality in the SLR are listed. 

The SLR results obtained for questions RQ1 to RQ5 and RQ7 (Subsection 8.1.4), along 

with some additional information extracted from the empirical studies, are also presented 

(Subsection 8.1.5.). Finally, the results of the quality assessment per paper performed in 

the SLR are shown in Subsection 8.1.6. 

8.1.1 Classification scheme 

The classification scheme presented hereafter was defined prior to the extraction of 

information from the SMS and was refined after the information was extracted and 

analyzed (see Section 2.3 Chapter 2). 

8.1.1.1 Type of quality characteristics 

The ISO 25010 International Standard defines: a quality in use model composed of five 

characteristics (some of which are further subdivided into sub-characteristics) that relate 

to the outcome of interaction when a product is used in a particular context of use. This 

system model is applicable to the complete human-computer system, including both 

computer systems in use and software products in use: It also defines a product quality 

model, composed of eight characteristics (which are further subdivided into sub-

characteristics) that relate to static properties of software and to dynamic properties of the 

computer system. The model is applicable to both computer systems and software 

products. The characteristics defined by these two models are relevant to all software 

products and computer systems. The characteristics and sub-characteristics provide a 

consistent terminology with which to specify, measure and evaluate system and software 

product quality (ISO, 2011a). They also provide a set of quality characteristics against 

which stated quality requirements can be compared to check their completeness. The 

quality characteristics and sub-characteristics used in this work are described below. 

These definitions are taken from (ISO, 2011a), and it should be borne in mind that the 

definitions have been adapted to define SG quality rather than software quality. 
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Characteristics and sub-characteristics of the Quality in Use Model: 

Effectiveness: the accuracy and completeness with which users achieve specified goals 

when using an SG. 

Efficiency: the resources expended in relation to the accuracy and completeness with 

which users achieve goals using an SG. 

Satisfaction: the degree to which user needs are satisfied when an SG is used in a specified 

context of use. 

Usefulness: the degree to which a user is satisfied with their perceived achievement of 

pragmatic goals, including the results of SG use and the consequences of SG use (sub-

characteristic of satisfaction). 

Trust: the degree to which a user or other stakeholder has confidence that an SG will 

behave as intended (sub-characteristic of satisfaction). 

Pleasure: the degree to which users obtains pleasure from fulfilling their personal needs 

using an SG (sub-characteristic of satisfaction. 

Characteristics and sub-characteristics of the Product Quality Model: 

Functional suitability: the degree to which an SG provides functions that meet stated and 

implied needs when used under specified conditions. 

Functional completeness: the degree to which the set of functions covers all the specified 

tasks and user objectives (sub-characteristic of Functional suitability). 

Functional correctness: the degree to which an SG provides the correct results with the 

needed degree of precision (sub-characteristic of Functional suitability). 

Functional appropriateness: the degree to which the SG functions facilitate the 

accomplishment of specified tasks and objectives (sub-characteristic of Functional 

suitability). 

Performance efficiency: the performance relative to the amount of resources used under 

stated conditions 

Time behavior: the degree to which the response and processing times, along with the 

throughput rates of an SG, meet requirements (sub-characteristic of performance 

efficiency) when the SG is performing its functions. 

Usability: the degree to which an SG can be used by specified users to achieve specified 

goals with effectiveness, efficiency and satisfaction in a specified context of use. 
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Appropriateness recognizability: the degree to which users can recognize whether an SG 

is appropriate for their needs (sub-characteristic of Usability). 

Learnability: the degree to which an SG can be used by specified users to achieve 

specified goals ;these objectives refer to learning to use the SG with effectiveness, 

efficiency, freedom from risk and satisfaction in a specified context of use (sub-

characteristic of Usability). 

User error protection: the degree to which an SG protects users against making errors 

(sub-characteristic of Usability). 

Operability: the degree to which an SG has attributes that make it easy to operate and 

control (sub-characteristic of Usability). 

User interface aesthetics: the degree to which a user interface enables there to be a 

pleasing and satisfying interaction for the user (sub-characteristic of Usability). 

Reliability: the degree to which an SG performs specified functions under specified 

conditions for a specified period of time. 

Fault tolerance: the degree to which an SG operates as intended despite the presence of 

hardware or software faults (sub-characteristic of reliability). 

Portability: the degree of effectiveness and efficiency with which an SG can be 

transferred from one hardware, software or other operational or usage environment to 

another. 

Adaptability: the degree to which an SG can effectively and efficiently be adapted to 

different or evolving hardware, software or other operational or usage environments (sub-

characteristic of portability). 

8.1.1.2 Type of research result 

This dimension refers to the outcome or the “product” of the research on SG quality. Most 

of the following definitions are drawn from the papers found during the paper analysis 

process. 

Questionnaire: this is one way of collecting primary data, used for research studies. 

Primary data are those which are collected for the first time. 

Knowledge: we consider this type of result (e.g., a confirmation of a theory) “non- 

tangible”. For instance, when we replicate an experiment to confirm the findings of the 

original one, in reality the outcome is not “tangible,” but we are confirming the 

knowledge acquired previously. 
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Scale: this is a measure that has been established, along with the method used to evaluate 

it. 

Guide: it provides a set of criteria for quality assurance, by using best practices proved 

empirically or scientifically. 

Tool: this provides automatic support for evaluation or for quality assurance by using 

different techniques (e.g. checklists). 

Heuristic: it is a design guide which is very useful in the design of an SG. 

Framework: this is a structure that supports an SG, or is used as a basis to evaluate it.  

Method: it is a finite sequence of instructions used to prevent or detect and delete 

deficiencies in processes. “Method” can also be considered as a technique, a 

methodology, a process, an approach, or a strategy. 

8.1.1.3 Type of research method 

More importance is placed on research methods that provide findings with a scientific 

basis (Fenton, Pfleeger, & Glass, 1994; Zelkowitz & Wallace, 1997; Zelkowitz, Wallace, 

& Binkley, 2003). The classification scheme suggested by (Wieringa et al., 2006) was 

used as a basis to determine the type of research method for the set of papers. A 

description of each category is taken from (Wieringa et al., 2006) and is provided below. 

Evaluation: this is the investigation of a problem in practice, or an implementation of 

technique in practice. 

Validation: this is the investigation of a solution proposal that has not yet been 

implemented in practice. The solution may have been proposed elsewhere, by the author 

or by someone else. The investigation uses a thorough, methodologically sound research 

setup. Possible research methods are experiments, simulation, prototyping, mathematical 

analysis, mathematical proof of properties, etc. (It is a study of a technique in a laboratory 

environment). 

Proposal: it proposes a solution technique and argues for its relevance, without a full 

blown validation. The technique must be novel, or at least a significant improvement on 

an existing technique. A proof-of-concept may be offered by means of a small example, 

a sound argument, or by some other means. 

Philosophical: these papers set forth a fresh way of looking at things, a new conceptual 

framework, etc. 

Opinion: these papers contain the author’s opinion about what is wrong or good about 

something, how we should do something, etc. 
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Personal experience: in these papers, the emphasis is on what, rather than on why. The 

experience may concern one project or more, but it must be the author’s personal 

experience. The paper should contain a list of lessons learned by the author from his or 

her experience. Papers in this category will often come from industry practitioners, or 

from researchers who have used their tools in practice; the experience will be reported 

without a discussion of research methods. The evidence presented in the paper can be 

anecdotal. 

8.1.1.4 Type of software artifact 

This dimension is related to a software artifact that is used to evaluate SG quality. A paper 

can be classified in one or more high-level processes (ISO, 1998): 

Requirements: the artifacts that are used for the evaluation include high-level 

specifications of SG application. 

Design: the evaluation is conducted on the intermediate artifacts that are created during 

the SG development process. 

Code: the evaluation is conducted on the artifacts that are created during the SG 

codification process. 

Product: the evaluation is conducted at the final SG user interface or SG application. 

8.1.1.5 Type of application area 

This dimension refers to the application area on which the SG focuses. The categories 

were defined based on the papers found during the paper analysis process. 

Education refers to a game intended to teach some specific topic. The subcategories of 

education are Computing, Languages, History, Mathematics, Physics, Natural Sciences, 

Geography, and other (other Education areas). 

Training is a game used to provide some kind of professional training. 

Health games are those whose aims are to show how to perform a surgical procedure or 

games for performing physical therapy on a patient. 

Skills development games are used to develop specific skills. 

Awareness games are meant to make people aware of a particular topic. 

General application other application areas cannot be classified in any of the above areas 
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8.1.2 List of primary studies of the SMS 

The 112 primary studies selected and analyzed in the SMS on SG quality are listed below. 

In this list, papers are called [Px], in which x is the number of the paper. 

[P01] Adamo-Villani, N., Wright, K. SMILE: An Immersive Learning Game for Deaf and Hearing 

Children. In ACM SIGGRAPH 2007: Educators Program, (San Diego CA, 2007), ACM, Art. 

No.17 

[P02] Ak, O. A Game Scale to Evaluate Educational Computer Games. In World Conference on 

Educational Sciences 2012 WCES 2012, (Barcelona Spain, 2012 ), Elsevier, 2477–2481 

[P03] Allen, L., Seeney, M., Boyle, L., and Hancock, F. The Implementation of Team Based 

Assessment in Serious Games. In Proceedings of the 2009 Conference in Games and Virtual 

Worlds for Serious Applications, (Coventry United Kingdom, 2009), IEEE, 28-35 

[P04] AL-Smadi, M., Wesiak, G., Guetl, Ch. Assessment in Serious Games An Enhanced Approach 

for Integrated Assessment Forms and Feedback to Support Guided Learning. In 2012 15th 

International Conference on Interactive Collaborative LearningICL 2012, (Villach Austria, 

2012), IEEE, Art. No. 6402089 

[P05] Aziz, E.-S., Corter, J. E., Chang, Y., Esche, S. K., and Chassapis, C. Evaluation of the Learning 

Effectiveness of Game-Based and Hands-on Gear Train Laboratories. In Frontiers in 

Education Conference (FIE) 2012, (Seattle WA United States, 2012), IEEE, 1-6 

[P06] Backlund, P., Taylor, A.-S.A., Engström, H., Johannesson, M., Lebram, M., Slijper, A., 

Svensson, K., Poucette, J., and Sunnerhagen, K.S. Evaluation of Usefulness of the Elinor 

Console for Home-Based Stroke Rehabilitation. In Proceedings - 2011 3rd International 

Conference on Games and Virtual Worlds for Serious Applications VS-Games 2011, (Athens 

Greece, 2011), IEEE, 98-103 

[P07] Barreira, J., Bessa, M., Pereira, L.C., AdÃ£o, T., Peres, E., MagalhÃ£es, L. MOW: 

Augmented Reality Game to Learn Words in Different Languages - Case Study: Learning 

English names of animals in elementary school. In 7th Iberian Conference on Information 

Systems and Technologies CISTI 2012, (Madrid Spain, 2012), 2012 AISTI, Art. No. 6263236 

[P08] Bellotti, F., Berta, R., De Gloria, A. and Primavera, L. Enhancing the Educational Value of 

Video Games. Computers in Entertainment(CIE) - SPECIAL ISSUE: Media Arts and Games 

(Part II), 7 (2), Art. No. 23 

[P09] Berns, A., Gonzalez-Pardo, A., Camacho, D. Game-Like Language Learning in 3-D Virtual 

Environments. Computers and Education, 60 (1), 210-220 

[P10] Besas, R., Atienza, R.O., Tai, T., Cruz, R. An Implementation of a Structured and Highly 

Engaging Learning Environment on Educational Games for Elementary Education. In ITME 

2011 - Proceedings: 2011 IEEE International Symposium on IT in Medicine and Education, 

(Guangzhou China, 2011), IEEE, 316-319 

[P11] Boughzala, I., Bououd, I., Michel, H. Characterization and Evaluation of Serious Games: A 

Perspective of their Use in Higher Education. In Proceedings of the Annual Hawaii 

International Conference on System Sciences, (Wailea Maui HI United States, 2013), IEEE 

,844-852 

[P12] Bressler, D.M. and Bodzin, A.M. A Mixed Methods Assessment of Students’ Flow 

Experiences During a Mobile Augmented Reality Science Game. Journal of Computer 

Assisted Learning, 29 (6) , 505-517 

[P13] Brom, C., Sˇ isler, V., Slavi´k, R. Implementing Digital Game-Based Learning in Schools: 

Augmented Learning Environment of 'Europe 2045'. Multimedia Systems, 16 (1), 23-41 

[P14] Broma, C., Preuss, M., Klement, D. Are Educational Computer Micro-Games Engaging and 

Effective for Knowledge Acquisition at High-Schools? A Quasi-Experimental Study. 

Computers and Education, 57 (2011), 1971–1988 

[P15] Bufe, J., and Kr¨omker, D. Case Study of FISS: Digital Game Based Learning for a Broad 

Range of Ages. In Lecture Notes in Computer Science (including subseries Lecture Notes in 

Artificial Intelligence and Lecture Notes in Bioinformatics), (Changchun China, 2010), 

Springer-Verlag, 56-67 

[P16] Chan, W.Y., Qin, J., Chui, Y.P., and Heng P.A. A serious game for learning ultrasound-guided 

needle placement skills. IEEE Transactions on Information Technology in Biomedicine, 16 

(6), 1032-1042 
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[P17] Chee, Y.S., and Tan, K.C.D. Becoming chemists through game-based inquiry learning: The 

case of legends of Alkhimia. Electronic Journal of e-Learning, 10 (2), 185-198 

[P18] Chen, H.-P., Lien, Ch.-J., Annetta, L. and Y.-L. Lu. The influence of an educational computer 

game on children's cultural identities. Educational Technology and Society, 13 (1), 94-105 

[P19] Chen, Z.-H., Liao, C. C.Y., Chan, T.-W. Quest Island: Developing quest-driven learning model 

by blending learning tasks with game quests in a virtual world. In DIGITEL 2010 - The 3rd 

IEEE International Conference on Digital Game and Intelligent Toy Enhanced Learning, 

(Kaohsiung Taiwan, 2010), IEEE, 93-100 

[P20] Chua, A.Y.K., Balkunje, R.S. An exploratory study of game-based m-learning for software 

project management. .Journal of Universal Computer Science, 18 (14), 1933-1949 

[P21] Clark, D.B., Nelson, B.C., Chang, H.Y., Martinez-Garza, M., Slack, K., D’Angelo, C.M. 

Exploring Newtonian mechanics in a conceptually-integrated digital game: Comparison of 

learning and affective outcomes for students in Taiwan and the United States. Computers and 

Education, 57 (3), 2178-2195 

[P22] Connolly, T. M., Stansfield, M., Hainey, T. An alternate reality game for language learning: 

ARGuing for multilingual motivation. Computers and Education, 57 (2011), 1389–1415 

[P23] Costabile, M.F., De Angeli, A., Lanzilotti, R., Ardito, C., Buono, P., Pederson, T. Explore! 

Possibilities and challenges of mobile learning. In Conference on Human Factors in 

Computing Systems – Proceedings, (Florence Italy, 2008), ACM , 145-154 

[P24] Crespo García, R.M., Delgado Kloos, C., and Castro Gil, M. Game based spelling learning. In 

Proceedings - Frontiers in Education Conference FIE, (Saratoga Springs NY United States, 

2008), IEEE, S3B11-S3B15 

[P25] De Carvalho, C.V. Is Game-Based Learning Suitable for Engineering Education?. In IEEE 

Global Engineering Education Conference EDUCON 2012 IEEE, (Marrakech, 2012), IEEE, 

1-8 

[P26] Dondi, C. and Moretti, M. A methodological proposal for learning games selection and quality 

assessment. British Journal of Educational Technology, 38 (3), 502-512 

[P27] Eagle, M., Barnes, T. Experimental Evaluation of an Educational Game for Improved Learning 

in Introductory Computing. In SIGCSE'09 - Proceedings of the 40th ACM Technical 

Symposium on Computer Science Education, (Chattanooga, TN United States, 2009), ACM, 

321-325 

[P28] Eagle, M.J., Barnes, T. A learning objective focused methodology for the design and 

evaluation of game-based tutors. In SIGCSE'12 - Proceedings of the 43rd ACM Technical 

Symposium on Computer Science Education, (Raleigh, NC United States, 2012), ACM, 99-

104 
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518-527 
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[P34] Froschauer, J., Zweng, J., Merkl, D., Arends, M., Goldfarb, D., Weingartner, M. 

ARTournament: A Mobile Casual Game to Explore Art History. In Proceedings of the 12th 

IEEE International Conference on Advanced Learning Technologies ICALT 2012, (Rome 

Italy, 2012), IEEE, 80-84 



 

Appendices 273 

 

 

 

[P35] Fu, F.-L., Su, R.-C., Yu, S.-C. EGameFlow: A scale to measure learners' enjoyment of e-

learning games. Computers and Education, 52 (1), 101-112 

[P36] Fuchslocher, A., Gerling, K., Masuch, M., and Krämer, N. Evaluating social games for kids 

and teenagers diagnosed with cancer. In 2011 IEEE 1st International Conference on Serious 

Games and Applications for Health SeGAH 2011, (Braga Portugal, 2011), IEEE, Art. No. 

6165463 

[P37] Ghergulescu, I., Hava Muntean, C. Assessment of motivation in gaming based e-learning. In 

Proceedings of the IADIS International Conference on Cognition and Exploratory Learning 

in the Digital Age CELDA 2010, (Timisoara Romania, 2010), IADIS, 71-78 

[P38] Guillén-Nieto, V., Aleson-Carbonell, M. Serious games and learning effectiveness: The case 

of It's a Deal! . Computers and Education, 58 (1), 435-448 

[P39] Hakulinen, L. Using serious games in computer science education. In Proceedings - 11th Koli 

Calling International Conference on Computing Education Research, Koli Calling'11, (Koli 

Finland, 2011), ACM,83-88 

[P40] Hanis, F., Razak, A., Hafit, H., Sedi, N., Atiqah Zubaidi, N., Haron, H. Usability testing with 

children: Laboratory vs field studies. In Proceedings - 2010 International Conference on User 

Science and Engineering, i-USEr 2010, (Shah Alam Malaysia, 2010), IEEE, 104-109 

[P41] Hasiah, M.O., Azizah, J. Conceptual framework for a heuristics based methodology for 

interface evaluation of educational games. In ICCTD 2009 - 2009 International Conference 

on Computer Technology and Development, (Kota Kinabalu Malaysia, 2009), IEEE, 594-598 

[P42] Hasiah, M.O., Azizah, J. Development and potential analysis of Heuristic Evaluation for 

educational computer game (PHEG). In Proceeding - 5th International Conference on 

Computer Sciences and Convergence Information Technology ICCIT 2010, (Seoul South 

Korea, 2010), IEEE, 222-227 

[P43] Hasiah, M.O., Azizah, J. Heuristics evaluation in computer games. In Proceedings - 2010 

International Conference on Information Retrieval and Knowledge Management: Exploring 

the Invisible World, CAMP'10, (Shah Alam Malaysia, 2010), IEEE, 188-193 

[P44] Hasiah, M.O., Azizah, J. Analyzing critical usability problems in educational computer game 

(UsaECG). In Proceedings of the IASTED International Conference on Human-Computer 

Interaction HCI 2012, (Baltimore MD United States, 2012), Acta Press, 162-168 

[P45] Hasiah, M.O., Ibrahim, Azizah, J. Methodology to evaluate interface of educational computer 

game. In Proceedings of the 2011 International Conference on Pattern Analysis and Intelligent 

Robotics ICPAIR 2011, (Putrajaya Malaysia, 2011), IEEE, 228-232 

[P46] Hong Ho, J., ZhiYing Zhou, S., Wei, D., and Low, A. Investigating the effects of educational 

game with Wii remote on outcomes of learning. Lecture Notes in Computer Science (including 

subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 5940 

(2009), 240-252 

[P47] Hwang, G.-J. Sung, H.-Y, Hung, Ch.-M., Yang, L.-H. and Huang, I. A knowledge engineering 

approach to developing educational computer games for improving students' differentiating 

knowledge. British Journal of Educational Technology, 44 (2), 183–196 

[P48] Jackson, G.T., Boonthum-Denecke, C., McNamara, D.S. A Comparison of Gains between 

Educational Games and a Traditional ITS. In Proceedings of the 25th International Florida 

Artificial Intelligence Research Society Conference FLAIRS-25, (Marco Island FL United 

States, 2012), Association for the Advancement of Artificial Intelligence, 444-449 

[P49] Jantan, S.R., Aljunid, S.A. . An experimental evaluation of scaffolded educational games 

design for programming. In 2012 IEEE Conference on Open Systems ICOS 2012, (Kuala 

Lumpur Malaysia, 2012), IEEE, Art. No. 6417631 

[P50] Jarvis, S., De Freitas, S. Evaluation of an immersive learning programme to support triage 

training: In-game feedback and its effect on learning transfer. In Proceedings of the 2009 

Conference in Games and Virtual Worlds for Serious Applications VS-GAMES 2009, 

(Coventry United Kingdom, 2009), IEEE,117-122 

[P51] Jong, M.S.Y., Shang, J., Lee, F.-I., Lee, J.H.M. An evaluative study on VISOLE-Virtual 

interactive student-oriented learning environment. IEEE Transactions on Learning 

Technologies, 3 (4), 307-318 

[P52] Kam, M., Kumar,A., Jain, S., Mathur, A., and Canny, J. Improving literacy in rural India: 

Cellphone games in an after-school program. In 2009 International C, onference on 

Information and Communication Technologies and Development ICTD 2009 – Proceedings, 

(Doha Qatar, 2009), IEEE, 139-149 



 

274  Appendix A. Additional information on the SMS and SLR 

 

  

 

 

[P53] Karadimitriou, K., Roussou, M. Studying Player Experience in a Collaborative Embodied 

Interaction Game. In 2011 3rd International Conference on Games and Virtual Worlds for 

Serious Applications VS-Games 2011, (Athens Greece, 2011), IEEE, 199-206 

[P54] Kaufman, D., Sauvé, L., Renaud, L. Enhancing learning through an online secondary school 

educational game. Journal of Educational Computing Research, 44 (4), 409-428 

[P55] Kim, K., Oh, S.S., Ahn, J.H., and Lee, S.H. Development of a walking game for the elderly 

using controllers of hand buttons and foot boards. In Proceedings of CGAMES'2012 USA - 

17th International Conference on Computer Games: AI, Animation, Mobile, Interactive 

Multimedia, Educational and Serious Games, (Louisville KY United States, 2012), IEEE, 158-

161 

[P56] Kohlmann, W., Zender, R., Lucke, U. FreshUP - Implementation and evaluation of a pervasive 

game for freshmen. In 2012 IEEE International Conference on Pervasive Computing and 

Communications Workshops, PERCOM Workshops 2012, (Lugano Switzerland, 2012), IEEE, 

691-696 

[P57] Kuk, K., Milentijevic, I., Rancic, D., Spalevic, P. Pedagogical agent in Multimedia Interactive 

Modules for Learning - MIMLE. Expert Systems with Applications, 39 (9), 8051-8058 

[P58] Lányi, C.S., Brown, D. J., Standen, P., Lewis, J., Butkute, V. Results of user interface 

evaluation of serious games for students with intellectual disability. Acta Polytechnica 

Hungarica, 9 (1), 225-245 

[P59] Law, E.L., Mattheiss, E, Kickmeier-Rust, M., and Dietrich, A. Vicarious learning with a digital 

educational game: Eye-tracking and survey-based evaluation approaches. In Lecture Notes in 

Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture 

Notes in Bioinformatics), (Klagenfurt Austria, 2010), Springer-Verlag, 471-488 

[P60] Law, E.L.-C., Sun, X. Evaluating user experience of adaptive digital educational games with 

Activity Theory. International Journal of Human Computer Studies, 70 (7), 478-497 

[P61] Lazareck, L. J., Farrell, D., Kostkova, P., Lecky, D. M., McNulty, C. A. M., Weerasinghe, D. 

