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Abstract  

Context: Gamification is defined as “the use of game design elements in non-game contexts”  (Deterding, 

Dixon, Khaled, & Nacke, 2011). Gamification is a valuable approach as regards making non-game 

products, services or applications more enjoyable, more motivating and/or engaging to use (Deterding et 

al., 2011). Gamified Software has undergone a very important growth. It is, therefore, currently very 

popular, and this means by which to engage users is becoming a growing trend (Deterding et al., 2011). We 

therefore believe that the impact of gamified software on users and many areas of society and economy will 

probably be very high and that the assessment of and improvement to its quality may be necessary.  

Although there are standard quality models that can be used to assess the quality of any software product, 

such as the ISO 25010 (ISO, 2011b), they are generic and need to be tailored to specific domains, since 

quality models can differ considerably from one domain to another (Franch & Carvallo, 2003). 

Objective: Although researchers have addressed the quality of gamified software, there is currently no 

quality model that considers the specific quality attributes and quality characteristics of gamified software. 

Therefore, the main objective of this PhD thesis is the development and validation of a Quality in use model 

for gamified software, which has been denominated as the QU-GamSoft model. This quality model is an 

adaptation of the Quality in use model (ISO, 2011b) that considers the specific quality attributes and quality 

characteristics of gamified software. 

Method: The main objective of this PhD thesis has been achieved using several research methods that we 

considered to be most appropriate for each partial objective. A “Systematic Mapping Study” research 

method that was used to carry out the literature review in order to analyze the state of the art and to discover 

the existing initiatives on gamified software quality. The “Survey” empirical research method that was used 

to refine the QU-GamSoft model by gathering the opinions of experts in gamified software development 

as regards the understandability and relevance of the proposed quality attributes. Finally, the “Case Study” 

empirical research method that was used to investigate the applicability and usefulness of the QU-GamSoft 

model in industrial and real-life contexts. 



 

 

Result: A quality in model for gamified software (QU-GamSoft) have proposed and developed. The 

construction process of the QU-GamSoft model followed a top-down approach (Franch & Carvallo, 2003) 

and it was based on the ISO/IEC 25010 (ISO, 2011b) standard and on the results of  an SMS on gamified 

software quality. The QU-GamSoft model was refined by means of a survey of experts on gamified 

software development as regards the understandability and importance of the quality attributes. Results of 

this survey show that the definitions of the quality attributes are understandable for most of the respondents 

of the survey and that most the quality attributes of the QU-GamSoft model are to some extent important. 

Finally, in order to demonstrate the applicability and usefulness of the QU-GamSoft model in industrial or 

real-life contexts two case studies were carried out. 

Conclusion: We have developed and validated a quality in use model for gamified software (QU-GamSoft) 

that is an extension of ISO/IEC 25010 standard (ISO, 2011b), but specific for gamified software, that has 

been agreed on by experts on gamified software development. The QU-GamSoft model considers attributes 

that are not considered in the standard quality in use model and is useful in practice, in order to allow 

gamified designers and developers to evaluate and improve the quality of the gamified software they build. 
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Chapter 1  

Introduction 

 he purpose of this chapter is to present the main motivation that led us to develop the research 

work presented in this PhD thesis.  This Introduction commences with subsection 1.1 in which 

the motivation and problem statement are described, after which the objectives and the hypothesis are 

presented in subsection 1.2. Subsection 1.3 explains the research methodology used to achieve the 

objectives of this PhD thesis, while the thesis framework and the structure of the remainder of the thesis 

are outlined in the final section. 

  

T 



 

Introduction 17 

 

 

 

1.1 Motivation and problem statement 

Gamification is defined as “the use of game design elements in non-game contexts”  (Deterding et al., 2011) 

. Gamification is a valuable approach as regards making non-game products, services or applications more 

enjoyable, more motivating and/or engaging to use (Deterding et al., 2011). Gamified Software has 

undergone a very important growth. It is, therefore, currently very popular, and this means by which to 

engage users is becoming a growing trend (Deterding et al., 2011). The application areas of gamification 

can be as varied as crowdsourcing, social networks, loyalty programs, marketing, industry, education, 

health initiatives, among others. There are many successful examples of the application of gamification, 

such as Foursquare, Nike +, the Starbucks loyalty program, Stackoverflow (Stackoverflow, 2008) and 

Duolingo (Duolingo, 2011). Gamification has many benefits that vary depending on the industrial or 

application context: in educational contexts, for example, gamification provides a better learning 

experience, provides immediate feedback, and prompts behavioral changes, all of which result in better 

student performance. Although the benefits of gamification vary, they can be summarized as follows; they 

make tedious tasks more enjoyable, motivate and engage users, encourage participation and can prompt 

positive behavioral changes. 

The aforementioned aspects reveal that the social impact of gamified software on users and many areas of 

society will probably be very high, and the assessment of and improvement to gamified software quality is 

therefore not only necessary but of the utmost relevance. 

One way in which to address the evaluation of gamified software quality in a systematic and objective 

manner is by means of a quality model. A quality model is a well-accepted means to support the quality 

control of software systems. One of the main advantages of using quality models is that, in addition to their 

hierarchical decomposition, the main idea behind them is that quality is decomposed  into a level at which 

it can be measured and, thereby, evaluated (Wagner, 2013). 

A multitude of very diverse quality models has been developed in the last three decades (Coleman, Lowther, 

& Oman, 1995; Grady & Caswell, 1987; McCall, Richards, & Walters, 1977), including the ISO 9126 

international standard (ISO, 2001), which was based on all the previous quality models. The most recently 

published standard is the ISO 25010 (ISO, 2011b). However, despite containing several improvements as 
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regards its predecessor (ISO, 2001),  including a measurement reference model (ISO, 2011a), the quality 

characteristics are mostly not sufficiently specific to be directly measurable (Wagner, 2013). 

The ISO 25010 (ISO, 2011b) standard defines general quality characteristics that are frequently found in 

most types of software, but the variety in software systems is extremely large, ranging from huge business 

information systems to tiny embedded controllers. Different types of software products have characteristics 

which are specific to them and these differences must , therefore, be accounted for in quality models defined 

by means of customization (Deissenboeck, Juergens, Lochmann, & Wagner, 2009). 

The following are just some examples of quality models that have been proposed as extensions of the ISO 

9126 (ISO, 2001) or ISO 25010 (ISO, 2011b) standards: 

 Calero, Moraga, and Bertoa (2013) proposed a software product sustainability model based on the 

product quality model by defining and adding a new quality characteristic termed as Sustainability. 

 Radulovic and Garcıa-Castro (2011) defined a quality model for both product and quality in use 

for semantic technologies. In this approach, evaluation results are used as the starting point from 

which the quality measures, quality characteristics and sub-characteristics are specified. 

 Herrera, Moraga, Caballero, and Calero (2010) proposed a quality model with which to assess the 

level of quality in use of Web Portals. 

 Behkamal, Kahani, and Akbari (2009) proposed a method that can be used to customize the 

product quality model for B2B applications by extracting the quality factors from web applications 

and B2B e-commerce applications. 

 González Sánchez, Montero Simarro, Padilla Zea, and Gutiérrez Vela (2009) proposed a 

playability quality model as an extension of the quality in use model, by considering an additional 

dimension called Playability. We have followed the approach of extending the ISO 25010 (ISO, 

2011b) since we analyzed the use of this standard and found that most of its implementations 

usually require its extension or adaptation in order to enable it to be tailored to a specific software 

product or domain. Several research works have also followed this approach so as to extend quality 

models for a specific software product or domain. 

 Franch and Carvallo (2003) used a methodology based on a top down approach to customize the 

product quality model in order to select software packages. 
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The need to evaluate the quality of gamified software and the lack of a specific quality model that is suitable 

for gamified software led us to propose the main objective of this PhD thesis, which is to develop and 

validate a quality in use model that is specific to gamified software and which we have denominated as the 

Quality in Use Model for Gamified Software (QU-GamSoft). The objective of this model is to assess and 

consequently improve the quality in use of gamified software, and it will therefore be useful for gamified 

software developers. The proposed quality model is an extension of the Quality in use model of the ISO 

25010 (ISO, 2011b), which has been customized by taking into account certain special characteristics of 

gamified software such as engagement, enjoyment and participation. 

1.2 Objectives and hypothesis 

The main objective of this PhD thesis is therefore: 

To develop and validate a Quality in Use Model for Gamified Software. 

This main objective will be achieved through the following partial objectives: 

O1. To analyze the state of the art on gamified software quality through a thorough analysis of the 

existing literature. 

O2. To develop a Quality in Use Model for Gamified Software (QU-GamSoft model) taking into 

account the particular aspects of gamified software and the findings obtained in the analysis of the 

state of the art. 

O3. To refine the proposed QU-GamSoft model by collecting the opinion of experts in gamified 

software development as regards the relevance and understanding of the definition of each 

attribute of the quality model. This will therefore to some extent allow us to improve the QU-

GamSoft model by making it more precise and useful for the evaluation of the quality in use of a 

gamified software. 

O4. To assess the feasibility of application of the QU-GamSoft model by means of the evaluation of 

the quality in use of two pieces of gamified software related to different contexts or application 

fields.  

O5. To investigate the applicability and usefulness of the QU-GamSoft model in industrial or real-life 

contexts. 



 

20  Research methodology 

 

  

 

 

The hypothesis that guided the development of the research work presented in this PhD thesis is the 

following: 

It is feasible to develop a quality in use model by considering the specific characteristics of 

gamified software. 

1.3 Research methodology 

There are many research methods, each of which has its pros and cons, signifying that it is important to 

carefully select the most appropriate given each objective in this PhD thesis. After a thorough review of 

each of the existing research methods, we decided which would be the most appropriate for each of the five 

objectives formulated in this PhD thesis (Easterbrook, Singer, Storey, & Damian, 2008). 

The following research methods and methodologies were employed in order to achieve the formulated 

objectives, which are also illustrated in ¡Error! No se encuentra el origen de la referencia.:  

 In order to achieve objective O1, i.e., to analyze the state of the art on the exiting initiatives on 

gamified software quality, a Systematic Mapping Study (SMS) (Kitchenham & Charters, 2007; 

Petersen, Vakkalanka, & Kuzniarz, 2015) was carried out. 

 In order to achieve objective O2, i.e., to develop a Quality in Use Model for Gamified Software 

(QU-GamSoft), the Design Rational methodology (MacLean, Young, Bellotti, & Moran, 1991; 

MacLean, Young, & Moran, 1989) was used to argue in favor of the decisions made regarding the 

quality attributes proposed. 

 In order to achieve objective O3, i.e., to refine the QU-GamSoft model, a survey which collected 

the opinions of experts in gamified software development as regards the understandability and 

relevance of the proposed quality attributes was conducted. 

 In order to achieve objective O4, i.e., to assess the feasibility of the QU-GamSoft model, two 

examples of the quality evaluation of actual gamified software are presented. 

 In order to achieve objective O5, i.e., to investigate the applicability and usefulness of the QU-

GamSoft model in industrial or real-life contexts, two case studies were conducted following the 

guidelines proposed by Runeson, Host, Rainer, and Regnell (2012). 
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A detailed description of the each of the aforementioned research methods is presented in Chapter 2, while 

the remaining approaches or methodologies used will be introduced in the chapter in which they are applied. 

1.4 Thesis framework 

The research work that led to the PhD Thesis presented herein was conducted from November 2012 to July 

2016 in the Alarcos Research Group of the Institute of Technologies and Information Systems at the 

University of Castilla-La Mancha in Ciudad Real, Spain, within the framework of the following research 

projects and grants:  

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

y Entornos Avanzados de Colaboración TIN2012-37493-C03-01). The objective of this project 

was to investigate the use of different techniques in order to improve the management of software 

factories working in global environments. These techniques were later applied in real 

environments in collaboration with leading companies in the international arena, such as Indra or 

Prologue. The GEODAS-BC project was coordinated by three Spanish universities: the University 

of Murcia, the University of Alicante and the University of Castilla-La Mancha, and it was 

financed by the Ministerio de Economía y Competitividad. The project started in January of 2013 

and finished in December of 2015. The contribution of this thesis was focused on the use of 

gamification in global software development. 

2. SEQUOIA (SEcurity and QUality in prOcesses with bIg data and Analytics TIN2015-63502-C3-

1-R). The SEQUOIA project was coordinated by three Spanish universities: the University of 

Sevilla, the University of Alicante and the University of Castilla-La Mancha, and was financed by 

the Ministerio de Economía y Competitividad. The contribution of this thesis was focused on the 

use of gamification in Big Data applications. 

3. PRODEP grant. The author of this thesis was granted a scholarship by the government of México 

through the Programa para el Desarrollo Profesional Docente (PRODEP). The objective of this 

program is to professionalize a full-time faculty so as to achieve research-teaching skills, 

technological development and innovation in order to create and strengthen academic bodies and 
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thus create a new academic community that is capable of transforming its educational 

environment. 

1.5 Thesis structure 

The remainder of this PhD thesis is organized as follows: 

 Chapter 2. Research methods. This chapter provides an overview of the research methods that 

were used during the development and validation of the research work presented in this PhD thesis. 

 Chapter 3. Background and state of the art. This chapter presents the background needed to 

understand the topics covered in this thesis. The state of the art regarding existing research on 

gamified software quality is also presented in this chapter. 

 Chapter 4. The QU-GamSoft model. This chapter presents the construction process followed to 

develop a Quality in Use Model for Gamified Software (QU-GamSoft). All the elements that 

constitute the QU-GamSoft model, such as the quality characteristics, the quality sub-

characteristics and the quality measures, are also thoroughly described. An evaluation process 
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based on the ISO 25040 (ISO, 2011b) standard with the aim of facilitating the application of the 

QU-GamSoft model is additionally presented. 

 Chapter 5. Refinement of the QU-GamSoft model. This chapter presents the results of a survey 

carried out in order to obtain the opinions of experts in gamified software development as regards 

the relevance and understandability of the attributes defined in the QU-GamSOFT model.  

 Chapter 6. Feasibility evaluation of the QU-GamSoft model. This chapter presents two 

examples of the application of the QU-GamSoft model. Two gamified software were evaluated: 

StackOverflow (Stackoverflow, 2008) and Duoligo (Duolingo, 2011). 

 Chapter 7. Validation of the QU-GamSoft model. This chapter presents two case studies 

conducted to investigate the applicability and usefulness of the QU-GamSoft model in industrial 

contexts. 

 Chapter 8. Conclusions. This chapter presents the main contributions of this PhD thesis, the 

results obtained and future research opportunities. 

 Appendix A. Glossary.This appendix contains a list of relevant terms used throughout this PhD 

thesis. 

 Appendix B. Acronyms. This appendix contains a list of the acronyms used in this dissertation. 

 Appendix C. List of primary studies. This appendix contains the list of the primary studies 

selected after carrying out the SMS presented in Chapter 3. 

 Appendix D. Classification scheme. The classification scheme used to classify the papers of the 

SMS presented in Chapter 3 is defined in this appendix. 

 Appendix E. Mapping of the quality characteristics. This appendix describes the mapping 

between the quality characteristics of ISO 25010 (ISO, 2011b) standard and the characteristics of 

gamified software described in the papers found by means of the SMS. 

 Appendix F. Example questionnaires. This appendix contains examples of the questionnaires 

used to assess subjective quality measures of the QU-GamSoft model, which were described in 
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Chapter 4. The questionnaires were used to collect the users’ opinions as regards aspects related 

to the quality characteristics of satisfaction and effectiveness. 

 References. This section contains a list of the bibliographical references used in this PhD thesis. 

Figure 1-1 shows an overview of the chapters of the PhD thesis and their relation to the partial objectives 

achieved in each chapter and the research methods or methodologies used to address each objective. 

 

Figure 1-1 Thesis chapters and objectives achieved in each chapter. 
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Chapter 2  

Research methods 

s mentioned in the previous chapter, no research method is good for all purposes and each 

method has each own pros and cons. The objectives of this PhD thesis have therefore been 

achieved using the research method that we considered to be most appropriate for each objective. 

This chapter starts in subsection 2.1 with an overview of the “Systematic Mapping Study” research method 

that was used to carry out the literature review in order to analyze the state of the art and to discover the 

existing initiatives on gamified software quality (O1). Subsection 2.2 presents an overview of the “Survey” 

empirical research method that was used to refine the QU-GamSoft model by gathering the opinions of 

experts in gamified software development as regards the understandability and relevance of the proposed 

quality attributes (O3). Finally, subsection 2.3 presents an overview of the “Case Study” empirical research 

method that was used to investigate the applicability and usefulness of the QU-GamSoft model in industrial 

and real-life contexts (O5). 

.  

A 
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2.1 Systematic Mapping Studies 

A systematic literature review (SLR) is a secondary study that is carried out to identify, evaluate and 

interpret all available evidence in order to answer specific research questions (Kitchenham & Charters, 

2007). SMSs are secondary studies with a broader scope than SLRs, since their main objective is to provide 

an overview of a topic of interest (with or without an empirical approach) and identify the amount and type 

of research results on it that are available. This makes it possible to identify issues regarding which 

empirical evidence is scarce and for which more empirical studies are needed (Genero, Cruz-Lemus, & 

Piattini, 2014). While SLRs aim to establish the state of evidence by focusing on identifying best practices 

based on empirical evidence, the main focus of SMSs is on classification, conducting a thematic analysis 

and identifying publication fora (Petersen et al., 2015). Both methodologies are becoming a very popular 

means to conduct literature reviews, despite requiring more effort than traditional literature reviews. 

In this PhD thesis, and in order to achieve objective O1, i.e., to analyze the state of the art on the existing 

initiatives on gamified software quality, we conducted a Systematic Mapping Study (SMS) (Kitchenham 

& Charters, 2007). The main issues related the process of carrying out an SMS are explained as follows. 

The process defined in order to conduct SMSs is based on the process used to conduct SLRs (Kitchenham 

& Charters, 2007), signifying that they are very similar. A summary of the process employed to conduct 

SMSs is presented below. The complete guidelines on how to perform SMSs can be found in Kitchenham 

and Charters (2007)  and Petersen et al. (2015).  

2.1.1 The SMS process 

The stages comprising the process used to carry out an SMS are grouped into three main phases (see Figure 

2-1¡Error! No se encuentra el origen de la referencia.): Planning the Review, Conducting the Review 

and Reporting the Review. 
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Figure 2-1 Phases and activities of the SMS process. 

2.1.1.1 Planning the SMS 

The most important activities when planning the review are defining the research questions(s) that the 

systematic review will address and producing a review protocol (i.e., plan) in which the basic review 

procedures are defined. 

 The Research Question(s) 

The most important part of any systematic review is that of specifying the research questions. The review 

questions drive the entire systematic review methodology: 
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 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 questions. 

 The data analysis process must synthesize the data in such a way that the questions can be 

answered. 

 Developing the SMS Protocol 

A review protocol specifies the methods that will be used to undertake a specific systematic review. A pre-

defined protocol is necessary in order to reduce the possibility of researcher bias.  

The components of a protocol include all the elements of the review plus some additional planning 

information: 

 The definition of the research questions that the review is intended to answer. 

 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 will be 

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. 

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

be obtained. 

 Dissemination strategy. 

 Project timetable. This should define the review schedule. 

 Conducting the SMS 

Once the protocol has been agreed, the review proper can start. 
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 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. 

 Study Selection 

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. A single researcher (such as 

a PhD student) should consider discussing included and excluded papers with his/her advisor, an expert 

panel or other researchers. 

 Data extraction and monitoring 

The objective of this stage is to design data extraction forms on which to accurately record the information 

researchers obtain from the primary studies. In order 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 
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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. Information extracted regarding 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 a tabular manner. However, in order to synthesize 

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

 Reporting the SMS 

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

results to potentially interested parties. It is important to communicate the results of a systematic review 

effectively. For this reason, most guidelines recommend planning the dissemination strategy during the 

commissioning stage (if any) or when preparing the systematic review protocol. 

Systematic reviews are usually reported in at least two formats: 

 In a technical report or in a section of a PhD thesis. 

 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 validity of a systematic review, journal papers should reference a technical 

report or thesis that contains all the details. 

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 quickly made available 

to researchers and practitioners, it is worth organizing a peer review (Kitchenham & Charters, 2007). 



 

Research methods 31 

 

 

 

2.2 Survey design 

According to Kitchenham and Pfleeger (2008), there are two common types of survey design: 

 Cross sectional: In this type of study, participants are asked for information at one fixed point in 

time. For example, we may poll all the members of a software development organization at 10 am, 

to find out what activities they are working on that moment. This information gives us a snapshot 

of what is going on in the organization. 

 Longitudinal: This type of study is forward-looking, providing information about changes in a 

specific population over time. There are two main variants of longitudinal designs: you can survey 

the same people at each time period or you can survey different people. 

The other issue to be considered when designing the survey is the way in which it will be administered: 

self-administered questionnaires (usually postal but increasingly Internet), telephone surveys and one-to-

one interviews. The questions that can be addressed are influenced by this factor. In addition, strategies 

with which to obtain reliable data, such as question ordering and wording, differ according to the 

administration method. It is important to mention that in the field of software engineering the option most 

frequently used is that of self-administered questionnaires. 

2.2.1 Developing a survey instrument 

Survey instruments are developed considering several activities:  

 Search the relevant literature - In this activity it is important to find out what questionnaires or 

other data collection mechanisms have been used previously in research related to the same 

subject. 

 Construct an instrument - The type of questions, the design of the questions, the design of the 

answers to the questions, the questionnaire format, and the response rate and motivation must be 

considered during the construction of the survey instrument. 

2.2.2 Survey instrument evaluation 

Once the instrument has been created, it is essential that we 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 
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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 by 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, called a questionnaire specification, which includes, the objective(s) of the 

study, a description of the rationale behind each question, the rationale behind any questions adopted or 

adapted from other sources, with appropriate citations, and a description of the evaluation process. One of 

the major reasons for preparing documentation during the survey is that surveys can take a long time. It 

may be many months between first distributing a questionnaire and when we are able to analyze results. 