Learning by gaming - Evaluation of an online game for children. In 2010 Annual International 

Conference of the IEEE Engineering in Medicine and Biology Society EMBC'10, (Buenos 

Aires Argentina, 2010), IEEE, 2951-2954 

[P62] Liao, C.-F., Glick, D.B., Haag, S., and Baas, G. Development and deployment of traffic control 

game: Integration with traffic engineering curriculum for teaching high school students. 

Transportation Research Record, (2199), 28-36 

[P63] Liu, S., and Ding, W. An approach to evaluation component design in building serious game. 

In Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial 

Intelligence and Lecture Notes in Bioinformatics), (Banff AB Canada, 2009), Springer Berlin 

Heidelberg, 141-148 

[P64] Ma, M., Bechkoum, K. Serious games for movement therapy after stroke. In Conference 

Proceedings - IEEE International Conference on Systems, Man and Cybernetics, (Singapore 

Singapore, 2008), IEEE, 1872-1877 

[P65] Marques, B.R., Levitt, S.P., Nixon, K.J. Video games as a medium for software education. In 

4th International IEEE Consumer Electronic Society - Games Innovation Conference IGiC 

2012, (Rochester NY United States, 2012), IEEE, Art. No. 6329850 

[P66] Marsh, T., Xuejin, Ch., Nickole, L.Z., Osterweil, S., Klopfer, E., Haas, J. Fun and learning: 

The power of narrative. In Proceedings of the 6th International Conference on the Foundations 

of Digital Games FDG 2011, (Bordeaux France, 2011), ACM, 23-29 

[P67] Martin-Dorta, N., Sanchez-Berriel, I., Bravo, M., Hernandez, J., Saorin, J.L., Contero, M. . A 

3D educational mobile game to enhance student's spatial skills. In Proceedings - 10th IEEE 

International Conference on Advanced Learning Technologies ICALT 2010, (Sousse Tunisia, 

2010), IEEE, 6-10 

[P68] Mat Diah, N. M., Ismail, M., Ahmad, S. and Khairulnizam, M., Md Dahari, M. K. Usability 

testing for educational computer game using observation method. In Proceedings - 2010 

International Conference on Information Retrieval and Knowledge Management: Exploring 

the Invisible World CAMP'10, (Shah Alam Malaysia, 2010), IEEE, 157-161 

[P69] Mayer, I. Towards a Comprehensive Methodology for the Research and Evaluation of Serious 

Games. In 4th International Conference on Games and Virtual Worlds for Serious 

Applications (VS-GAMES’12), (Genoa Italy), Elsevier, 233 – 247 

[P70] McGraw, I., Yoshimoto, B., Seneff, S. Speech-enabled card games for incidental vocabulary 

acquisition in a foreign language. Speech Communication, 51 (10), 1006-1023 



 

Appendices 275 

 

 

 

[P71] Mitgutsch, K., Alvarado, N. Purposeful by design?: A serious game design assessment 

framework. In Foundations of Digital Games 2012 FDG 2012 - Conference Program, 

(Raleigh North Carolina United States, 2012), ACM, 121-128 

[P72] Moreno-Ger, P., Torrente, J., Hsieh, Y.G., and Lester, W.T. Usability testing for serious 

games: Making informed design decisions with user data. Advances in Human-Computer 

Interaction, 2012 (2012), Art. No. 369637 

[P73] Muñoz, K., Noguez, J., Mc Kevitt, P., Neri, L., Robledo-Rell, V., and Lunne, T. Adding 

features of educational games for teaching physics. In 39th Annual Frontiers in Education 

Conference: Imagining and Engineering Future CSET Education FIE 2009, (San Antonio TX 

United States, 2009), IEEE, Art. No. 5350630 

[P74] Muratet, M., Torguet, P., Viallet, F. and Jessel, J.P. Experimental feedback on Prog&Play: A 

serious game for programming practice. Computer Graphics Forum, 30 (1), 61-73 

[P75] Navarro, E., and Van der Hoek, A. Multi-site evaluation of SimSE. In SIGCSE'09 - 

Proceedings of the 40th ACM Technical Symposium on Computer Science Education, 

(Chattanooga TN USA, 2009), ACM, 326-330 

[P76] Oldfield, J.D. and Slessor, A. Shades of Grey: Playing games in the classroom to enhance 

student learning. In ASCILITE 2010 - The Australasian Society for Computers in Learning in 

Tertiary Education, (Sydney NSW Australia, 2010), James D Oldfield & Andrew Slessor, 705-

715 

[P77] Paliokas, I., Arapidis, Ch., Mpimpitsos, M. PlayLOGO 3D: A 3D interactive video game for 

early programming education: Let LOGO be a game. In Proceedings - 2011 3rd International 

Conference on Games and Virtual Worlds for Serious Applications, VS-Games 2011, (Athens 

Greece, 2011), IEEE, 24-31 

[P78] Papastergiou, M. Digital Game-Based Learning in high school Computer Science education: 

Impact on educational effectiveness and student motivation. Computers and Education, 52 (1), 

1-12 

[P79] Pappa, D. and Pannese, L. Effective design and evaluation of serious games: The case of the 

e-VITA project. Communications in Computer and Information Science, 111 (Part 1), 225-

237 

[P80] Pareto, L., Arvemo, T., Dahl, Y., Haake, M., Gulz, A. A teachable-agent arithmetic game's 

effects on mathematics understanding, attitude and self-efficacy. In Lecture Notes in Computer 

Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in 

Bioinformatics), (Auckland New Zealand, 2011), Springer-Verlag, 247-255 

[P81] Parsons, D., Petrova, K. Mobile gaming - A serious business!. In Proceedings 2012 17th IEEE 

International Conference on Wireless, Mobile and Ubiquitous Technology in Education 

WMUTE 2012, (Takamatsu Kagawa Japan, 2012), IEEE, 17-24 

[P82] Perera, N.T., Wijerathne, I. S. D., Wijesooriy, M.M., Dharmarathne, A. T., Weerasinghe, A. 

R. ICT based education for students with special educational needs in Sri Lanka. In 3rd 

International Conference on Advances in ICT for Emerging Regions ICTer 2012, (Colombo 

Sri Lanka, 2012), IEEE,156-164 

[P83] Petrasova, A., Czanner, S., Chalmers, A., Farrer, J.V., Wolke, D. The Playability Evaluation 

of Virtual Baby Feeding Application. In 2nd International Conference on Games and Virtual 

Worlds for Serious Applications VS-GAMES 2010, (Braga Portugal, 2010), IEEE, 95-100 

[P84] Qin, J., Chui, Y.P., Pang, W.M., Choi, K.S., Heng, P.A. Learning blood management in 

orthopedic surgery through gameplay. IEEE Computer Graphics and Applications, 30 (2), 45-

57 

[P85] Rodríguez-Cerezo, D., Sarasa-Cabezuelo, A., Gómez-Albarrán, M., Sierra J.-L. Facilitating 

comprehension of basic concepts in computer language implementation courses: A game-

based approach. In 2012 International Symposium on Computers in Education SIIE 2012, 

(Andorra la Vella Andorra, 2012), UOLS, 1-6 

[P86] Sedig, K. Toward operationalization of 'flow' in mathematics learn ware. Computers in Human 

Behavior, 23 (4), 2064-2092 

[P87] Serrano, A., Marchiori, E. J., Del Blanco, A., Torrente, J., Fernández-Manjón, B. A framework 

to improve evaluation in educational games. In IEEE Global Engineering Education 

Conference, EDUCON, (Marrakech Morocco, 2012), IEEE, Art. No. 6201154 

[P88] Shin, N., Sutherland, L.M., Norris, C.A., and Soloway, E. Effects of game technology on 

elementary student learning in mathematics. British Journal of Educational Technology, 43 

(4), 540-560 



 

276  Appendix A. Additional information on the SMS and SLR 

 

  

 

 

[P89] Sung, H.Y., Hwang G.J. A collaborative game-based learning approach to improving students’ 

learning performance in science courses. Computers and Education, 63 (2013), 43-51 

[P90] Tan, J.L., Goh, D. H.-L., Ang, R.P., Huan, V.S. Participatory evaluation of an educational 

game for social skills acquisition. Computers and Education, 64 (2013), 70-80 

[P91] Thiry, M., Zoucas, A., Da Silva, A.C. Empirical study upon software testing learning with 

support from educational game. In SEKE 2011 - Proceedings of the 23rd International 

Conference on Software Engineering and Knowledge Engineering, (Miami FL United States, 

2011), Elsevier, 481-484 

[P92] Tolentino, G. P., Battaglini, C. Usability of serious games for health. In Proceedings - 2011 

3rd International Conference on Games and Virtual Worlds for Serious Applications VS-

Games 2011, (Athens Greece, 2011), IEEE, 172-175 

[P93] Torrente, J., Moreno-Ger, P., Fernández-Manjón, B., Del Blanco, A. Game-like simulations 

for online adaptive learning: A case study. In Lecture Notes in Computer Science (including 

subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), (Banff 

AB Canada, 2009), Springer Berlin Heidelberg, 162-173 

[P94] Van Der Spek, E.D. COgnition-based design rules enhancing decision making training in a 

game environment (code red triage: Doctoral consortium paper). In ECCE 2010 - European 

Conference on Cognitive Ergonomics 2010: The 28th Annual Conference of the European 

Association of Cognitive Ergonomics, (Delft Netherlands, 2010), ACM, 319-322 

[P95] Vaz de Carvalho, C. Learning with serious games: The SELEAG approach. Lecture Notes in 

Electrical Engineering, 157 (2), 287-292 

[P96] Vidani, A.C., Chittaro, L., Carchietti, E. Assessing nurses' acceptance of a serious game for 

emergency medical services. In 2nd International Conference on Games and Virtual Worlds 

for Serious Applications VS-GAMES 2010, (Braga Portugal, 2010), IEEE, 101-108 

[P97] Virvou, M., Katsionis, G. On the usability and likeability of virtual reality games for education: 

The case of VR-ENGAGE. Computers and Education, 50 (1), 154–178 

[P98] Von Wangenheim Ch. G., Savi, R., Ferreti Borgatto, A. DELIVER! - An educational game for 

teaching Earned Value Management in computing courses. Information and Software 

Technology, 54 (3), 286-298 

[P99] Von Wangenheim, G.C., Thiry, M., Kochanski, D. Empirical evaluation of an educational 

game on software measurement. Empirical Software Engineering, 14 (4), 418-452 

[P100] Wallner, G., Kriglstein, S. DOGeometry: Teaching geometry through play. In FnG´12 

Proceedings of the 4th International Conference on Fun and Games, (Toulouse France, 2012), 

ACM, 11-18 

[P101] Wang, A.I., Wu, B., Bakken, S.K. Experiences from Implementing a Face-to-Face Educational 

Game for iPhone/iPod Touch. In 2nd International IEEE Consumer Electronic Society Games 

Innovation Conference ICE-GIC 2010, (Hong Kong China, 2010), IEEE, Art. No. 5716895 

[P102] Wang, P. R., Dzeng, R. J., Pan, N. F. Learning construction procurement negotiation in an 

educational game. In IEEM2010 - IEEE International Conference on Industrial Engineering 

and Engineering Management, (Macao China, 2010), IEEE, 671-675 

[P103] Yampinij, S., Kongkachuay, S. The development of computer multimedia game-based 

instruction on English idioms for the 2nd educational range at Bannakhao School. In 2nd 

International Conference on Computer Technology and Development ICCTD 2010, (Cairo 

Egypt, 2010), IEEE, 568-572 

[P104] Yang, J.-C., Lin, Y.-L., and Chung, C.-I. Developing a film-based learning system with english 

verbal reduced forms for supporting english listening comprehension. Lecture Notes in 

Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture 

Notes in Bioinformatics), 5670 (2009), 74-84 

[P105] Yang, J.C., Lin, Y.L., Wu, J.J., Chien, K.H. Design and evaluation of a physical interactive 

learning environment for English learning. In Proceedings - 2nd IEEE International 

Conference on Digital Game and Intelligent Toy Enhanced Learning DIGITEL 2008, (Banff 

BC Canada, 2008), IEEE, 36-43 

[P106] Yeh, K.C. and Chen, W.F. Work in progress - Using a computer gaming strategy to facilitate 

undergraduates' learning in a computer programming course: An experimental study. In 

Proceedings - Frontiers in Education Conference FIE 2011, (Rapid City SD, 2011), IEEE, 

S4H-1-S4H-2 

[P107] Yue, W.S., Mat Zin, N.A. Usability evaluation for history educational games. In ICIS ´09 

Proceedings of the 2nd International Conference on Interaction Sciences: Information 

Technology, Culture and Human, (Seoul Korea, 2009), ACM, 1019-1025 



 

Appendices 277 

 

 

 

[P108] Yusoff, A., Crowder, R., Gilbert, L., and Wills, G. A conceptual framework for serious games. 

In Proceedings - 2009 9th IEEE International Conference on Advanced Learning 

Technologies ICALT 2009, (Riga Latvia, 2009), IEEE, 21-23 

[P109] Zechner, J., Ebner, M. Playing a game in civil engineering - The internal force master for 

structural analysis. In 2011 14th International Conference on Interactive Collaborative 

Learning ICL 2011 - 11th International Conference Virtual University VU'11, (Piestany 

Slovakia, 2011), IEEE, 417-422 

[P110] Zhang, H.-F., Fan, X.-Y., Xing, H.-F. Research on the Design and Evaluation of Educational 

Games Based on the RETAIN Model. In 2010 3rd International Symposium on Knowledge 

Acquisition and Modeling KAM 2010, ( Wuhan China, 2010), IEEE, 375-378 

[P111] Zhang, M., Xu, M., Han, L., Liu, Y., Lv, P., He, G. Virtual Network Marathon with immersion, 

scientificalness, competitiveness, adaptability and learning. Computers and Graphics 

(Pergamon), 36 (3) 185-192 

 

  



 

278  Appendix A. Additional information on the SMS and SLR 

 

  

 

 

8.1.3 Empirical studies included in the SLR 

The 41 papers that were selected from the primary studies obtained in the SMS (see 

Subsection 8.1.2), and which contain empirical evidence on SG quality, are listed as 

follows. These primary studies were selected for the SLR described in Subsection 2.4 

Chapter 2. The number assigned to each of the 41 papers in this list is not consecutive 

because it is the number assigned to each paper in the original list of 112 primary studies 

(see Subsection 8.1.2) 
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8.1.4 Results of the questions RQ1 to RQ5 

and RQ7 to RQ8 of the SLR 

In this section of the appendix, a summary of the results of the SLR based on the 41 papers 

eventually selected is presented. Table 140 shows the results of the classification of the 

41 papers selected according RQ1 to RQ5 and RQ7 to RQ8. The value of RQ6 is not 

included in this table per paper because it refers to the strength evidence of the empirical 

studies, which is a value that resulted from the analysis of all the studies Table 140 

includes the following information: the paper ID, the type of the empirical method used, 

the context in which the empirical studies were performed, the type of subjects who 

participated, the dependent variables (i.e., what the SG quality focus on studies was), the 

independent variables (i.e., what treatments were compared), the measures used to 

measure the dependent variables, the score of the quality assessment of each paper, the 

year of publication and the name of the publication forum of each paper. 

Table 140. SLR results of the questions RQ1 to RQ5 and RQ7 to RQ8 per paper 

Paper 

ID 

Empirical 

research 

method 

(RQ1) 

Context 

(RQ2) 

Subjects 

(RQ3) 

What is evaluated? 

(RQ4) 

Quality 

assessment 

(RQ5) 

Year 

of 

public

ation 

(RQ7) 

Name of 

publicati

on 

(RQ8) 
Dependent 

variable 

 

Independent 

variable 

(treatments) 

Measure 

P03 Experiment School  Students Effectiveness,  

Pleasure 

Using SG Qualitative 

questionnaire 

High (21) 2009 

 

VS-

Games 

2009 

P06 Case study Home Stroke 

victims  

Effectiveness, 

Usefulness 

Using SG Physical health 

test, 

Observation 

Medium 

(16) 

2011 

 

VS-

Games 

2011 

P07 Experiment School Students Effectiveness Using SG vs. 

using traditional 

methods 

Correct Answers Medium 

(17) 

2012 

 

CISTI 

2012 

P09 Experiment School Students Effectiveness Using SG Correct Answers, 

Qualitative 

questionnaire 

High (24) 2013 Computer

s and 

Education 

P12 Experiment School Students Pleasure, 

Usefulness 

Using SG Scales: Short Flow 

State, Core Flow 

State 

Qualitative 

questionnaire 

High (21) 2013 

 

 

Journal of 

Computer 

Assisted 

Learning 

P17 Experiment School Students Effectiveness Using SG vs. 

using traditional 

methods 

Correct Answers High (21) 2012 Electroni

c Journal 

of e-

Learning 

P18 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

High (23) 2010 Education

al 

Technolo

gy and 

Society 

P22 Experiment School  Students Pleasure, 
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Using SG Qualitative 
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High (25) 2011 

 

 

Computer

s and 

Education 
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park 
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Pleasure 

Using SG vs. 
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methods 
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Qualitative 
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P27 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Time Required 
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SIGCSE 
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Pleasure 
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methods 
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Using SG vs. 

using traditional 

methods 
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2009 
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Context 

(RQ2) 

Subjects 

(RQ3) 

What is evaluated? 