This time lag means that it is easy to forget the details of instrument creation and administration, especially 

if documentation is left to the end of the study. 

2.2.3 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): 

 Probabilistic Sampling Methods - A probabilistic sample is one in which every member of a target 

population has a known, non-zero probability of being included in the sample. 

 Cluster-Based Sampling - Cluster–based sampling is the term given to the surveying of individuals 

that belong to defined groups. 

 Non-Probabilistic Sampling Methods - Non-probability samples are created when respondents are 

chosen because they are easily accessible or the researchers have some justification for believing 

that they are representative of the population. 

One major concern when sampling is that of determining the appropriate sample size. There are two reasons 

why sample size is important. First, an inadequate sample size may lead to results that are not statistically 

significant. In other words, if the sample size is not sufficiently large, we cannot come to a reasonable 

conclusion, and we cannot generalize our results to the target population. Second, the inadequate sampling 

of clusters or strata disables our ability to compare and contrast different subsets of the population. 
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However, Fowler points out that there is no simple equation that can tell you exactly how large your sample 

ought to be (Fowler, 2002). In particular, he rejects sample size strategies based on a proportion of the 

population, typical sizes found in other studies, or statistical methods based on expected error levels. His 

suggestion is to consider your analysis plan and ensure that you have adequate sample sizes of the smallest 

important subgroups in your population. It is not enough to decide how many people to survey. We must 

also take steps to be sure that enough people return the survey to yield meaningful results. Thus, any reliable 

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

compared 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. 

2.2.4 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. It is important to have a policy with which to handle inconsistent 

and or incomplete questionnaires. If we find that most respondents answered all the questions, we 

may decide to reject incomplete questionnaires. However, we must investigate the characteristics 

of rejected questionnaires in the same way that we investigate non-response to ensure that we do 

not introduce any systematic bias. Alternatively, we may find that most respondents have omitted 

a few specific questions. In this case, it is more appropriate to remove those questions from the 

analysis. Sometimes we can use all the questionnaires, even if some are incomplete. In this case, 

we will have different sample sizes for each question we analyze and we must remember to report 

that actual sample size for each sample statistic. This approach is suitable for analyses such as 

calculating sample statistics or comparing mean values, but not for correlation or regression 

studies. 

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

divide and group questions into homogeneous groups. These 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. 



 

34  Case study 

 

  

 

 

 Analyzing ordinal and nominal data - Analyzing numerical data is relatively straightforward. 

However, there are additional problems if 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 when this approach is reasonable, 

but it violates the mathematical rules as regards analyzing ordinal data. Using a conversion from 

ordinal to numerical entails a risk that subsequent analysis will give misleading results. Some 

approaches that can be used to avoid scale violations can be found in Kitchenham and Pfleeger 

(2008). 

2.2.5 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 the following (Fink, 2003). 

 Title, authors, sponsors, location and date. 

 Introduction, which should make it clear what the problem or the need to be solved is, and even 

the research questions and/or hypotheses to be validated. 

 Survey characteristics. 

 Characteristics of managers of the survey. 

 Relevant literature on the research topic. 

 Survey design, sample selection and analysis of results. 

 Relation of the results to the objectives of the survey. 

 Conclusions reached, implications derived from the survey and future work. 

2.3 Case study 

A case study in software engineering is empirical research carried out using multiple sources of evidence 

to investigate an instance of a contemporary phenomenon related to software engineering within a real 

context, specifically when the boundaries between phenomenon and context are not clearly defined (Genero 

et al., 2014). The case study methodology is well suited to many kinds of software engineering research, as 

the objects of study are contemporary phenomena, which are hard to study in isolation (Runeson & Höst, 
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2009). A case study can be applied as a comparative research strategy, comparing the results of using one 

method  or some form of manipulation , to the results of using another approach (Wohlin et al., 2012). 

2.3.1 Process for conducting a case study in software engineering 

When conducting a case study, there are five major process steps to be walked through: Case study design 

and planning, preparation for data collection, collecting evidence, analysis of collected data, and reporting. 

This process is almost the same for any kind of empirical study. However, as the case study methodology 

is a flexible design strategy, there is a significant amount of iteration as regards the steps (Runeson & Höst, 

2009). The process steps used to conduct the case study are described below. 

2.3.1.1 Case Study Design and Planning 

Case study research is of flexible type, but this does not mean that planning is unnecessary. A good planning 

for a case study is crucial for its success. 

When planning a case study, at least the following elements should be considered in order to ensure its 

success (Runeson & Höst, 2009). 

 Objective—what to achieve? 

 The case—what is studied? 

 Theory—frame of reference. 

 Research questions—what to know? 

 Methods—how to collect data? 

 Selection strategy—where to seek data? 

The objective of the study may, for example, be exploratory, descriptive, explanatory or improving. The 

objective is naturally more generally formulated and less precise than in fixed research designs. The 

objective is initially more like a focus point, which evolves during the study. The research questions state 

what it is necessary to know in order to fulfill the objective of the study. Similar to the objective, the 

research questions evolve during the study and are narrowed down to specific research questions during the 

study iterations (Runeson & Höst, 2009). 
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The case may be a software development project, which is the most straightforward choice. It may 

alternatively be an individual, a group of people, a process, a product, a policy, a role in the organization, 

an event, a technology, etc. The project, individual, group etc. may also constitute a unit of analysis within 

a case. Studies on “toy programs” or similar are excluded owing to their lack of real-life context (Runeson 

& Höst, 2009). 

Using theories to develop the research direction is not well established in the software engineering field. 

However, defining the frame of reference of the study makes the context of the case study research clear, 

and helps both those conducting the research and those reviewing the results of it. As theories are 

underdeveloped in software engineering, the frame of reference may alternatively be expressed in terms of 

the viewpoint taken in the research and the background of the researchers (Runeson & Höst, 2009). 

The principal decisions regarding methods for data collection are defined at design time for the case study, 

although detailed decisions concerning data collection procedures are made later. Lethbridge, Sim and 

Singer (2005) define three categories of methods: direct (e.g. interviews), indirect (e.g. tool 

instrumentation) and independent (e.g. documentation analysis). 

In case studies, the case and the units of analysis should be selected intentionally. This is in contrast to 

surveys and experiments, where subjects are sampled from a population to which the results are intended 

to be generalized. The purpose of the selection may be to study a case that is expected to be in some respect 

“typical”, “critical”, “revelatory” or “unique” (Benbasat, Goldstein, & Mead, 1987), and the case is selected 

accordingly. In a comparative case study, the units of analysis must be selected to have the variation in 

properties that the study intends to compare. However, in practice, many cases are selected on the basis of 

availability (Benbasat et al., 1987) as is the case of many experiments (Sjøberg et al., 2005). 

It is advisable to develop a protocol for the case study that contains both the design decisions regarding the 

case study and the field procedures with which to carry it out. The protocol is a continuously changing 

document that is updated when the plans for the case study are changed. There are several reasons for 

keeping an updated version of a case study protocol, as describe below. 

 It serves as a guide when conducting the data collection, and thus prevents the researcher from 

forgetting to collect data that were planned to be collected. 
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 The processes of formulating the protocol makes the research concrete in the planning phase, 

which may help the researcher to decide what data sources to use and what questions to ask. 

 Other researchers and relevant people may review it in order to provide feedback on the plans. 

Feedback on the protocol from other researchers can, for example, lower the risk of missing 

relevant data sources, interview questions or roles to include in the research and to ensure the 

relationship between research questions and interview questions. 

 It can serve as a log or diary in which all conducted data collection and analysis is recorded 

together with change decisions based on the flexible nature of the research.  

2.3.1.2 Collecting Data 

This section describes the second and third activities of the process of conducting the case study; the 

preparation of data collection and the collection of evidence. 

There are several different sources of information that can be used in a case study. It is important to use 

several data sources in a case study in order to limit the effects of one interpretation of one single data 

source. In a case study, it is also important to take into account viewpoints of different roles, and to 

investigate differences between, for example, different projects and products  (Runeson & Höst, 2009). 

Data collection techniques can be divided into three levels (Lethbridge et al., 2005): 

 First degree. Direct methods mean that the researcher is in direct contact with the subjects and 

collects data in real time. This is the case with, for example, interviews, focus groups, and 

observations with “think aloud protocols”. 

 Second degree. Indirect methods, during which the researcher directly collects raw data without 

actually interacting with the subjects while doing so.  This is, for example, the case in which the 

usage of software engineering tools is automatically monitored, and observed through video-

recording. 

 Third degree. Independent analysis of work artifacts during which already available and 

sometimes compiled data is used. This is, for example, the case when documents such as 

requirements specifications and failure reports from an organization are analyzed, or when data 

from organizational databases such as time accounting is analyzed. 
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2.3.1.3 Quantitative Data Analysis 

For quantitative data, the analysis typically includes an analysis of descriptive statistics, a correlation 

analysis, the development of predictive models, and hypothesis testing. All of these activities are relevant 

in case study research. 

Descriptive statistics, such as mean values, standard deviations, histograms and scatterplots, are used to 

attain an understanding of the data that has been collected. Correlation analysis and the development of 

predictive models are conducted in order to describe how a measurement from a later process activity is 

related to an earlier process measurement. Hypothesis testing is conducted in order to determine whether 

there is a significant effect of one or several variables (independent variables) on one or several other 

variables (dependent variables). 

It should be noted that the methods used for quantitative analysis assume a fixed research design. For 

example, if a question with a quantitative answer is changed halfway through a series of interviews, this 

makes it impossible to interpret the mean value of the answers. Furthermore, quantitative data sets from 

single cases tend to be very small owing to the number of respondents or measurement points, which causes 

particular concerns during the analysis (Runeson & Höst, 2009). 

2.3.1.4 Qualitative Data Analysis 

The basic objective of the analysis is to derive conclusions from the data, whilst maintaining a clear chain 

of evidence. The chain of evidence means that a reader should be able to follow the derivation of results 

and conclusions from the data collected (Yin, 2013). This means that sufficient information from each step 

of the study and every decision made by the researcher must be presented. 

In order to reduce bias by individual researchers, the analysis benefits from being conducted by multiple 

researchers. The preliminary results from each individual researcher are merged into a common analysis 

result in a second step. Keeping track and reporting the cooperation scheme helps increase the validity of 

the study (Runeson & Höst, 2009). 

There are two different parts of data analysis of qualitative data: hypothesis generating techniques and 

hypothesis confirmation techniques (Seaman, 1999), which can be used in exploratory and explanatory case 

studies, respectively. 
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 Hypothesis generation. These techniques are intended to find hypotheses from the data. When 

using these kinds of techniques, it is important not to define too many hypotheses before the 

analysis is conducted. The researcher should rather attempt to be unbiased and open to whatever 

hypotheses are to be found in the data. The results of these techniques are the hypotheses as such. 

Examples of hypotheses generating techniques are “constant comparisons” and “cross-case 

analysis” (Seaman, 1999). 

 Hypothesis confirmation. These techniques can be used to confirm that a hypothesis is true, e.g. 

through the analysis of more data. Triangulation and replication are examples of approaches used 

for hypothesis confirmation (Seaman, 1999). 

Negative case analysis attempts to find alternative explanations that reject the hypotheses. These basic types 

of techniques are used iteratively and in combination. Hypotheses are first generated after which they are 

confirmed. Hypothesis generation may take place within one cycle of a case study, or with data from one 

unit of analysis, and hypothesis confirmation maybe carried out with the data from another cycle or unit of 

analysis (Andersson & Runeson, 2007). 

This means that the analysis of qualitative data is conducted in a series of steps (Robson & McCartan, 

2016). First, the data is coded, which means that parts of the text can be given a code representing a certain 

theme, area, construct, etc. One code is usually assigned to many pieces of text, and one piece of text can 

be assigned more than one code. Codes can form a hierarchy of codes and sub-codes. 

The hypotheses identified can then be used when further data collection is conducted in the field, i.e., 

resulting in an iterative approach in which data collection and analysis is conducted in parallel, as described 

above. During the iterative process, a small set of generalizations can be formulated, eventually resulting 

in a formalized body of knowledge, which is the final result of the research attempt (Runeson & Höst, 

2009). 

2.3.1.5 Validity 

The validity of a study denotes the trustworthiness of the results, to what extent the results are true and not 

biased by the researchers’ subjective point of view. It is, of course, too late to consider the validity during 
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the analysis. The validity must be addressed during all previous phases of the case study. However, the 

validity is discussed in this section, since it cannot be finally evaluated until the analysis phase. 

There are different ways in which to classify aspects of validity and threats to validity in literature. One of 

these classification schemes is that proposed by Yin (2013). This scheme distinguishes between four aspects 

of the validity, which can be summarized as follows: 

 Construct validity. This aspect of validity reflects to what extent the operational measures that 

are studied really represent what the researcher has in mind and what is investigated according to 

the research questions. 

 Internal validity. This aspect of validity is of concern when causal relations are examined. When 

the researcher is investigating whether one factor affects an investigated factor there is a risk that 

the investigated factor is also affected by a third factor. 

 External validity. This aspect of validity is concerned with to what extent it is possible to 

generalize the findings, and to what extent the findings are of interest to other people outside the 

case being investigated. During the analysis of external validity, the researcher attempts to analyze 

to what extent the findings are of relevance to other cases. 

 Reliability. This aspect is concerned with the extent to which the data and the analysis are 

dependent on the specific researchers. Hypothetically, if another researcher were to conduct the 

same study at a later date, the result would be the same. 

2.3.1.6 Reporting 

The report communicates the findings of the study, but is also the main source of information used to judge 

the quality of the study. 

A set of recommended characteristics that a case study report should have is shown below (Robson & 

McCartan, 2016): 

 Say what the study was about 

 Communicate a clear sense of the case being studied 

 Provide a “history of the inquiry” so that the reader can see who did what, and how. 
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 Provide basic data in a focused form so that the reader can ensure that the conclusions are 

reasonable 

 Articulate the researcher’s conclusions and set them into a context they affect. 

The high level structure used to report experiments in software engineering proposed by Andreas 

Jedlitschka and Pfahl (2005) also fits the purpose of case study reporting. However, some changes are 

needed, based on the specific characteristics of case studies and other issues based on an evaluation 

conducted by Kitchenham et al. (2008). The resulting structure is presented in Table 2-1. 

Section headings Subsections 

Title  

Authorship  

(Structured) abstract  

Introduction Problem statement 

Research objectives 

Context 

Related work Earlier studies 

Theory 

Case study design Research questions 

Case and subject selection 

Data collection procedure(s) 

Analysis procedure(s) 

Validity procedure(s) 

Results Case and subject description, covering execution, analysis 

and interpretation issues 

Subsections may be structured e.g. according to coding 

scheme, each linking observations to conclusions 

Evaluation of validity 

Table 2-1 Proposed reporting structure for case studies. 
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Chapter 3  

Background and state of 

the art 

he purpose of this chapter is to present the background needed to understand the topics covered 

in this PhD thesis, and to present the state of the art on gamified software quality (O1).   

This chapter commences in section 3.1. with an introduction to gamification, including a brief history, the 

definition, importance and  application of gamification. Section 3.2. presents an overview of the software 

quality models used in the development of this PhD thesis, including the ISO 25010 (ISO, 2011b),  ISO 

25022 (ISO, 2014) and ISO 25040 (ISO, 2011a) standards. Finally, section 3.3. presents the state of the art 

on gamified software quality, which includes the results of three literature reviews, an SMS on gamified 

software quality, an analysis of the quality of the use of gamification when teaching computer science and 

an analysis of the empirical evidence  gamified software quality. 

  

T 
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3.1 Gamification 

The term gamification was invented in 2002 by the computer game programmer Nick Pelling (2011). He 

originally used the term to describe the design of game-like user interfaces for commercial electronic 

devices such as in-flight videos, ATM machines, vending machines, etc., in order to make transactions and 

activities both enjoyable and fast. 

In 2008, Bret Terril (2008) coined a similar term giving it a meaning closer to which it currently has; he 

used the term gameification to describe the idea of applying game mechanics to the web to increase 

engagement. Even though the term was coined in 2002, it was not widely adopted until the second half of 

2010.  

There are currently at least two definitions for what is now called gamification. Deterding et al. (2011) 

define gamification as “the use of game design elements in non-game contexts”.  Huotari and Hamari 

(2012), however, argue that this definition has several shortcomings; the most important is that they 

consider “gamefulness as a unique experiential condition to games”, which differs from the definition of 

Deterding et al. (2011) , which only associates gamification with non-game contexts. 

However, the most frequently accepted definition is that proposed by Deterding et al. (2011), and will be 

used herein: gamification is  “the use of game design elements in non-game contexts”. Continuing with the 

definition of gamification proposed by Deterding et al. (2011), Game design elements are “constituent parts 

that are found in most games, readily associated with games, and found to play a significant role in 

gameplay”. Examples of game design elements are points, levels, leaderboards, badges, challenges/quests 

and engagement loops, among others (Zichermann & Cunningham, 2011). The non-game context refers to 

“the use of elements of games for purposes other than their normal expected use as part of an entertainment 

game”. The non-game context can be as varied as crowdsourcing, social networks, loyalty programs, the 

marketing, industry, education, health initiatives, etc. This definition explicitly excludes serious games, 

another emerging technology that uses game elements, as serious games are complete games, whereas 

gamification is a way of designing applications and services (Oja & Riekki, 2012). However, the boundary 

between serious games and gamification can often be blurry (Deterding et al., 2011).  
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Gamification is a valuable approach as regards making non-game products, services or applications more 

enjoyable, more motivating and/or engaging to use (Deterding et al., 2011). Gamified software has 

undergone a very important growth; gamified software is currently very popular and this means by which 

to engage users is becoming a growing trend. It is therefore expected that this key emerging technology 

will be widely adopted over the coming years. M2 Research (M2, 2012) estimates that the market spend on 

gamification solutions, applying game mechanics and behavioral analytics in non‐traditional applications 

will reach 2.8 billion USD by 2016. According to Gartner (2013), gamification is at the top of the peak of 

inflated expectations, with 5-10 years of mainstream adoption, which is when “Early publicity produces a 

number of success stories—often accompanied by scores of failures. Some companies take action; many 

do not”. The growing interest in gamification is also reflected in the academic context (Borges, Durelli, 

Reis, & Isotani, 2014; Caponetto, Earp, & Ott, 2014; Dicheva, Dichev, Agre, & Angelova, 2015; Hamari, 

Koivisto, & Sarsa, 2014).  

3.2 Software quality models 

Software quality is defined as the “degree to which a software product satisfies stated and implied needs 

when used under specified conditions” (ISO, 2011a). Software quality focuses on, among other things, 

eliminating bugs, improving performance, ensuring security, preventing the loss or corruption of data, etc. 

The main reason for including software quality assurance as part of the software development process is to 

deliver a final product that is free from errors and developed according to customer requirements. A mistake 

commonly made is that of postponing software quality assurance until the final product is completed. The 

assurance of software quality is a process that must take place throughout the software development 

process. Nevertheless, before the software quality can be assessed, it is necessary to agree on what should, 

in general, be the quality characteristics that any software system should have in order to determine whether 

the implied or stated needs are met. Software quality models have therefore been developed, whose aim is 

to standardize the criteria against which the quality of a software system is evaluated. Standardization has 

several advantages (Calero, Moraga, & Piattini, 2010): 

 Standards provide a common vocabulary. 

 Standards collect the consensus of a knowledge domain. 

 Standards usually involve the consolidated knowledge from industrial experience. 
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 Standards establish categories of items to be evaluated. 

 Standards define measurement units. 

One of most recent standards for software product quality is the Systems and software Quality 

Requirements and Evaluation (SQuaRE). SQuaRE is a family of standards that is organized in five divisions 

(see Figure 3-1), although this thesis will focus on only the Quality Model Division 2501n, the Quality 

Measurement Division 2502n, and the Quality Evaluation Division 2404n, specifically in the ISO/IEC 

25010 (ISO, 2011b),  ISO/IEC 25022 (ISO, 2014) and ISO/IEC 25040 (ISO, 2011a) standards, respectively. 

 

Figure 3-1 Organization of SQuaRE series of international standards. 

3.2.1 The ISO/IEC 25010 system and software quality models 

The quality of a system is the degree to which the system satisfies stated and implied needs, which are 

represented in what is known as a quality model; this quality model categorizes product quality into 

characteristics, which in some cases are further hierarchically broken down into sub-characteristics  (ISO, 

2011b). 

The ISO/IEC 25010 international standard is a detailed quality model for computer systems and software 

products, and for quality in use. This international standard defines: 
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A. 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. 

B. A Product quality model composed of eight characteristics (which are further subdivided into sub-

characteristics) that relate to static properties of software and dynamic properties of the computer 

system. The model is applicable to both computer systems and software products. 

3.2.1.1 The Quality in use model 

Quality in use is defined as “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 (see Figure 3-2) defines five characteristics related to 

outcomes of interaction with a system: Effectiveness, Efficiency, Satisfaction, Freedom from risk, and 

Context coverage (ISO, 2011b). 

 

Figure 3-2 The Quality in use model. 

The quality in use of a system characterizes the impact that the product (system or software product) has 

on stakeholders. It is determined by the quality of the software, hardware and operating environment, and 
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the characteristics of the users, tasks and social environment. All these factors contribute to the quality in 

use of the system. 

3.2.1.2 The Product quality model 

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 shown in Figure 3-3 classifies 

product quality properties into eight characteristics: Functional suitability, Performance efficiency, 

Compatibility, Usability, Reliability, Security, Maintainability and Portability; and thirty-one sub-

characteristics (ISO, 2011b). 

 

Figure 3-3 The Product quality model. 