(RQ4) 

Quality 

assessment 

(RQ5) 

Year 

of 

public

ation 

(RQ7) 

Name of 

publicati

on 

(RQ8) 
Dependent 

variable 

 

Independent 

variable 

(treatments) 

Measure 

using traditional 

methods 

P49 Experiment School Students Effectiveness Using SG 

updated vs. 

using SG 

without updated 

Qualitative survey High (25) 2012 

 

ICOS 

2012 

P50 Experiment Hospital Health 

workers 

Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

No. of casualties 

correctly tagging 

High (23) 2009 

 

VS-

Games 

2009 

P51 Experiment School Students Effectiveness Using SG Correct Answers 

Qualitative survey 

Qualitative 

interview 

High (21) 2010 

 

IEEE 

TLT 2010 

P52 Experiment School Students Effectiveness, 

Pleasure 

Using SG Attitude 

observations, 

video recording 

High (22) 2009 

 

ICTD 

2009 

P59 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Eye tracking 

metric 

Qualitative 

questionnaire 

High (27) 2010 LNCS 

2010 

P60 Experiment School Students Effectiveness, 

Pleasure, 

Usefulness 

Using SG Correct Answers 

Qualitative 

interview 

AT framework 

(observations, 

inter-views) 

High (21) 2012 

 

Internatio

nal 

Journal 

on 

Human 

Computer 

Studies 

P64 Experiment No 

mentione

d 

Stroke 

victims  

Effectiveness Using SG vs. 

using traditional 

methods 

Physical health test Medium 

(20) 

2008 

 

 

CSMC 

2008 

P70 Experiment School  Effectiveness Using SG Correct Answers 

Qualitative 

questionnaire 

High (25) 2009 

 

Speech 

Communi

cation 

P72 Case study Hospital Health 

workers 

Effectiveness, 

Pleasure, 

Usefulness 

Using SG Correct Answers 

Significant events 

recorded (based on 

Serious Game 

Usability 

Evaluator – 

SeGUE) 

Medium 

(18) 

2012 

 

Advances 

in 

Human-

Computer 

Interactio

n 

P73 Experiment School Students Effectiveness Using SG vs. 

using 

videogame vs. 

using traditional 

methods 

Correct Answers Medium 

(19) 

2009 

 

FIE 2009 

P74 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Quantity of work 

achieved 

Qualitative 

questionnaire 

High (22) 2011 

 

Computer 

Graphics 

Forum 

P75 Experiment School Students Effectiveness, 

Pleasure 

Using SG site 1 

vs. using SG 

site 2 vs. using 

SG site 3 vs. 

previous results 

Correct Answers 

Qualitative 

questionnaire 

High (22) 2009 

 

SIGCSE 

2009 

P78 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

High (26) 2009 

 

Computer

s and 

Education 

P80 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

High (26) 2011 

 

LNCS 

2011 

P81 Experiment School Students Effectiveness, 

Pleasure, 

Usefulness 

Using SG Time Required 

Qualitative 

questionnaire 

High (22) 2012 WMUTE 

2012 

P86 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

interviews 

High (24) 2007 

 

Computer

s in 

Human 

Behavior 

P88 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using 

videogame 

Using SG group 

1 vs. using SG 

group 2 vs. 

using SG group 

3 

Correct Answers 

Qualitative 

interviews 

High (26) 2013 

 

British 

journal of 

education

al 

technolog

y 

P89 Experiment School Students Effectiveness Using SG vs. 

using 

videogame vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

interviews 

High (24) 2013 

 

Computer 

and 

Education 

P91 Experiment School Students Effectiveness Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

interviews 

High (26) 2011 

 

SEKE 

2011 

P92 Experiment No 

mentione

d 

Heavy 

computer 

users 

Pleasure Using SG vs. 

using 

videogame 

 

System Usability 

Scale (SUS) 

Medium 

(20) 

2011 

 

VS-

Games 

2011 

P98 Experiment School Students Effectiveness, 

Pleasure, 

Usefulness 

Using SG Qualitative 

questionnaire 

Medium 

(20) 

2012 

 

Informati

on and 

Software 
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Paper 

ID 

Empirical 

research 

method 

(RQ1) 

Context 

(RQ2) 

Subjects 

(RQ3) 

What is evaluated? 

(RQ4) 

Quality 

assessment 

(RQ5) 

Year 

of 

public

ation 

(RQ7) 

Name of 

publicati

on 

(RQ8) 
Dependent 

variable 

 

Independent 

variable 

(treatments) 

Measure 

Technolo

gy 

P99 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

High (29) 2009 

 

Empirical 

Software 

Engineeri

ng 

P100 Experiment School Students Effectiveness Using SG vs. 

using traditional 

methods 

Correct Answers Medium 

(20) 

2012 

 

ACMIC 

2012 

P102 Experiment School Students Effectiveness, 

Usefulness 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

High (22) 2010 

 

IEEM 

2010 

P104 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

Medium 

(18) 

2009 

 

LNCS 

2009 

P105 Experiment School Students Effectiveness, 

Pleasure 

Using SG vs. 

using traditional 

methods 

Correct Answers 

Qualitative 

questionnaire 

Medium 

(18) 

2008 DIGITEL 

2008 
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8.1.5 Additional information extracted from the 

selected empirical studies for the SLR 

Table 141 shows the additional information extracted from the 41 papers that contain 

empirical studies. Table 141 contains the following information; the paper ID, the 

application area, the educational level (in the case of studies carried out in an academic 

context), the topic taught (in the case of studies carried out in an academic context), the 

experimental design used and the results obtained as regards the use of SGs. 

Table 141. SLR additional information of empirical papers 

Paper ID Application area 

 
Educational level 

(if applied) 

 

Topic taught 

(if applied) 

 

Experimental 

design 

Result obtained  

on the use of SGs 

(favorable/unfav

orable) 

P03 Education University Collaborative 

work 

pre posttest favorable 

P06 Health   case study favorable 

P07 Education Elementary school Languages pre posttest favorable 

P09 Education University Languages pre posttest favorable 

P12 Education Middle school Forensic Science pre posttest favorable 

P17 Education Middle school Chemistry posttest favorable 

P18 Education Elementary school Social Science pre posttest favorable 

P22 Education Middle school Languages pre posttest favorable 

P23 Education Elementary school History posttest No significance 

difference 

P27 Education University Computing pre posttest favorable 

P32 Education Middle school History pre posttest favorable 

P33 Education Not mentioned History pre posttest favorable 

P38 Education University Business pre posttest favorable 

P46 Education Elementary school Personal Hygiene posttest favorable 

P48 Education High school Reading abilities pre posttest favorable 

P49 Education University Computing pre posttest favorable 

P50 Health   pre posttest favorable 

P51 Education Middle school Agriculture pre posttest favorable 

P52 Education Elementary school Languages pre posttest favorable 

P59 Education University Geography pre posttest favorable 

P60 Education Elementary school Geography pre posttest unfavorable 

P64 Health   pre posttest favorable 

P70 Education University Languages posttest favorable 

P72 Health   case study favorable 

P73 Education University Physics pre posttest favorable 

P74 Education University Computing posttest favorable 

P75 Education University Computing posttest favorable 

P78 Education High school Computing pre posttest favorable 

P80 Education Elementary school Mathematics pre posttest favorable 
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Paper ID Application area 

 
Educational level 

(if applied) 

 

Topic taught 

(if applied) 

 

Experimental 

design 

Result obtained  

on the use of SGs 

(favorable/unfav

orable) 

P81 Education University Business posttest favorable 

P86 Education Elementary school Mathematics pre posttest favorable 

P88 Education Elementary school Mathematics pre posttest favorable 

P89 Education Elementary school Natural Science pre posttest favorable 

P91 Education University Computing pre posttest favorable 

P92 Health   posttest favorable 

P98 Education University Computing posttest favorable 

P99 Education University Computing pre posttest No significance 

difference 

P100 Education Elementary school Mathematics pre posttest favorable 

P102 Education University Civil Engineering pre posttest favorable 

P104 Education University Languages pre posttest favorable 

P105 Education Elementary school Languages pre posttest favorable 
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8.1.6 Quality assessment performed in the SLR 

Table 142 shows a detailed summary of the score for each quality assessment criterion per paper performed in the SLR (see Subsection 2.4.3.5 

Chapter 2). The information in the table includes the paper ID, each of the eight quality criteria, the score obtained by each criterion and the total 

quality assessment score (TOT QA) which is the result of the sum of scores per criterion. A detail description of each of the quality criteria is 

described in Section 3. The results of this assessment helped us identify the quality of empirical research carried out, but was not used to exclude 

articles from this SLR. 

Table 142. Score of each quality assessment criterion per paper 

ID Aims and Objectives T 

1 

Context T 

2 

Design of 

experiment 

T 

3 

Ctrl 

group 

T 

4 

Data collection T 

5 

Data analysis procedures T 

6 

Threats to validity/bias T 

7 

Conclusions T 

8 

TOT 

QA 

1.1 1.2 1.3 1.4 2.1 2.2 3.1 3.2 4.1 5.1 5.2 5.3 5.4 5.5 6.1 6.2 6.3 6.4 6.5 7.1 7.2 7.3 7.4 7.5 7.6 8.1 8.2 8.3 8.4 8.5 

P03 1 1 0 0 2 1 1 2 1 1 2 0 0 1 1 0 1 0 3 1 2 0 1 1 5 1 0 0 1 1 0 3 1 1 1 0 1 4 21 

P06 1 1 0 0 2 2 1 3 0 1 1 0 0 1 1 1 1 0 4 1 0 0 1 0 2 1 0 0 0 0 0 1 1 1 1 0 0 3 16 

P07 1 1 0 0 2 2 0 2 0 1 1 1 1 1 1 1 1 0 4 1 0 0 0 0 1 1 0 0 1 0 0 2 1 1 1 0 1 4 17 

P09 1 1 0 2 4 2 1 3 1 1 2 0 0 1 1 1 1 0 4 2 2 0 1 1 6 1 0 0 0 0 0 1 1 1 1 0 1 4 24 

P12 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 0 3 1 0 0 1 0 1 3 1 1 1 0 1 4 21 

P17 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 0 4 1 1 0 1 0 0 3 1 1 1 0 0 3 21 

P18 1 1 1 0 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 0 4 1 1 0 1 0 0 3 1 1 1 1 0 4 23 

P22 1 1 0 2 4 2 1 3 0 1 1 0 0 1 1 1 1 0 4 2 1 0 1 1 5 1 1 0 1 0 1 4 1 1 1 0 1 4 25 

P23 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 2 0 1 1 6 1 1 0 1 0 1 4 1 1 1 0 1 4 25 

P27 1 1 0 2 4 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 2 0 1 1 6 1 1 1 1 1 0 5 1 0 1 0 0 2 26 

P32 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 1 5 1 0 0 0 0 0 1 1 1 1 0 1 4 22 

P33 1 1 1 0 3 2 1 3 0 1 1 0 0 1 1 1 1 0 4 2 1 0 1 1 5 1 0 0 0 0 0 1 1 1 1 0 0 3 20 

P38 1 1 1 2 5 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 1 5 1 0 1 0 0 0 2 1 1 1 0 0 3 24 

P46 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 2 0 0 1 4 1 0 1 1 0 0 3 1 1 1 0 0 3 22 

P48 1 1 0 0 2 2 1 3 1 1 2 1 1 1 1 1 1 0 4 1 1 0 1 1 4 1 0 0 1 1 0 3 1 1 1 0 1 4 23 

P49 1 1 0 2 4 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 2 0 1 1 5 1 0 1 1 0 1 4 1 1 1 0 0 3 25 

P50 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 0 1 3 1 0 1 1 1 1 5 1 1 1 0 1 4 23 

P51 1 1 0 0 2 2 1 3 1 1 2 0 0 1 1 1 1 0 4 1 1 0 1 1 4 1 0 0 1 0 0 2 1 1 1 0 1 4 21 

P52 1 1 0 0 2 2 1 3 1 1 2 0 0 1 1 1 1 0 4 1 2 0 0 1 4 1 0 1 1 0 0 3 1 1 1 0 1 4 22 

P59 1 1 0 2 4 2 1 3 1 1 2 1 1 1 1 1 1 0 4 2 1 0 1 1 5 1 0 0 1 1 1 4 1 1 1 0 1 4 27 

P60 1 1 0 1 3 2 1 3 1 1 2 0 0 1 1 1 0 0 3 1 1 0 1 1 4 1 0 0 1 0 0 2 1 1 1 0 1 4 21 

P64 1 1 0 1 3 2 1 3 0 1 1 0 0 1 1 1 0 0 3 1 1 0 0 1 3 1 0 0 1 0 1 3 1 1 1 0 1 4 20 

P70 1 1 1 0 3 2 1 3 1 1 2 0 0 1 1 1 1 0 4 3 1 0 1 1 6 1 1 0 1 0 0 3 1 1 1 0 1 4 25 

P72 1 1 0 0 2 2 1 3 0 1 1 0 0 1 1 1 0 0 3 2 0 0 1 0 3 1 1 0 0 0 1 3 1 1 1 0 0 3 18 

P73 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 0 0 3 1 0 0 0 0 1 1 0 1 0 1 0 3 1 1 1 0 1 4 19 

P74 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 0 0 1 0 2 1 1 1 1 1 0 5 1 1 1 0 1 4 22 
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P75 1 1 0 0 2 2 1 3 0 1 1 0 0 1 1 1 0 0 3 2 1 0 1 0 4 1 1 1 1 0 1 5 1 1 1 0 1 4 22 

P78 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 1 5 1 0 1 1 1 1 5 1 1 1 0 1 4 26 

P80 1 1 1 1 4 2 1 3 0 1 1 1 1 1 1 1 0 0 3 1 2 0 1 1 5 1 1 0 1 1 0 4 1 1 1 1 1 5 26 

P81 1 1 1 1 4 2 1 3 0 1 1 0 0 1 1 1 0 0 3 1 1 0 1 0 3 1 0 0 1 1 0 3 1 1 1 1 1 5 22 

P86 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 1 4 1 0 0 1 1 1 4 1 1 1 0 1 4 24 

P88 1 1 1 0 3 2 1 3 1 1 2 1 1 1 1 1 0 0 3 1 2 0 1 1 5 1 0 1 1 1 0 4 1 1 1 1 1 5 26 

P89 1 1 1 0 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 2 1 0 1 1 5 1 0 0 1 0 0 2 1 1 1 1 1 5 24 

P91 1 1 1 1 4 2 1 3 0 1 1 1 1 1 1 1 0 0 3 1 2 0 0 0 3 1 1 1 1 1 1 6 1 1 1 1 1 5 26 

P92 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 0 1 3 1 0 0 1 0 0 2 1 1 1 0 1 4 20 

P98 1 1 0 0 2 2 1 3 0 1 1 0 0 1 1 1 1 0 4 1 1 0 1 0 3 1 1 0 1 0 1 4 1 1 1 0 0 3 20 

P99 1 1 1 2 5 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 3 0 0 1 5 1 1 1 1 1 1 6 1 1 1 1 0 4 29 

P100 1 1 0 0 2 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 0 3 1 0 0 1 0 1 3 1 1 1 0 0 3 20 

P102 1 1 0 1 3 2 1 3 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 0 3 1 0 1 1 1 0 4 1 1 1 0 0 3 22 

P104 1 1 0 0 2 2 0 2 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 0 3 1 0 0 1 0 0 2 1 1 1 0 0 3 18 

P105 1 1 0 0 2 2 0 2 0 1 1 1 1 1 1 1 1 0 4 1 1 0 1 0 3 1 0 0 1 0 0 2 1 1 1 0 0 3 18 
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8.2 Appendix B. Glossary of relevant terms 

and artifacts for the QSGame-Evaluation 

process 
This appendix provides information that is complementary to the contents of Chapter 3. 

In Subsection 8.2.1, the relevant terms regarding both quality and game elements are 

presented. A detailed relationship among the quality attributes of the QSGame-Model is 

presented in Subsection 8.2.2. Finally, in Subsections 8.2.3, 8.2.4 and 8.2.5, the SGGIRF, 

CHLF and the MERF forms used in the QSGame-Evaluation process (Subsection 3.2.1 

Figure 21) are presented, respectively. 

8.2.1 Glossary of relevant terms 

In this section the terms and definitions used in the quality model proposed are described. 

8.2.1.1 ISO 25000 standard terms and definitions 

Attribute 

A measurable physical or abstract property of an entity. 

Direct measure: 

A measure of an attribute that does not depend upon a measure of any other attribute. 

External measure: 

An indirect measure of a product derived from measures of the behavior of the system of 

which it is a part. 

Measure (noun) 

Variable to which a value is assigned as the result of measurement. 

Measurement 

Set of operations whose objective is to determine a value of a measure. 

Measurement function 

Algorithm or calculation performed to combine two or more Quality Measure Elements. 

Software Quality characteristic 
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Category of software quality attributes that have a bearing on software quality. 

Quality model 

Defined set of characteristics, and of relationships among them, which provides a 

framework in which to specify quality requirements and evaluate quality. 

Quality Measure Element (QME) 

Measure defined in terms of a property and the measurement method for quantifying it, 

including, optionally, the transformation by a mathematical function. Examples of this 

are: “number of functions”, “number of failures”, etc. 

8.2.1.2 Game element definitions 

Acceptable and attractive interface: 

The acceptable and attractive interface qualities are shown in Table 143. 

Table 143. Qualities of acceptable and attractive interfaces 

Balance: 

Balancing interface elements 

between the horizontal and 

vertical axes. 

 

Symmetry: 

Balancing interface elements 

vertically, horizontally and 

diagonally, thus obtaining 

symmetry between pairs of 

objects.  

Regularity: 

Placing the interface elements 

regularly between rows and 

columns. 

 

Predictability: 

Placing the interface elements 

in such a way that their 

functionality can be 

predicted. 
 

Sequentiality: 

Placing the interface 

elements, from largest to 

smallest in different 

quadrants in the form of a Z. 
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Economy: 

Using the fewest possible 

number of sizes, shapes and 

colors. 

 

Unity: 

Minimizing the space 

between the interface 

elements when they are all the 

same size. 
 

Proportionality: 

Using similar proportions 

between the height and width 

of the interface elements. 

 

Simplicity: 

Organizing the elements as 

simply as possible. 

 

Grouping: 

Associating interface 

elements in groups according 

to their function or similarity. 

Using visual reinforcement to 

separate groups. 

 

 

Basic design principles as regards the use of screens space (Ambler, 1998, 2000; 

Galitz, 2007) 

These are guidelines regarding the use of space, concerning how information should be 

presented in a graphical interface in order to improve acceptance and human 

understanding. 

 Create an initial attention point on the screens. 

 Organize (visually) the interface elements. Locate the interface elements in the 

same space according to their similarity. 

 Distribute space between elements. The closeness, the remoteness and size of the 

elements must be set by considering that the user must not travel long distances 

to get from one element to another and that, upon reaching the element, it can be 

handled easily. 
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 Accommodate elements hierarchically on the screen in order to achieve a contrast, 

considering sizes and spaces (the elements at the top level of the hierarchy). 

 

Basic design principles as regards the use of screen color (Ambler, 1998, 2000; 

Galitz, 2007) 

These are guidelines regarding the use of color, related to how information should be 

presented in a graphical interface in order to improve acceptance and human 

understanding. 

 Use up to five, plus or minus two different colors. 

 Emphasize the most important information through the use of color. Use strong 

contrasts of color to focus on the most important information. 

 Use the same color to group related items. 

 Avoid the color blue for text, fine lines, and small shapes. 

 Use central and peripheral colors appropriately: avoid red and green on the 

periphery of large-scale displays. Its use in the periphery of the visual field 

deflects attention. These colors are recommended for use in the center of the visual 

field to capture attention. The use of black, blue, white and yellow is appropriate 

in the periphery of the visual field. 

 Respect the existing professional and cultural use of certain colors in order to 

improve communication. For example, an email icon should be represented by 

considering the color used on the mailboxes of the countries involved. 

Basic design principles as regards the use of screen text (Galitz, 2007; Tondreau, 

2009) 

These are guidelines regarding the use of text, concerning how information should be 

presented in a graphical interface in order to improve acceptance and human 

understanding. 

 Use small texts and large fonts. 

 Use the smallest possible of several typefaces. It is best to use one. 

 When using different typeface fonts, ensure that proportions look harmonious to 

prevent the letters from looking smaller or larger. 

 Adjust text to the left and adjust numbers of edit fields to the right. 
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 Adjust label text to the right. 

 In hierarchical accommodations, font size should help show that titles are titles 

and are not part of a paragraph. 

Basic principles of readability as regards the use of fonts (Ambler, 1998, 2000; 

Galitz, 2007; Tondreau, 2009) 

These are guidelines regarding the use of fonts, related to the relative ease with which a 

font can be read when its characters are grouped into words, sentences and paragraphs. 

 Use fonts from the San Serif families (such as Arial, Helvetica, Tahoma, Verdana) 

because they have rectilinear features favoring readability on screen. 

 Use an appropriate font size. 

 Use different fonts only to emphasize text. 

 Avoid using an all uppercase text, all bold-type text, or all italics text. 

Basic principles of readability as regards the use of color (Ambler, 1998, 2000; 

Galitz, 2007; Tondreau, 2009) 

 These are guidelines regarding the use of color, concerning the relative ease with 

which a font can be read when its characters are grouped into words, sentences 

and paragraphs. 

 Use contrasting colors for text and background. 

 Use different colors in the text just for emphasis. 

 Use the same color to emphasize several related words. 

Browsing 

The set of actions needed to tour the game. 

Challenge 

These are tests that are submitted to players when playing. 

Feedback 

This is the answer with which the player is provided by the game to inform him/her of an 

action performed in the game. 

Game Control 
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Physical device that is used to control a game. Examples are the mouse, keyboard, 

joystick, a remote, a steering wheel of a car, etc. 

Level of difficulty 

The level of difficulty a player can choose while using the game. 

Metaphor 

Use of icons to illustrate the real world. Standard icons are a visual substitute for a 

concept, idea or action. They are very useful visual guides for the player. 

Randomization 

Game characteristic for actions that occur in it, not played back in the same way, in order 

to prevent the player from learning actions based on trial and error. 

Realism 

Closeness of the virtual world of the game to the real world 

Realistic interface (González Sánchez, 2010) 

An interface is perceived realistically when: 

 The objects and characters in the virtual world resemble objects and characters 

recognizable in reality. 

 The objects and characters in the virtual world respond to the actions taken in the 

game. There is a connection between the virtual world objects and actions. For 

example, shadows, collisions, explosions, etc. 

 The player’s movements and action can be observed immediately in the game. 

 The movements of objects and characters in the virtual world are accurate when 

they respond to an action. 

 The visual and sound effects correspond with the virtual world. 

 The visual and sound effects are synchronized. 

 There are systems that create atmosphere throughout the game. For example 

intrigue, fear, suspense, etc. 

 The camera system properly captures the action of the game. 

Reward 

Incentive to motivate the player to attain a goal. 
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Rules 

Define the actions that can and cannot be performed by players. 

Progress of the game 

Shows the player‘s degree of success or failure as regards overcoming the challenges 

posed by the game and whether s/he has attained victory (success). 

Storyline 

The framework of the plot and the story of each relevant entity of gameplay. A relevant 

entity is anything that interacts with the player in the game (characters, objects, etc.). 

Storytelling 

The way in which the story of the game is narrated to the player. 
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8.2.2 Relationships between the quality attributes of the QSGame-Model 

Table 144 shows the potential relationships between the attributes of the QSGame-Model proposed. As explained in Subsection 3.1.1., the types of 

relationships are: collaboration (+), damage (-) and dependency (D). 

Table 144. Relationships between the attributes of the QSGame-Model 
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Objective coverage functions  D                D D D D                 

Mechanics coverage functions D   + + +   +               -  +            

Coverage of progress functions       -                D        +       

Coverage of rewards functions  + D   +   +                             

Coverage of shared challenges functions  D               D         +            

Coverage of shared rewards functions  D  +     +               +              

Functions with correct progress   D                     +       D       

Functions with immediate feedback                       +         +      

Functions with appropriateness reward  D  +  +                  +              

Scaffolding correctness functions  D   D           +        D  D            

Customizable functions                                       

Randomization functions                                      

Control functions             D   +                   +     

Realism functions           D  +                    +     

Storyline and storytelling functions D D            +                   D     

Appro levels of difficulty on functions  D   D     +                D            
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Team functions    D D                                 

Tutorials descrip completeness functions D D                 D + D   D              

Demos  capability functions D D                D  D +   D              

Understandable tutorials functions D D                + D  D   D              

Understandable demos functions D D                D + D    D              

Clear rules                                      

Appro feedback messages functions        +                        +      

Consistent game mechanics functions + +                                    

Easy navigation functions                             D D   D D   D 

Challenges contextual help  D   +           D        D              

Correction mechanisms functions                                      

Navigational consistency functions                             + +        

Location consistency screens                              D    D D D D 

Appearance consistency screens                             D        D 

Clear progress messages   +    +                               

Clear feedback messages                       +               

Real control           D   D                        

Suitability of interface design                             D D     D D D 

UI with adequate legibility                                  D    

UI with consist betw text and multimedia                                  D D   

Simple user interfaces                                  D D   

UI with realistic appearance                                      

 

 



 

Appendices 297 

 

 

  

 

 

 

 

 

8.2.3 SGGIRF artifact (Serious Game General 

Information Requirement Form) 

SGGIRF is an artifact of the QSGame-Evaluation process. This form is the outcome of 

activity A1 and the input of activities A2, A3, A4 and A5 of this process (Subsection 

3.2.1). This form is filled in by the Evaluator designer and contains the information 

needed to perform the quality evaluation of an SG using the QSGame-Model, either 

manually or automatically. The specification of the quality characteristics, the functions 

of the SG, the SGs interfaces and screens and the information required for the evaluation 

of the SG, along with information needed to calculate the measures, are specified in this 

artifact. 

I. Specification of the quality characteristics to be evaluated. 

a. Functional suitability 

b. Usability 

c. Functional suitability and Usability 

II. Specification of the SG functions. 

A brief description of each of the SG functions, indicating which of them are related 

to its mechanics, is presented. 

III. Other requirement specifications. 

The SG is oriented toward differently-abled users. 

The SG is developed in a realistic environment. 

The SG is a strategy game in order to consider the randomization in performing tasks. 

IV. Specification of the SG interfaces to be evaluated. 

List of a brief description of each of the SG interfaces that will be evaluated. 

V. Specification of the SG screens to be evaluated. 

List of a brief description of each of the SG screens will be evaluated. 

VI. Information required for the evaluation of certain measures. 

The numeric values shown in Table 145 are required to calculate some of the quality 

measures in the QSGame-Model. An indication is provided (in parenthesis) as to 

which quality measure it refers, for each of the values required. 

Table 145. Numerical values for the calculations of some measures of the QSGame-Model 
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Numeric value description Numeric 

value 

Total number of different languages in which the game is available (language 

supported): 

 

Total number of SG rules defined in the requirements of the SG (clear rules):  

Total number of feedback messages shown in the SG (appropriate feedback 

messages): 

 

Total number of entry fields that the SG has (entry field defaults):  

Total number of progress messages that the SG shows (clarity of progress 

messages): 

 

Total number of feedback messages that the SG shows (clarity of feedback 

messages): 

 

Total number of game controls that the SG has (real controllability):  

Total number of interactive tasks that the SG has: (operational consistency): 

(Note: Interactive tasks are actions carried out by the user when using the game, 

such as selecting elements from a menu). 

 

Total number of interface elements: (user interface customizability):  

(Note: interface elements are, for example, menus, windows, graphic content, 

cursor, etc.). 

 

Total number of operations or interactive tasks with important consequences 

(undo capability): 

 

Total number of terms or concepts in the SG interfaces (understandability of 

terminology): 

 

Total number of different languages in which the game should be available 

according to is requirements (languages supported): 

 

Total number of screens (location consistency/appearance consistency):  

Total number of interfaces (user interface customizability/ suitability of 

interface design/ adequate legibility/ consistency between text and 

multimedia/ interface simplicity/ realistic appearance of user interfaces/ 

appearance aesthetics of user interfaces): 
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8.2.4 CHLF artifact (CHeckList Form) 

CHLF is an artifact of the QSGame-Evaluation process, and is generated by the Evaluator 

designer as an outcome of Activity A2and is an input of activities A3 and A4 of this 

process (Subsection 3.2.1). CHLF is filled in by the Evaluator when performing activity 

A4 and contains the evaluation of the SG quality attributes according to the evaluation 

made by the Evaluator. This form contains several questions on the quality attributes 

which are related to: generic attributes of the SG, attributes of the SG functions and 

interfaces and screens attributes. 

I. GENERAL QUESTIONS. 

Instructions: Answer the following questions by marking an X next to the appropriate response. 

1. To what extent does the game allow the player’s appearance to be personalized (functional 

customization)? 

e. It does not allow the appearance to be personalized.  

f. It allows gender to be personalized.  

g. It allows gender and appearance to be personalized.  

h. It allows other characteristics in addition to gender and appearance to be personalized.  

2. Can more than one control be used to operate the game (functional control)? Yes No 

3. Can different levels of difficulty be established in the game (appropriateness 

of levels of difficulty)? 

 

Yes 

 

No 

4. In how many different languages is the game available (languages 

supported)? Total number of different languages_______________________ 

  

II. QUESTIONS FOR FUNCTION. 

GENERIC QUESTIONS (Yes/No) 

Instructions: Execute each of the functions of the SG, and during its execution answer the following 

questions (mark the appropriate answer with an X): 

 

1. Is the function implemented in accordance with the objectives of the game 

(objective coverage)? 

 

Yes 

 

No 

2. Does the function provide the player with a challenge and reward him/her 

when that challenge is met (mechanics coverage)? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game will 

progress (coverage of progress)? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the reward will be 

given (coverage of rewards)? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared online 

(coverage of shared challenges)? 

 

Yes 

 

No 

6. Does the function allow the rewards obtained to be shared online (coverage 

of shared rewards)? 

 

Yes 

 

No 
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7. Has the function been installed in accordance with what is specified in the 

design document (functional coverage)? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in accordance with 

what is specified in the design document (functional progress correctness)? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback when an 

incorrect action is carried out (immediate functional feedback)? 

 

Yes 

 

No 

10. Do the rewards provided in the function correspond with those specified in 

the design document (appropriateness of reward)? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges met in previous 

levels (functional scaffolding correctness)? 

 

Yes 

 

No 

12. Does the function allow the player to carry out tasks or take steps in a random 

fashion (functional randomization)? 

 

Yes 

 

No 

13. Does the virtual world of the function correspond with the world described in 

the game document (functional realism)? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function relevant to the 

story and narrative of the game (functional storyline and storytelling)? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed (team 

functionality)? 

 

Yes 

 

No 

16. Does the functioning of this function correspond with that specified in the 

game document (functional appropriateness)? 

 

Yes 

 

No 

17. Is the function described in tutorials or in the game document (completeness 

of tutorial description)? 

 

Yes 

 

No 

18. Does the function show its functioning by means of demos (demo 

capability)? 

 

Yes 

 

No 

19. Does the functioning of the function correspond with that described in 

tutorials or in the game document (understandable tutorials)? 

 

Yes 

 

No 

20. Does the functioning of the function correspond with that described in the 

demos (understandable demos)? 

 

Yes 

 

No 

21. Is the challenge met in the function directly related to its objective, and is the 

reward attained directly related to the challenge met (consistent game 

mechanics)? 

 

 

Yes 

 

 

No 

22. Does the function have short cuts to allow the user to go from one place to 

another without having to go through multiple menus (easy navigation)? 

 

Yes 

 

No 

23. Does the function contain contextual help in the challenges (challenges 

contextual help)? 

 

Yes 

 

No 

24. Does the function contain a correction mechanism to allow the player to 

modify an operation that has been carried out incorrectly (correction 

mechanisms)? 

 

 

Yes 

 

 

No 
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25. Is the navigation in the function similar to the navigation in the other 

functions of the game (navigational consistency)? 

 

Yes 

 

No 

26. Can the function be personalized by the user (functional customizability)? Yes No 

27. Does the function have the capacity to allow its state to be monitored during 

its operation (monitoring capability)? 

 

Yes 

 

No 

28. Does the function provide alternative texts such that any non-contextual 

content can be transformed into other forms, such as large letters, Braille, 

voice or symbols, thus allowing it to be used by users who cannot listen to an 

audio or see a video (alternative text accessibility)? 

 

 

 

Yes 

 

 

 

No 

29. Can the total functioning of the function be carried out with alternatives to the 

keyboard so as to allow people who have problems with their hands to, for 

example, enter by means of their voice or use a mouse on a keyboard on the 

screen (keyboard functionality)? 

 

 

 

Yes 

 

 

 

No 

30. Does the function allow the time limitations to be eliminated or does it 

provide sufficient time for users with a disability to complete their tasks (time 

constraint adjustment)? 

 

 

Yes 

 

 

No 

31. Can the function be successfully utilized by users with a limited cognitive 

capacity (accessibility for users with cognitive disability)? 

 

Yes 

 

No 

32. Can the function be successfully utilized by users with a limited physical 

capacity (accessibility for users with physical disability)? 

 

Yes 

 

No 

33. Can the function be successfully utilized by users with limited hearing 

(accessibility for users with hearing disability)? 

 

Yes 

 

No 

34. Can the function be successfully utilized by users with limited sight 

(accessibility for users with visual disability)? 

 

Yes 

 

No 

GENERIC QUESTIONS (numeric value) 

Instructions: Use a numerical value to answer the question in each case: 

1. How many rules in the serious game are fulfilled in accordance with how they are defined in the 

requirements (clear rules)? Number of rules: ___________________ 

2. How many of the feedback messages shown in the game describe an opportunity to improve learning 

(appropriate feedback messages)? Number of feedback messages: ___________________ 

3. How many of the entry fields that can be filled in by default are automatically filled in the game 

(entry field defaults)? Number of entry fields: ___________________ 

4. How many of the progress messages in the game provide the player with a description of how progress 

has been achieved (clarity of progress messages)? Number of progress messages: 

___________________ 

5. How many of the feedback messages show the player the reason for feedback (clarity of feedback 

messages)? Number of feedback messages: ___________________ 

6. How many of the game controls allow the player to have an experience that is similar to reality when 

playing (real controllability)? Number of game controls:___________________ 
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7. How many interactive tasks have an inconsistent behavior and appearance within the same task and 

similar tasks (interactive tasks are actions carried out by the user when using the game, such as 

selecting elements from a menu) (operational consistency)? Number of interactive tasks: 

___________________ 

8. How many of the operations or tasks in the game that have important consequences can be undone or 

reconfirmed (undo capability)? Number of operations or tasks: ___________________ 

QUESTIONS REGARDING THE INTERFACE IN WHICH THE FUNCTION IS EXECUTED 

(Yes/No) 

Instructions: When answering these questions, consider the interface of the scenario in which the 

function is executed (mark the appropriate answer with an X, only if all principles are met): 

1. Does the user interface utilize space, color and text in accordance with the 

screen design principles (suitability of interface design)? 

 

Yes 

 

No 

Principle √ 

There is a point of the interface on which attention is automatically focused.   

The elements of the interface are organized visually, i.e., they are located in the 

same space according to their similarity.  

 

The elements of the interface are located in such a way that the user does not have 

to cover great distances in order to move from one element to another, and upon 

reaching the element is able to manipulate it easily.  

 

The elements are shown hierarchically by considering sizes and spaces in order to 

attain a contrast.  

 

The use of different colors does not exceed a maximum of 5 +- 2.  

The most important information is emphasized through the use of color. Strongly 

contrasting colors are used in order to focus attention on the most important 

information.  

 

The same color is used to group related elements together.   

The color blue is not used for the text, fine lines and small forms.   

Central and peripheral colors are used appropriately: red and green are not used 

around the edge of the screen, thus avoiding visual attention from being diverted, 

but ARE used in the center to attract attention. The colors black, blue, white and 

yellow are used in the periphery of the visual field.  

 

Short texts and large typographical fonts are employed.   

The smallest possible number of various typographical families is used (the best 

option being the use of only one).  

 

In the case of using different families of typographical fonts, care is taken to ensure 

that the proportions are harmonized, and letters that appear to be smaller or larger 

are not employed.  

 

The text should be left-justified and the numbers of the editing fields should be 

right-justified. 

 

The use of the texts of the labels should be right-justified.  

The use of centralized text in text lists.   

The hierarchical positions should have a font size that helps to show that titles are 

indeed titles, and not part of a paragraph. 

 

 

2. Does the user interface follow the principles of legibility as regards the text, 

color and fonts used (adequate legibility)? 

 

Yes 

 

No 
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Principle √ 

The use of the San Serif family of fonts (such as Arial, Helvetica, Tahoma, 

Verdana) to favor legibility.  

 

The use of an appropriate font size (neither very large nor very small).   

The use of different fonts only to emphasize a text.   

The situation in which everything is in capital letters, everything is in bold type or 

everything is in italics is avoided.  

 

The use of contrasting colors in the text and in the background.   

The use of different colors in the text solely for the purpose of emphasis.   

The use of the same color in the text to emphasize various related words.   

 

3. Does the user interface employ multimedia elements (image, animation, 

video and/or sound) to support the text provided (consistency between text 

and multimedia)? 

 

 

Yes 

 

 

No 

4. Does the user interface contain only those elements that are absolutely 

necessary (i.e., it does not have elements which are not used) (interface 

simplicity)? 

 

 

Yes 

 

 

No 

5. Does the user interface have a general design with a realistic appearance 

(i.e., very similar to real life) (realistic appearance of user interfaces)? 

 

Yes 

 

No 

 

Principle √ 

 The objects and people in the virtual world of the interface are similar to 

objects and people that are recognizable in reality.  
 

The objects in the virtual world of the interface respond to the actions carried out 

in the game. There is a connection between the objects in the virtual world and the 

actions. For example, shadows, collisions, explosions, etc.  

 

It is possible to observe the player’s movements and actions in the virtual world of 

the interface immediately in the game.  

 

The movements of the objects and characters in the virtual world of the interface 

are precise upon responding to an action.  

 

The visual and sounds effects in the interface correspond with the virtual world.   

The visual and sound effects of the virtual world in the interface are synchronized.   

There are systems with which to create atmosphere in the virtual world of the 

interface, such as intrigue, fear, suspense, etc.  

 

The camera system correctly captures the action of the game in the interface.   

 

6. Is the user interface acceptable and attractive in appearance (appearance 

aesthetics of user interfaces)? 

 

Yes 

 

No 

Note: A more complete description of these principles is provided in the glossary.  

Principle √ 

Balance: The elements of the interface are balanced between the horizontal and 

vertical axes.  

 

Symmetry: The elements of the interface are vertically, horizontally and diagonally 

balanced, thus attaining a two-by-two symmetry between objects.  

 

Regularity: the elements are uniformly distributed between rows and columns.   

Predictability: the elements of the interface are located in such a way that it is 

possible to predict their functionality.  

 

Sequentiality: The elements of the interface are located from largest to smallest 

throughout the different quadrants in the form of a Z.  
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Principle √ 

Economy: The least possible number of fonts and colors are used.   

Unity: The space between the elements of the interface is minimized when they are 

all the same size.  

 

Proportionality: Similar proportions are used as regards the height and width of the 

elements.  

 

Simplicity: The elements are distributed in the simplest possible manner.   

Grouping: The elements are associated in groups in accordance with their function 

or similitude. Visual reinforcement is used to separate the groups (e.g. borders).  

 

 

QUESTIONS REGARDING THE INTERFACE IN WHICH THE FUNCTION IS EXECUTED 

(numeric value) 

1. How many of the terms or concepts used in the interface may be comprehensible to users 

(understandability of terminology)? Number or comprehensible terms or concepts: 

___________________ 

2. How many interface elements can be personalized by the user (interface elements are, for example, 

menus, windows, graphic content, cursor, etc.) (user interface customizability)? Number of interface 

elements: ___________________ 

 

III. SCREEN QUESTIONS. 

Instructions: Check the screens listed in the SGGIR and indicate, with a numeric value, how many of 

these screens meet the following: 

 

1. Are there icons with same functionality but which are located on different parts of the screen (location 

consistency)? Number of screens: ___________________ 

2. Are there icons with the same functionality that are shown using different metaphors (appearance 

consistency)? Number of screens: ___________________ 
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8.2.5 MERF artifact (Manual Evaluation 

Results Form) 

MERF is an artifact of the QSGame-Evaluation process, with which the Evaluator is 

provided if the SG evaluation is performed manually. MERF is an input of activity A5 

(Subsection 3.2.1) and is an Excel sheet which is filled in by the Evaluator and contains 

the manual evaluation results for each of the quality measures calculated during the 

evaluation of the SG quality. Figure 86 shows the MERF artifact for the evaluation of the 

Functional suitability characteristic and Figure 87 shows the MERF artifact for the 

evaluation of the Usability characteristic. 

 

Figure 86. MERF for evaluation of the Functional suitability characteristic 
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Figure 87. MERF for evaluation of the Usability characteristic 

  



 

Appendices 307 

 

 

 

8.3 Appendix C. The survey questionnaire 

This appendix presents the complete description of the questions that comprise the 

questionnaire applied in the survey presented in Chapter 4. 

8.3.1 Survey questionnaire 

In this section, the survey questionnaire applied to evaluate the understandability and the 

importance of the quality attributes proposed in the QSGame-Model is presented. 

Welcome 

 

Thank you very much for taking part in this survey! 

By participating in this survey you will be contributing to a research project that we are currently 

undertaking on the topic of Serious Games, which are games whose main goal is education ( in its different 

forms), rather than being merely for entertainment. 

The objective of the questionnaire designed for this survey is to obtain your opinion as a developer of 

Serious Games, about the following: 

 Whether the descriptions of quality attributes defined for Serious Games are understandable. 

 The degree of importance you give to the quality attributes that we have considered for assessing 

the quality of Serious Games. 

The questionnaire is made up of 46 questions, which should take you roughly 25 minutes to answer. 

The rest of the document contains the following: 

1) A list of relevant terms: This contains the definition of a series of terms that will be used in the 

questionnaire and which those being surveyed should understand clearly. 

2) Background and experience: There are 10 questions related to the background and experience of 

those being surveyed. 

3) Evaluation of quality attributes: This contains 37 questions on the quality attributes for Serious 

Games. 

The replies to the questions will be held in the strictest confidence. 

We would be grateful if you could be as objective as possible and if you would not leave any question 

unanswered. 

1. Glossary of relevant terms 

 

It would be advisable for you to read carefully the definitions which are set out below. This will ensure that 

all those taking part in the survey use the same term for the same concept in each case. 

challenges 

These are tests which the players are subjected to while playing. 
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feedback 

This is the response that the game gives to the player to inform him/her about an action performed in the 

game. 

game control 

A physical device that is used to control a game. An example of such could be a mouse, a keyboard, a 

joystick, a remote control, a steering wheel, etc. 

interface with a realistic appearance 

An interface is seen to have a realistic interface when: 

 The objects and characters in the virtual world look like recognizable objects and characters in the 

real world. 