In this PhD thesis, we shall focus solely on the Quality in use model, which we shall extend by taking into 

account the particular characteristics of gamified software. 

3.2.2 The ISO/IEC 25022 – Measurement of quality in use 

The ISO/IEC 25022 – Measurement of quality in use is a standard that is part of the Quality Measurement 

Division (ISO, 2014). This international standard provides a suggested set of quality in use measures, 



 

48  Software quality models 

 

  

 

 

including associated measurement functions for the quality characteristics defined in the Quality in use 

model, and it is intended to be used together with ISO/IEC 25010 (ISO, 2011b). 

This international standard contains: 

 A basic set of measures for each quality in use characteristic. 

 An explanation of how quality in use is measured. 

This International Standard provides a suggested set of quality in use measures to be used with the quality 

in use model in ISO/IEC 25010. The measures are applicable to the use of any human-computer system, 

including both computer systems in use and software products that form part of the system. 

The proposed quality in use measures are primarily intended to be used for quality assurance and the 

management of systems and software products based on their effects when actually used. The main users 

of the measurement results are people who manage the development, acquisition, evaluation or maintenance 

of software and systems. 

3.2.3 The ISO/IEC 25040 − Evaluation process 

The ISO/IEC 25040 (ISO, 2011a) contains general requirements for specification and evaluation of 

software quality and clarifies the general concepts. It provides a process description with which to evaluate 

the quality of software product and states the requirements for the application of this process. The evaluation 

process is the basis used for the software product quality evaluation for different purposes and approaches. 

The process can therefore be used for the evaluation of quality in use, external measures of software quality 

and internal measures of software quality, and can be applied to evaluate the quality of pre-developed 

software or to custom software during its development process. It is intended for those responsible for 

software product evaluation and is appropriate for developers, acquirers and independent evaluators of 

software products. 

The software product quality evaluation process reference model describes the process and details the 

activities and tasks, providing their purposes and complementary information that can be used to guide a 

software product quality evaluation. The five main activities that constitute the evaluation process, along 

with their corresponding tasks, are presented below. 
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 Activity 1. Establish the evaluation requirements. The main tasks to be carried out in this activity 

are: establish the purpose of the evaluation, obtain the software product quality requirements, 

identify product parts to be included in the evaluation and define the stringency of the evaluation. 

 Activity 2. Specify the evaluation. The main tasks to be carried out in this activity are: select 

quality measure, define decision criteria for quality measures and establish decision criteria for 

evaluation. 

 Activity 3. Design evaluation. The main task to be carried out in this activity is that of planning 

evaluation activities. 

 Activity 4. Execute the evaluation. The main tasks to be carried out in this activity are: make 

measurements, apply decision criteria for quality measures, and apply decision criteria for 

evaluation. 

 Activity 5. Conclude the evaluation. The main tasks to be carried out in this activity are: review 

the evaluation results, create the evaluation report, review quality evaluation and provide feedback 

to the organization and perform disposition of evaluation. 

3.3 State of the art on gamified software quality 

In this section, the state of the art on gamified software quality is presented from three different 

perspectives: 

1. First, an SMS about the quality of gamified software was carried out. The objective of this SMS 

was to collect all the existing literature on gamified software quality, including both empirical and 

non-empirical studies (see subsection 3.3.1). 

2. As the SMS revealed that education was the main area in which there are initiatives on gamified 

software quality, we decided to perform a more in-depth analysis on what has been done as regards 

evaluation of the quality of gamified software applied to education (see subsection 3.3.2). 

3. Finally, we focused on the analysis of those papers found in the SMS that present empirical 

studies. The objective was to characterize and analyze the empirical evidence regarding the quality 

of gamified software (see subsection 3.3.3).  
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3.3.1 An SMS on gamified software quality 

As is advisable before performing the SMS on gamified software quality, we reviewed the existing literature 

reviews that are to some extent related to that presented herein. These are briefly introduced as follows:  

 Xu (2011) conducted a literature review on web application gamification and analytics. In this 

review, the author surveyed 4 gamified applications and 3 computer games. He concluded that 

much can be learned from the principles and practices of gaming, although the focus must be 

maintained on the limits and potential traps embedded in gamification. 

 Hamari et al. (2014) conducted a literature review focused on the empirical evidence of the 

motivational affordances (gamification design elements) implemented and the psychological 

(enjoyment, engagement, motivation, etc.) and behavioral (participation, effectiveness of learning, 

etc.) outcomes measured. These authors selected 24 papers published between 2008 and 2013, and 

concluded that even though gamification seems to have positive effects, these are greatly 

dependent on both the context in which gamification is being implemented and the users who 

employ it. 

 Pedreira, Garcia, Brisaboa, and Piattini (2014) conducted an SMS on gamification in software 

engineering, as a result of which they selected 16 primary studies published between 2011 and 

2013. They came to three major conclusions; 1) More research efforts analyzing the impact of 

gamification on software engineering are needed, 2) Most studies share a lack of methodological 

support that would make their proposals replicable in other settings, and 3) The integration of 

gamification into an organization's existing tools is also an important challenge that needs to be 

addressed in this field. 

 Borges et al. (2014) conducted an SMS aimed at providing an overview of the research on 

gamification applied to education, and also aimed at identifying initiatives that use gamification 

in computer supported collaborative learning (CSCL) environments. As a result of this SMS, they 

identified 26 empirical and non-empirical papers published up to February 2013. They concluded 

that even though gamification applied to education is a research trend, there is a need for more 

empirical data if the effect (positive or negative) and implications of the use of gamification in 

educational contexts is to be properly understood. They also found that there is a lack of proposals 

that include gamification in computer-supported collaborative learning (CSCL) environments. 
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 Caponetto et al. (2014) conducted an SMS with the objective of understanding the adoption and 

use of gamification in education/training. They collected and analyzed 119 papers on the topic 

published between 2011 and mid-2014. They concluded that the adoption of gamification in 

education and professional training is growing rapidly and that the concepts of gamification and 

game based learning (GBL) are sufficiently differentiated, and in some cases, the two practices 

coexist and complement each other. They also found that motivation and engagement in learning 

tasks are the main factors behind the adoption of gamification. 

 Dicheva et al. (2015) conducted an SMS focused on the empirical research into the application of 

gamification to education, and found 34 papers presenting empirical studies published up to June 

30 2014. They concluded that despite the large number of publications on the use of gamification 

in education, empirical research is scarce and most of it does not include an appropriate evaluation. 

More empirical research regarding the motivating effects of specific game elements in specific 

educational contexts and for particular types of learners is therefore needed. 

The main differences between the SMS presented here and the previous ones are:  

 The goal: This SMS aims to collect all the existing literature on gamified software quality, not 

only that which focuses on empirical evidence. 

 The procedure: This SMS has been carried out systematically and rigorously using the guidelines 

proposed for SMSs (Kitchenham, Budgen, & Brereton, 2011; Kitchenham & Charters, 2007; 

Petersen, Feldt, Mujtaba, & Mattsson, 2008). 

The remainder of this section presents the planning of the SMS on gamified software quality and how it 

was conducted, and is organized as follows. Subsection 3.3.1.1 describes the planning of the SMS; the 

research questions, the search strategy, the selection criteria, the selection procedure and the data extraction 

strategy are presented. Subsection 3.3.1.2 describes how the SMS was conducted; the study selection, the 

data synthesis and results and the conclusions of the SMS are presented. 

3.3.1.1 Planning the SMS 

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

conduct the review. The protocol includes objectives, research questions, the search strategy, the selection 



 

52  State of the art on gamified software quality 

 

  

 

 

strategy (inclusion/exclusion criteria), the study selection procedure, the data extraction strategy and data 

synthesis. 

The objective of this SMS was to identify, characterize and summarize the research that addresses the 

quality of gamified software in order to determine the state of the art, while simultaneously identifying gaps 

that merit rigorous future investigation. The main research question that had to be answered in order to 

achieve the objective of this SMS was:  

What is the state of the art of the research on gamified software quality? 

Since the main research question is quite general, it was subsequently divided into 6 research questions in 

order to provide a more specific understanding of the topic being investigated. Table 3-1 shows the 6 

research questions and their respective motivation. 

Research questions Main motivation 

RQ1. What gamified software quality 

characteristics have been addressed? 

To identify the quality characteristics and to 

map them onto the quality characteristics 

proposed in ISO/IEC 25010 (ISO, 2011a). 

RQ2. What research methods have been used 

when investigating gamified software quality? 

To determine whether or not the research has 

been validated and to discover what research 

method was used to validate it. 

RQ3. What has the outcome of the research 

been? 

To discover the outputs that are produced when 

investigating software gamification quality. 

RQ4. On which software artifacts from gamified 

software has the research on quality been 

focused? 

To discover whether gamified software quality 

has been researched throughout the whole 

software development lifecycle or whether it 

has focused solely on certain parts. 

RQ5. What gamification elements have been 

used in gamified software? 

To discover what gamification elements have 

been considered in the initiatives related to 

gamified software quality.  

RQ6. What have the application areas of 

gamification been? 

To determine the application area on which 

gamified software quality initiatives have been 

focused. 

Table 3-1 Research questions. 

The search strategy includes the definition of the major search terms, the construction of the search string, 

and the selection of the sources in which the search will be carried out. 

The search string was constructed using the steps described by Brereton, Kitchenham, Budgen, Turner, and 

Khalil (2007). 
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 Derive major terms from the questions. 

 Identify alternative spellings, synonyms and related terms for major terms. 

 Use the Boolean OR to incorporate alternative spellings, synonyms and related terms. 

 Use the Boolean AND to link the major terms. 

When building the search string, the term quality was initially considered as one of the major terms. 

However, quality is a multidimensional term, and it was not all the quality characteristics related to gamified 

software were known in advance. We therefore decided to use the search term evaluation and its related 

terms, because it was found that these terms were frequently used in papers dealing with software quality. 

The other major search term was gamification, but they were also use the terms gameification, ludification 

and funware were also used, since these terms were also used before the term gamification was widely 

adopted. The major search terms were therefore evaluation and gamification and the search string was built 

by considering the suggestions provided by Brereton et al. (2007), with the alternative terms within the 

search terms, or with synonyms, as shown in Table 3-2. 

Major Terms  Alternative terms 

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

Gamification (gamif* OR gameif* OR ludif* OR “funware”) 

Table 3-2 Major search terms and their alternative terms. 

The search sources selected were five of the most important digital collections that contain a wide variety 

of computer science journals: Scopus, Science@Direct, IEEE Digital Library, ACM Digital Library, and 

Springer. The search string was restricted to the title, abstract and keywords. 

It was decided to include those journals, conferences and workshop papers dealing with gamified software 

quality and that had been written in English. With regard to the search period, we included papers published 

up to April 2014 without fixing a starting year in order to make this SMS as complete as possible. The 

decision was made to exclude papers related to serious games or game-based learning, or whose 

contributions were not related to the evaluation/assessment/measuring or testing of quality characteristics. 

A summary of the inclusion and exclusion criteria is shown in Table 3-3. 



 

54  State of the art on gamified software quality 

 

  

 

 

Inclusion criteria  Papers that satisfy the search string. 

 Journals, conferences and workshop papers. 

 Papers written in English. 

 Papers published up to April 2014 (inclusive). 

Exclusion criteria  Papers not focusing on gamified software quality. 

 Abstracts or PowerPoint presentations.  

 Summaries of workshop presentations. 

 Duplicate papers (same papers in different databases). 

 Papers in which gamified software quality is addressed only as 

a general introductory topic, or in which the paper´s 

contributions are not related to the 

evaluation/assessment/measuring or testing of quality 

characteristics. 

 Papers related to serious games or game-based learning. 

Table 3-3 Inclusion and exclusion criteria. 

The selection of primary studies is an iterative process that starts with a set of papers gathered after applying 

the search string to digital sources. In a first step, the inclusion criteria are applied to the title and abstract 

of all the papers gathered, and this step produces a set of papers that are candidates for inclusion in the 

primary studies. In a second step, the inclusion/exclusion criteria are applied again, but now the full text of 

the papers selected in the first step is read. The result of the second step is a final set of papers that will be 

the primary studies. 

The selection process of the primary studies involved the author of this PhD thesis, another PhD student 

and the two thesis supervisors, as follows. The first author applied the inclusion/exclusion criteria to the 

title and abstract of papers gathered from digital sources, and if there was any doubt, the paper was included. 

The first author then applied the inclusion/exclusion criteria to the full text of the papers obtained in the 

first step. In both steps of the selection process, the second author verified that the inclusion/exclusion 

criteria had been applied correctly. If there were any discrepancies between the two authors, they were 

settled by a consensus between the four authors, taking into account the full text of the paper. 

In order to ensure that the same criteria were used for the data extraction and classification of the selected 

papers, a strategy based on a classification scheme was defined which provided a set of possible answers 

for each of the research questions. This classification scheme consisted of six dimensions (one for each 

research question), and each dimension had several categories. For RQ1, the quality characteristics 

categories were defined on the basis of ISO/IEC 25010 (ISO, 2011b), since it is the current standard for 

software product quality. For RQ2, the scheme suggested by R. Wieringa, Maiden, Mead, and Rolland 
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(2006)  was used as a starting point to determine the categories for the research method. The categories for 

the remaining dimensions were initially defined prior to the data extraction but needed to be refined during 

data extraction process. A summary of the classification scheme is shown in Table 3-4, and a more detailed 

description of it can be found in chapter 9 Appendix D. 

Dimensions Categories 

Quality characteristic Quality characteristics of the ISO/IEC 25010 (ISO, 

2011b). 

Research method Proposal, evaluation, validation, philosophical, opinion or 

personal experience (R. Wieringa et al., 2006). 

Research outcome Knowledge, framework. 

Software artifact Final product, design (ISO, 1998). 

Gamification elements Points, badges, levels, leaderboards, rewards, unlocking, 

other. 

Application area Education, work, general purpose, environment, software 

engineering, enterprise social network, marketing, social 

well-being, health. 

Table 3-4 Summary of the classification scheme. 

A quantitative synthesis method is used to present the results of this SMS. The quantitative synthesis is 

based on counting the primary studies that are classified according to the dimensions and categories defined 

(see Table 3-4). The combinations of the dimensions and categories are displayed using bubble plots, as 

recommended by Petersen et al. (2008). 

3.3.1.2 Conducting the SMS. 

In this section, the execution of SMS is presented considering all the details specified in the protocol during 

the planning of the SMS. First, the chronology of activities performed is outlined, as shown in Table 3-5. 

The planning of the SMS started in December 2013. The activity carried out was the development of the 

protocol and the outcome of this step was a first draft of the protocol of the review. The planning continued 

in February 2014. During this step, the protocol was improved and a pilot data extraction of papers was 

carried out in order to develop a classification scheme. The outcomes of this step were the classification 

scheme and the refined protocol. We began to conduct the SMS in March 2014 with the search for papers. 

Duplicate papers were removed, after which a selection of papers was carried out based on the review of 
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the title and abstract of each paper. Finally the full text of the selected papers published up to April 2014 

were retrieved in April 2014, the outcomes of this step being the metadata of 254 including the 56 selected 

papers, and a repository of 56 files of the selected papers. We continued to conduct the SMS with the data 

extraction and data synthesis of the selected papers, which was carried out between April and May 2014. 

The outcome of this step was a set of 26 reviewed and classified papers. The SMS concluded in June 2014 

with the elaboration of the report of activities carried out during the development of the SMS. The outcome 

of this step was the final report on the results of the SMS. 

Chronology Step Activities Outcome 

December 2013 Planning Protocol development. Protocol draft. 

February 2014 Planning Protocol improvement. 

Pilot data extraction. 

Classification scheme. 

Refined protocol. 

March 2014 Conducting Search for papers. 

Duplicate removal. 

Selection of papers (title and 

abstract). 

Extraction of files from the 

papers. 

Metadata information from 254 

papers. 

39 papers discarded. 

Metadata information from 56 

papers selected. 

Repository of papers (56 papers). 

April 2014 Conducting Study selection, classification 

(full text). 

Primary studies (26 papers). 

April-May 2014 Conducting Data extraction. 

 

Data synthesis. 

Data extraction form completed, 

26 papers classified. 

26 papers reviewed and classified. 

June 2014 Reporting Report on the stages and 

activities undertaken during 

the development of the SMS. 

Final report. 

Table 3-5 Outline of the SMS. 

The activities carried out when conducting the SMS are presented as follows. The selection process of the 

primary studies, data synthesis and the answers to the research questions are described thoroughly. Finally, 

some additional results and the conclusions of the SMS are presented. 

 Study selection. 

The paper selection process is shown in Figure 3-4; 254 papers were found, of which 39 were discarded 

because they were duplicate papers (the same paper in a different source). The title and abstract of each 

paper were subsequently reviewed and the number of papers selected was reduced to 56. The inclusion and 
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exclusion criteria were applied to the full text of each paper, and 30 more papers were discarded; 26 papers 

were eventually selected as primary studies. Some months after the paper selection process finished, the 

literature review carried out by Hamari et al. (2014) was published. Upon considering the similarity 

between the topic addressed by Hamari et al. (2014) and the SMS presented herein, it was decided to check 

the papers selected in Hamari et al. (2014) to discover whether or not they coincided with the primary 

studies of this SMS. It was found that only 5 of the papers selected in Hamari et al. (2014) coincided with 

the primary studies of this SMS. This lack of coincidence may be owing to differences in the search string, 

which is not explicitly described in the paper. In order to be fair and rigorous, all 19 of the papers that did 

not coincide were checked and the inclusion/exclusion criteria were applied (see Table 3-3). Nine papers 

more that met the inclusion/exclusion criteria of this SMS were found, and they were therefore included. 

Most of the papers from Hamari et al. (2014) that were not included were focused on serious games and 

not strictly on gamification. A detailed explanation of the reasons for including or excluding the papers 

found in Hamari et al. (2014) in this SMS, and the list of the 35 primary studies selected in this SMS can 

be found in chapter 9 Appendix C. 

 

Figure 3-4 Paper selection process. 

Although the protocol was initially defined during the planning of the SMS, it was necessary to review and 

refine it during its execution. The author of this PhD thesis performed the identification and selection of 

primary studies. In order to reduce the risk of a publication being incorrectly included in or excluded from 

the SMS, another PhD student also reviewed each paper. In those cases in which the author and the PhD 
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student had conflicting views, it was necessary for the two thesis supervisors to review the publication and 

make a final consensus decision. 

Some search engines in databases or digital libraries have limitations when using complex Boolean search 

strings. When a database or digital library did not allow the use of complex Boolean expressions, the search 

string was split or modified to accommodate the limitations of the search engine. The aim was to obtain the 

same results that had been achieved using the original search string. 

 Data synthesis and results 

In this section, the answers to each of the research questions shown in Table 3-1 are presented. In addition, 

in order to obtain a better understanding of the relationship between the results of RQ5 and RQ6, we present 

the crossing of their results. An analysis of the evolution over the time of the empirical research published 

on gamified software quality is also presented at the end of this section. Some of the results obtained are 

also discussed and interpreted. 

RQ1 What gamified software quality characteristics have been addressed? 

The process used to match the characteristics shown in ISO/IEC 25010 (ISO, 2011b) with the characteristics 

investigated in each paper is described as follows. The full text of the paper was read in order to search for 

the quality characteristics that were addressed by the researchers, and the standard was then viewed in order 

to find the characteristic or characteristics that, in the author’s opinion, best matched the characteristics 

found in the paper. When reviewing the full text of the papers selected it was found that the majority of 

them did not explicitly mention that an assessment of the quality of gamification was being made. The 

results revealed that most researchers are interested in assessing various aspects of the use of the gamified 

software, and particularly its effectiveness as regards motivating and engaging users in desired behaviors. 

Another of the most frequently evaluated aspects was user satisfaction with the gamified software. Most of 

the papers (32, 91.43%) dealt with the quality characteristics of the Quality in use model (ISO, 2011b). The 

characteristic most frequently addressed was Effectiveness (30 papers, 85.71%). In these papers, 

effectiveness was a measure of how the gamified software achieved its goals to motivate and engage users 

to achieve the desired behavioral change. These results were then compared with those concerning non-

gamified software to observe whether there was any kind of improvement. Another important finding is 
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that the main factor behind the use of gamification is user engagement (12 papers, 34.29%), followed by 

engagement/motivation (9 papers, 25.71%) and motivation (9 papers, 25.71%), thereby confirming the 

findings of Borges et al. (2014) and Caponetto et al. (2014). The remaining 5 papers did not mention why 

gamification was used. In papers focused on engagement, the researchers attempted to encourage users to 

continue doing certain tasks or activities, while in those focused on motivation the researchers wished to 

increase the users’ participation in certain tasks or activities. Following Effectiveness is Satisfaction (20 

papers, 57.14%). The most frequently investigated sub-characteristics as regards satisfaction were Pleasure 

(18 papers, 51.43%) and Usefulness (8 papers, 22.86%). These papers assess the effect of gamification on 

several aspects of user satisfaction such as enjoyment, fun, or the perception of usefulness of the gamified 

software. A summary of the quantitative results of the characteristics of the Quality in use model is shown 

in Table 3-6. It is important to note that most of the papers addressed more than one quality characteristic, 

and it is for this reason that the sum of the papers by characteristic is greater than the total number of papers. 

Quality Characteristic Number 
of papers 

Primary studies references 

Effectiveness 30 P1, P2, P4, P5, P6, P7, P8, P9, P10, P11, P12, P13, P15, P16, 
P17, P18, P19, P20, P21, P23, P24, P25, P26, P27, P28, P29, 
P30, P31, P33, P34 

Satisfaction-Pleasure 18 P1, P2, P4, P5, P6, P7, P8, P12, P13, P15, P17, P20, P26, P28, 
P29, P31, P32, P35 

Satisfaction-Usefulness 8 P5, P7, P17, P23, P25, P28, P31, P32 

Total 32  

Table 3-6 Distribution of papers according to characteristics of the Quality in use model. 