 The objects in the virtual world respond to actions carried out in the game. There is a connection 

between the objects in the virtual world and the actions. For example, shadows, collisions, explosions, 

etc. 

 The movements and the actions of the player are immediately observable in the game. 

 The movements of objects and characters in the virtual world are precise when responding to an action. 

 The visual and sound effects correspond to those of the real world. 

 The visual and sound effects are synchronized. 

 There are systems for creating atmosphere throughout the game. For example excitement, suspense, 

fear, etc. 

 The camera system captures the game action correctly 

 

level of difficulty 

The level of difficulty that the player can choose in the course of the game. 

metaphor 

The use of icons that illustrate the real world. The standard visual icons stand for a concept, idea or action. 

They are very useful visual guides for the player. 

navigation 

This is the set of actions which allows the player to go through the game. 

objectives 

These are the challenges which the player has to overcome in order to make progress in the game. 

progress in the game 

This shows the level of success or failure on the part of the player in the challenges presented by the game, 

and whether they have reached the level of victory (success). 

quality attribute 

A measurable physical or abstract property. 

random 

The characteristic of the game which ensures that the actions it contains do not always appear in the same 

way; this is to guarantee that the player will not learn what actions he or she ought to carry out by trial and 

error. 

reward 

Incentive to motivate the player to reach a goal. 

rules 
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These define the actions that can be carried out, as well as the actions that can not be carried out by the 

players. 

storyline 

This is the plot framework and the story itself of each relevant entity in the game. A relevant entity is 

anything and everything that the player interacts with in the game (characters, objects, etc.). 

storytelling 

The way the game story is told to the player. 

2. Background and Experience 

 

This section of questions is related to your background as a developer of Serious Games, or of video games 

in general. 

Instructions: Please answer the following questions: 

1. Sex 

⃝ Female 

⃝ Male 

2. ¿What is your highest level of education achieved? 

 ⃝ High school  

 ⃝  Bachelor´s degree 

 ⃝  Master´s degree 

 ⃝ PhD  

 ⃝  Other (specify) 

 

3. ¿ In which area do you work? (You can check more than one option) 

⃝  Video games development 

⃝  Serious game development  

⃝  Video games Education 

⃝  Serious game Education  

⃝   Other (specify) 

 

4. ¿In which country do you work? 

 

5. ¿How long have you been involved in the field of Information and Communication Technology 

(ICT)? 

⃝ Less than a year 

⃝  1 – 3 years 

⃝ 3 – 5 years 

⃝  More than 5 years 

6. ¿How long have you been involved in software development? 

⃝ Less than a year  

⃝  1 - 3 years 

⃝ 3 - 5 years 

⃝  More than 5 years 

7. ¿How long have you been working in videogame development in general? 

⃝ Less than a year 

⃝  1 - 3 years 
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⃝ 3 - 5 years 

⃝  More than 5 years 

8. ¿How long have you been involved in the development of Serious Games? 

⃝ Less than a year 

⃝  1 - 3 years 

⃝ 3 - 5 years 

⃝  More than 5 years 

9. ¿What training have you received on SG development? 

 

 

3. Evaluation of the quality attributes of Serious Games 

 

3.1. Instructions 

 You should answer each of the following questions, giving your opinion. 

 Please choose only one option for each question. 

 If you wish to change your original answer, please erase it or cross it out, or indicate clearly which 

answer you wish to be considered valid. 

 The questionnaire contains different types of questions: 

 Understandability of the attributes: You should indicate whether you find the quality 

attribute understandable or not, choosing one of the following options: 

YES 

- 

If you find the description of the quality attribute understandable. 

NO - If you do not find the description of the quality attribute understandable. 

Observations: In this space you may add any observation you wish to make; if the 

attribute in question does not seem understandable to you, you can say why not, or what 

it is that you do not understand. If the definition is ambiguous, or incomplete, you can use 

this space to write a definition which you believe would be more understandable. 

 Importance of the quality attribute: You should indicate the degree of importance you 

believe the quality attribute in question has, choosing one of the options given below: 

It is not important 

It is quite important 

It is very important 

Observations: in this section you may add any observation that might point to why you 

have chosen a given option, or make any comment you consider relevant. 

 Time taken to fill in the survey (question 35). 

 

Open questions where you may express your opinion (questions 35 and 36) 

3.2. Questions in the questionnaire 

1. The Serious Game should have all the functions that are necessary to attain the objectives 

established in the requirements specification. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

2. Serious Game functions should provide each of the objectives established with a challenge and 

each of the challenges successfully confronted with a reward. 

¿Do you understand this definition clearly? 
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Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

3. Serious Game requirements should establish how the player will progress or advance in the 

game in each of its functions. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

4. Serious Game requirements should establish how the player will be rewarded in each one of its 

functions. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

5. Serious Game functions should allow the player to show other players the challenges s/he has 

successfully confronted. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

6. Serious Game functions should allow the player to show other players the rewards s/he has 

obtained. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

7. Serious Game functions should provide a correct result that indicates the player’s progress in 

the game.  

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

8. Serious Game functions should provide the player with immediate feedback in response to an 

incorrect action. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 
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It is not important It is quite important It is very important 
 

Observations: 

 

9. Serious Game functions should provide the player with rewards in accordance with what is 

established in the game’s requirements. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

10. Serious Game functions should provide the player with challenges based on those challenges 

that s/he has successfully confronted in previous levels of the game. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

11. The Serious Game should allow the player to establish his/her particular preferences in the 

game, such as identifying with a character of a certain sex or appearance, etc. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

12. Serious Game functions should present the player with the actions to be taken in a random 

manner.  

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

13. The Serious Game should provide different controls with which to operate the game and allow 

the player to choose that which s/he prefers. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

14. Serious Game functions should be developed in a virtual world that is as similar as possible to 

the real world. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 
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15. The tasks in Serious Game functions should be related to the storyline and storytelling of the 

game.  

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

16. Serious Game functions should allow the levels of difficulty of the challenges to be chosen, and 

these should be adapted to the player’s ability. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

17. It should be possible for Serious Game functions to be played by teams of players. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

18. The Serious Game should contain demos and tutorials that describe and/or show the functions 

of the game in accordance with what is established in the game’s requirements. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

19. The information provided in the demos and/or tutorials should be sufficient for the player to 

be able to carry out the functions without having to use a manual. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

20. The rules of the game should be clearly established, indicating what the player can and cannot 

do during the game. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

21. The feedback messages of the Serious Game should provide descriptions that will give the 

player an opportunity to improve his/her learning. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 
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It is not important It is quite important It is very important 
 

Observations: 

 

22. In Serious Game functions, a successfully accomplished challenge should be directly related 

to its objective and the reward obtained should be directly related to the challenge successfully 

confronted. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

23. It should be easy to navigate Serious Game functions (there should, for example, be direct 

accesses or shortcuts to enable the player to move from one part of the game to another without 

having to go through numerous menus, or it should be possible to access contextual menus 

from any of the game’s functions). 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

 

24. Serious Game functions should have contextual menus to help with the challenges. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

25. Serious Game functions should have correction mechanisms to enable the player to correct 

operations carried out incorrectly. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

26. The navigation in Serious Game functions should be consistent, i.e. it should be possible to 

carry out the navigation actions in each of its functions in a similar manner. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

27. Serious Game functions should contain progress messages that clearly describe how the 

player’s progress in the game has been achieved. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 
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It is not important It is quite important It is very important 
 

Observations: 

 

28. Serious Game functions should contain feedback messages that clearly describe why the player 

has received that feedback. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

29. The controls used in the Serious Game should be as similar as possible to what they represent 

in reality (if, for example, the control is a car steering wheel, then it should be as similar as 

possible to a real steering wheel). 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

30. Serious Game user interfaces should contain only those elements that are necessary 

(minimalist design that contains only essential elements). 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

31. Serious Game user interfaces should contain a general design with a realistic appearance or 

one that is very similar to real life (interface with realistic appearance). 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

32. If the Serious Game is oriented towards differently-abled users, its functions should provide 

alternative texts such that any non-textual content can be transformed into other forms, such 

as large letters, Braille, voice or symbols, thus enabling them to be used by users who cannot 

hear an audio or see a video. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

33. If the Serious Game is oriented towards differently-abled users, it should be possible to carry 

out its total functionality with alternatives to the keyboard, such that people who have 

problems with their hands can, for example, use a voice entry to create a keyboard entry, or 

use the mouse on a screen keyboard. 

¿Do you understand this definition clearly? 

Yes  No 
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¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

34. If the Serious Game is oriented towards differently-abled users, its functions should allow time 

limits to be eliminated, or provide these users with sufficient time to complete the tasks. 

¿Do you understand this definition clearly? 

Yes  No 

¿How important do you consider the quality attribute that has been defined? 

It is not important It is quite important It is very important 
 

Observations: 

 

35. ¿Could you tell us how long it has taken you to fill in this survey? 

_____________ minutes. 

36. If you think there are any other quality attributes that you consider relevant as regards the 

quality of Serious Games, but which have not been taken into account in this survey, please 

list these below. 

 

37. ¿ Do you want to make any other observations to the survey? 

 

 

End of the survey 

 

Thank you very much for taking part in this survey! 
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8.4 Appendix D. Additional information on 

SGs evaluation results 

This appendix provides information that is complementary to the contents of Chapter 5. 

The CHLFFO artifact generated during the activity A4 of the QSGame-Evaluation 

process of the eTesãi SG (Chapter 5 Subsection 5.3.2.4) is presented in Appendix D 

Subsection 8.4.1, and in Subsection 8.4.2, the AER artifact, which is report file with the 

automatic evaluation results of the eTesãi SG, is showed. 

8.4.1 CHLFFO of eTesãi SG 

CHLFFO (Check List Form Filled Out) is the CHLF artifact filled out with the results of 

the quality evaluation of an specific SG. CHLFFO is generated by the Evaluator when 

performing activity A4 of the QSGame-Evaluation process. The CHLFFO presented in 

this appendix contains the evaluation of the SG quality attributes as a result of the 

evaluation of the eTesãi SG (Chapter 5 Subsection 5.3.2.4). 

I. GENERAL QUESTIONS. 

Instructions: Answer the following questions by marking an X next to the appropriate 

response. 

1. To what extent does the game allow the player’s appearance to be personalized 

(functional customization)? 

a. It does not allow the appearance to be personalized.  

b. It allows gender to be personalized.  

c. It allows gender and appearance to be personalized.  

d. It allows other characteristics in addition to gender and appearance to be 

personalized.  

2. Can more than one control be used to operate the game 

(functional control)? 

Yes No 

3. Can different levels of difficulty be established in the game 

(appropriateness of levels of difficulty)? 

 

Yes 

 

No 

4. In how many different languages is the game available 

(languages supported)? Total number of different 

languages______1______________ 

  

II. QUESTIONS FOR FUNCTION. 

“EXTRACTION OF BLOOD” FUNCTION 

 GENERIC QUESTIONS (Yes/No) 
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Instructions: Execute each of the functions of the SG, and during its execution answer 

the following questions (mark the appropriate answer with an X): 

 

1. Is the function implemented in accordance with the objectives of 

the game (objective coverage)? 

 

Yes 

 

No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met (mechanics coverage)? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress (coverage of progress)? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given (coverage of rewards)? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared 

online (coverage of shared challenges)? 

 

Yes 

 

No 

6. Does the function allow the rewards obtained to be shared online 

(coverage of shared rewards)? 

 

Yes 

 

No 

7. Has the function been installed in accordance with what is 

specified in the design document (functional coverage)? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document 

(functional progress correctness)? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out (immediate functional 

feedback)? 

 

Yes 

 

No 

10. Do the rewards provided in the function correspond with those 

specified in the design document (appropriateness of reward)? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels (functional scaffolding correctness)? 

 

NA 

 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion (functional randomization)? 

 

NA 

 

13. Does the virtual world of the function correspond with the world 

described in the game document (functional realism)? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game (functional 

storyline and storytelling)? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed 

(team functionality)? 

 

NA 

 

16. Does the functioning of this function correspond with that 

specified in the game document (functional appropriateness)? 

 

Yes 

 

No 

17. Is the function described in tutorials or in the game document 

(completeness of tutorial description)? 

 

Yes 

 

No 
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18. Does the function show its functioning by means of demos 

(demo capability)? 

 

Yes 

 

No 

19. Does the functioning of the function correspond with that 

described in tutorials or in the game document (understandable 

tutorials)? 

 

Yes 

 

No 

20. Does the functioning of the function correspond with that 

described in the demos (understandable demos)? 

 

Yes 

 

No 

21. Is the challenge met in the function directly related to its 

objective, and is the reward attained directly related to the 

challenge met (consistent game mechanics)? 

 

 

Yes 

 

 

No 

22. Does the function have short cuts to allow the user to go from 

one place to another without having to go through multiple 

menus (easy navigation)? 

 

Yes 

 

No 

23. Does the function contain contextual help in the challenges 

(challenges contextual help)? 

 

Yes 

 

No 

24. Does the function contain a correction mechanism to allow the 

player to modify an operation that has been carried out 

incorrectly (correction mechanisms)? 

 

 

Yes 

 

 

No 

25. Is the navigation in the function similar to the navigation in the 

other functions of the game (navigational consistency)? 

 

Yes 

 

No 

26. Can the function be personalized by the user (functional 

customizability)? 

Yes No 

27. Does the function have the capacity to allow its state to be 

monitored during its operation (monitoring capability)? 

 

Yes 

 

No 

28. Does the function provide alternative texts such that any non-

contextual content can be transformed into other forms, such as 

large letters, Braille, voice or symbols, thus allowing it to be 

used by users who cannot listen to an audio or see a video 

(alternative text accessibility)? 

 

 

 

NA 

 

29. Can the total functioning of the function be carried out with 

alternatives to the keyboard so as to allow people who have 

problems with their hands to, for example, enter by means of 

their voice or use a mouse on a keyboard on the screen 

(keyboard functionality)? 

  

 

 

NA 

30. Does the function allow the time limitations to be eliminated or 

does it provide sufficient time for users with a disability to 

complete their tasks (time constraint adjustment)? 

  

 

NA 

31. Can the function be successfully utilized by users with a limited 

cognitive capacity (accessibility for users with cognitive 

disability)? 

  

NA 



 

320  Appendix D. Additional information on SGs evaluation results 

 

  

 

 

32. Can the function be successfully utilized by users with a limited 

physical capacity (accessibility for users with physical 

disability)? 

  

NA 

33. Can the function be successfully utilized by users with limited 

hearing (accessibility for users with hearing disability)? 

  

NA 

34. Can the function be successfully utilized by users with limited 

sight (accessibility for users with visual disability)? 

  

NA 

 

“EXTRACTION OF BLOOD” FUNCTION 

GENERIC QUESTIONS (numeric value) 

Instructions: Use a numerical value to answer the question in each case: 

1. How many rules in the serious game are fulfilled in accordance with how they are 

defined in the requirements (clear rules)? Number of rules: 

_______20____________ 

2. How many of the feedback messages shown in the game describe an opportunity to 

improve learning (appropriate feedback messages)? Number of feedback 

messages: ________0___________ 

3. How many of the entry fields that can be filled in by default are automatically filled 

in the game (entry field defaults)? Number of entry fields: 

_________0__________ 

4. How many of the progress messages in the game provide the player with a description 

of how progress has been achieved (clarity of progress messages)? Number of 

progress messages: _______1____________ 

5. How many of the feedback messages show the player the reason for feedback (clarity 

of feedback messages)? Number of feedback messages: _______1____________ 

6. How many of the game controls allow the player to have an experience that is similar 

to reality when playing (real controllability)? Number of game controls: 

_______NA____________ 

7. How many interactive tasks have an inconsistent behavior and appearance within the 

same task and similar tasks (interactive tasks are actions carried out by the user when 

using the game, such as selecting elements from a menu) (operational consistency)? 

Number of interactive tasks: ________0___________ 

8. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed (undo capability)? Number of operations or tasks: 

________0___________ 

 

QUESTIONS REGARDING THE INTERFACE IN WHICH THE FUNCTION 

“EXTRACTION OF BLOOD” IS EXECUTED (Yes/No) 
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Instructions: When answering these questions, consider the interface of the scenario in 

which the function is executed (mark the appropriate answer with an X, only if all 

principles are met): 

1. Does the user interface utilize space, color and text in 

accordance with the screen design principles (suitability of 

interface design)? 

 

Yes 

 

No 

Principle √ 
There is a point of the interface on which attention is automatically focused.  √ 

The elements of the interface are organized visually, i.e., they are located 

in the same space according to their similarity.  
√ 

The elements of the interface are located in such a way that the user does 

not have to cover great distances in order to move from one element to 

another, and upon reaching the element is able to manipulate it easily.  

√ 

The elements are shown hierarchically by considering sizes and spaces in 

order to attain a contrast.  
√ 

The use of different colors does not exceed a maximum of 5 +- 2. √ 

The most important information is emphasized through the use of color. 

Strongly contrasting colors are used in order to focus attention on the most 

important information.  

√ 

The same color is used to group related elements together.  √ 

The color blue is not used for the text, fine lines and small forms.  √ 

Central and peripheral colors are used appropriately: red and green are not 

used around the edge of the screen, thus avoiding visual attention from 

being diverted, but ARE used in the center to attract attention. The colors 

black, blue, white and yellow are used in the periphery of the visual field.  

√ 

Short texts and large typographical fonts are employed.  √ 

The smallest possible number of various typographical families is used (the 

best option being the use of only one).  
√ 

In the case of using different families of typographical fonts, care is taken 

to ensure that the proportions are harmonized, and letters that appear to be 

smaller or larger are not employed.  

√ 

The text should be left-justified and the numbers of the editing fields should 

be right-justified. 
√ 

The use of the texts of the labels should be right-justified. √ 

The use of centralized text in text lists.  √ 

The hierarchical positions should have a font size that helps to show that 

titles are indeed titles, and not part of a paragraph. 
√ 

 

2. Does the user interface follow the principles of legibility as 

regards the text, color and fonts used (adequate legibility)? 

 

Yes 

 

No 

 

Principle √ 
The use of the San Serif family of fonts (such as Arial, Helvetica, Tahoma, 

Verdana) to favor legibility.  
√ 

The use of an appropriate font size (neither very large nor very small).  √ 

The use of different fonts only to emphasize a text.  √ 



 

322  Appendix D. Additional information on SGs evaluation results 

 

  

 

 

Principle √ 
The situation in which everything is in capital letters, everything is in bold 

type or everything is in italics is avoided.  
√ 

The use of contrasting colors in the text and in the background.  √ 

The use of different colors in the text solely for the purpose of emphasis.  √ 

The use of the same color in the text to emphasize various related words.  √ 

 

3. Does the user interface employ multimedia elements (image, 

animation, video and/or sound) to support the text provided 

(consistency between text and multimedia)? 

 

 

Yes 

 

 

No 

4. Does the user interface contain only those elements that are 

absolutely necessary (i.e., it does not have elements which are 

not used) (interface simplicity)? 

 

 

Yes 

 

 

No 

5. Does the user interface have a general design with a realistic 

appearance (i.e., very similar to real life) (realistic appearance 

of user interfaces)? 

 

Yes 

 

No 

 

Principle √ 

 The objects and people in the virtual world of the interface are 

similar to objects and people that are recognizable in reality.  
√ 

The objects in the virtual world of the interface respond to the actions 

carried out in the game. There is a connection between the objects in 

the virtual world and the actions. For example, shadows, collisions, 

explosions, etc.  

√ 

It is possible to observe the player’s movements and actions in the 

virtual world of the interface immediately in the game.  
√ 

The movements of the objects and characters in the virtual world of 

the interface are precise upon responding to an action.  
√ 

The visual and sounds effects in the interface correspond with the 

virtual world.  
√ 

The visual and sound effects of the virtual world in the interface are 

synchronized.  
√ 

There are systems with which to create atmosphere in the virtual 

world of the interface, such as intrigue, fear, suspense, etc.  
√ 

The camera system correctly captures the action of the game in the 

interface.  
√ 

 

6. Is the user interface acceptable and attractive in appearance 

(appearance aesthetics of user interfaces)? 

 

Yes 

 

No 

Note: A more complete description of these principles is provided in the glossary.  

Principle √ 

Balance: The elements of the interface are balanced between the horizontal 

and vertical axes.  
√ 
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Principle √ 

Symmetry: The elements of the interface are vertically, horizontally and 

diagonally balanced, thus attaining a two-by-two symmetry between 

objects.  

√ 

Regularity: the elements are uniformly distributed between rows and 

columns.  
√ 

Predictability: the elements of the interface are located in such a way that it 

is possible to predict their functionality.  
√ 

Sequentiality: The elements of the interface are located from largest to 

smallest throughout the different quadrants in the form of a Z.  
√ 

Economy: The least possible number of fonts and colors are used.  √ 

Unity: The space between the elements of the interface is minimized when 

they are all the same size.  
√ 

Proportionality: Similar proportions are used as regards the height and 

width of the elements.  
√ 

Simplicity: The elements are distributed in the simplest possible manner.  √ 

Grouping: The elements are associated in groups in accordance with their 

function or similitude. Visual reinforcement is used to separate the groups 

(e.g. borders).  