Only 11 papers (31.43%) dealt with the quality characteristics of the product quality model (ISO, 2011). 

The characteristics of the product quality model that were most frequently researched were Usability (8 

papers, 22.86%) followed by Functional suitability (3 papers, 8.57%). The most frequently investigated 

sub-characteristic of Usability was Operability (7 papers, 20%), followed to a far lesser extent by the sub-

characteristics of User interface aesthetics and Learnability (1 paper each, 2.85 %). The papers related to 

Usability focused on the usability of the entire application, not just those aspects related to gamification. A 

summary of the quantitative results of the characteristics of the product quality model is shown in Table 

3-7. 
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A detailed description of the process used to match the characteristics in the ISO/IEC 25010 (ISO, 2011b) 

with the characteristics investigated in the papers can be found in chapter 9 Appendix E. 

Quality Characteristic Number 
of papers 

Primary studies references 

Functional suitability-Functional 
appropriateness  

3 P3, P22, P29 

Usability-User Interface Aesthetics 1 P17 

Usability-Operability 7 P5, P7, P12, P13, P14, P31, P35 

Usability-Learnability 1 P14 

Total 11  

Table 3-7 Distribution of papers according to characteristics of the product quality model. 

RQ2. What research methods have been used when investigating gamified software quality? 

The classification scheme of research methods proposed by R. Wieringa et al. (2006) was used as 

recommended by Petersen et al. (2008). This classification scheme makes it possible to classify empirical 

research into either validation or evaluation, and non-empirical research in the categories of proposal 

papers, philosophical papers, opinion papers and personal experience papers. The definitions of these 

categories can be found in the classification scheme shown in chapter Appendix D. 

The results of RQ2 showed that most of the papers are empirical studies (32 papers, 91.43%), and of these, 

28 (80%) fall into the category of validation and 4 (11.43%) into the category of evaluation (see Figure 

3-5).  
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Figure 3-5 Distribution of papers per research method. 

In validation papers, the research methods used were quasi-experiments (18 papers, 51.43%) or 

experiments (10 papers, 28.57%). Most of the quasi-experimental papers used a between subject design 

with only a posttest (P9, P13, P23, P24, P28, P29), while the remainder used a between subject design with 

pre and posttests. In all those papers in which an experiment was conducted, the researchers used a between 

subject design with a posttest. In this type of design, the participants in the treatment group used the 

gamified software and the participants in the control group used the non-gamified software, after which 

they were either required to fill out a posttest, or usage data were extracted and analyzed. Experimental and 

quasi-experimental designs were used to assess the effectiveness of the gamified approach, mainly using 

various quantitative measures applied to the usage data. The objective of these measures was to measure 

several aspects of user engagement. Although these measures vary according to the type of application, 

they could be classified into the categories proposed in Table 3-8. 

Categories Primary studies references Measure example 

Participation P2, P5, P7, P11, P19, P23, P24, P29, P34  Number of interactions with 
the learning platform. 

Performance P2, P4, P5, P6, P7, P8, P9, P10, P12, 
P13, P15, P16, P17, P18, P19, P20, P21, 
P23, P24, P25, P26, P27, P28,  P29, P30, 
P31 

 The percentage of branch 
coverage of test cases. 
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Communication 
/socialization 

P2, P11, P16, P21, P31, P34  Contributions to forums and 
other participative media. 

Frequency of 
achievements 

P6, P16, P17, P18  Badges awarded. 

Table 3-8 Classification of the quantitative measures of engagement. 

The measures of participation aim to assess the user’s involvement with the gamified software or the effect 

of the gamified software on users in terms of the number of actions or transactions performed, while 

measures of performance are intended to assess how well certain tasks or desired behavior are fulfilled. 

Communication/socialization measures are intended to assess the exchange or sharing of comments, 

opinions, or information among users inside or outside the gamified software, while the frequency of 

achievement measures aim to directly measure engagement through the quantification of points, badges 

and generally all kinds of achievements. 

Satisfaction, usability and functional suitability were in most cases assessed using surveys based on Likert 

scales.  

The evaluation papers carried out case studies (4 papers, 11.43%). With regard to the non-empirical papers, 

all of them (3 papers, 8.57%) are philosophical papers that propose frameworks for the design and 

evaluation of gamified software (P1, P3) or for the design and evaluation of gamification elements (P22). 

One positive aspect found is that nearly all of the primary studies (32 papers, 91.43%) are empirical; in all 

of them, however, the same researchers who had proposed the gamification conducted the empirical studies, 

and none of the studies has been replicated. 

RQ3. What has the outcome of the research been? 

The results showed that there are only two types of research outcomes in the papers reviewed (see Table 

3-9). The most common outcome is knowledge (30 papers, all papers excluding P1, P3, P13, P22 and P33 

or 85.71%), followed to a far lesser extent by framework (5 papers, 14.29%). Papers whose outcome is 

knowledge do not present something whose result is tangible but rather use empirical studies to confirm 

whether gamification works, and the outcome of the research in these papers is the knowledge about the 

evidence acquired. With regard to the framework, 3 papers are presented for the design of gamified 
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applications (P1, P3, P13), one for the design of gamification elements (P22), and one (P33) is a conceptual 

framework that can be used to explore purchase intentions. 

Outcome of research Number of 

papers 

Primary studies references 

Knowledge  30 P2,P4,P5,P6,P7,P8,P9,P10,P11,P12,P14,P15,P16,P17,P18,

P19,P20,P21,P23,P24,25,P26,P27,P28,P29,P30,P31,P32, 

P34,P35 

Framework  5 P1,P3,P13,P22,P33 

Total  35  

Table 3-9 Distribution of papers per outcome. 

RQ4. On which software artifacts from gamified software has the research on quality been focused? 

The results showed that 32 (all papers excluding P3 and P22, or 91.43%) papers dealt with gamified 

software quality after the product had been developed, or when a final version was ready. Only 2 (7.69%) 

papers dealt with the gamified software quality at the design stage. One paper presented a framework based 

on Bartle’s model of player types (Bartle, 2004) and on Maslow’s hierarchy of needs (Maslow, 1987), and 

it was intended to evaluate the engagement potential of a game design by mapping player motivations onto 

the various game mechanics (P3). The other was a framework consisting of a definition of “game 

achievement” and a three-part model for the evaluation and design of game achievements (P22). As 

additional results, we found that 57.14% of the implementations of the gamified approach were carried out 

along with the development of the software application, whilst in 42.86% of the cases this was done by 

means of a plug-in. The results show that the evaluation of quality in current gamification development 

practices is often put off until the later stages of the life cycle. These results are not surprising, since 

researchers have focused on determining the effectiveness of gamified software and this usually occurs (as 

is expected in a quality-in-use evaluation) once the software product has been completed or is at least a 

fully functional prototype. Another possible reason why gamified software quality has focused on the final 

product is that nearly 43% of gamified software implementations are carried out using pre-coded plug-ins. 

Nonetheless, we consider that it is desirable to consider quality from the early stages of the development in 

order to obtain higher quality gamified software. 

RQ5 What gamification elements have been used in gamified software? 
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We found 15 different types of gamification elements in the primary studies reviewed. The gamification 

elements most frequently used are points and badges (23 papers each, 65.71%), closely followed by 

leaderboards (18, 51.43%) and levels (14, 27.45%), and to a much lesser extent rewards (6 papers, 17.14%) 

and unlocking (2 papers, 5.71%). There are other gamification elements, but these were mentioned in only 

one paper each and were classified in the other category (see Figure 3-6). Four papers specifically addressed 

the use of badges and of these,  3 papers focused on investigating the modification of user behavior (P16, 

P17, P18), and one paper investigated the effect of badges on user engagement (P6) while another focused 

on the design of badges (P22). 

 

Figure 3-6 Distribution of papers per use of gamification elements. 

The results also showed that the combination of points and badges is that most frequently used (16 papers; 

45.71%); another frequently used combination is that of points, badges and levels (8 papers; 22.86%). With 

regard to the use of the gamification elements, several papers claim to deal with gamified software. 

However, they have only used one or two gamification elements, which are mainly badges or points. We 

believe that these applications could be improved by adding other gamification elements that could 

encourage desirable behaviors, thereby making the application more effective (Deterding et al., 2011). 

Although it would be interesting to know the level of gamification of the implementations reviewed in this 

study, this is unfortunately not within the scope of this mapping study, owing to the fact that the majority 
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of the papers barely mention how these applications were designed and developed. The researchers have 

mainly focused on the use of gamified software rather than on its design or development, as is shown by 

the results of RQ4. 

RQ6. What have the application areas of gamification been? 

The results showed that the main application area of gamification was education (13 papers, 37,14%), and 

most of these papers dealt with gamified courses (11 papers, 31,42%), that is, the use of gamification 

elements such as points, badges and leaderboards, amongst others, to motivate and engage students in 

activities such as attending lectures, workshops or labs, assignment submissions, etc. The other two papers 

address topics such as orientation for new students (P12) and the development of virtual human patients 

(P19). The most common subjects of gamified courses are: programming languages (P17, P18, P29), 

information and communication technologies (P5, P7), healthcare (P6, P19), software engineering (P24), 

information systems and computer engineering (P2), mathematics for computer scientists (P15), and 

computer organization and cloud computing (P23). 

The other application areas are, but to a far lesser extent, work with 7 papers (P8,P10,P13,P16, 

P27,P28,P31,20%), followed by environment with 3 papers (P14, P25, P26, 8.57%), enterprise social 

network with 2 papers (P11, P34, 5.71%), and software engineering, also with 2 papers (P9, P30, 5.71%). 

In this fourth category, gamification elements are used throughout the software development life cycle in 

order to engage and motivate developers when doing their work. The gamified course software engineering 

in the education category should not be confused with the software engineering application area; they are 

two different things. In the former, gamification elements are used in the teaching process, while in the 

latter the gamification elements are used during the software development cycle. There are also 4 papers 

(P1, P3, P22, P33, 11.43%) that do not have a particular application area, signifying that the gamified 

software is general purpose. It was also found that only 7 papers (P4, P8, P11, P16, P30, P31, P34, 20%) 

dealt with gamification in real world settings, such as social networks, business, enterprises, banking, etc. 

These results show the importance of gamification and its wide acceptance in the academic world, but they 

simultaneously highlight the lack of research works on gamified software quality in industry. Figure 3-7 

shows the distribution of papers by application area. 
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Figure 3-7 Application areas of gamified software. 

 Additional results 

The results revealed that education is the application area in which it is reported that the gamification has 

had the most positive effects, followed by the application area work. In most of the papers, the researchers 

report the positive effects of gamification in all application areas except the enterprise social network 

category, in which the results were negative owing to the removal of a point based incentive system, and 

in the environment category in which the results were reported as being inconclusive. 

 Conclusions of the SMS on gamified software quality 

The results of the SMS presented herein reveal that research interest in the evaluation of gamified software 

has been growing steadily and rapidly since 2011. However, gamified software is still an emerging 

technology and researchers have to date been principally interested in demonstrating its effectiveness, and 

have, in general, focused mainly on the quality in use and to a much lesser extent on the product quality. 

Although engagement and motivation were assessed in several papers, on most occasions this assessment 

was not made directly, but was done by means of an evaluation of the effectiveness of the gamified software 

as regards achieving its objectives, such as increasing participation or another type of behavioral change. 

Several papers have addressed user Satisfaction with (20 papers, 57.14%) and the Usability (8 papers, 25%) 
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of gamified software, but to a much lesser extent than Effectiveness. Other quality characteristics have been 

neglected, especially those related to product quality, such as Performance efficiency, Compatibility, 

Reliability, etc. It would appear that even though researchers are showing an increasing interest in gamified 

software, they have not shown the same interest in its quality assessment. We believe that this is owing to 

both the fact that gamification is a new field, and also that existing software quality models are not suitable 

for the accurate assessment of the particular characteristics of gamified software. 

We are of the opinion that it is time for researchers in this area to reach a consensus as to which 

characteristics best characterize the quality of gamified software, and which are the most suitable measures 

as regards evaluating it. All the aforementioned aspects highlight the need to adapt existing quality models 

and thus have a specific quality model with which to assess the quality of gamified software more 

accurately. 

Research works have mostly been concerned with confirming whether gamified software works (30 papers, 

85.71%), thereby confirming the findings of Dicheva et al. (2015) and Hamari et al. (2014). The outcome 

of these research works is therefore the knowledge acquired as regards the effectiveness of gamified 

software. Other outcomes have been, but to a much lesser extent, frameworks (5 papers, 14.28%) for the 

design and assessment of gamified software. 

The results showed that the quality assessment in all the papers reviewed occurs after the product has been 

fully developed. We believe that this is for two reasons: first, researchers have focused on determining the 

effectiveness of gamified software and this usually occurs once the software product has been completed, 

and another possible reason is that 42.86% (15 papers) of gamified software implementations have been 

carried out using pre-coded plug-ins. 

Fifteen different types of gamification elements were found in the papers reviewed. However, in most of 

these implementations (20 papers, 57.15%) a combination of only 3 (12 papers, 34.28%) or 4 (8 papers, 

22.85%) gamification elements is used. We believe that gamified software could be improved by adding 

other gamification elements that could encourage desirable behaviors, thereby making the application more 

effective (Deterding et al., 2011). 
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It was also clear that very little research has been carried out into the quality of gamified software for 

businesses or enterprises, and most efforts have focused on the area of education, and mainly higher 

education, thus confirming similar findings (Borges et al., 2014; Dicheva et al., 2015; Hamari et al., 2014). 

This shows that there is a gap between industrial practice and academic research that should be addressed 

by researchers, bearing in mind that gamified software for enterprises represents the biggest segment of the 

market for new growth, with 25% of the market (M2, 2012). 

The findings obtained have allowed us to identify some possible opportunities for future research, which 

are, among others, the following: 

 A quality model for gamified software: Existing software quality models need to be adapted and 

extended (if necessary) in order to obtain a consensus as to which quality characteristics are 

relevant for both quality in use and the product quality as regards evaluation and improvement in 

the context of gamified software, and how to measure them. 

 Need for replication: It is necessary to replicate the empirical studies because in all cases the same 

researchers who had proposed the gamified software quality initiative carried out the 

experimentation. The material used in the experimentation could therefore be made available in 

order to encourage other researchers to carry out replications. 

 Research in other contexts: Research on gamified software quality should also be carried out in 

other contexts apart from education, such as in businesses and enterprises. 

 Address quality from the early stages: Quality assurance methods that incorporate quality issues 

from the early stages of the development of the gamified software should be provided. 

 Focus on the good design of gamified software: Research into what the most effective gamification 

design elements (or combination of them) are would also be interesting. This task is particularly 

complex, since the design of gamified software is a multidisciplinary activity that requires skills 

related not only to software development but also to psychology, among others. 

3.3.2 Analysis of the use of gamification in the teaching of Computer 

Science 

The research presented in this section consisted of an analysis of the use of gamification in computer 

education. It is based on the SMS on gamified software quality that it was carried out in a previous research 
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work (see subsection 3.3.1). The results of this SMS showed that the main area in which gamification is 

applied is that of education. The aim of this analysis was, therefore, to take a closer look at what was 

happening in that area of application. 

In the SMS on gamified software quality, presented in subsection 3.3.1, 35 papers were selected and 

analyzed, and it was found that in 13 of these papers gamified software was used in educational contexts, 

of which 9 focused on the teaching of subjects related to Computer Sciences. These 9 papers are the basis 

of the analysis presented herein and their references can be found in chapter 9 Appendix C. 

The activities carried out for conducting the analysis are presented as follows. First, the objective and the 

research questions are presented, followed by a description of the selected papers, after which the data 

synthesis and results are described thoroughly. Finally, the conclusions of the analysis of the use of 

gamification in the teaching of Computer Science are presented. 

3.3.2.1 Objective and research questions 

The main objective of this research work was to present the evidence on the influence of the use of gamified 

software as regards improving students’ performance when being taught computer science. We understand 

by improvement in performance, as the achievement of higher levels of participation in school activities, 

increased class attendance and increased grades, all this through motivation and the improvement of student 

behavior. In order to achieve this goal, the following research questions were proposed: 

 RQ1. Does gamified software improve students’ performance when being taught computer 

science? 

 RQ2. Which gamification elements are used to gamify software that is used in the teaching of 

computer science? 

 RQ3. What mechanisms have been used to assess the improvement in student performance when 

using gamified software to teach computer science? 

 RQ4. How have these mechanisms been used to assess the improvement in student performance 

when using gamified software? 

 RQ5. What additional aspects have been evaluated besides the improvement in performance when 

using gamified software to teach Computer Science? 
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3.3.2.2 Description of the selected papers 

A summary of the 9 papers that were selected to be analyzed in this research work is presented in Table 

3-10. In most papers (7 papers, 77%), the researchers’ interest lay in assessing the effect of the use of 

gamified software as regards several aspects that contribute to improving student performance 

(P2,P7,P15,P18,P23,P24,P29). In one paper (P5), the objective was to compare the effect of using gamified 

software with that of using social networks, while in another paper (P17) the aim is to investigate students’ 

perceptions of the use of badges. The subjects in which gamified software has been used are diverse. The 

most common subjects are Programming (P17,P18,P29), followed by Information technology and 

communication (P5,P7). Other subjects are mentioned only in one paper each, Information systems and 

computer engineering (P2), Software engineering (P24), Computer organization and cloud computing 

(P23), and Mathematics for computing (P15). With regard to the academic level at which these courses are 

aimed, five of the courses are aimed at undergraduate students (P7,P15,P24,P29), three are aimed at high 

school students (P5,P17,P18), one is aimed at Master’s degree students (P2), and one is aimed at both 

Master’s and Bachelor’s degree students (P23). The papers analyzed in this research work were published 

between 2013 and 2014. It is worth mentioning that in no case is the gamified software evaluated in the 

papers analyzed available. 

ID  Objective 

 

Subject Academic 

level 

Mechanism of 

assessment 

Results 

P2 To assess the effect of 

gamification on the 

learning experience. 

Information 

Systems and 

Computer 
Engineering. 

Master’s Degree Number of downloads. 

Number of messages. 

Lecture attendance. 
Multimedia presentations. 

Laboratory classes. 

Knowledge tests consisting 
of closed questions 

(Posttest). 

 
Subjective questionnaire 

consisting of closed 

questions (satisfaction) 
designed with a 5-point 

Likert scale (posttest). 

Results were very positive; 

showing significant 

improvements in course 
performance. 

 

Students were generally 
satisfied and found the 

course to be more motivating 

and interesting than other 
courses. 

P5 

 

To compare 
gamification and 

social networking to 

determine their 
effectiveness in terms 

of students’ 

achievements, levels 
of participation and 

engagement and 

students’ attitudes 

towards each tool. 

Qualification 
for Information 

and 

Communication 
Technologies 

(ICT). 

High school Assignment grades 
Final score 

Lecture attendance 

Contributions 
(participation) in the 

course 

 
Subjective questionnaire 

consisting of closed 

questions (attitude) 

designed with a 5-point 

Likert scale (posttest). 

Results suggest that the 
proposed instruments 

improve students’ 

performance in practical 
assignments related to skill 

acquisition. 

 
The students’ attitude was 

positive. 
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ID  Objective 

 

Subject Academic 

level 

Mechanism of 

assessment 

Results 

P7 To design, implement 
and evaluate a 

gamified learning 

experience in tertiary 
education.  

 

Qualification 
Course for ICT 

users deployed 

in the 
Blackboard 

system. 

 

Undergraduate Scores. 
Number of interactions 

with the learning platform. 

Contributions to forums 
and other participative 

media. 

Lecture attendance. 
Exercises completed both 

online and in the 

classroom. 
Knowledge tests consisting 

of closed questions  

(Posttest). 

 

Subjective questionnaire 

consisting of closed 
questions (attitude) 

designed with a 5-point 

Likert scale (posttest). 

Quantitative analysis 
suggests that cognitive 

impact of gamification on 

students is not very 
significant. 

P15 To consider the 

application and 

effectiveness of game 
mechanics in learning 

activities. 

Mathematics for 

computer 

scientists on 
degree 

programs. 

 

Undergraduate Number of attempts per 

activity 

Attempts versus marks 
over a semester 

Improvements in 

performance from repeated 
attempts 

Proportion of students 

achieving the given 
maximum mark 

Knowledge tests consisting 

of closed questions  (pre & 
posttest) 

 
Subjective questionnaire 

consisting of open 

questions (attitude) 
(posttest). 

It can be concluded that the 

use of game mechanics and 

more general game-like 

characteristics can encourage 

students to engage with 

learning materials. 

 

P17 To map out how 

students perceived 
badges. 

 

Programming. 

Data structure 
and algorithm 

course in an 

online learning 
environment. 

 

 

High school Number of students’ 

submissions. 
Submission grades. 

Badges achieved. 

 (posttest) 
 

Subjective questionnaire 

consisting of closed 
questions (satisfaction) 

designed with a 5-point 

Likert scale. (posttest). 

Overall, the badges 

implemented did not have a 
significant effect on the 

course results or student 

behavior. 
However, no negative effects 

on learning results were 

observed. 

P18 To evaluate the use of 

achievement badges to 

motivate students to 
willingly follow better 

study practices. 

 
 

Programming. 

Algorithm 

simulation. 
 

 

High school 

 

Mean number of badges 

awarded. 

Points per submission. 
Total mean points (grades). 

(posttest) 

 

The results showed that 

achievement badges had a 

significant impact on some 
aspects of students’ behavior, 

and a small group of students 

was especially motivated to 
pursue them. 

P23 To investigate whether 

gamification is 
effective when 

teaching higher-

education courses. 
 

Computer 

organization. 
Cloud 

computing. 

 

Undergraduate 

Master’s Degree 
 

Percentage of students that 

passed. 
Percentage of bonuses 

obtained. 

Percentage of students that 
attended extra lectures. 

 (posttest) 

 
Subjective questionnaire 

consisting of closed 

It was found that 

gamification is correlated 
with an increase in the 

percentage of students who 

pass, and in the participation 
in voluntary activities and 

challenging assignments. 
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ID  Objective 

 

Subject Academic 

level 

Mechanism of 

assessment 

Results 

questions (satisfaction) 

designed with a 4-point 

Likert scale (posttest). 

P24 To determine whether 

gamification can 

improve the students’ 
engagement (and by 

doing so, have a 

positive impact on 
their marks). 

Software 

engineering. 

 

Undergraduate 

 

Lecture attendance. 

Tests results. 

Number of bonus tasks 
completed. 

Final projects results 

(avg.). 
(posttest) 

Authors have not succeeded 

in their search for unbiased 

and broadly accepted 
quantitative results after 

applying gamification. 

 

P29 To improve lecture 

attendance, content 

understanding, 

problem solving skills 

and general 
engagement with 

gamification. 

 

Programming. 

Computer game 

development. 

 

Undergraduate 

 

Lecture attendance. 

Course grades. 

(posttest) 

 

Subjective questionnaire 
consisting of closed 

questions (satisfaction) 

designed with a 5-point 
Likert scale (posttest). 

Results have shown that 

there is evidence that 

gamification improves 

student engagement and 

understanding. 
 

Table 3-10 Papers that focus on evaluating the use of gamified software in teaching Computer Science. 

3.3.2.3 Data synthesis and results. 

In this section, the answers to each of the five research questions of this analysis are presented. 

RQ1. Does gamified software improve student performance when being taught computer science? 

In all the papers reviewed, the main objective was to assess the effectiveness of the gamified software. The 

results showed that most studies found that the use of gamified software (6 de 10) helped to motivate 

students to change their behavior and consequently to improve their performance (P2,P5, 

P15,P18,P23,P29). The improvement in performance was mainly observed in increased levels of 

participation in school activities in 6 papers (P2,P5,P18,P23,P29); followed by increasing course grades 

(P5, P15,P29) in 3 papers; and an increased rate of class attendance in 3 papers (P2,P5,P29). One paper 

(P24) stated, "The results are not conclusive as to claim that the use of gamified software improves 

participation and student grades". Another paper (P7) showed that gamified software had no significant 

effect on the increase in course grades, and another paper (P17) showed that gamified software had no 

significant effect on either increase in participation or an increase in course grades. 

RQ2. Which gamification elements are used to gamify software that is used in the teaching of 

computer science? 
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In most of the papers reviewed, gamified software is implemented by a combination of two or more 

gamification elements, among which are, points, levels, leaderboards and badges. The most frequently used 

gamification elements are badges in 8 papers (P2,P5,P7,P17,P18,P23,P24,P29), followed by levels 

(P2,P5,P7,P15,P17,P23,P24,P29) in 8 papers, leaderboards (P2,P5,P7,P15,P23,P24,P29) in 7 papers and 

points (P2,P17,P18,P23,P24,P29) in 6 papers. There were other gamification elements, such as unlocking 

(P23), but these were used in only one paper each. Points are earned by performing certain activities such 

as submitting an assignment or attending classes, while the badges are obtained by meeting certain 

requirements such as collecting a certain amount of points or having completed a particular challenge, and 

promotion level is achieved with a similar mechanics to that of badges. The leading users are shown in the 

leaderboard in order to recognize their achievements while promoting competition. 

RQ3. What mechanisms have been used to assess the improvement in student performance when 

using gamified software to teach computer science? 

It was found that the mechanisms that have been used to assess the improvement in student performance 

when using gamified software have only been quantitative. These mechanisms are mainly used to quantify 

the levels of participation in school activities, class attendance, and course grades. The most frequently 

used mechanisms are: number of exercises submitted (P7,P15,P18,P23); class attendance (P2,P5,P24,P29); 

tasks or exercises scores  (P5,P15,P18); and the number of badges obtained (P17,P18,P23). 

RQ4. How have these mechanisms been used to assess the improvement in student performance when 

using gamified software? 

Seven papers (P2,P7,P17,P18,P23,P24,P29) used a posttest experimental design, and 2 studies (P15,P17) 

used a pretest and posttest experimental design. In those studies that presented a posttest experimental 

design (P2,P7,P17,P18,P23,P24,P29), the students in the treatment group used the gamified software and 

the students in the control group used the non-gamified software. After the experiment, the results of both 

groups were compared in order to determine whether there was an improvement in the performance of the 

students in the experimental group. In papers that presented a pretest and posttest experimental design 

(P5,P15), a questionnaire regarding knowledge (pretest) was administered to both groups (treatment and 

control), and the students in the treatment group then used the gamified software, and the questionnaire 

regarding knowledge was eventually administered again to both groups. Other quantitative mechanisms 
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were also used in the posttest, such as assignment scores, final grades, class attendance and symbolic 

answers to math questions. The results of the pretest and posttest questionnaires from both groups 

(treatment and control) and the additional quantitative measures in the posttest were compared in order to 

determine whether student performance had improved in the treatment group. 

RQ5. What additional aspects have been evaluated besides the improvement in performance when 

using gamified software to teach computer science? 

In addition to evaluating the improvement in student performance, satisfaction and student attitudes 

regarding the use of gamified software have also been evaluated. Attitude questionnaires (P7,P15,P18) 

evaluated, for example, whether the gamification elements are motivating or disturbing. Satisfaction 

questionnaires (P2,P5,P17,P23,P29) assessed whether the learning experience using the gamified software 

was fun, whether it was worth it, whether they liked it, or whether it was considered acceptable. These 

assessments were made with closed question subjective questionnaires designed with multiple-choice 

answers with Likert scales. In one of the papers, an open question subjective questionnaire (P15) was used. 

3.3.2.4 Conclusions of the analysis of use of gamification in the teaching of 

Computer Science 

The results show that the use of gamified software has a significant influence on improving student 

performance when being taught Computer Science, particularly as regards participation in school activities, 

class attendance and, to a lesser extent, course grades. We also found significant results as regards 

satisfaction and student attitude when gamified software is used. These results suggests that while gamified 

software appears to be effective, it is necessary to exploit its potential further in order to achieve greater 

benefits as regards not only  participation in school activities but also improving course grades. One way 

in which to achieve this goal is to use gamified software as a supplement to other teaching strategies, and 

not as a substitute (Gallego et al., 2014). These results should, however, be considered as preliminary since 

empirical evidence is still scarce. It would appear that the main reason for this lack of empirical evidence 

is owing to the fact that it is an emerging technology with different objectives, and its designs may therefore 

vary considerably. What is more, there are no lessons learned or guidelines to facilitate the proper 

construction of gamified software. It is also necessary to be aware that the gamified software found in this 

research work has been used and validated by the same researchers who developed it.  It is thus necessary 
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for replicas of the empirical studies to be carried out by the same researchers (internal replicas) and by 

others (external replicas) in order to obtain more empirical evidence to support the usefulness of gamified 

software when teaching computing. This signifies that gamified software must be accessible to other 

researchers, which is not currently the case. 

3.3.3 Empirical evidence on gamified software quality 

In a previous research work, an SMS on gamified software quality was carried out (see subsection 3.2.1) in 

which 35 papers that dealt with the quality of software quality were found, of which 32 presented empirical 

studies. These 32 papers are the basis of the SMS that is presented in this subsection. The objective of the 

research work presented in this subsection is to characterize and analyze the empirical evidence gathered 

with regard to the quality of gamified software.  

3.3.3.1 Objective and research question. 

The objective of this SMS was to identify, characterize and summarize the research on empirical evidence 

that addresses the quality of gamified software. This objective was achieved by formulating the following 

research question: 

What empirical evidence about gamified software quality exists? 

The aim of this research question is to analyze and characterize the empirical studies found in the papers 

reviewed; the aspects considered are the empirical method used, the types of participants in the studies 

(subjects), independent variable (and treatments), the dependent variables, the experimental design and the 

results obtained.  

3.3.3.2 Results 

The results of this research question are based on the 32 empirical studies found in this SMS, and the 

percentages shown are relative to these 32 papers. 
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 Empirical research methods 

Table 3-11 shows the distribution of the empirical studies by type of empirical research method. Most of 

the empirical studies presented quasi-experiments (18 papers, 56.25%) or experiments (10 papers, 31.25%), 

and only four presented case studies (12.5%). 

Research method Number  

of papers 

% Primary studies references 

Quasi-experiment  18  51.43 P1,P2,P3,P7,P10,P11,P12,P13,P15,P18,P20,P21, 

P22,P25,P26,P28,P29,P32 

Experiment  10  28.57 P4,P5,P6,P8,P9,P16,P17,P19,P23,P24 

Case study  4  11.43 P14,P27,P30,P31 

Total  32 100.00  

Table 3-11 Distribution of papers per empirical research method. 

 Subjects of the empirical studies 

The kinds of subjects who participated in the empirical studies were classified in eight categories (see Table 

3-12). Most of the empirical studies involve students, and mainly undergraduates (11 papers, 34.37 %). 

This is owing to the fact that most of these empirical studies were carried out in academic contexts. The 

next major category by number of papers is the general public, and includes people from 17 to 59 years old 

recruited by means of ads on bulletin boards, social networks or web pages. Finally, the third category in 

order of number of papers is employees; this category includes employees from companies from the 

computer industry. The other type of subjects, who participated in one empirical study each, are: patients 

being treated for diabetes (P2), crowdsourcing workers on several crowdsourcing platforms (P8), 

Stackoverflow users (P14) and the bank customers of an online Bank platform (P29). 

 

Subject category 

 

Number 

of papers 

% Primary studies references 

Students  14  43.75 P1,P3,P4,P5,P7,P10,P11,P13,P15,P16,P17,P20,P21,P26 

General public  11  34.38 P6,P12,P18,P19,P22,P23,P24,P25,P28,P30,P32 

Employees  3  9.37 P9,P27,P31 

Patients  1  3.13 P2 
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Crowdsourcing 

workers 

 1  3.13 P8 

Stackoverflow users  1  3.13 P14 

Bank customers  1  3.13 P29 

Total  32  100.00  

Table 3-12 Distribution of papers per type of subjects. 

 Independent variables 

We found that the independent variable used throughout all the empirical studies reviewed, and regardless 

of the application area, is the type of instrument used to motivate and engage users. In most of the empirical 

studies, the values (treatments) that the independent variable took were gamified software and non-gamified 

software. There were three other values that the independent variables took, but they have been used in 

only one empirical study each. These are social network (P3), decoratively visual questionnaire (P6), and 

functionally visual questionnaire (P6).  Table 3-13 shows the classification of the empirical studies by 

treatment used. The treatment applied in the majority of experiments is gamified software vs. non-gamified 

software (21 papers, 65.62%). An example of this treatment is the gamification of academic courses. In a 

setting like this, the experimental group takes the course using gamified software, and the control group 

(non-gamified software) takes the course by usually just attending lectures or in some cases using a non-

gamified learning platform or software. The next most widely used treatment is gamified software (8 

papers, 25%); this treatment was used to determine the user´s opinion about some aspects of the gamified 

software such as satisfaction, usability or even perceived effectiveness. 

Treatments Number 

of papers 

% Primary studies references 

Gamified software vs. non-gamified 

software. 

 21  65.62 P1,P2,P4,P5,P8,P9,P11,P13,P15, 

P16,P17,P18,P19,P20,P21,P22, 

P23,P24,P25,P26,P31 

Gamified software vs. social network 

vs. non-gamified software. 

 1  3.13 P3 

Decoratively visual questionnaire vs. 

functionally visual questionnaire vs. 

gamified questionnaire vs. non-

gamified questionnaire. 

 1  3.13 P6 
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Treatments Number 

of papers 

% Primary studies references 

Gamified software version 1 vs. 

gamified software version 2. 

 1  3.13 P7 

Gamified software  8  25.00 P10,P12,P14,P27,P28,P29,P30, 

P32 

Total  32  100.00  

Table 3-13 Treatments used in the empirical studies. 

 Dependent variables. 

The dependent variables correspond to the quality characteristic mapped from the ISO/IEC 25010 standard 

(ISO, 2011b) based on what we identified was being evaluated in each empirical study. The dependent 

variables were classified according to the quantitative or qualitative measures used (Table 3-14 and Table 

3-16, respectively). Quantitative measures are based on tasks performed by the subjects, while qualitative 

measures are based on questionnaires or interviews in which users’ opinions are collected. 

The results showed that quantitative measures were used exclusively to measure the Effectiveness (27 

papers, 84.37%) of gamified software, as shown in Table 3-14. Since most implementations of gamified 

software are carried out in academic settings, the most frequently used quantitative measures are those used 

to measure students’ performances, such as academic scores ( 8 papers, 25%), lecture attendance (5 papers, 

15.62%), and number of assignments/exercises submitted (4, 12.50%). Of the quantitative measures used, 

there is also a set of measures that researchers have frequently used to measure user engagement, such as 

the number of posts or comments added/edited (5 papers, 15.62%), game achievements awarded (4 papers, 

12.50%), frequency of interaction with the gamified software (3 papers, 9.38%), number of contributions 

to forums (2 papers, 6.25%) and the number of views of an achievements page (2 papers, 6.25%). The 

remaining quantitative measures are specific to each application area, and are therefore used in only one 

empirical study each, such as frequency of daily blood glucose readings (P2) or accuracy of calibration data 

(P11), etc. 

Dependent variable Measures used  Primary study references 

Effectiveness Academic scores/grades. P1,P3,P5,P13,P16,P20, 

P21,P26 

Lecture attendance. P1,P5,P20,P21,P26 
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Dependent variable Measures used  Primary study references 

Adding/Editing post or comments. P1,P9,P14,P19,P31 

Game achievements awarded. P14,P15,P16,P21 

Number of assignments/exercises submitted. P5,P15,P16,P21 

Frequency of interactions with gamified software. P4,P5,P17 

Number of contributions to forums. P4,P5 

Number of views of achievements page. P15,P19 

Number of downloads. P1 

Frequency of daily blood glucose readings. P2 

Inconsistent response. 

Failed to select ‘strongly agree’. 

Straightlined in two or more grids. 

P6 

The lines of code. 

The percentage of Sonar rule compliance. 

The percentage of branch coverage of test cases. 

The percentage of code duplication. 

The percentage of JavaDoc documentation. 

P7 

Quality of relevance assessments. 

Cost per document. 

Cost per whole corpus. 

Workers’ judgment consistency. 

Observed proportion of cheat submissions. 

P8 

Photos added. 

Lists added. 

P9,P31 

Accuracy of calibration data. P11 

Number of attempts per activity. P13 

Number of discoveries elicited during the 

interaction. 

P17 

Human Flourishing score. 

Neuroticism level. 

Extroversion level. 

P18 

The number of trade proposals. 

Accepted transactions. 

P19 

Response quantity. 

Energy consumption of the air heater. 

P22 

Shops added. P23 

Average amount of tags per participant. 

Average time spent per tag in seconds. 

Tag quality (%). 

P24 

Log data of the participants’ use of the service P25 
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Dependent variable Measures used  Primary study references 

The number of tasks a developer finished in the 

planned period, compared to his total number of 

tasks during an iteration. 

Total number of tasks a developer successfully 

completed during his time at the company. 

The percentage of the project’s code that is 

covered by automated tests at the end of each 

iteration. 

The number of iterations a team finished in the 

planned time frame. 

P27 

Reviews written. 

Tags applied. 

Friendships started. 

P28 

 Total papers 27 

Table 3-14 Dependent variables and their quantitative measures. 

Although quantitative measures vary according to the type of application, they could be classified into the 

categories proposed in Table 3-15. The measures of participation aim to assess the user’s involvement with 

the gamified software or the effect of the gamified software on users in terms of the number of actions or 

transactions performed, while measures of performance are intended to assess how well certain tasks or 

desired behavior are fulfilled. Communication/socialization measures are intended to assess the exchange 

or sharing of comments, opinions, or information among users inside or outside the gamified software, 

while the frequency of achievement measures aim to directly measure engagement through the 

quantification of points, badges and all kinds of game achievements in general. 

Categories Primary studies references Measure example 

Participation P1,P3,P5,P9,P17,P20,P21,P26,P31 Number of interactions with the 

learning platform. 

Performance P1,P2,P3,P4,P5,P6,P7,P8,P10,P11,P13, 

P14,P15,P16,P17,P18,P19,P20,P21,P22, 

P23,P24,P25,P26,P27,P28 

The percentage of branch coverage 

of test cases. 

Communication 

/socialization 

P1,P9,P14,P19,P28,P31 Contributions to forums and other 

participative media. 

Frequency of 

achievements 

P4,P14,P15,P16 Badges awarded. 

Table 3-15 Classification of the quantitative measures. 
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Qualitative measures (see Table 3-16) were used in 20 empirical studies (62.50%), mainly to measure some 

aspects of user satisfaction such as pleasure (15 papers, 46.88%) and usefulness (8 papers, 25%), and some 

aspects of usability such as operability (7 papers, 21.88%), learnability (1 paper, 3.13%) and user interface 

aesthetics. However, qualitative measures have also been used to measure the user’s perceived effectiveness 

(3 papers, 9.37%), and, to a much lesser extent, functional appropriateness (1 paper, 3.13%). The most 

common instrument employed to obtain qualitative measures is almost exclusively the questionnaire based 

on a Likert scale (13 papers, 40.63%), while other instruments that are used, but to a much lesser extent, 

are the interview (2 papers, 6.25%) and the System Usability Scale (SUS) (Brooke, 1996) questionnaire (1 

paper, 3.13%). 

It is important to note that in most of the empirical studies, more than one dependent variable was measured, 

and it is for this reason that the sum of the papers by measure for both quantitative (see Table 3-14) and 

qualitative (Table 3-16) measures is greater than the total number of empirical studies. 

Dependent variable Measures used Primary studies references 

Effectiveness Questionnaire based on a Likert scale P4,P30 

Questionnaire (unspecified) P9 

Satisfaction-pleasure Questionnaire based on a Likert scale P1,P3,P4,P5,P6,P11,P15,P26, 

P29,P32 

Questionnaire (unspecified) P10,P18,P23 

Exit interview P2,P25 

Satisfaction-usefulness Questionnaire based on a Likert scale P3,P5,P15,P20,P28,P29 

Questionnaire (unspecified) P22 

Interview P25 

Usability-operability Questionnaire based on a Likert scale P3,P5,P11,P28,P32 

Questionnaire (unspecified) P10 

SUS questionnaire P12 

Usability-learnability SUS questionnaire P12 

Usability-User interface 

aesthetics 

Questionnaire based on a Likert scale P15 

Functional appropriateness Questionnaire based on a Likert scale P26 

 Total papers 20 

Table 3-16 Dependent variables and their qualitative measures. 
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 Experimental Design. 

Most of the quasi-experimental papers used a between subject design with only a posttest (P7, P11, P20, 

P21, P25, P26), while the remainder used a between subject design with pre and posttests. In all those 

papers in which an experiment was conducted, the researchers used a between subject design with a posttest. 

In this type of experimental design, the participants in the treatment group used the gamified software and 

the participants in the control group used the non-gamified software, after which they were either required 

to fill out a posttest, or usage data (Game achievements awarded, transactions accepted, number of 

downloads, etc.) were extracted and analyzed. Experimental and quasi-experimental designs were used to 

assess the effectiveness of the gamified approach, mainly using various quantitative measures (see Table 

3-13) applied to the usage data. 

 Result of use of gamified software. 

In most of the empirical studies, the researchers measured more than one dependent variable (see Table 

3-14 and Table 3-16) in order to determine the results of the use of gamified software. The overall result of 

the use of the gamified software (on users) that we are reporting is therefore our interpretation after 

considering the values of the measurements of the different dependent variables that were used in each 

empirical study. According to this, most of the empirical studies (21 papers, 65.62%) have shown that the 

use of gamified software has a positive overall effect on users. The remaining empirical studies have failed 

to demonstrate the effectiveness of gamified software, either because they present mixed results in the 

different dependent variables that are measured and the overall result is not therefore conclusive (8 papers, 

25%), or because the overall result is not reported (2 papers,6.25%). Finally, only one empirical study 

reported a negative overall result. A summary of the empirical studies regarding the overall results of the 

use of gamified software is shown in Table 3-17. 

Overall result Number 

of papers 

Primary studies references 

Positive  21 P1,P2,P3,P4,P7,P8,P9,P10,P11,P12,P13,P14,P16,P17,P18,P20,P24,

P26,P27,P28,P29 

Not conclusive  8 P5,P6,P15,P19,P21,P22,P23,P25 

Not reported  2 P30,P32 

Negative  1 P31 
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Total  32  

Table 3-17 Results obtained as regards the empirical evidence on the use of gamified software. 

3.3.3.3 Conclusions regarding the empirical evidence on gamified software quality. 

With regard to the empirical evidence, we found that most of the empirical studies presented quasi-

experiments (18 papers, 56.25%) or experiments (10 papers, 31.25%). Most of the subjects involved in the 

empirical studies were students (14 papers, 43.75 %), which is owing to the fact that most of these empirical 

studies were carried out in educational settings (13 papers, 40.62%). In all the empirical studies, the 

independent variable was the type of instrument used to motivate and engage users, and in most of the 

studies, the treatment was gamified software vs. non-gamified software (21 papers, 65.62%). After applying 

the treatment, in most cases the dependent variables measured were effectiveness and satisfaction. Most of 

the empirical studies reported positive results in favor of the use of gamified software in all application 

areas, and not only in education in which the best results have been obtained. All of the above reveals that 

researchers concerned with gamified software quality recognize the need to support their proposals with 

empirical evidence and do not only rely on general wisdom. However, there is a lack of corroboration as 

regards the findings obtained by other researchers, signifying that an external replication of the empirical 

studies is needed in order to obtain more solid and general findings. Similar conclusions have been reached 

by other authors (Borges et al., 2014; Dicheva et al., 2015), who claim that more and better empirical 

evidence is needed in research on gamification. 