√ 

 

QUESTIONS REGARDING THE INTERFACE IN WHICH THE FUNCTION 

“EXTRACTION OF BLOOD” IS EXECUTED (numeric value) 

3. How many of the terms or concepts used in the interface may be comprehensible to 

users (understandability of terminology)? Number or comprehensible terms or 

concepts: _______0____________ 

4. How many interface elements can be personalized by the user (interface elements 

are, for example, menus, windows, graphic content, cursor, etc.) (user interface 

customizability)? Number of interface elements: ________0__________ 

 

“EXPLORE GLASGOW” FUNCTION 

 GENERIC QUESTIONS (Yes/No) 

Instructions: Execute each of the functions of the SG, and during its execution answer 

the following questions (mark the appropriate answer with an X): 

1. Is the function implemented in accordance with the objectives of 

the game (objective coverage)? 

 

Yes 

 

No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met (mechanics coverage)? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress (coverage of progress)? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given (coverage of rewards)? 

 

Yes 

 

No 
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5. Does the function allow the challenges that are met to be shared 

online (coverage of shared challenges)? 

 

Yes 

 

No 

6. Does the function allow the rewards obtained to be shared online 

(coverage of shared rewards)? 

 

Yes 

 

No 

7. Has the function been installed in accordance with what is 

specified in the design document (functional coverage)? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document 

(functional progress correctness)? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out (immediate functional 

feedback)? 

 

Yes 

 

No 

10. Do the rewards provided in the function correspond with those 

specified in the design document (appropriateness of reward)? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels (functional scaffolding correctness)? 

 

NA 

 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion (functional randomization)? 

 

NA 

 

13. Does the virtual world of the function correspond with the world 

described in the game document (functional realism)? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game (functional 

storyline and storytelling)? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed 

(team functionality)? 

 

NA 

 

16. Does the functioning of this function correspond with that 

specified in the game document (functional appropriateness)? 

 

Yes 

 

No 

17. Is the function described in tutorials or in the game document 

(completeness of tutorial description)? 

 

Yes 

 

No 

18. Does the function show its functioning by means of demos 

(demo capability)? 

 

Yes 

 

No 

19. Does the functioning of the function correspond with that 

described in tutorials or in the game document (understandable 

tutorials)? 

 

Yes 

 

No 

20. Does the functioning of the function correspond with that 

described in the demos (understandable demos)? 

 

Yes 

 

No 

21. Is the challenge met in the function directly related to its 

objective, and is the reward attained directly related to the 

challenge met (consistent game mechanics)? 

 

 

Yes 

 

 

No 

22. Does the function have short cuts to allow the user to go from 

one place to another without having to go through multiple 

menus (easy navigation)? 

 

Yes 

 

No 
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23. Does the function contain contextual help in the challenges 

(challenges contextual help)? 

 

Yes 

 

No 

24. Does the function contain a correction mechanism to allow the 

player to modify an operation that has been carried out 

incorrectly (correction mechanisms)? 

 

 

Yes 

 

 

No 

25. Is the navigation in the function similar to the navigation in the 

other functions of the game (navigational consistency)? 

 

Yes 

 

No 

26. Can the function be personalized by the user (functional 

customizability)? 

Yes No 

27. Does the function have the capacity to allow its state to be 

monitored during its operation (monitoring capability)? 

 

Yes 

 

No 

28. Does the function provide alternative texts such that any non-

contextual content can be transformed into other forms, such as 

large letters, Braille, voice or symbols, thus allowing it to be 

used by users who cannot listen to an audio or see a video 

(alternative text accessibility)? 

 

 

 

NA 

 

29. Can the total functioning of the function be carried out with 

alternatives to the keyboard so as to allow people who have 

problems with their hands to, for example, enter by means of 

their voice or use a mouse on a keyboard on the screen 

(keyboard functionality)? 

  

 

 

NA 

30. Does the function allow the time limitations to be eliminated or 

does it provide sufficient time for users with a disability to 

complete their tasks (time constraint adjustment)? 

  

 

NA 

31. Can the function be successfully utilized by users with a limited 

cognitive capacity (accessibility for users with cognitive 

disability)? 

  

NA 

32. Can the function be successfully utilized by users with a limited 

physical capacity (accessibility for users with physical 

disability)? 

  

NA 

33. Can the function be successfully utilized by users with limited 

hearing (accessibility for users with hearing disability)? 

  

NA 

34. Can the function be successfully utilized by users with limited 

sight (accessibility for users with visual disability)? 

  

NA 

 

GENERIC QUESTIONS (numeric value) 

Instructions: Use a numerical value to answer the question in each case: 

1. How many rules in the serious game are fulfilled in accordance with how they are 

defined in the requirements (clear rules)? Number of rules: ________0__________ 
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2. How many of the feedback messages shown in the game describe an opportunity to 

improve learning (appropriate feedback messages)? Number of feedback 

messages: _________0_________ 

3. How many of the entry fields that can be filled in by default are automatically filled 

in the game (entry field defaults)? Number of entry fields: _______3___________ 

4. How many of the progress messages in the game provide the player with a description 

of how progress has been achieved (clarity of progress messages)? Number of 

progress messages: ________0___________ 

5. How many of the feedback messages show the player the reason for feedback (clarity 

of feedback messages)? Number of feedback messages: _______0____________ 

6. How many of the game controls allow the player to have an experience that is similar 

to reality when playing (real controllability)? Number of game controls: 

________NA___________ 

7. How many interactive tasks have an inconsistent behavior and appearance within the 

same task and similar tasks (interactive tasks are actions carried out by the user when 

using the game, such as selecting elements from a menu) (operational consistency)? 

Number of interactive tasks: _________0_________ 

8. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed (undo capability)? Number of operations or tasks: 

________0__________ 

 

QUESTIONS REGARDING THE INTERFACE IN WHICH THE FUNCTION 

“EXPLORE GLASGOW” IS EXECUTED (Yes/No) 

Instructions: When answering these questions, consider the interface of the scenario in 

which the function is executed (mark the appropriate answer with an X, only if all 

principles are met): 

 

7. Does the user interface utilize space, color and text in 

accordance with the screen design principles (suitability of 

interface design)? 

 

Yes 

 

No 

 

Principle √ 
There is a point of the interface on which attention is automatically focused.  √ 

The elements of the interface are organized visually, i.e., they are located 

in the same space according to their similarity.  
√ 

The elements of the interface are located in such a way that the user does 

not have to cover great distances in order to move from one element to 

another, and upon reaching the element is able to manipulate it easily.  

√ 

The elements are shown hierarchically by considering sizes and spaces in 

order to attain a contrast.  
√ 

The use of different colors does not exceed a maximum of 5 +- 2. √ 
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Principle √ 
The most important information is emphasized through the use of color. 

Strongly contrasting colors are used in order to focus attention on the most 

important information.  

√ 

The same color is used to group related elements together.  √ 

The color blue is not used for the text, fine lines and small forms.  √ 

Central and peripheral colors are used appropriately: red and green are not 

used around the edge of the screen, thus avoiding visual attention from 

being diverted, but ARE used in the center to attract attention. The colors 

black, blue, white and yellow are used in the periphery of the visual field.  

√ 

Short texts and large typographical fonts are employed.  √ 

The smallest possible number of various typographical families is used (the 

best option being the use of only one).  
√ 

In the case of using different families of typographical fonts, care is taken 

to ensure that the proportions are harmonized, and letters that appear to be 

smaller or larger are not employed.  

√ 

The text should be left-justified and the numbers of the editing fields should 

be right-justified. 
√ 

The use of the texts of the labels should be right-justified. √ 

The use of centralized text in text lists.  √ 

The hierarchical positions should have a font size that helps to show that 

titles are indeed titles, and not part of a paragraph. 
√ 

 

8. Does the user interface follow the principles of legibility as 

regards the text, color and fonts used (adequate legibility)? 

 

Yes 

 

No 

 

Principle √ 

The use of the San Serif family of fonts (such as Arial, Helvetica, 

Tahoma, Verdana) to favor legibility.  
√ 

The use of an appropriate font size (neither very large nor very small).  √ 

The use of different fonts only to emphasize a text.  √ 

The situation in which everything is in capital letters, everything is in 

bold type or everything is in italics is avoided.  
√ 

The use of contrasting colors in the text and in the background.  √ 

The use of different colors in the text solely for the purpose of 

emphasis.  
√ 

The use of the same color in the text to emphasize various related 

words.  
√ 

 

9. Does the user interface employ multimedia elements (image, 

animation, video and/or sound) to support the text provided 

(consistency between text and multimedia)? 

 

 

Yes 

 

 

No 

10. Does the user interface contain only those elements that are 

absolutely necessary (i.e., it does not have elements which are 

not used) (interface simplicity)? 

 

 

Yes 

 

 

No 
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11. Does the user interface have a general design with a realistic 

appearance (i.e., very similar to real life) (realistic appearance 

of user interfaces)? 

 

Yes 

 

No 

 

Principle √ 

 The objects and people in the virtual world of the interface are similar to 

objects and people that are recognizable in reality.  

√ 

The objects in the virtual world of the interface respond to the actions 

carried out in the game. There is a connection between the objects in the 

virtual world and the actions. For example, shadows, collisions, explosions, 

etc.  

√ 

It is possible to observe the player’s movements and actions in the virtual 

world of the interface immediately in the game.  
√ 

The movements of the objects and characters in the virtual world of the 

interface are precise upon responding to an action.  
√ 

The visual and sounds effects in the interface correspond with the virtual 

world.  
√ 

The visual and sound effects of the virtual world in the interface are 

synchronized.  
√ 

There are systems with which to create atmosphere in the virtual world of 

the interface, such as intrigue, fear, suspense, etc.  
√ 

The camera system correctly captures the action of the game in the 

interface.  
√ 

 

12. Is the user interface acceptable and attractive in appearance 

(appearance aesthetics of user interfaces)? 

 

Yes 

 

No 

Note: A more complete description of these principles is provided in the glossary.  

Principle √ 

Balance: The elements of the interface are balanced between the horizontal 

and vertical axes.  
√ 

Symmetry: The elements of the interface are vertically, horizontally and 

diagonally balanced, thus attaining a two-by-two symmetry between 

objects.  

√ 

Regularity: the elements are uniformly distributed between rows and 

columns.  
√ 

Predictability: the elements of the interface are located in such a way that it 

is possible to predict their functionality.  
√ 

Sequentiality: The elements of the interface are located from largest to 

smallest throughout the different quadrants in the form of a Z.  
√ 

Economy: The least possible number of fonts and colors are used.  √ 

Unity: The space between the elements of the interface is minimized when 

they are all the same size.  
√ 

Proportionality: Similar proportions are used as regards the height and 

width of the elements.  
√ 

Simplicity: The elements are distributed in the simplest possible manner.  √ 

Grouping: The elements are associated in groups in accordance with their 

function or similitude. Visual reinforcement is used to separate the groups 

(e.g. borders).  

√ 



 

Appendices 329 

 

 

 

 

QUESTIONS REGARDING THE INTERFAC IN WHICH THE FUNCTION 

“EXPLORE GLASGOW” IS EXECUTED (numeric value) 

1. How many of the terms or concepts used in the interface may be comprehensible to 

users (understandability of terminology)? Number or comprehensible terms or 

concepts: ________4___________ 

2. How many interface elements can be personalized by the user (interface elements 

are, for example, menus, windows, graphic content, cursor, etc.) (user interface 

customizability)? Number of interface elements: ________0__________ 

 

“EVALUATE GLASGOW” FUNCTION 

 GENERIC QUESTIONS (Yes/No) 

Instructions: Execute each of the functions of the SG, and during its execution answer 

the following questions (mark the appropriate answer with an X): 

 

1. Is the function implemented in accordance with the objectives of 

the game (objective coverage)? 

 

Yes 

 

No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met (mechanics coverage)? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress (coverage of progress)? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given (coverage of rewards)? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared 

online (coverage of shared challenges)? 

 

Yes 

 

No 

6. Does the function allow the rewards obtained to be shared online 

(coverage of shared rewards)? 

 

Yes 

 

No 

7. Has the function been installed in accordance with what is 

specified in the design document (functional coverage)? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document 

(functional progress correctness)? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out (immediate functional 

feedback)? 

 

Yes 

 

No 

10. Do the rewards provided in the function correspond with those 

specified in the design document (appropriateness of reward)? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels (functional scaffolding correctness)? 

 

NA 

 



 

330  Appendix D. Additional information on SGs evaluation results 

 

  

 

 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion (functional randomization)? 

 

NA 

 

13. Does the virtual world of the function correspond with the world 

described in the game document (functional realism)? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game (functional 

storyline and storytelling)? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed 

(team functionality)? 

 

NA 

 

16. Does the functioning of this function correspond with that 

specified in the game document (functional appropriateness)? 

 

Yes 

 

No 

17. Is the function described in tutorials or in the game document 

(completeness of tutorial description)? 

 

Yes 

 

No 

18. Does the function show its functioning by means of demos 

(demo capability)? 

 

Yes 

 

No 

19. Does the functioning of the function correspond with that 

described in tutorials or in the game document (understandable 

tutorials)? 

 

Yes 

 

No 

20. Does the functioning of the function correspond with that 

described in the demos (understandable demos)? 

 

Yes 

 

No 

21. Is the challenge met in the function directly related to its 

objective, and is the reward attained directly related to the 

challenge met (consistent game mechanics)? 

 

 

Yes 

 

 

No 

22. Does the function have short cuts to allow the user to go from 

one place to another without having to go through multiple 

menus (easy navigation)? 

 

Yes 

 

No 

23. Does the function contain contextual help in the challenges 

(challenges contextual help)? 

 

Yes 

 

No 

24. Does the function contain a correction mechanism to allow the 

player to modify an operation that has been carried out 

incorrectly (correction mechanisms)? 

 

 

Yes 

 

 

No 

25. Is the navigation in the function similar to the navigation in the 

other functions of the game (navigational consistency)? 

 

Yes 

 

No 

26. Can the function be personalized by the user (functional 

customizability)? 

Yes No 

27. Does the function have the capacity to allow its state to be 

monitored during its operation (monitoring capability)? 

 

Yes 

 

No 

28. Does the function provide alternative texts such that any non-

contextual content can be transformed into other forms, such as 

large letters, Braille, voice or symbols, thus allowing it to be 

used by users who cannot listen to an audio or see a video 

(alternative text accessibility)? 

 

 

 

NA 
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29. Can the total functioning of the function be carried out with 

alternatives to the keyboard so as to allow people who have 

problems with their hands to, for example, enter by means of 

their voice or use a mouse on a keyboard on the screen 

(keyboard functionality)? 

 

 

 

NA 

 

 

 

 

30. Does the function allow the time limitations to be eliminated or 

does it provide sufficient time for users with a disability to 

complete their tasks (time constraint adjustment)? 

 

 

NA 

 

31. Can the function be successfully utilized by users with a limited 

cognitive capacity (accessibility for users with cognitive 

disability)? 

 

NA 

 

32. Can the function be successfully utilized by users with a limited 

physical capacity (accessibility for users with physical 

disability)? 

 

NA 

 

33. Can the function be successfully utilized by users with limited 

hearing (accessibility for users with hearing disability)? 

 

NA 

 

34. Can the function be successfully utilized by users with limited 

sight (accessibility for users with visual disability)? 

 

NA 

 

 

“EVALUATE GLASGOW” FUNCTION 

GENERIC QUESTIONS (numeric value) 

Instructions: Use a numerical value to answer the question in each case: 

1. How many rules in the serious game are fulfilled in accordance with how they are 

defined in the requirements (clear rules)? Number of rules: 

_______0____________ 

2. How many of the feedback messages shown in the game describe an opportunity to 

improve learning (appropriate feedback messages)? Number of feedback 

messages: ________0___________ 

3. How many of the entry fields that can be filled in by default are automatically filled 

in the game (entry field defaults)? Number of entry fields: 

_________4__________ 

4. How many of the progress messages in the game provide the player with a description 

of how progress has been achieved (clarity of progress messages)? Number of 

progress messages: _______1____________ 

5. How many of the feedback messages show the player the reason for feedback (clarity 

of feedback messages)? Number of feedback messages: _______1____________ 

6. How many of the game controls allow the player to have an experience that is similar 

to reality when playing (real controllability)? Number of game controls: 

_______NA____________ 

7. How many interactive tasks have an inconsistent behavior and appearance within the 

same task and similar tasks (interactive tasks are actions carried out by the user when 
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using the game, such as selecting elements from a menu) (operational consistency)? 

Number of interactive tasks: ________0___________ 

8. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed (undo capability)? Number of operations or tasks: 

________0___________ 

 

III. SCREEN QUESTIONS. 

Instructions: Check the screens listed in the SGGIR and indicate, with a numeric value, 

how many of these screens meet the following: 

 

3. Are there icons with same functionality but which are located on different parts of 

the screen (location consistency)? Number of screens: _________4_________ 

4. Are there icons with the same functionality that are shown using different metaphors 

(appearance consistency)? Number of screens: _________0__________ 
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8.4.2 AER of eTesãi SG 

AER (Automatic Evaluation Resutls) is an artifact which contains the automatic 

evaluation results of an specific SG. AER is generated by the QSGame-Tool when 

performing activity A5 of the QSGame-Evaluation process. The AER presented in this 

appendix contains the evaluation of the SG quality measures as a result of the evaluation 

of the eTesãi SG (Chapter 5 Subsection 5.4.2.5). 

Automatic Evaluation Results 

of eTesãi SG 

Project name: eTesai SG version 1.0 

Evaluation Date 17-03-2016 13:56 

 

 

In this report the results of the evaluation performed on 17-03-2016 13:56 are shown. The 

report includes the version 1.0 of the project eTesai SG. The results obtained for each of 

the characteristics and sub-characteristics evaluated are presented below. 

Obtained Values 

Functional Suitability 

The obtained value to Functional suitability is 2.0. In the following tables you can see the 

values obtained for each characteristic and Functional suitability metrics. 

Functional Completeness 

The obtained value to functional completeness is 2.0.  

Metrics  Results 

Objetive coverage  1.0 

Mechanics coverage 0.67 

Coverage of progress 0.33 

Coverage of rewards 1.0 

Coverage of shared challenges 0.67 

Coverage of shared rewards 0.67 

Functional coverage 0.8 
 

Functional Correctness 

The value obtained to functional correctness is 2.0.  

Metrics  Results 
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Functional progress correctness  0.33 

Functional immediate feedback 0.0 

Appropriateness of reward 1.0 

Functional scaffolding correctness 0.0 
 

 

Functional Appropriateness  

The value obtained functional appropriateness is 2.0.  

Metrics  Results 

Functional customization   0.0 

Functional randomization 0.0 

Functional control 0.0 

Functional realism  1.0 

Functional storyline and storytelling 0.0 

Appropriateness levels of difficulty  0.0 

Team Functionality  0.0 

Functional Appropriateness 0.8 
 

 

Usability 

The obtained value to the Usability is 5.0. In the following tables the characteristics and 

Usability metrics are shown. 

Appropriateness recognizability  

The obtained value to appropriateness recognizability is 3.0.  

Metrics  Results 

Tutorials description completeness  1.0 

Demos capability  0.0 
 

Learnability 

The obtained value to learnability is 2.0.  

Metrics  Results 

Understandable tutorials  0.67 
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Understandable demos  0.0 

Clear rules 1.0 

Appropriate feedback messages 0.0 

Consistent game mechanics 0.67 

Easy navigation 0.0 

Challenges contextual help 0.0 

Entry fields defaults 1.0 
 

Operability 

The obtained value to operability is 3.0.  

Metrics  Results 

Navigational consistency   1.0 

Location consistency   0.56 

Appearance consistency 1.0 

Clarity of progress messages 0.5 

Clarity of feedback messages 0.0 

Real controllability 0.0 

Operational consistency 1.0 

Functional customizability 0.0 

User interface customizability 0.0 

Monitoring capability 0.0 

Undo capability 0.0 

Terminology understandability 1.0 
 

User interface aesthetics 

The value obtained to the user interface aesthetics is 3.0.  

Metrics  Results 

Suitability of interface design  1.0 

Adequate legibility  1.0 

Consistency between text and 

multimedia 

0.0 

Interface simplicity 1.0 

Realistic appearance of user interfaces  1.0 

Appearance aesthetics of user 

interfaces 

1.0 
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Accesibility 

The value obtained to accesibility is 1.0.  

Metrics  Results 

Keyboard functionality   0.0 

Time constraint adjustment  0.0 

Accessibility for users with cognitive 

disability  

0.0 

Accessibility for users with physical 

disability  

0.0 

accessibility for users with hearing 

disability  

0.0 

Accessibility for users with visual 

disability 

0.0 

Supported languages 1.0 
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8.5 Appendix E. Material used in the quasi-

experiment 

This appendix presents the material designed to carry out the quasi-experiments described 

in Chapter 6. Firstly, the SGDD (Serious Game Design Document) which contains 

information requirements of the eTesãi SG is presented in Subsection 8.5.1, followed by 

the questionnaire to evaluate the Functional suitability measures applied in QE1 and QE1-

R (Subsection 8.5.2). In Subsection 8.5.3 the questionnaire to evaluate the Usability 

measures applied in QE2, is showed. Finally, in Subsection 8.5.4 the feedback post-

experiment survey is described. 

8.5.1 SGDD of eTesãi SG 

The SGDD is a document which contains information required for the evaluation of an 

SG when the QSGame-Model is applied. Some of this information is: the SG functions 

and its objectives, whether the SG is oriented towards differently-abled users, whether 

the SG is a multiplayer game, etc. This document starts with an index that structure the 

document. 

 

  

TABLE OF CONTENT 

1. Introduction ..................................................................................................................................  

2. Objectives ......................................................................................................................................  

3. General aspects of the game.........................................................................................................  

4. User’s actions in the game ............................................................................................................  

5. Description of the scenes in the game..........................................................................................  

5.1. Start ...........................................................................................................................................  

5.2. Extraction of Blood (or Venipuncture)......................................................................................  

5.2.1. Entities ..............................................................................................................................  

5.2.2. Interaction with the user interface: ...................................................................................  

5.2.3. User’s evaluation. .............................................................................................................  

5.2.4. Feedback and final score ...................................................................................................  

5.3. Evaluation of the Glasgow Scale ...............................................................................................  

5.3.1. Entities ..............................................................................................................................  

5.3.2. Interaction with the user interface .....................................................................................  

5.3.3. User’s evaluation ..............................................................................................................  

5.3.4. Feedback and Final Score .................................................................................................  

6. Send progress and Facebook options ..........................................................................................  

6.1. Send progress ............................................................................................................................  

6.2. Facebook  



 

338  Appendix E. Material used in the quasi-experiment 

 

  

 

 

1. Introduction 

eTesãi is a Serious Game for mobile devices whose principal objective is to serve as a 

learning-support tool for Nursing students. The serious game borrows from concepts of 

constructionism and educative simulations with the objective of providing a virtual 

environment that will allow nursing students to carry out procedures in a secure 

environment. The game additionally helps students to have more opportunities to put their 

knowledge into practice with a virtual patient that can even react to their actions, unlike 

a laboratory dummy. The game shows a set of scenes in which these procedures are 

carried out, and allows users to select the procedure that they wish to perform. While 

carrying out the procedure, the game provides the student with the possibility of 

interacting with a patient and with a set of objects that form part of the tools required to 

perform the procedure selected. The game not only permits the student to carry out the 

procedures in order to put into practice the knowledge already acquired about them, but 

also allows the student to be evaluated. At the end of each session it shows the user the 

score obtained, together with a list of the steps correctly and incorrectly taken and 

information about any incorrect points. 

2. Objectives 

The principal objectives of the game are to provide students with a means to simulate 

three Nursing procedures: the Extraction of Blood, the Glasgow Exploration and the 

Glasgow Evaluation. 

3. General aspects of the game 

The eTesai game is composed of various scenes. A scene represents a defined procedure 

(Venipuncture, Explore Glasgow and Evaluate Glasgow) by means of various 

screenshots that show relevant information in accordance with the situation in the 

simulation. An abstract representation of the navigation in the game is provided in Figure 

1. 
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Figure 1. Diagram of the navigation of eTesai game. 

The game begins with a scene denominated as Start. The Start screen shows the 

environment and the options that lead to the Venipuncture and Glasgow scenes. Other 

options included in the Start scene are a) send data or send progress to the back-end; b) 

start session in Facebook, and c) Exit. The Venipuncture scene allows the user to carry 

out the procedure of extracting a blood sample (Extraction of Blood) and finishes when 

the End Game option (√) is pressed. Immediately after this, the Results screen appears 

showing feedback information and options to share the result and go back to the Start 

screen. 

There are two ways in which to start the Glasgow scenario:  

1. Explore: upon selecting the Explore Glasgow option, a screen called “Choose 

patient’s state” will appear on which the patient’s state can be personalized in 

order to then start the scene. The scene ends with the End Game option, 

immediately after which the Results screen appears. 

2. Evaluate: upon selecting the Evaluate Glasgow option, the Glasgow scene begins 

with a patient in a random state. When the scene ends, the “Evaluate Patient 

screen” appears. This allows the user to diagnose the patient’s state, after which 

the Results screen appears. 

Finally, the Glasgow Scene Results screen also allows the result to be shared and the user 

to return to the Start scene. 
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All the scenes are used in a similar way, and the interaction with the scene is always the 

same.  

4. User’s actions in the game 

The eTesai game user’s actions develop in a three-dimensional environment in which s/he 

carries out actions related to each of the procedures (Venipuncture, Explore Glasgow and 

Evaluate Glasgow). There are two principal types of actions that the user can take: 

 Moving away or moving closer: this is the act of moving the camera closer or 

further away. (In the Windows version this action is carried out by using the button 

in the middle of the mouse).  

 Displacement: This refers to moving around a central point, which is the patient 

in both scenes. (In the Windows version this action is carried out by moving the 

mouse and using the left-hand button on it).  

5. Description of the scenes in the game 

The principal scenes in the game are described as follows.  

5.1. Start 

The solution starts with a scene that is inspired by a nursing laboratory that serves as the 

main menu. All the options are made accessible to the user from this scene, which is 

denominated as “Start” (see Figure 2).  

Upon installing the game, a small window appears which requests the user’s telephone 

number. This information is used to associate the information with that of the particular 

student. It is not necessary to introduce this number in order to carry out the practical 

exercise.  

 

Figure 2. Start solution screen 
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The hospital ward shown in Figure 2 is that which is used as the main scenario in the 

scenes of the procedures. While the options are being shown, an animation is executed 

which goes around the scene showing the most important details, such as the bed, the vital 

statistics monitor and the other elements in the scene.  

The options available on the start screen are:  

 “Send Progress”: this function sends all the information about the activity that the 

user is carrying out in the application to a back-end server that is in charge of 

storing these data. 

 “Exit”: this function allows the user to leave the application.  

 “Facebook”: this function allows the user to access his/her Facebook account. 

 “Extraction of Blood”: this function allows the user to access the scene 

corresponding to the venipuncture procedure and play a new game.  

 “Explore Glasgow”: this function allows the user to access the scene 

corresponding to the procedure concerned with exploring a patient’s reactions 

using a specific diagnosis on the Glasgow scale and thus play a new game.  

 “Evaluate Glasgow”: this function allows the user to access the scene 

corresponding to the procedure concerning the evaluation using the Glasgow scale 

for a patient in a random state and thus play a new game. 

5.2. Extraction of Blood (or Venipuncture)  

The procedure denominated as Venipuncture is frequently used to take blood samples. It 

is an invasive procedure that provides a direct means of access to the vascular system. 

The frequency with which it is used is related to its use in routine analysis. Nurses carry 

it out daily, and it is similar to other procedures such as putting an intravenous tube. The 

procedure can be summarized as the process of pricking the patient’s arm with a syringe, 

extracting blood and removing the syringe. Although these steps might appear to be 

simple, carrying out the procedure correctly depends on a great deal of factors, such as 

the correct sterilization of the materials, the correct explanation of the procedure to the 

patient, etc. 

The Venipuncture procedure has well-defined steps that should be followed by a nursing 

professional. Although it is not highly complex, its steps are susceptible to mistakes, 

particularly as regards bio-safety. 

The steps required during the protocol of the procedure are: 

1. Sterilizing the hands.  
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2. Putting on a sterile gown, facemask and cap. 

3. Putting on the gloves. 

4. Choosing the area that will be punctured, which is done by tapping the vein in 

order to verify its characteristics.  

5. Putting on the tourniquet, 6 to 10 centimeters above the area that will be 

punctured.  

6. Sterilizing the area that will be punctured.  

7. Tensing the area that will be punctured.  

8. Puncturing the skin with the needle upwards.  

9. Extracting the blood sample required.  

10. Placing cotton-wool soaked in alcohol on the point from which blood has been 

extracted.  

11. Sealing the sample and sending it to its destination.  

12. Removing the gown, facemask, cap and gloves.  

13. Sterilizing the hands.  

Although these steps are dictated by the aforementioned protocol, in the eTesai game the 

steps and the rules defined to carry out this procedure are those described in Table 1. 

Upon selecting the procedure with which to extract blood, or venipuncture, the start 

screen of the application immediately shows the procedure scene depicted in Figure 3.  

 

Figure 3. Extraction of blood procedure screen. 

The initial position of the camera is located at an angle at which it is possible to see the 

patient’s arms in order to make it easier for the user to carry out the procedure.  
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The options and forms that are available in order to interact with the procedure scene are:  

5.2.1. Entities 

There are two principal entities, each of which is independent from the other. These 

entities are:  

1. Patient: this is a complex entity, which is constantly modified by the user’s 

actions. In summary, the information that the patient contains is: 

 Syringes.  

 State of hands (open or closed).  

 Tourniquets.  

 Sterilized areas. 

 Pressurized areas. 

2. User: who maintains the same state at all times, depending on his or her actions. 

For example, if the nurse’s hands are not sterilized, any interaction with the patient 

will lead to his/her contamination. The information contained in the user entity is: 

 State of hands. 

 State of dress (gloves, gown, facemask and cap). 

 Element being used.  

5.2.2. Interaction with the user interface:  

The main interface of this scene has two menus, as is indicated in Figure 4 with the 

numbers 1 and 2. The options in each menu have an intuitive image that represents the 

function that it carries out. Menu number 1 is called Elements, while number 2 is called 

Options. The indicator marked with the number 3 allows the user to end the game.  
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Figure 4. Main interface of Extraction of Blood scene, with all options shown. 

There are also two types of indicators, which are shown in Figure 5. The type of indicator 

marked with the number 1 represents the element currently selected, while that marked 

with the number 2 represents the current state of the user or nurse in relation to aspects of 

bio-safety as regards personal protective clothing. 

 

Figure 5. Indicators regarding selection of elements and state of user or nurse. 

1. Elements menu.  

The Elements menu shows options that represent the elements used to carry out the 

procedure. Once an element has been pressed it is selected (simulating that it is the tool 

that the nurse has in his/her hand at that moment), and it is only possible to select one 

element at a time. If the same button is pressed immediately after having been pressed, 

the element is de-selected (simulating that the nurse has put the tool down). The elements 

that are available are shown in Figure 6 and are the following.  

 

Figure 6. Interface with the elements on the patient. 

1. Tourniquet: this is the first element that should be used. To do so, it is necessary 

to press an area on the patient’s arm, at which moment the tourniquet appears in 
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the same place. To remove it, it is necessary to press the tourniquet and choose 

the “remove” option from the menu, which appears immediately. 

2. Sterilizer: this element is used to clean the puncture point. In order to use it, it is 

necessary to press any area on the patient’s arm, at which point a piece of gauze 

appears which should be shaken with a finger for a second to create a sterile zone. 

This sterile zone is visible through a capsule.  

3. Syringe: this element is used to extract the blood, and its use is similar to that of 

the tourniquet. The main menu provides the possibility of moving closer to the 

patient, as will be seen in Figure 7 in the blown-up view. The extraction of blood 

can be carried out using two fingers, the first to press the barrel and the second to 

pull out the piston. 

4. Cotton-wool: the cotton-wool is used to press down on the recently punctured 

point. This element can be used by simply pressing down on the patient’s arm for 

a second. 

 

Figure 7. Amplified view of the syringe facilitating the extraction of blood (the blue 

arrows are held in order to facilitate the understanding of how to extract blood). 

These elements are used by means of a contextual menu that lists the options available 

for each element, as will be observed in Figure 8. The contextual menus are shown by 

moving the image of the patient and using the left-hand button on the mouse to click on 

the element required. In Figure 8, the contextual menu of the tourniquet element allows 

the tourniquet to be removed once it has been placed on the patient’s arm, or the action 

of placing the tourniquet to be cancelled.  
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Figure 8. Contextual menu of the tourniquet element. 

2. Options menu. 

When the user presses the Options menu, various options appear that can be carried out 

as regards aspects of bio-safety. All the buttons affect the state of the user or nurse. It is 

also possible to end the game by pressing the button marked with the number 3 shown in 

Figure 4.  

3. Voice command menu.  

Finally, the solution also has a menu that presents a series of voice commands, as shown 

in Figure 9. This menu is activated and shown on the screen when the solution detects 

that the user has spoken. When the menu appears, the user can activate the options by 

means of a voice command or by selecting them with his/her finger. The following 

options are available: 

 Explain procedure.  

 Open left hand.  

 Open right hand.  

 Close left hand.  

 Close right hand.  

These options, with the exception of Explain Procedure, make the patient carry out the 

request made. It is thus possible to simulate a conversation between the user and the 

patient.  
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Figure 9. Options shown upon the detection of sound in the Extraction of Blood scene. 

5.2.3. User’s evaluation. 

In order to carry out a user’s evaluation in the Venipuncture procedure, it is necessary to 

verify that the actions taken by the user correspond with the correct steps that should be 

followed in the procedure. 

Various rules have been defined in order to validate the actions taken by the user. The 

rules established for this procedure are shown in Table 1, which provides details of each 

of the states passed through. A rule is fulfilled if all the rules on which it depends are 

fulfilled, if the expected events are launched and if the condition of the environment is 

that expected. 

Table 1. Rules defined for the Extraction of Blood procedure. 

Rule Depends on 

rules 

Expects the events 

 

When it is fulfilled that 

 

1. Explain procedure  Explain procedure It is the first rule launched 

2. Sterilize hands 1 Sterilize hands   

3. Put on facemask 2 Put on facemask  It is done before the gloves are 

put on 

4. Put on cap 2 Put on cap  It is done before the gloves are 

put on 

5. Put on gown 2 Put on gown  It is done before the gloves are 

put on 

6. Wear gloves 2,3,4,5 Wear gloves   

7. Put on tourniquet 10  

 

Put on tourniquet  The arm is touched in the correct 

area and it is the same arm as the 

puncture  

8. Close hand 7,10 Close hand  It is the same arm as the puncture 

9. Aspesis zone 10 Aspesis zone It is the same area as the 

puncture 

10. Put in syringe 2 Put in syringe  It is the correct area that has been 

sterilized 
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Rule Depends on 

rules 

Expects the events 

 

When it is fulfilled that 

 

11. Remove 

Tourniquet 

10,7 Remove Tourniquet  It is the same tourniquet that was 

activated by rule 7 

12. Open hand 10,8 Open hand  It is the same hand that was 

activated by rule 8 

13. Extract Blood 10,12 Extract Blood  Two fingers are used to extract 

the blood 

14. Remove Syringe 10 Remove Syringe  It is the same syringe that was 

activated by rule 10 

15. Press punctured 

area with cotton-

wool 

10 Press punctured 

area 

It is the same puncture area 

16. Remove facemask 10 ,3 Remove facemask  

17. Remove cap 10,4 Remove cap  

18. Remove gown 10,5 Remove gown  

19. Remove gloves 10,6 Remove gloves  

20. Wash hands 19 Wash hands  

5.2.4.  Feedback and final score 

The solution provides the user with feedback at the end of the game (see Figure 10).  

 

Figure 10. Feedback and final score of Venipuncture scene. 

Part 1 of Figure 10 shows how users are provided with the information concerning their 

performance. This information indicates the steps that were correctly taken and, if they 

were incorrect, the reasons why. A rule can be in two different states at the end of the 

game, each of which has a significance in the context of the procedure and therefore has 

information associated with it in order to provide information at the end of the game. 

Each step in the procedure has two points associated with it, in accordance with the 

difficulty involved in taking each step. These points are used at the end of the game to 

give users their scores, as is shown in point 2 of Figure 10. The final score is obtained by 
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adding up each of the points obtained and calculating the percentage of the total, which 

is 27. The time that the user has taken to complete the procedure is also shown next to the 

final score. 

5.3. Evaluation of the Glasgow Scale 

The Glasgow Scale is used as an objective tool with which to evaluate the state of 

patients’ consciousness when in a critical state. The scale consists of the evaluation of 

three criteria of clinical observation, which are: ocular response, motor response and 

verbal response.  

The score that determines the patient’s state is obtained by adding up the evaluation of 

each of the responses. Possible diagnoses are shown in Table 2. Each response is 

evaluated by means of scales that are independent of each other and are scored with a 

number. The values for each response are shown in Tables 3, 4 and 5. The procedure is 

used when a patient is in a state of undetermined consciousness, normally after an 

accident in which the patient has received a severe traumatism. The professional in charge 

of the evaluation must verify the patient’s state by means of a series of simple questions, 

stimuli and inspections of body parts. Once the individual evaluations have been obtained 

for the patient’s ocular, motor and verbal aspects, the sum of the evaluations is calculated 

and a score is obtained for the patient’s state. 

Table 2. Evaluation scale for the patient’s state. 

Severity Score 

Slight 13 a 15 

Moderate 9 a 12 

Serious 3 a 8 

Table 3. Evaluation of the different responses on the Glasgow Scale as regards ocular 

reaction. 

Openness of eyes Value 

Spontaneous 4 

When speaking 3 

When in pain 2 

Absent 1 

 

Table 4. Evaluation of the different responses on the Glasgow Scale as regards motor 

responses. 

Motor responses Value 

Obeys 6 

Locates 5 

Pulls away 4 

Abnormal Flexion  3 
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Motor responses Value 

Extends 2 

Absent 1 

Tabla 5. Evaluation of the different responses on the Glasgow Scale as regards verbal 

responses. 

Verbal responses Value 

Oriented 5 

Confused 4 

Inappropriate words 3 

Incomprehensible words 2 

Absent 1 

There are two ways in which to carry out an evaluation using the Glasgow scale: 

Evaluate Glasgow. 

Steps required in the procedure protocol: 

1. Measure eye response. 

2. Evaluate motor response. 

3. Measure verbal response. 

4. Register final score obtained. 

Explorar Glasgow. 

Steps required in the procedure protocol: 

1. Choose patient’s state (the patient’s state is personalized). 

2. Measure eye response. 

3. Evaluate motor response. 

4. Measure verbal response. 

5. Register final score obtained. 

The Evaluate Glasgow Scale scene is presented in two different ways. In the first, the 

user does not know the patient’s state, and this mode is known as Evaluate Glasgow, 

while in the second the user has chosen the patient’s state before starting the scene, and 

this mode is known as Explore Glasgow. 

In the Explore Glasgow mode, before starting the session the user is allowed to select the 

patient’s state by means of an interface, as can be seen in Figure 11, while in the Evaluate 
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Glasgow mode the patient’s state is not known beforehand and the user will be 

responsible for determining it. 

 

Figure 11. Interface of the Explore Glasgow mode with which to select patient’s state. 

5.3.1. Entities 

There are two main entities: the user or Nurse and the Patient. The nurse does not store 

information, and the patient only stores his state, which is defined at the start. The entities 

are not, therefore, modified at any moment. The information stored for the Patient entity 

consists of the ocular, motor and verbal state, which is a set of numbers whose possible 

values are defined in Tables 3, 4 and 5, respectively. The definition of these numbers 

varies according to the mode of the scene. This is described as follows:  

 Exploration: the user selects the state that he wishes the patient to have, and this 

state will remain constant throughout the game. 

 Evaluation: At the start, three numbers are created randomly. The algorithm that 

creates these values does so in such a way that the patient’s state is constant. For 

example, the patient will never have a verbal state of “oriented” (value 5 in the 

scale) and an ocular state of “absent” (value 1 in the scale), since this does not 

make sense: if he cannot open his eyes (“absent” state) then he cannot know where 

he is (“oriented” state). This state is maintained constant throughout the game. 

Although the state of the entities is not modified, this does not mean that it is not possible 

to carry out actions between them, but rather that these actions and the events generated 

do not alter the state of the entities. 

5.3.2. Interaction with the user interface 



 

352  Appendix E. Material used in the quasi-experiment 

 

  

 

 

The user interface is composed of only one permanent option (see Figure 12), which 

allows the user to end the game. The patient, who is the focal-point of the camera, can 

also be seen in the interface.  

 

Figure 12. Main interface of the Evaluate Glasgow scene (note the option with which to 

end the game). 

The user can interact with the patient in two ways: with the “voice command menu” and 

with options in the “contextual menu”.  

 Contextual Menu: The options in the contextual menu are related to actions that 

can be taken by the nurse on a particular part of the patient’s body - on the 

extremities. The menu only has one option, which is Puncture, as will be observed 

in Figure 13. This allows the nurse to give the patient a painful stimulus (in the 

Windows version this contextual menu is shown by moving the image of the 

patient and using the left-hand button of the mouse on him). The patient reacts to 

this stimulus according to his motor and ocular values. If the patient’s value is “in 

pain”, the patient will open his eyes immediately after this option is pressed, if it 

is “localized”, the patient will move his hands to where the pain is, if it is 

“abnormal flexion”, the patient will react by curling up his body, regardless of 

where the painful stimulus was administered, and if the state is “extended”, the 

patient will also extend his body regardless of where the painful stimulus was 

administered. 



 

Appendices 353 

 

 

 

 

Figure 13. Contextual menu with which to give the patient a painful stimulus during the 

“Evaluate Glasgow Scale” procedure. 