3.4 Conclusions. 

After analyzing the state of the art, which was done by conducting an SMS on gamified software quality, 

we found that the results reveal that research interest in the evaluation of gamified applications has been 

growing steadily and rapidly since 2011. However, researchers have to date been principally interested in 

demonstrating its effectiveness. Other quality characteristics have been addressed, such as user satisfaction 

and usability, but to a much lesser extent than effectiveness. It would appear that even though researchers 

are showing an increasing interest in gamified software, they have not shown the same interest in its quality 

assessment. Moreover, there is currently no consensus among researchers as to the aspects considered 
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relevant in gamified software and which should be taken into account to properly assess its quality. We 

believe that this is owing to both the fact that gamification is a new field, and that existing software quality 

models are not suitable for the accurate assessment of the particular characteristics of gamified software. 

The results of the SMS also reveal that the use of gamified software is increasingly widespread, and that   

organizations and companies are using it as a strategy to attract and engage users and customers. The 

aforementioned aspects reveal that the impact of gamified software on users and many areas of society and 

economy will probably be very high and that the assessment of and improvement to gamified software 

quality may be necessary. However, although researchers have addressed the quality of gamified software, 

there is no currently a quality model that considers the specific quality attributes and quality characteristics 

of gamified software. There are standard quality models that can be used to assess the quality of any 

software product, such as the ISO 25010 (ISO, 2011b), but they are generic and need to be adapted to 

specific domains. 

For all the aforementioned reasons, we believe that software quality is an essential element if the successful 

development and implementation of gamified software is to be ensured, and having a quality model adapted 

to the particular characteristics of gamified software, which has been agreed on and validated by experts, 

is therefore necessary.  

The above motivated the main objective of this PhD thesis, which is the development and validation of a 

Quality in use model for gamified software, denominated as the QU-GamSoft model. This quality model 

is an adaptation of the Quality in use model (ISO, 2011b) that considers the specific quality attributes and 

quality characteristics of gamified software. 
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Chapter 4  

The QU-GamSoft model 

he purpose of this chapter is to present the development of a Quality in Use Model for Gamified 

Software (O2), which we have denominated as QU-GamSoft. This chapter is organized as 

follows. Section 4.1 presents the motivation that led to the development of this PhD Thesis. Section 4.2 

presents the construction of the QU-GamSoft model and the “Design Rational” methodology, which was 

used to argue for or against the decisions made when constructing the model. Section 4.3 presents the 

description of the QU-GamSoft model. The quality characteristics, the quality sub-characteristics, the 

definition of the quality measures and the quality attributes are also presented. Section 4.4 presents the 

evaluation process used to apply the QU-GamSoft model. Finally, the conclusions are presented in Section 

4.5. 

. 

  

T 
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4.1 Motivation. 

After analyzing the state of the art of gamified software quality, which was done by means of conducting 

an SMS (see Chapter 3), we found that researchers have to date been principally interested in demonstrating 

the Effectiveness of gamified software. Other quality characteristics, such as user Satisfaction and Usability 

have also been addressed, but to a much lesser extent. 

The results also revealed that researchers’ interest in demonstrating the effectiveness of gamified software 

actually focuses on investigating how effective gamified software is as regards engaging users. That is to 

say, researchers have been interested in assessing how gamified software motivates and engages users to 

perform routine tasks or to participate in activities that they would otherwise not do willingly or would not 

do it at all, thus encouraging users to achieve their personal or institutional goals. Similar findings have 

been reported in related literature (M2, 2012). 

In the absence of appropriate quality measures for engagement, researchers have attempted to assess it 

indirectly, mainly through the assessment of Effectiveness and by, for example, measuring the performance 

of tasks, the participation in activities or social networking communication and through the assessment of 

Satisfaction. This has been done by, for example, measuring how enjoyable, playable or useful the 

experience of using gamified software has been. Moreover, we found that there is currently no consensus 

among researchers regarding the characteristics considered relevant in gamified software and which should 

be taken into account to properly assess not only engagement but also other specific aspects of the gamified 

software such as playability or enjoyment. We believe that this is owing to both the fact that gamification 

is a new field, and that existing software quality models are not suitable for the accurate assessment of the 

specific characteristics of gamified software.  

As the results of the SMS reveal, the use of gamified software is increasingly widespread, and organizations 

and companies are using it as a strategy to attract and engage users and customers. We therefore believe 

that the impact of gamified software on users and many areas of society and economy will probably be very 

high and that the assessment of and improvement to its quality may be necessary. However, although 

researchers have addressed the quality of gamified software, there is currently no quality model that 
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considers the specific quality attributes and quality characteristics of gamified software. And although there 

are standard quality models that can be used to assess the quality of any software product, such as the ISO 

25010 (ISO, 2011b), they are generic and need to be tailored to specific domains, since quality models can 

differ considerably from one domain to another (Franch & Carvallo, 2003). There are numerous examples 

of quality models that have been proposed as extensions to the ISO 9126 (ISO, 2001) or ISO 25010 (ISO, 

2011b) standards, of which, among others, it is possible to cite those of Calero et al. (2013), Radulovic and 

Garcıa-Castro (2011), Herrera et al. (2010), Behkamal et al. (2009), González Sánchez et al. (2009), and 

Franch and Carvallo (2003). 

We believe that software quality is an essential element as regards ensuring the successful development 

and implementation of gamified software, and it is therefore necessary to have a quality model that is 

tailored to the particular characteristics of gamified software, which has been agreed on and validated by 

experts.  

All of the above was the motivation for the main objective of this PhD thesis: the development and 

validation of a Quality in use model for gamified software, which has been denominated as the QU-

GamSoft model. This quality model is an adaptation of the Quality in use model (ISO, 2011b) that considers 

the specific quality attributes and quality characteristics of gamified software. 

4.2 Construction of the QU-GamSoft model. 

The purpose of this subsection is to present an overview of the design rational methodology and some 

examples of its application in order to represent the reasoning behind the inclusion, adoption or exclusion 

of quality attributes during the construction of the QU-GamSoft model. 

4.2.1 Design rational methodology 

The decisions made to construct the QU-GamSoft model and the reasoning process followed to make those 

decisions were based on the methodology called Design rational. A Design rationale is a representation of 

the reasoning behind the design of an artifact (Shum & Hammond, 1994). We aim to use this methodology 

to enable people not involved in this PhD thesis, to understand, review, and suggest any necessary 

refinements to the proposed QU-GamSoft model. We used an argumentation-based rational design 
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approach (Dutoit & Paech, 2001) to represent the reasoning behind the adaptation of the Qu-GamSoft 

model, along with an approach called Design Space Analysis to represent the Design rational, and a semi-

formal notation called QOC (Questions, Options, and Criteria) (MacLean et al., 1991) to represent the 

design space around the QU-GamSoft model. The QOC notation consists of 3 main parts: 

 Questions identifying key design issues. 

 Options providing possible answers to the questions. 

 Criteria with which to assess and compare the options. 

Justifications (Arguments) for the design (options or criteria) as expressed by the participants are also 

considered in the Design Space Analysis. 

The design space of the QU-GamSoft model consists of a list of quality attributes that were identified as  

being relevant to gamified software. These attributes, along with their respective measures, are candidates 

for inclusion among the attributes and measures of the quality characteristics or sub-characteristics of the 

QU-GamSoft model. Most attributes come from measures from the Measurement of Quality in Use 

standard (ISO, 2014), while others were proposed on the basis of  the following: the results of  the SMS 

presented in Chapter 3, the playability elements characterized in (González Sanchez, 2010), and the 

opinions of expert developers of gamified software.  

The main design question was, therefore: 

Should a proposed quality attribute be included in the QU-GamSoft model? 

The QOC representation of the design space of the adaption of the QU-GamSoft is shown in Figure 4-1. 

Initially, there are two options as regards answering the main question: “include” the proposed attribute or 

“do not to include” the proposed attribute; the argumentation for each option is as follows: 

 Arguments for not including a quality in use attribute. The attribute to be measured is irrelevant 

or does not exist in the context of gamification; its measurement does not therefore have any effect 

on the overall quality of the gamified software.  

 Arguments for including a quality in use attribute. The attribute to be measured is relevant to the 

gamification context, exits in the gamification context and is measurable. 
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We proposed a consequent question derived from the “include” option, which was: How to include the 

quality in use attribute?, and we proposed 3 options with which to answer this question, “Adopt an existing 

attribute”, “Modify an existing attribute”, or “Add a new attribute”. The argumentation for each of these 

options is as follows. 

 Arguments for adopting a measure: It measures an attribute commonly found in software systems, 

which can be measured in gamified software, and even though this attribute is not related to 

gamification its measurement contributes to the overall quality of the gamified software. 

 Arguments for modifying an attribute: The attribute in the standard is similar to the proposed 

attribute but the measuring function must be adapted to the context of gamification as regards 

either its calculations or the data required to calculate it in order to measure a gamification attribute 

more accurately, thus making a better contribution to the overall quality of the gamified software. 

 Arguments for adding a new attribute: The attribute is specific to gamified software (engagement, 

enjoyment, etc.) based on the findings of the SMS. The attribute is measurable, and a similar 

attribute was not found in the ISO 25010 standard (ISO, 2011b). The measure of the attribute 

makes a significant contribution to the overall quality of gamified software. 

 

Figure 4-1 QOC representation of design space for the QU-GamSoft model. 
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4.2.2 Examples of use of the Design Rational methodology. 

The use of the Design Rational methodology to represent the reasoning process followed to determine the 

quality attributes of the QU-GamSoft model, is presented as follows. Three examples of the representation 

of decisions made using the QOC representation of the design space of the QU-GamSoft model are also 

presented, one example for each decision made as regards the inclusion of a new quality attribute, and the 

adoption or exclusion of existing quality attributes. 

4.2.2.1 The inclusion of the User activity quality attribute. 

The QOC representing the rational of the inclusion of the new User interactions quality attribute is shown 

in ¡Error! No se encuentra el origen de la referencia.. 

 

Figure 4-2 QOC for the inclusion of the new User interactions quality attribute. 

We decided to add this new attribute to the QU-GamSoft model in order to characterize one aspect of 

engagement, which is the proportion of recurring users of gamified software, more accurately. Engagement 

is a particular feature found in gamified software, which has proved to be of greater importance for this 

type of systems, as was found in the SMS presented in Chapter 3. However, similar attributes that allow 

the number of recurring users to be determined have not been found in the Quality in use model (ISO, 
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2011b). Moreover, determining the number of recurring users as a means to measure user engagement in 

gamified software has been reported in literature (P6, P7, P19, P21). 

4.2.2.2 The adoption of the quality Tasks completed attribute. 

The QOC representing the rationale behind the adoption of the Tasks completed attribute is shown in Figure 

4-3. 

 

Figure 4-3 QOC for the inclusion of the quality Tasks completed attribute. 

We decided to adopt this attribute from the Quality in use model (ISO, 2011b) because it is measurable and 

is commonly found in software system, but is also an attribute that characterizes gamified software. It was 

found in literature that in gamified software, obtaining game achievements is closely related to the 

completion of tasks. For example, a badge can be achieved after the successful classification of a number 

of images or documents.  

4.2.2.3 The exclusion of the quality Environmental Impact attribute. 

The QOC representing the rationale behind the exclusion of the Environmental Impact quality attribute is 

shown in Figure 4-4. We decided to exclude this attribute from the QU-GamSoft model because we do not 
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believe that there is any significant Environmental impact when using gamified software, and therefore 

consider that this attribute irrelevant as regards gamified software. In addition, we found this attribute very 

difficult to measure. 

 

Figure 4-4 QOC for the exclusion of the Environmental Impact quality attribute. 

4.3 Description of the QU-GamSoft model. 

The QU-GamSoft model was constructed by bearing in mind the particular characteristics of gamified 

software. The findings of the SMS presented in Chapter 3, the playability elements characterized in 

(González Sanchez, 2010), and the opinion of expert developers of gamified software were therefore 

considered. The characteristics and sub-characteristics of the ISO 25010  (ISO, 2011b) standard and the 

measures and attributes of the ISO 25022 (ISO, 2014) standard were reviewed in order to adapt them to the 

context of gamified software, as a consequence  of which some quality characteristics, sub-characteristics, 

measures and attributes were added or modified. The construction process of the QU-GamSoft model 

followed a top-down approach (Franch & Carvallo, 2003), which resulted in a taxonomy of quality 

characteristics, quality sub-characteristics, quality measures and quality attributes. Top-down approaches 

are frequently used to adapt quality models to a specific domain (Botella et al., 2003; Carvallo, Franch, & 
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Quer, 2003; González Sánchez et al., 2009; Herrera et al., 2010). These approaches start from general 

quality characteristics and then obtain concrete quality measures. 

The processes used to construct the QU-GamSoft were the following: The rational design methodology 

was used to determine whether a quality attribute would be included in the QU-GamSoft model, after which 

a quality measure was defined for each of the quality attributes selected. The measures defined were placed 

within existing quality characteristics or sub-characteristics of the ISO 25010 (ISO, 2011b) , or they were 

grouped into new quality sub-characteristics. Figure 4-5 shows the changes made to the Quality in use 

model. The blue squares show the sub-characteristics that were added, the purple squares show the sub-

characteristics that were modified and the red squares and dotted line show the sub-characteristics that were 

eliminated. 

 

Figure 4-5 Changes made to the ISO 25010 Quality in use model. 

The proposed QU-GamSoft model is shown in Figure 4-5 in which the squares with a gray background 

represent the sub-characteristics that were changed or added to the Quality in use model (ISO, 2011b), and 

squares with a white background represent the sub-characteristics that were not changed. All quality 
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characteristics were adapted by adding or modifying quality sub-characteristics, except the quality 

characteristic Freedom from risk, which was adapted by eliminating the sub-characteristic Environmental 

risk mitigation. 

 

Figure 4-6 The QU-GamSoft model. 

Table 4-1 shows the definition of the quality characteristics and sub-characteristics that were adopted, 

modified or added.  

Characteristic/sub 

characteristic 

ISO 25010 definition Definition of QU-GamSoft model Status 

Effectiveness 

 

Accuracy and completeness 

with which users achieve 

specified goals. 

Accuracy and completeness with 

which users achieve specified goals 

of the gamified software owing to 

engagement or motivation caused by 

gamification design elements. 

Modified 

Participation  Degree to which the user carried out 

certain actions or tasks aimed to 

achieve specified goals of the 

gamified software. 

Added 

Performance  Degree to which the gamified 

software user either improves the 

performance of certain activities or 

tasks, or achieves certain desired 

behaviors. 

Added 

Game 

achievement 

 Degree to which the user achieves or 

completes the game challenges 
Added 
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posed by the gamified software with 

the aim of increasing participation, 

performance and social 

communication. 

Efficiency Resources expended in 

relation to the accuracy and 

completeness with which 

users achieve goals. 

Resources expended in relation to 

the accuracy and completeness with 

which users achieve the goals of the 

gamified software. Completion of 

goals is determined by the 

learnability of the system and user 

immersion. 

Modified 

Task efficiency  Resources expended in relation to 

the accuracy and completeness with 

which users achieve goals of the 

gamified software. Completion of 

goals is determined by the 

learnability of the system and user 

immersion 

Added 

Game efficiency  Resources expended in relation to 

the accuracy and completeness with 

which users achieve game goals of 

the gamified software.  

Added 

Satisfaction Degree to which user needs 

are satisfied when a product 

or system is used in a 

specified context of use. 

Degree to which user needs are 

satisfied when gamified software is 

used in a specified context of use. 

Modified 

Usefulness Degree to which users are 

satisfied with their perceived 

achievement of pragmatic 

goals, including the results of 

use and the consequences of 

use. 

Degree to which a users are satisfied 

with their perceived achievement of 

pragmatic goals, including the 

results of use and the consequences 

of use of the gamified software. 

Modified 

Trust Degree to which a user or 

another stakeholder has 

confidence that a product or 

system will behave as 

intended. 

Degree to which a user or another 

stakeholder has confidence that a 

gamified software will behave as 

intended. 

Adopted 

Pleasure Degree to which users obtain 

pleasure from fulfilling their 

personal needs. 

 Eliminated 

Comfort Assess the degree to which 

the user is satisfied with 

physical comfort. 

 Eliminated 

Enjoyment  Extent to which the user experiences 

fun and engagement  when 

completing challenges, earning 

rewards or social recognition while 

achieving personal or institutional 

goals of the gamified software. 

Added 
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Socialization  Degree to which the user exchanges 

or shares comments, opinions, or 

information with other users inside 

or outside the gamified software. 

Added 

Freedom from risk Degree to which the quality 

of a product or system 

mitigates or avoids potential 

risks to economic status, 

human life, health, or the 

environment. 

Degree to which the quality of 

gamified software mitigates or 

avoids potential risk to economic 

status, human life, health or the 

environment.  

Adopted 

Economic risk 

mitigation  

 

Assess the impact of quality 

on economic objectives 

related to financial status, 

efficient operation, 

commercial property, 

reputation or other resources 

that could be at risk or 

provide opportunities. 

Assess the impact of gamified 

software quality on economic 

objectives related to financial status, 

efficient operation, commercial 

property, reputation or other 

resources that could be at risk or 

provide opportunities. 

Adopted 

Health and safety 

risk mitigation 

Assess the impact of quality 

on health and safety 

objectives (such as avoidance 

of repetitive strain injury). 

Assess the impact of gamified 

software quality on health and safety 

objectives (such as avoidance of 

repetitive strain injury, game 

addiction). 

Adopted 

Environmental 

risk mitigation  

Assess the impact of quality 

on environmental objectives. 

 Eliminated 

Context coverage Degree to which a product or 

system can be used with 

effectiveness, efficiency, 

freedom from risk and 

satisfaction in both specified 

contexts of use and in 

contexts beyond those 

initially explicitly identified. 

Degree to which gamified software 

can be used with effectiveness, 

freedom from risk and satisfaction in 

both specified contexts and in other 

contexts beyond those initially 

explicitly identified. 

Adopted 

Context 

completeness 

Degree to which a product or 

system can be used with 

effectiveness, satisfaction 

and freedom from risk in all 

of the specified contexts of 

use. 

Degree to which gamified software 

can be used with effectiveness, 

satisfaction and freedom from risk in 

all of the specified contexts of use. 

 

Adopted 

Flexibility Degree to which a product or 

system can be used with 

effectiveness, efficiency, 

freedom from risk and 

satisfaction in contexts 

beyond those initially 

specified in the requirements. 

Degree to which gamified software 

can be used with effectiveness, 

efficiency, freedom from risk and 

satisfaction in contexts beyond those 

initially specified in the 

requirements. 

 

Modified 

Table 4-1 Definition of the quality characteristics and sub-characteristics of the QU-GamSoft model 

To continue with the description of QU-GamSoft model, the definition of the quality attributes of QU-

GamSoft model are presented in subsection 4.3.1. In subsection 4.3.2  we present the quality measures of 
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the QU-GamSoft model for each added or modified quality characteristic or sub-characteristic, and finally, 

in subsection 4.3.3 we present the definition of the measures for the quality attributes, which was based on 

the ISO/IEC 25022 (ISO, 2014) standard. 

4.3.1 Quality attributes in the QU-GamSoft model. 

Listed below are the definitions of all the quality attributes in the QU-GamSoft model. The reasoning behind 

including these attributes in the QU-GamSoft model were based on the Design rational methodology, which 

was presented in subsection 4.2.1. Table 4-2 to Table 4-6 show each of the quality attributes of the sub-

characteristics in the QU-GamSoft model. 

Participation Sub-characteristic: 

Degree to which the user carried out certain actions or tasks aimed to achieve specified goals of the gamified 

software. 

Attribute Name Attribute Description 

User interactions Frequency of user interactions with the gamified software during a 

specified period.  

Interaction duration The time spent by the user using the gamified software during a specified 

period. 

Performance Sub-characteristic: 

Degree to which the gamified software user either improves the performance of certain activities or tasks, 

or achieves certain desired behaviors. 

Attribute Name Attribute Description 

Objectives achieved Objectives of a task that are achieved by user correctly without assistance 

Errors in a task Errors made by a user when performing a task. 

Tasks with errors Tasks performed by a user in which errors were made. 

Task error intensity Users who made an error when performing a specific task. 

Tasks completed  Tasks performed by a user that were completed correctly without 

assistance. 

Task quality Quality or grade of a task performed by user. 

Perceived effectiveness User's perception of the effectiveness of gamified software as regards 

achieving specific goals. 

Game achievement Sub-characteristic: 

Degree to which the user achieves or completes the game challenges posed by the gamified software with 

the aim of increasing participation, performance and social communication. 

Attribute Name Attribute Description 

Achievements completed Game achievements obtained by a user while performing a task. 
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Achievement per page view The effect that obtaining game achievements (by the user) has as regards 

the frequency of visits to the user achievement page. 

Table 4-2 Attributes for the Effectiveness quality characteristic. 

Task efficiency Sub-characteristic: 

Resources expended in relation to the accuracy and completeness with which users achieve goals of the 

gamified software. Completion of goals is determined by the learnability of the system and user immersion. 

Attribute Name Attribute Description 

Task time Time taken by a user to successfully complete a task. 

Usage efficiency User’s objectives achieved over time when using the gamified software. 

Cost-effectiveness The total cost of carrying out a user task. 

Productive time The time spent by the user performing productive actions. 

Unnecessary actions Unnecessary actions carried out by a user when performing a task. 

Fatigue The decrease in human performance after continuous use. 

Task efficiency Tasks completed by user over time when using the gamified software. 

Game efficiency Sub-characteristic: 

Resources expended in relation to the accuracy and completeness with which users achieve game goals of 

the gamified software. 

Attribute Name Attribute Description 

Achievement time Time taken by a user to successfully complete a game challenge or to 

obtain a game achievement. 

User game efficiency Game achievements obtained by a user in a specified period.  

Relative efficiency Relative efficiency  of a new user with regard to an expert user 

Table 4-3 Attributes for the Efficiency quality characteristic. 

Satisfaction Characteristic: 

Degree to which user needs are satisfied when gamified software is used in a specified context of use. 

Attribute Name Attribute Description 

Overall satisfaction User’s overall satisfaction with gamified software 

Usefulness Sub-characteristic: 

Degree to which users are satisfied with their perceived achievement of pragmatic goals, including the 

results of use and the consequences of use of the gamified software. 

Attribute Name Attribute Description 

Satisfaction with features The user's or other stakeholders' satisfaction with specific system features. 

Discretionary usage Users using a specific function, application or system. 

Feature utilization User's preference as regards using a particular gamified software feature. 
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Customers complaining User's complaints about gamified software. 

Customer complaints about a 

particular feature 

User's complaints about a particular gamified software feature. 

Perceived usefulness User's perception of the usefulness of gamified software. 

Perceived meaningfulness User's perception that the gamified software is meaningful as regards 

achieving specific goals. 

Trust Sub-characteristic: 

Degree to which a user or another stakeholder has confidence that gamified software will behave as 

intended. 

Attribute Name Attribute Description 

User trust User's trust in the gamified software. 

Enjoyment Sub-characteristic: 

Extent to which the user experiences fun and engagement  when completing challenges, earning rewards or 

social recognition while achieving personal or institutional goals of the gamified software. 

Attribute Name Attribute Description 

User fun User's enjoyment or fun when completing game challenges or obtaining 

game achievements while performing tasks. 

Gamification preference Users' preference to use the gamified software instead of non-gamified 

software. 

Perceived engagement 

 

User's attraction towards or motivation to continue using the gamified 

software. 

Socialization Sub-characteristic: 
Degree to which the user exchanges or shares comments, opinions, or information with other users inside 

or outside the gamified software. 

Attribute Name Attribute Description 

Comments posted Comments posted by users of gamified software. 

Actions shared User actions shared in social networks. 

Team work Tasks that user completed working as a team. 

Table 4-4 Attributes for the Satisfaction quality characteristic. 

Economic risk mitigation Sub-characteristic: 

Assess the impact of gamified software quality on economic objectives related to financial status, efficient 

operation, commercial property, reputation or other resources that could be at risk or provide opportunities. 

Attribute Name Attribute Description 

Return on investment The return on investment. 

Time to achieve return on 

investment 

The time taken to achieve the expected return on investment. 

Profitability or sales Profitability or sales. 
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Benefits of IT Investment Benefits of IT investment. 

Customer service level Customer service level achieved. 

Website visitors converted to 

customers 

Visitors to (a) particular website(s) who become customers. 

Revenue from each customer The revenue from each customer. 

Errors with economic 

consequences 

Human or system errors with economic consequences. 

Health and safety risk mitigation Sub-characteristic: 

Assess the impact of gamified software quality on health and safety objectives (such as avoidance of 

repetitive strain injury, game addiction). 

Attribute Name Attribute Description 

User health reporting Users reporting health problems arising from usage. 

User health and safety impact The health and safety impact on users of the product. 

People put at risk People put at risk by use of the system. 

Table 4-5 Attributes for the Freedom from risk quality characteristic. 

Context completeness Sub-characteristic: 

Degree to which gamified software can be used with effectiveness, satisfaction and freedom from risk in all 

of the specified contexts of use. 

Attribute Name Attribute Description 

Context completeness Contexts of use with acceptable usability and risk. 

Flexibility Sub-characteristic: 

Degree to which gamified software can be used with effectiveness, efficiency, freedom from risk and 

satisfaction in contexts beyond those initially specified in the requirements. 

Attribute Name Attribute Description 

Additional contexts of use Additional contexts in which the product would have acceptable quality 

in use. 

Product flexibility Modifiability for each new requirement. 

Additional types of user Additional types of user without specific knowledge, skills or experience 

who can use the product. 

Gamification Personalization Game features actually customized by user. 

Table 4-6 Attributes for the Context coverage quality characteristic. 

4.3.2 Quality measures for the QU-GamSoft model. 

A measure was defined for each added, adopted or modified quality attribute. Figure 4-7 to Figure 4-11 

show the measures of each of the quality characteristics or sub-characteristics of the QU-GamSoft model. 
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A color code was used to identify the changes made to the measures. Blue was used to indicate additions, 

while the measures that were not changed were left in black. 

 

Figure 4-7 Effectiveness Measures. 

 

Figure 4-8 Efficiency Measures. 
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Figure 4-9 Satisfaction Measures. 

 

Figure 4-10 Freedom from Risk measures. 
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Figure 4-11 Context coverage measures. 

4.3.3 Definition of measures for the quality attributes. 

The description of the quality measures of the QU-GamSoft model is presented below. Each measure was 

assigned a descriptor based on the ISO/IEC 25022 (ISO, 2014) standard. Each descriptor consists of the 

name of the measure, a description of what is measured, the function with which the measurement value is 

calculated, the interpretation of the calculated measurement function, and the data collection method. In 

order to be applied, these measures require the availability of an executable of the gamified software (final 

product) or at least a fully functional prototype. Moreover, all measures require the use of the gamified 

software over an evaluation period, the duration of which depends on the complexity and number of the 

tasks to be performed, which in turn depends on the context of application of the gamified software. Another 

indispensable requirement for the application of the measures is, therefore, a list of tasks to be performed 

during the evaluation period. A more detailed description of the requirements for the application of the 

quality measures can be consulted in the evaluation process of the QU-GamSoft model, which is described 

in Section 4.4. 

Table 4-7 to Table 4-20 show the definitions of the characteristics, the definitions of the sub-characteristics, 

the descriptors of the measures, the references of publications in which the quality measure was obtained 

and additional notes to clarify the definition and application of the quality measure.  
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4.3.3.1 Effectiveness. 

Accuracy and completeness with which users achieve specified goals of the gamified software owing to 

engagement or motivation caused by gamification design elements. Table 4-7 to Table 4-9 show the 

definition of the Effectiveness measures. 

Participation: 

Degree to which the user carried out certain actions or tasks aimed to achieve specified goals of the gamified software. 

Name Description Function Interpretation Method References 

User activity Proportion of 

users who have 
more interactions 

with the gamified 

software in a 
specified period. 

X = A/B 

 
A = User interactions with the 

gamified software above 

benchmark. 
B = Total user interactions with 

the gamified software. 

X Є [0,1] 

 
 

Automated 

data collection 

P6,P7,P19, 

P21 

NOTE 1. An interaction is the act of logging in, opening or running the gamified software regardless of the time that has been 
used. 

NOTE 2. The benchmark is a minimum number of interactions that is set as a threshold in order to consider that a user is interacting 

with gamified software persistently. For example, if the benchmark is set to 30 interactions a week, a user would be considered 
persistent if he/she interacts with the gamified software more than that.  

NOTE 3. A value closer to 1 is better. 

NOTE 4. In order to allow automated data collection, the gamified software must be able to record the date and time of each user 
interaction. 

NOTE 5. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records. 

Activity intensity Proportion of 

users who spend 
more time 

interacting with 

the gamified 
software in a 

specified period. 

X = A/B 

 
A = User interactions with 

duration above the benchmark. 

 
B = Total number of user 

interactions regardless of 

duration. 

X Є [0,1] 

 
 

Automated 

data collection 

P6,P19 

 

NOTE 1. The interaction time is the total time the user spent on all interactions with the gamified software in the specified period. 

NOTE 2. The benchmark is a minimum time value that is set as a threshold in order to consider that a user is engaged with gamified 
software. For example if the benchmark is set to 5 hours a day, a user would be considered engaged with the gamified software if 

he/she uses the application more than that. 

NOTE 3. In order to allow automated data collection, the gamified software must be able to record the date, time and duration of 
each user session. 

NOTE 4. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records. 

NOTE 5. A value closer to 1 is better. 

Table 4-7 Participation measures. 

Performance: 

Degree to which the gamified software user either improves the performance of certain activities or tasks, or achieves certain desired 
behaviors. 

Name Description Function Interpretation Method Reference 

Objectives 
achieved 

The proportion of 
the objectives of 

the task that are 

achieved correctly 

without assistance. 

(X = 1-∑Ai | X>0) 
 

Ai= Proportional value of each 

missing or incorrect objective in 

the task output 

(maximum value = 1) 

X Є (0,1] 
 

 

Measure user 
Performance 

(ISO, 2014) 
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NOTE 1. Each potential missing or incomplete component is given a weight Ai based on the extent to which it detracts from the value 

of the output to the business or user. (If the sum of the weights exceeds 1, the quality measure is normally set to 0, although this can 

indicate negative outcomes and excessive risks.) The scoring scheme is refined iteratively by applying it to a series of task outputs 
and adjusting the weights until the results obtained are repeatable, reproducible and meaningful. 

EXAMPLE: The business impact of potential diary and contact information errors was discussed with several potential customers, 

leading to the following scoring scheme for calculating mean goal achievement: 

 Installation: all components successfully installed: 100%; for each necessary subcomponent omitted from the installation 

deduct 20%. 

 New contact: all details entered correctly: 100%; for each missing item of information, deduct 50%; for each item of 

information in the wrong field, deduct 20%; for each typo deduct 5%. 

 New meeting: all details entered correctly: 100%, incorrect time or date: 0%; for each item of information in the wrong 

field, deduct 20%; for each typo deduct 5%.  
Combined deductions equaling or exceeding 100% would be scored as 0% goal achievement. 

NOTE 2. A value closer to 1 is better. 

Errors in a task The number of 

errors made by the 
user during a task. 

 X = A / B,  if B < A,  X=1 

 
A = Conformance value. 

B = Number of errors made by the 

user during a task. 

X Є [0,1] 

 

Automated 

data 
collection/ 

Measure user 

Performance 

(ISO, 2014) 

 

NOTE 1. The number of errors made by the user can include all errors, or only uncorrected errors, or only errors that result in the task 

not being completed correctly. 
NOTE 2. The Errors in a Task can be compared with those of an expert (conformance). 

NOTE 3. Measures of counts of errors can be used to make comparisons between the same tasks carried out in different circumstances, 

for example when comparing different versions of a system under development. 
NOTE 4. To compare errors made in different tasks, the number of errors could be related to the number of actions in each task. 

NOTE 5. It is only appropriate to make comparisons if errors have equal importance, or are weighted. 

NOTE 6. Errors can be analyzed using a user by problem matrix indicating how many users had which problem, and in which 
combination. 

NOTE 7. When there is more than one user, B is an average. 

NOTE 8. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records. 

NOTE 9. A value closer to 1 is better. 

Tasks with errors Proportion of 

tasks in which 

errors were made 
by the user. 

X = 1 - A/B 

 

A = Number of tasks with errors 
B = Total number of tasks 

X Є [0,1] 

 

 

Automated 

data 

collection/ 
Measure user 

Performance 

(ISO, 2014) 

 
NOTE 1. The notes of Errors in a task apply except NOTE 2 and NOTE 7. 

Task error 

intensity 

Proportion of 

users making an 

error. 

X = 1 - A/B 

 

A = Number of users making an 
error. 

B= Total number of users 

performing the task. 

X Є [0,1] 

 

 

Measure user 

Performance 

(ISO, 2014) 

NOTE 1. The notes of Errors in a task apply except NOTE 2 and NOTE 7. 

Tasks completed Proportion of the 

tasks completed 

correctly without 
Assistance. 

X = A/B 

 

A= Number of unique tasks 
completed. 

B= Total number of unique tasks 

Attempted. 

X Є [0,1] 

 

 

Measure user 

performance 

/Automated 
data 

collection 

(ISO, 2014) 

P2,P4,P5,P6, 

P7,P8,P9, 
P10,P12,P13, 

P15,P16,P17, 

P18,P23,P24, 
P28,P30 

NOTE 1. If tasks can be partially completed the Objectives achieved measure is more appropriate. 

NOTE 2. If the tasks are of a different complexity, weighted tasks could be used in the formula: X = ∑ (i=1..n) Wi x Ai / B, where i is 
the number of the task and Wi represents the difficulty of that task where the total sum of Wi = 1.0. 

NOTE 3. This could be applied either to the tasks identified in the requirements or to the tasks attempted by the user. 

NOTE 4. When there is more than one user, X is an average. 
NOTE 5. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records. 

NOTE 6. A value closer to 1 is better. 
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Task quality Quality or grade 

of task performed. 

X = A / B,  if B < A,  X=1  

 

A = Quality or grade of task. 
B = Conformance value. 

 

X Є [0,1] 

 

 

Measure user 

Performance/ 

Automated 
data 

collection 

P2,P6,P7, 

P10,P19,P20, 

P21,P25,P26, 
P27,P29 

NOTE 1. The quality of task can be, for example, a test score, the votes received for a contribution posted on a bulletin board, or the 
effectiveness of a user performing a task compared with the performance of a group of users performing the same task. 

NOTE 2. A scale can be used to assign a value to the quality of the task, such as in the range [0..10]. 
NOTE 3. Task quality can also be compared with the task quality of an expert (conformance). 

NOTE 4. In the case of automated data collection; the system should be able to record the quality or grade of each task for each user. 

The data will then be extracted from usage data, for example by querying user records. 
NOTE 5. A value closer to 1 is better. 

Perceived 

effectiveness 

The user 

perceived 

effectiveness of 
the gamified 

software with 

regard to 
achieving his/her 

specific goals. 

 

𝑋 =  
∑ 𝐴𝑖

4
 

 

Ai = Response to a question 

related to effectiveness (Likert 
scale from 0 to 4). 

 

X Є [0,1] 

 

 

Questionnaire 

 

 

P6,P29,P33 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 
overall score, they can be weighted as different questions which have a different importance, and the measurement function is, 

therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where the 

total sum of Wi = 1.0.  
NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function is normalized in order to 

be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4.See Questionnaire Q1 in Appendix C for an example of a “Perceived effectiveness” questionnaire. 
NOTE 5. The questionnaire must be applied (to users) after a period of use of the gamified software. 

NOTE 6. A value closer to 1 is better. 

Table 4-8 Performance measures. 

Game achievement: 

Degree to which the user achieves or completes the game challenges posed by the gamified software with the aim of increasing 

participation, performance and social communication. 

Name Description Function Interpretation Method Reference 

Achievements 

completed 

Number of game 

achievements 
obtained by the user 

while performing a 

task. 
 

X = A / B,  if  A > B,  X=1 

 
A = Number of game 

achievements obtained by 

user. 
B = Conformance value. 

X Є [0,1] Automated 

data collection/ 
Measure user 

performance 

P6,P16,P18 

NOTE 1. The achievement can be of a single type or a combination of different types of game achievements. 

NOTE 2. Conformance value can be the achievements obtained in that task by an expert user. 
NOTE 3. In the case of automated data collection; the system should be able to record the number, the type, and the award date, 

of each game achievement, for each user. The data will then be extracted from the usage data by, for example, querying  user 

records. 
NOTE 4. When there is more than one user, A is an average. 

NOTE 5. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records. 

NOTE 6. A value closer to 1 is better. 

Achievements per 
page view 

Proportion of the 
increments in the 

game achievements 

obtained compared 
to the number of 

times the user 

viewed the 
achievement page 

in a defined period. 

X = 1- A/(A + B)  
 

A= increments in the game 

achievements obtained. 
B= Times the user viewed 

the achievement page. 

X Є [0,1] 
 

 

 

Automated 
data collection 

P6,P17 

NOTE 1. The achievement can be of a single type or a combination of different types of game achievements. 
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NOTE 2. In the case of automated data collection, the system must be able to record the achievements for each type of game 

achievement and for each user, the date of each change in the number of game achievements and to record the dates of access to 

the achievements page. The data will then be extracted from the usage data by, for example, querying user records. 
NOTE 3. A value closer to 1 is better. 

Table 4-9 Game achievement measures. 

4.3.3.2 Efficiency. 

Resources expended in relation to the accuracy and completeness with which users achieve the goals of the 

gamified software. The completion of goals is determined by the learnability of the system and user 

immersion. Table 4-10 and Table 4-11 show the definition of the Efficiency measures. 

Task efficiency: 

Resources expended in relation to the accuracy and completeness with which users achieve goals of the gamified software. 
Completion of goals is determined by the learnability of the system and user immersion. 

Name Description Function Interpretation Method Reference 

Task Time Time taken to 
successfully 

complete a task. 

X = A / T  if T < A,  X=1 

A = Conformance value 

T= Task time 

X Є [0,1] 
 

Measure user 
performance 

(ISO, 2014) 
P4,P10, 

P17,P18, 

P25,P27 

NOTE 1. Task time can also be compared with the time taken by an expert (conformance). 

NOTE 2. The time taken relative to the time taken by an expert is a measure of learnability (see ISO/IEC 25023). 

NOTE 3. This measure can be applied to repetitive tasks, in which case an average could be calculated as X = Tasks time / times 
task performed. 

NOTE 4. A value closer to 1 is better. 

Usage efficiency The efficiency 

with which users 
achieve their 

objectives over 
time when using 

the system. 

 

X = (A/T) / C , if  A/T > C,  

X=1 
 

A = Objectives achieved 
T = Time taken to achieve 

objectives  

C = Conformance value 

X Є [0,1] 

 

Measure user 

performance 

(ISO, 2014) 

 

NOTE 1. Usage efficiency measures the number of objectives achieved for every unit of time. Efficiency increases with increased 

effectiveness and reduced task time. It enables comparisons to be made between, for example, fast error-prone interfaces and slow 

easy interfaces. 

NOTE 2. If the tasks are not divided into objectives, the Task average measurement function can be used instead. This measures 

the proportion of tasks successfully completed for every unit of time. A high value indicates a high proportion of successful tasks 
in a small amount of time.  

NOTE 3. The usage efficiency could be compared with that of an expert, or with usage efficiency for a different product or version, 

or with completing the task manually. 
NOTE 4. A value closer to 1 is better. 

Cost-

effectiveness 

The user’s cost-

effectiveness. 

 

X = (A/B) / C , if  A/B > C, X=1 

 

A = Objectives achieved 
B = Total cost of carrying out 

the task. 

C= Conformance value 

X Є [0,1] Measure user 

Performance 

(ISO, 2014) 

NOTE 1. Costs could for example include the user’s time, the time of others giving assistance, and the cost of computing 

resources, telephone calls, and materials. 

NOTE 2. If Tasks completed has been measured, Cost-effectiveness can be measured as Tasks completed/ Total cost of carrying 
out the task.  

NOTE 3. Could be normalized against cost of not using the system. (conformance). 
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NOTE 4. A value closer to 1 is better. 

Productive time 

ratio 

The proportion of 

the time that the 
user spends 

performing 

productive 
actions. 

X = Ta / Tb 

 
Ta = Productive time = time 

taken to complete the task - time 

spent getting help or assistance - 
time taken recovering from 

errors - time taken searching 
ineffectually. 

Tb = Task time 

X Є [0,1] 

 
 

Measure user 

performance 

(ISO, 2014) 

NOTE 1. Unproductive time spent looking for help, recovering from errors and searching ineffectually can be identified by 
analyzing a video of the interaction. 

NOTE 2. A value closer to 1 is better. 

Unnecessary 

actions 

The proportion of 

the actions 
performed by the 

user that were not 

necessary to 
achieve the task. 

X = A / B 

 
A = Number of actions actually 

needed. 

B = Number of actions 
performed by the user. 

X Є [0,1] 

 
 

Measure user 

Performance  

(ISO, 2014) 

 

NOTE 1. This measure is most useful when the task is completed by making selections (for example using the mouse, touch or 
voice commands). For more complex tasks, actions could be defined to include data entry. 

NOTE 2. The purpose of the measure is similar to productive time ratio, but unnecessary actions are easier to measure. 

NOTE 3. A value closer to 1 is better. 

Fatigue The decrease in 
human 

performance after 

continuous use. 

X = A/B 
 

A = Current performance 

B = Initial performance 

 

X Є [0,1] 
 

 

Measure user 
Performance  

(ISO, 2014) 

NOTE 1. Applies to continuous use by an experienced user. 

NOTE 2. Performance refers to any appropriate measure of effectiveness or efficiency (if necessary, normalized so that a larger 
number is better). 

NOTE 3. Physiological measures can be used to assess the effects of fatigue. 

NOTE 4. Personal assessment of fatigue can be measured using a questionnaire. 
NOTE 5. Measures of fatigue are only appropriate for experienced users carrying out repetitive tasks. 

NOTE 6. Computer systems and working practices can be designed to reduce fatigue. 

NOTE 7. A value closer to 1 is better. 

Task average The efficiency 
with which users 

complete their 

tasks over time 
when using the 

system. 

 

X = (A/T) / C , if  A/T > C,  
X=1 

 

A= Number of tasks successfully 
completed. 

T= Time taken to complete 

tasks. 

C = Conformance value. 

 

X Є [0,1] 
 

Measure user 
Performance 

P2,P5,P9, 
P10,P12,P15, 

P22,P27 

NOTE 1. Task average measures the number of tasks successfully completed for every unit of time. Efficiency increases with 
increased effectiveness and reduced task time. It enables comparisons to be made between, for example, fast error-prone interfaces 

and slow easy interfaces. 

NOTE 2. A high value indicates a high proportion of successful tasks in a small amount of time. 
NOTE 3. The task average could be compared with that of an expert, or with task average for a different product or version, or 

with completing the task manually (Conformance). 

NOTE 4. For this measure to be meaningful, either the tasks are different but of a similar difficulty, or the task is the same but 
repeated several times. 

NOTE 5. A value closer to 1 is better. 