 Voice command menu: it is activated and shows the user when the solution detects 

that the user has spoken. The options available via the voice commands simulate 

a verbal interaction between the nurse and the patient, and are grouped into three 

types: verbal, ocular and motor, as is shown in Figure 14. 

 

Figure 14. Interface of the Evaluate Glasgow scene with voice commands and the 

option that allows the user to end the game (bottom right-hand corner). 

There are four options in the voice command menu for the motor responses:  

 Move arm.  

 Move leg.  

 Move hand.  

 Move head.  
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These options do not provoke a response with sound, although if the patient’s motor state 

is “Obeys”, he reacts by moving an extremity. Otherwise the patient does not do anything. 

Of the voice commands there is only one ocular option, which is “Please open your eyes”. 

This request does not provoke a response with sound, and only if the patient is in the state 

of “Speaking” will he open his eyes. Otherwise he does not do anything. 

The questions and possible verbal responses are shown in Table 6.  

Table 6. Possible responses according to patient’s verbal state.  

Question Oriented Confused Inappropriate 

words 

Incomprehensible 

words 

Absent 

What day is 

it? 

The current 

day of the 

week. 

Any day of the 

week except the 

correct one. 

The response to 

another question 

in an oriented 

state. 

Shouts, groans and 

complaints.  

No sound 

is made.  

What is 

your name? 

Carlos 

Benítez 

Coherent 

response without 

mentioning name. 

The response to 

another question 

in an oriented 

state. 

Shouts, groans and 

complaints.  

No sound 

is made.  

Where are 

you? 

In a hospital 

bed 

In my bedroom. The response to 

another question 

in an oriented 

state. 

Shouts, groans and 

complaints. 

No sound 

is made.  

5.3.3. User’s evaluation  

The evaluation of the user’s performance in the game only occurs in the Evaluate 

Glasgow mode.  

Once the user decides that s/he is ready to make a diagnosis, s/he continues until the end 

of the game. At that moment, a screen appears on which the user can diagnose the patient 

by giving him a score regarding each aspect analyzed (see Figure 15).  

 

Figure 15. View of the diagnosis screen. 
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The user is presented with four options: the scores for the verbal, ocular and motor 

responses and a diagnosis of the patient’s general state of consciousness. The possible 

values are shown in Table 2.  

The patient’s random state is generated at the start of the game and is saved in a variable 

that is not modified until the game begins again. When the user confirms his or her 

diagnosis, the application compares it with that which is saved, and is thus able to inform 

the user of his/her performance in the diagnosis.  

5.3.4. Feedback and Final Score 

Each of the possible responses provided by the user contains information related to the 

context of the procedure and the current situation presented, which is used as feedback at 

the end of the game, as is shown in Figure 16 and marked with the number 1.  

The final score that will be shown to the user is calculated by assigning a score to each of 

the responses on the diagnosis screen in accordance with how close the user was to 

obtaining the correct response. At the end, these values are added up and the percentage 

of correct responses is calculated. The final score, together with the time that the user has 

taken to carry out the procedure, are shown in Figure 16 and marked with the number 2.  

 

Figure16. Feedback and final score of Evaluate Glasgow Scale procedure. 

6. Send progress and Facebook options  

6.1. Send progress 

The Send Progress option allows the user to send all the information about the activity 

carried out using the application to a server that is in charge of storing these data.  

The registered users’ data and the activities that they have carried out are stored in a server 

by means of the use of this option. The information that is registered in the server is used 

to evaluate the user’s performance as regards carrying out the nursing procedures 
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implemented in the eTesai game. This information is available for the professors at all 

times, any day of the week and at any time. The server can be accessed from any mobile 

network. 

6.2. Facebook 

The Facebook option allows the user to share the achievements in his/her session in the 

Facebook social network. Upon pressing this option, a menu of said social network 

appears which permits the user to add a personalized message along with the result of the 

session. S/he could, for example, say “I got 15 points in 1475 seconds after carrying out 

the Venipuncture procedure when playing the eTesãi game”.  

8.5.2 Functional suitability questionnaire 

In this section the Functional suitability questionnaire for the evaluation of the eTesãi SG 

applied in QE1 and QE1-R is presented. 

The Functional Suitability questionnaire is composed of fifty-one closed questions for the 

evaluation of the Functional measures and is intended to evaluate these measures through 

a several questions which represents them. 

I. Follow the rules described in Table I in Sub-section 5.2.3 of the SGDD to carry out 

the Extraction of Blood or Venipuncture procedure, until you obtain feedback and 

a final score. Answer the following (by marking the most appropriate response with 

an X) while carrying out this procedure. 

 

GENERIC QUESTIONS ON THE FUNCTION (YES/NO) 

We recommend that you read all the questions before beginning to answer. 

 

1. Is the function implemented in accordance with objectives of the 

game? 

Yes No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared 

online? 

Yes No 

6. Does the function allow the rewards obtained to be shared 

online? 

Yes No 

7. Has the function been installed in accordance with what is 

specified in the design document? 

 

Yes 

 

No 
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8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out? 

 

Yes 

 

No 

10. Do the rewards given in the function correspond with those 

specified in the design document? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels? 

 

Yes 

 

No 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion? 

 

Yes 

 

No 

13. Does the virtual world of the function correspond with the world 

described in the game document? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed? Yes No 

16. Does the functioning of this function correspond with that 

specified in the game document? 

 

Yes 

 

No 

 

II. Follow the steps described in Sub-section 5.3 of the Game Document to execute the 

Explore Glasgow function until you obtain feedback and a final score. Answer the 

following (by marking the most appropriate response with an X) while carrying out 

this procedure:  

We recommend that you read all the questions before beginning to answer.  

GENERIC QUESTIONS ON THE FUNCTION (YES/NO) 

 

1. Is the function implemented in accordance with objectives of the 

game? 

Yes No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared 

online? 

Yes No 

6. Does the function allow the rewards obtained to be shared 

online? 

Yes No 

7. Has the function been installed in accordance with what is 

specified in the design document? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document? 

 

Yes 

 

No 
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9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out? 

 

Yes 

 

No 

10. Do the rewards given in the function correspond with those 

specified in the design document? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels? 

 

Yes 

 

No 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion? 

 

Yes 

 

No 

13. Does the virtual world of the function correspond with the world 

described in the game document? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed? Yes No 

16. Does the functioning of this function correspond with that 

specified in the game document? 

 

Yes 

 

No 

 

III. Follow the steps described in Sub-section 5.3 of the SGDD to execute the Evaluate 

Glasgow function until you obtain feedback and a final score. Answer the following 

(by marking the most appropriate response with an X) while carrying out this 

procedure: 

 

We recommend that you read all the questions before beginning to answer. 

GENERIC QUESTIONS ON THE FUNCTION (YES/NO) 

1. Is the function implemented in accordance with objectives of the 

game? 

Yes No 

2. Does the function provide the player with a challenge and reward 

him/her when that challenge is met? 

 

Yes 

 

No 

3. Does the function indicate, in the game document, how the game 

will progress? 

 

Yes 

 

No 

4. Does the function indicate, in the game document, how the 

reward will be given? 

 

Yes 

 

No 

5. Does the function allow the challenges that are met to be shared 

online? 

Yes No 

6. Does the function allow the rewards obtained to be shared 

online? 

Yes No 

7. Has the function been installed in accordance with what is 

specified in the design document? 

 

Yes 

 

No 

8. Does the function show the progress of the game correctly in 

accordance with what is specified in the design document? 

 

Yes 

 

No 

9. Does the function provide the player with immediate feedback 

when an incorrect action is carried out? 

 

Yes 

 

No 
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10. Do the rewards given in the function correspond with those 

specified in the design document? 

 

Yes 

 

No 

11. Does the function provide challenges based on the challenges 

met in previous levels? 

 

Yes 

 

No 

12. Does the function allow the player to carry out tasks or take steps 

in a random fashion? 

 

Yes 

 

No 

13. Does the virtual world of the function correspond with the world 

described in the game document? 

 

Yes 

 

No 

14. Are the tasks or steps that should be realized in the function 

relevant to the story and narrative of the game? 

 

Yes 

 

No 

15. Does the function allow a multi-player mode to be executed? Yes No 

16. Does the functioning of this function correspond with that 

specified in the game document? 

 

Yes 

 

No 

8.5.3 Usability questionnaire 

In this section the Usability questionnaire for the evaluation of the eTesãi SG applied in 

QE2 is presented. 

This questionnaire is composed of 44 closed questions for the evaluation of the Usability 

attributes and is intended to evaluate them through a several questions which represents 

the quality measures of these attributes. 

I. Follow the rules described in Table I in Sub-section 5.2.3 of the Game Document to 

carry out the Extraction of Blood or Venipuncture procedure, until you obtain 

feedback and a final score. Answer the following (by marking the most appropriate 

response with an X) while carrying out this procedure: 

 

We recommend that you read all the questions before beginning to answer.  

GENERIC QUESTIONS ON THE FUNCTION (YES/NO)  

 

1. Does the functioning of the function correspond with what 

was described in the tutorials or in the game document?  

 

Yes 

 

No 

2. Is the challenge met in the function directly related to its 

objective, and is the reward given directly related to the 

challenge met?  

 

 

Yes 

 

 

No 

3. Does the function contain shortcuts to allow you to get from 

one place to another without having to go via multiple menus 

(for example, to get back to the main menu from anywhere)?  

 

 

Yes 

 

 

No 

4. Does the function contain contextual help in the challenges?  Yes No 

5. Does the function contain correction mechanisms to allow 

the player to modify an operation that has been carried out 

incorrectly?  

 

Yes 

 

No 
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6. Is the navigation in the function similar to the navigation in 

the other functions of the game?  

 

Yes 

 

No 

 

GENERIC QUESTIONS ON THE FUNCTION (NUMERICAL VALUE)  

Please use a numerical value to answer each of the following questions: 

1. How many of the feedback messages that are shown in the game describe an 

opportunity to improve learning?  

Number of feedback messages: ___________________ 

 

2. How many input fields that can be filled in with values by default are filled in 

automatically in the game?  

Number of input fields: ___________________ 

 

3. How many of the progress messages in the game tell the player how that progress 

has been made?  

Number of progress messages: ___________________ 

 

4. How many of the feedback messages show the player why or the reason for the 

feedback?  

Number of feedback messages: ___________________ 

 

5. How many of the interactive tasks have an inconsistent behavior and appearance in 

the same task and similar tasks (interactive tasks are actions taken by the user when 

using the game. An example of this is selecting elements from a menu)?  

Number of interactive tasks: ___________________ 

 

6. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed?  

Number of operations or tasks: ___________________ 

 

7. How many rules are fulfilled in the serious game in accordance with how they are 

defined in the requirements (Table 1 of the Game Document)?  

Number of rules: ___________________ 

 

QUESTIONS ON THE INTERFACE ON WHICH THE FUNCTION IS 

EXECUTED (YES/NO)  

In order to answer the following questions, consider the interface of the scene in which 

the Extraction of Blood procedure is carried out.  
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1. Does the user interface employ multimedia elements (images, 

animation, video and/or sound) to support the test provided?  

 

Yes 

 

No 

2. Does the user interface contain only those elements that are 

absolutely necessary (i.e., it does not contain elements that are not 

used)?  

 

Yes 

 

No 

3. Does the user interface have a general design with a realistic 

appearance (i.e., very similar to real life)?  

 

Yes 

 

No 

 

QUESTIONS ON THE INTERFACE ON WHICH THE FUNCTION IS 

EXECURED (NUMERICAL VALUE)  

 

4. How many of the terms or concepts used in the interfaces might be 

incomprehensible for nursing students?  

Number of terms or concepts: ___________________ 

 

II. Follow the rules described in Table I in Sub-section 5.2.3 of the Game Document 

to execute the Explore Glasgow function, until you obtain feedback and a final 

score. Answer the following (by marking the most appropriate response with an X) 

while carrying out this procedure:  

We recommend that you read all the questions before beginning to answer.  

GENERIC QUESTIONS ON THE FUNCTION (YES/NO)  

 

1. Does the functioning of the function correspond with what 

was described in the tutorials or in the game document?  

 

Yes 

 

No 

2. Is the challenge met in the function directly related to its 

objective, and is the reward given directly related to the 

challenge met?  

 

 

Yes 

 

 

No 

3. Does the function contain shortcuts to allow you to get from 

one place to another without having to go via multiple menus 

(for example, to get back to the main menu from anywhere)?  

 

 

Yes 

 

 

No 

4. Does the function contain contextual help in the challenges?  Yes No 

5. Does the function contain correction mechanisms to allow 

the player to modify an operation that has been carried out 

incorrectly? 

 

Yes 

 

No 

6. Is the navigation in the function similar to the navigation in 

the other functions of the game?  

 

Yes 

 

No 

 

GENERIC QUESTIONS ON THE FUNCTION (NUMERICAL VALUE) 

Please use a numerical value to answer each of the following questions: 
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1. How many feedback messages that are shown in the game describe an opportunity to 

improve learning?  

Number of feedback messages: ___________________ 

 

2. How many input fields that can be filled in with values by default are filled in 

automatically in the game? 

Number of input fields: ___________________ 

 

3. How many of the progress messages in the game tell the player how that progress 

has been made? 

Number of progress messages: ___________________ 

 

4. How many of the feedback messages show the player why or the reason for the 

feedback?  

Number of feedback messages: ___________________ 

 

5. How many of the interactive tasks have an inconsistent behavior and appearance in 

the same task and similar tasks (interactive tasks are actions taken by the user when 

using the game. An example of this is selecting elements from a menu)?  

Number of interactive tasks: ___________________ 

 

6. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed?  

Number of operations or tasks: ___________________ 

 

QUESTIONS ON THE INTERFACE ON WHICH THE FUNCTION IS 

EXECUTED (YES/NO)  

In order to answer the following questions, consider the interface of the scene in which 

the Explore Glasgow procedure is carried out. 

 

1. Does the user interface employ multimedia elements (images, 

animation, video and/or sound) to support the test provided?  

 

Yes 

 

No 

2. Does the user interface contain only those elements that are 

absolutely necessary (i.e., it does not contain elements that are not 

used)?  

 

Yes 

 

No 

3. Does the user interface have a general design with a realistic 

appearance (i.e., very similar to real life)?  

 

Yes 

 

No 

 

QUESTIONS ON THE INTERFACE ON WHICH THE FUNCTION IS 

EXECURED (NUMERICAL VALUE)  
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4. How many of the terms or concepts used on the interfaces might be incomprehensible 

for nursing students?  

Number of terms or concepts: ___________________ 
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III. Follow the rules described in Table I in Sub-section 5.2.3 of the Game Document to 

execute the Evaluate Glasgow function, until you obtain feedback and a final score. 

Answer the following (by marking the most appropriate response with an X) while 

carrying out this procedure:  

 

We recommend that you read all the questions before beginning to answer. 

GENERIC QUESTIONS ON THE FUNCTION (YES/NO)  

 

1. Does the functioning of the function correspond with what 

was described in the tutorials or in the game document?  

 

Yes 

 

No 

2. Is the challenge met in the function directly related to its 

objective, and is the reward given directly related to the 

challenge met?  

 

 

Yes 

 

 

No 

3. Does the function contain shortcuts to allow you to get from 

one place to another without having to go via multiple menus 

(for example, to get back to the main menu from anywhere)?  

 

 

Yes 

 

 

No 

4. Does the function contain contextual help in the challenges?  Yes No 

5. Does the function contain correction mechanisms to allow 

the player to modify an operation that has been carried out 

incorrectly?  

 

Yes 

 

No 

6. Is the navigation in the function similar to the navigation in 

the other functions of the game?  

 

Yes 

 

No 

 

GENERIC QUESTIONS ON THE FUNCTION (NUMERICAL VALUE)  

Please use a numerical value to answer each of the following questions:  

1. How many feedback messages that are shown in the game describe an opportunity to 

improve learning?  

Number of feedback messages: ___________________ 

 

2. How many input fields that can be filled in with values by default are filled in 

automatically in the game?  

Number of input fields: ___________________ 

 

3. How many of the progress messages in the game tell the player how that progress 

has been made?  

Number of progress messages: ___________________ 

 

4. How many of the feedback messages show the player why or the reason for the 

feedback?  

Number of feedback messages: ___________________ 
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5. How many of the interactive tasks have an inconsistent behavior and appearance in 

the same task and similar tasks (interactive tasks are actions taken by the user when 

using the game. An example of this is selecting elements from a menu)?  

Number of interactive tasks: ___________________ 

 

6. How many of the operations or tasks in the game that have important consequences 

can be undone or reconfirmed?  

Number of operations or tasks: ___________________ 

8.5.4 Post-experiment survey 

In this section the post-experiment survey applied in QE1, QE1-R and QE2 is presented. 

The post-experimental survey is composed of eleven closed questions and three opened 

questions and has the aim to obtain feedback about participant’s perception of time 

assigned for the SG evaluation, the evaluation procedure and the conditions of the context 

where the evaluation take place. 

Instructions: It is very important for us to obtain your opinion about this practical 

exercise. We should therefore be very grateful if you would answer the following 

questions:  

1. Do you consider that the time provided to carry out the evaluation of the eTesai 

game was adequate? 

Very 

adequate  

Adequate  Neither 

adequate 

 nor 

inadequate 

Inadequate  Totally 

inadequate  

Comment: How much extra time did you need? How much did you have left over?  

2. Were you able to concentrate while carrying out the practical exercise, and did 

you feel comfortable? 

Totally 

agree  

Agree  Neither 

agree nor 

disagree  

Disagree  Totally disagree  

 

3. Taking part in this practical exercise seemed: 

 

Very tedious  Tedious  Neither 

tedious nor 

interesting 

Interesting  Very interesting  
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4. My knowledge of the game before evaluating its quality was: 

 

Excellent  Very good  Neither 

good nor 

bad  

Very bad  Inexistent  

 

5. My knowledge of the procedure used to evaluate the game before using it was:  

 

Excellent  Very good  Neither 

good nor 

bad  

Very bad  Inexistent  

 

6. Do you consider that the game was described clearly in the SGDD?  

Very clear  Clear  Neither clear 

nor confusing  

Confusing  Totally confusing  

 

Comment: Explain those points of the game that were not clear, indicating the page and 

section where they are located in the SGDD. 

7. Do you consider that the procedure used to evaluate the game is clear and 

understandable?  

Very clear 

and 

understanda

ble  

Clear and 

understanda

ble  

Neither clear 

nor 

incomprehensi

ble  

 

Confusing and 

incomprehensi

ble  

Totally 

confusing and 

incomprehensi

ble  

 

Comment: If any of the tasks were not clear, indicate which and why. For example, if 

one of the questions is not clear or understandable, indicate which. 

8. Did you know what you had to do while carrying out the practical exercise?    

Totally 

agree  

Agree  Neither 

agree nor 

disagree  

Disagree  Totally disagree  
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9. Do you consider that the procedure used to evaluate a serious game is easy to 

use?  

Very easy Easy Neither easy 

nor difficult 

Difficult Very difficult 

 

Comment: were any of the questions difficult to answer? Indicate which and why.  

10. Do you think that it would be easy for you to become an expert in the use of 

the procedure employed to evaluate a serious game?  

Very easy  Easy  Neither easy 

nor difficult  

Difficult  Very difficult  

 

11. Do you think that this evaluation procedure is useful for the development of 

better quality serious games?  

Very useful  Useful  Neither 

useful nor 

useless  

Useless  Totally useless  

 

12. What would you modify in or add to the SGDD?  

 

13. What would you modify in or add to the serious game evaluation procedure?  

 

14. If there are any important aspects that you believe should be considered in 

order to carry out this evaluation and which have not been mentioned 

previously, please state as follows. 
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8.6 Appendix F. Acronyms 

This appendix provides a list of the acronyms used throughout this PhD Thesis. 

8.6.1 List of acronyms 

The acronyms used in this PhD Thesis are listed below. 

ACM Association for Computing Machinery 

AER Automatic Evaluation Result  

AQC Alarcos Quality Center 

CI Confidence Interval 

CHLF CHeckLists Form 

CHLFFO CHeckLists Form Filled Out 

ENAC Entidad Nacional de Acreditación  

GEODAS GEstiÓn para el Desarrollo globAl del Software 

GRADE Grading of Recommendations Assessment, Development 

and Evaluation 

GSDgame Global Software Development game 

GQM Goal Question Metric 

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronics Engineers 

ISO International Organization for Standardization 

MERF Manual Evaluation Results Form 

MERFFO Manual Evaluation Results Form Filled Out 

MVC Model-View-Controller architecture  

PRODEP Programa para el DesarrolloProfesional Docente 

QSGMAG QSGame-Model And Glossary 

QSGame-

Model 

Quality Serious Game Model 

QSGame-Tool Quality Serious Game Tool 

SeGUE Serious Game Usability Evaluator 

SEQUOIA SEcurity and QUality in prOcesses with bIg data and 

Analytics 
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SG Serious Game 

SGDD Serious Game Design Document 

SGEF SG Executable File 

SGGIRF Serious Game General Information Requirements Form 

SLR Systematic Literature Review 

SMS Systematic Mapping Study 

SUS System Usability Scale 

SQuaRE Software product Quality Requirements and Evaluation 

UML Unified Modeling Language 
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