 

Table 4-10 Task efficiency measures. 

Game efficiency: 

Resources expended in relation to the accuracy and completeness with which users achieve game goals of the gamified software. 
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Name Description Function Interpretation Method Reference 

Achievement 

time 

Time taken by 

user to 
successfully 

complete a game 

challenge or to 
obtain a game 

achievement. 

X = A / T  if T < A,  X=1 

 
A = Conformance value. 

T= Time taken to complete a 

particular challenge or to achieve 
a particular game goal. 

 

X Є [0,1] Automated 

data 
collection/ 

Measure user 

Performance 

(González 

Sanchez, 
2010) 

P6,P12,P17 

NOTE 1. Achievement time can be compared with the achievement time of an expert (conformance). 

NOTE 2. In the case of automated data collection; the gamified software should be able to record the type, and the award date, of 

each game achievement, in addition to the date the user started to use the gamified software. The data will then be extracted from 
the usage data by, for example, querying a user record. 

NOTE 3. A value closer to 1 is better. 

Achievement 

efficiency 

Game goals or 

achievements 
completed by 

user in a specified 

period. 

X = (A/T) / C , if  A/T > C, X=1 

 
A= Number of achievements 

completed. 

T= Time taken to complete 
achievements. 

C = Conformance value. 

X Є [0,1] Automated 

data 
collection/ 

Measure user 

Performance 

(González 

Sanchez, 
2010) 

P6,P12,P16, 

P17,P18 

NOTE 1. Conformance value can be the achievement efficiency of an expert. 
NOTE 2. In the case of automated data collection; the gamified software should be able to record the type, and the award date, of 

each game achievement, in addition to the date the user started to use the gamified software. The data will then be extracted from 

the usage data by, for example, querying a user record. 
NOTE 3. When there is more than one user, A/T is an average. 

NOTE 4. This measure can be obtained after a predefined period of evaluation use or can be obtained from historical usage records 

NOTE 5. A value closer to 1 is better. 

Relative 

efficiency 

Proportion of the 

efficiency of a 

new user with 

respect to an 
expert user. 

X = A/B if A > B, X=1 

 

A= Efficiency of a new user. 

B= Efficiency of an expert user. 

X Є [0,1] 

 

 

Measure user 

Performance 

(González 

Sanchez, 

2010) 

NOTE 1. Efficiency refers to Achievement Efficiency. 

NOTE 2. The value can exceed 1 if efficiency of a new user exceeds efficiency of an expert user.  
NOTE 3. A value closer to 1 is better. 

Table 4-11 Game efficiency measures. 

4.3.3.3 Satisfaction. 

Degree to which user needs are satisfied when gamified software is used in a specified context of use. Table 

4-12 to  Table 4-16 show the definition of the Satisfaction measures. 

Name Description Function Interpretation Method Reference 

Overall 

satisfaction 

User’s overall 

satisfaction with 
the gamified 

software. 

𝑋 =  
∑ 𝐴𝑖

4
 

 

Ai = Response to a question 

related to user fun  (Likert scale 
from 0 to 4). 

X Є [0,1] 

 
 

Questionnaire (ISO, 2014) 

P2,P5,P7,P8, 
P12,P17 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 

overall score, they can be weighted as different questions that have different importance, and the measurement function is, 

therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 

total sum of Wi = 1.0.  
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NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 

in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4. See questionnaire Q2 in Appendix C for an example of a “User satisfaction” questionnaire. 

NOTE 5. The questionnaire must be applied (to users) after a period of use of the gamified software 

NOTE 6. A value closer to 1 is better. 

Table 4-12 Satisfaction measure. 

Usefulness: 

Degree to which a user is satisfied with their perceived achievement of pragmatic goals, including the results of use and the 
consequences of use of the gamified software. 

Name Description Function Interpretation Method Reference 

Satisfaction with 
features 

The user’s or 
another 

stakeholder’s 

satisfaction with 
specific system 

features. 

𝑋 =  
∑ 𝐴𝑖

4
 

Ai = Response to a question 

related to a specific feature ([0..4] 

Likert scale ). 

X Є [0,1] Questionnaire (ISO, 2014) 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 
overall score, they can be weighted as different questions that have different importance, and the measurement function is, 

therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 

total sum of Wi = 1.0.  
NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function is normalized in 

order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4. A system feature is a prominent or distinctive part, quality, or characteristic related to its functionality or performance.  

NOTE 5. See questionnaire Q3 in Appendix C for an example of a “Satisfaction with features” questionnaire. 

NOTE 6. The questionnaire must be applied (to users) after a period of use of the gamified software. 

NOTE 7. A value closer to 1 is better. 

Discretionary 

usage 

The proportion of 

potential users 
choosing to use a 

system or 
function of 

gamified 

software. 

X = A/B 

 
A= Number of users using a 

specific function, application or 
system of gamified software. 

B = Number of potential users 

who could have used the specific 
function, application, or system 

of gamified software. 

X Є [0,1] 

 
 

Measure user 

Behavior or 
automated 

data 
collection 

(ISO, 2014) 

NOTE 1. This measure can be used when it is possible to identify situations in which the usage of a function, application or system 
would be appropriate by, for example, monitoring a sampling of the user’s behavior. 

NOTE 2. A value closer to 1 is better. 

Feature utilization The proportion of 

an identified set 
of users of the 

system who use a 

particular feature. 
 

X = A/B 

 
A = Number of users using a 

particular feature. 

B = Number of users in an 
identified set of users of the 

gamified software. 

X Є [0,1] Measure user 

Behavior 
 

(ISO, 2014) 

NOTE 1. Features can be defined at different levels of granularity from an individual function to a subset of a system.  
NOTE 2. A low value could indicate that the feature is not useful, or is only useful to a subset of users, or that users do not 

understand how to use it, or that they do not know that it exists. 

NOTE 3. Examples of particular features are; difficulty level of customization, avatar selection and customization, or  
customization of user goals 

NOTE 4. A  value closer to 1 is better 

Proportion of 

customers 
complaining 

The proportion of 

customer making 
complaints about 

gamified 

software. 

X = 1 - A/B 

 
A = Number of customer 

complaining about gamified 

software. 

X Є [0,1] 

 

Measure user 

behavior 

(ISO, 2014) 
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B = Number of customers using 
the gamified software. 

NOTE 1. A customer can also be a user. 

NOTE 2. A value closer to 1 is better. 

Proportion of 
customer 

complaints about a 

particular feature 
 

The proportion of 
customer 

complaints about 

a particular 
feature. 

 

X = 1 - A/B 
 

A = Number of customer 

complaints for a particular 
feature. 

B = Total number of customer 
complaints about features. 

X Є [0,1] 
 

 

Measure 
customer 

behavior 

(ISO, 2014) 

NOTE 1. A customer can also be a user. 

NOTE 2. A system feature is a prominent or distinctive part, quality, or characteristic related to its functionality or performance. 
NOTE 3. Examples of “particular features” of gamified software are: clear rules, appropriate feedback message, consistent game 

mechanics, easy navigation, appropriate reward system, interface aesthetics, appropriate difficulty levels, system response time, 

customization of user goals, etc. 
NOTE 4. A value closer to 1 is better. 

Perceived 

usefulness  

The extent to 

which the user 

perceives the 
gamified software 

to be useful. 

 

𝑋 =  
∑ 𝐴𝑖

4
 

 
Ai = Response to a question 

related to usefulness  (Likert 

scale from 0 to 4) 

X Є [0,1] 

 

 

Questionnaire P2,P7,P29, 

P30 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 

overall score, they can be weighted as different questions that have different importance, and the measurement function is, 

therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 
total sum of Wi = 1.0.  

NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 

in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4. See questionnaire Q4 in Appendix C for an example of a “Perceived usefulness” questionnaire. 

NOTE 5. The questionnaire must be applied (to users) after a period of use of the gamified software. 

NOTE 6. A value closer to 1 is better. 

Perceived 
meaningfulness 

The extent to 
which the user 

perceives the 

gamified 
software to be 

meaningful to 

her/his personal/ 
institutional 

goals. 

 

𝑋 =  
∑ 𝐴𝑖

4
 

 

Ai = Response to a question 

related to meaningfulness (Likert 
scale from 0 to 4). 

 

X Є [0,1] 
 

 

Questionnaire (Deterding, 
2011) 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 

overall score, they can be weighted as different questions that have different importance, and the measurement function is, 

therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 

total sum of Wi = 1.0. 
NOTE 2. A gamified software is meaningful if it has any benefit, if it is valuable and useful to achieve the user’s 

personal/institutional goals. 

NOTE 3. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 
in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 4. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 5.See questionnaire Q5 in Appendix C for an example of a “Perceived meaningfulness” questionnaire. 

NOTE 6. The questionnaire must be applied (to users) after a period of use of the gamified software. 
NOTE 7. A value closer to 1 is better. 

Table 4-13 Usefulness measures. 

Trust 

Degree to which a user or another stakeholder has confidence that a gamified software will behave as intended. 

Name Description Function Interpretation Method Reference 
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User trust The extent to 

which the user 
trusts the 

gamified 

software. 

𝑋 =  
∑ 𝐴𝑖

4
 

 

Ai = Response to a question 
related to user fun (Likert scale 

from 0 to 4). 

X Є [0,1] 

 
 

Questionnaire (ISO, 

2014) 

NOTE 1. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 
in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 2. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 3.See questionnaire Q6 in Appendix C for an example of a “User trust” questionnaire. 

NOTE 4. The questionnaire must be applied (to users) after a period of use of the gamified software. 
NOTE 5. A value closer to 1 is better. 

Table 4-14 User trust measure. 

Enjoyment: 

Extent to which the user experiences fun and engagement  when completing challenges, earning rewards or social recognition 
while achieving personal or institutional goals of the gamified software. 

User fun Degree to which 

the user obtains a 
pleasant feeling 

of enjoyment and 

fun when 
completes 

challenges, 

obtains rewards 
and social 

recognition while 

achieving 

particular goals 

of the gamified 

software. 

 

𝑋 =  
∑ 𝐴𝑖

4
 

 
Ai = Response to a question 

related to user fun  (Likert scale 

from 0 to 4). 
 

 

X Є [0,1] 

 
 

Questionnaire P2,P5,P6, 

P7,P8,P12, 
P13,P17, 

P31,P32, 

P35 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 

overall score, they can be weighted as different questions that have different importance, and the measurement function is, 
therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 

total sum of Wi = 1.0.  

NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 
in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4.See questionnaire Q7 in Appendix C for an example of a “User fun” questionnaire. 

NOTE 5. The questionnaire must be applied (to users) after a period of use of the gamified software. 

NOTE 6. A value closer to 1 is better. 

Preference of 
usage 

Proportion of 
users who prefer 

to use the 

gamified 
software instead 

of non-gamified 

software. 

X = A/B 
 

A= number of users who have 

used the gamified software and 
prefer it to non-gamified 

software. 

B= Total number of users who 
have used the gamified software. 

X Є [0,1] 
 

 

Measure 
customer 

behavior 

(González 
Sanchez, 

2010) 

NOTE 1.See questionnaire Q8 in Appendix C for an example of a “Preference of usage” questionnaire. 

NOTE 2. The questionnaire must be applied (to users) after a period of use of the gamified software 
NOTE 3. A value closer to 1 is better. 

Perceived 

engagement 

Extent to which 

the user perceives 

his/her 
motivation or 

attraction to use 

or continue using 
the gamified 

software. 

 

𝑋 =  
∑ 𝐴𝑖

4
 

 

Ai = Response to a question 
related to engagement (Likert 

scale from 0 to 4). 

 

X Є [0,1] 

 

 

Questionnaire P2,P6,P7, 

P12,P17, 

P29,P31, 
P32,P35 

NOTE 1. This is typically a non-validated questionnaire using a Likert scale.  If the questionnaire items are combined to give an 

overall score, they can be weighted as different questions that have different importance, and the measurement function is, 
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therefore: X = ∑ (i=1..n)  Ai Wi, where i is the number of the question and Wi represents the importance of that question, where 

total sum of Wi = 1.0.  

NOTE 2. In order to make the interpretation of this measure easier, the result of the measurement  function could be normalized 
in order to be in the range of [0,1], dividing the result by the maximum value of the Likert scale (4). 

NOTE 3. When there is more than one user, results (∑ 𝐴𝑖) must be averaged before normalization. 
NOTE 4.See questionnaire Q9 in Appendix C for an example of a “Perceived engagement” questionnaire. 

NOTE 5. The questionnaire must be applied (to users) after a period of use of the gamified software. 
NOTE 6. A value closer to 1 is better. 

Table 4-15 Enjoyment measures. 

Socialization: 
Degree to which the user exchanges or shares comments, opinions, or information with other users inside or outside the gamified 

software. 

Name Description Function Interpretation Method Reference 

Comments posted Proportion of 

comments posted 

by user of 
gamified software 

in a specified 

time frame. 

X = A/B 

 

A= number of actions, tasks, or 
activities carried out by user 

during which at least one 

comment was posted. 
B= total number of actions, tasks, 

or activities than can be 

commented on and were carried 
out by user. 

X Є [0,1] Automated 

data collection 

P2,P11, 

P16,P21, 

P31,P34 

NOTE 1. A comment can be posted when a task, a game challenge, an action or any other activity is carried out within the gamified 

software. 

NOTE 2. Comments can be made on a single action or a combination of different types of actions. 

NOTE 3. A list of actions, tasks, or activities than can be commented on must be provided 

NOTE 4. The system should be able to record the type, and posting date of each comment, for each user. The data will be extracted 
later by, for example, querying a user’s records. 

NOTE 5. A value closer to 1 is better. 

Social sharing Proportion of 

actions that were 
socially shared in 

a specified time 

frame. 

X = A/B 

 
A= number of actions actually 

socially shared. 

B= total number of actions that 
can be socially shared. 

X Є [0,1] 

 

Automated 

data 
collection/ 

Measure user 

performance 

P2,P11, 

P16,P21, 
P31,P34 

NOTE 1. An action can be anything the user can do within the gamified software that is related to the task that is being 

performed or to the game elements. Examples of actions are: uploading an assignment on time or obtaining a badge. 
NOTE 2. The social sharing can be of a single type of social network or a combination of different types, such as just Facebook, 

or Facebook and tweeter. 

NOTE 3. A list of actions that can be socially shared must be provided 

NOTE 4. In the case of automated data collection, the system should be able to record the number, the type, and date, of each 

social sharing, for each user. The data will be extracted later by, for example, querying a user’s records. 

NOTE 5. A value closer to 1 is better. 

Team work Proportion of 

tasks that were 

completed 
working as a team 

in a specified 

period. 

X = A/B 

 

A = Number of tasks actually 
completed as a team. 

B = Number of tasks that can be 

completed as a team. 

X Є [0,1] 

 

 

Measure user 

performance 

(González 

Sanchez, 

2010) 

NOTE 1. In some gamified software systems, tasks are mapped onto game challenges that can be completed when working in 

teams. 

NOTE 2. A list of tasks that can be completed as a team must be provided. 
NOTE 3. A value closer to 1 is better. 

Table 4-16 Socialization measures. 
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4.3.3.4 Freedom from risk 

Degree to which the quality of gamified software mitigates or avoids potential risk to economic status, 

human life, health or the environment. Table 4-17 and Table 4-18 show the definition of the Freedom from 

risk measures. 

Economic risk mitigation: 

Assess the impact of gamified software quality on economic objectives related to financial status, efficient operation, commercial 
property, reputation or other resources that could be at risk or provide opportunities. 

Name Description Function Interpretation Method Reference 

Return on 
investment (ROI) 

The return on 
investment. 

X= (A-B)/B 
 

A = Additional benefits obtained. 

B = Invested amount. 

Conformance Business 
analytics 

(ISO, 
2014) 

NOTE 1. Examples of benefits obtained can include reduction in personnel expenses, shrinkage of inventory assets, reduction of 

stock, or reduction of material cost through concentrated purchase. 

NOTE 2. This can be compared with an acceptable ROI (conformance). 
NOTE 3.  In order to make the interpretation of this measure easier, the ROI relative to conformance could be normalized in order 

to be in the range of [0,1], and in this case a value closer to 1 is better. 

Time taken to 

achieve return on 
investment 

The time taken to 

achieve the 
expected return on 

investment. 

X = T 

 
T = Time taken to achieve ROI 

Conformance Business 

analytics 

(ISO, 

2014) 

NOTE 1. This can be compared with an acceptable time taken to achieve ROI (conformance). 
NOTE 2.  In order to make the interpretation of this measure easier, the time taken to achieve ROI relative to conformance could 

be normalized in order to be in the range of [0,1], and in this case a value closer to 1 is better. 

Business 

performance 

Profitability or 

sales compared to 
a target. 

X = Aa/At 

 
A = Profitability or the company’s 

sales (a=actual, t=target) 

Conformance 

 
 

Business 

analytics 

(ISO, 

2014) 

NOTE 1. This can be compared with the IT investment amount or sales of another company for comparison (conformance). 
NOTE 2. The value can exceed 1 actual profitability exceeds target.  

NOTE 3. In order to make the interpretation of this measure easier, business performance relative to conformance could be 

normalized in order to be in the range of [0,1], and in this case a value closer to 1 is better. 

Benefits of IT 
Investment 

Measure of the 
benefits of IT 

investment (for 

example using the 
Balanced Score 

Card) compared 

to a target. 

X = Aa/At  
 

A = Measure of the benefits of IT 

investment (a=actual, t=target). 

Conformance 
 

 

Business 
analytics 

(ISO, 
2014) 

NOTE 1. The Balanced scorecard evaluates the benefits of IT investment from viewpoints such as financial, customer, business 

operation processes and HR development. Any of these benefits could be the basis of a measure. 

NOTE 2. The value can exceed 1 if actual benefit exceeds target.  

Service to 
customers 

The extent to 
which the 

intended level of 

service to service 
to customers is 

achieved. 

X = A/B 
 

A = Actual level of service. 

N = Intended level of service. 

Conformance Business 
analytics 

(ISO, 
2014) 

NOTE 1. The value can exceed 1 if the level of service exceeds intentions.  

NOTE 2. EXAMPLES The extent to which deliveries are delayed, the average waiting time to obtain customer service. 

NOTE 3. In order to make the interpretation of this measure easier, service to customers relative to conformance could be 

normalized in order to be in the range of [0,1], and in this case a value closer to 1 is better. 
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Website visitors 
converted to 

customers 

The proportion of 
visitors to (a) 

particular 

website(s) who 
become 

customers. 

X = A/B 
 

A = Number of visitors who 

become customers. 
B = Number of unique visitors to 

a particular web page(s). 

X Є [0,1] 
 

 

Business 
analytics 

(ISO, 
2014) 

NOTE 1. The measure could be based on specific websites or the whole website. 
NOTE 2. A value closer to 1 is better. 

Revenue from 

each customer 

The revenue from 

each customer. 

X = A 

 
A = Revenue from a customer. 

 

Conformance Business 

analytics 

(ISO, 

2014) 

NOTE 1. There are several attributes of customers such as existing and new. They can be used to evaluate the status of opportunity 
loss for the provision of a new functionality. 

NOTE 2. This can be compared with an acceptable revenue (conformance). 

NOTE 3. In order to make the interpretation of this measure easier, revenue from a customer relative to conformance could be 
normalized in order to be in the range of [0,1], and in this case a value closer to 1 is better. 

Errors with 

economic 

consequences 

Proportion of 

usage situations 

in which there are 
human or system 

errors with 

economic 
consequences. 

X = 1 - A/B 

 

A = Number of errors with 
economic consequences. 

B = Total number of usage 

situations. 

X Є [0,1] 

 

Business, 

software and 

usability 
analytics 

(ISO, 

2014) 

NOTE 1. The errors can be weighted by economic magnitude. Usage situations can be defined by transactions or by time. Errors 

can include data corruption. 
NOTE 2. A value closer to 1 is better. 

Table 4-17 Economic risk mitigation measures. 

Health and safety risk mitigation: 

Assess the impact of gamified software quality on health and safety objectives (such as avoidance of repetitive strain injury, game 
addiction). 

Name Description Function Interpretation Method Reference 

User health 

reporting 

frequency 
 

 

The proportion of 

users of the 

product who 
report health 

problems arising 

from usage. 

X = 1 -  A/B 

 

A = Number of users reporting 
health problems. 

B = Total number of users. 

 

X Є [0,1] 

 

Usage 

statistics 

(ISO, 

2014) 

NOTE 1 Health problems can include Repetitive Strain Injury, fatigue, headaches, etc. 

NOTE 2 The measure could be weighted by length of use. 

NOTE 3 A value closer to 1 is better. 

User health and 
safety impact 

 

The health and 
safety impact on 

users of the 

product. 

X = ∑ ( Ta¡ * Si)/Tb 

i=1 to n 

n = Number of affected people. 

Tai = Time the i-th individual of 
people is affected. 

S = Degree of significance by 

which i-th individual is affected. 
Tb = Time from start of system in 

operation. 

Conformance Usage 
statistics 

(ISO, 
2014) 

NOTE 1. Health problems can include Repetitive Strain Injury, fatigue, headaches, etc. 
NOTE 2. This can be compared with an acceptable health and safety impact or with the health and safety impact of another 

company for comparison (conformance). 

NOTE 3. In order to make the interpretation of this measure easier, health and safety impact relative to conformance could be 
normalized in order to be in the range of [0,1], and in this case a value closer to 1 is better. 
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Safety of people 

affected by use of 

the system 
 

The incidence of 

risk to people 

affected by use of 
the system. 

X = 1 - A/B 

 

A = Number of people put at risk. 
B = Total number of people who 

could be affected by use of the 

system. 

X Є [0,1] 

 

 

Usage 

statistics 

(ISO, 

2014) 

NOTE 1. An example of this measure is Patient Safety, where A = number of patients with incorrectly prescribed treatment and B 

= total number of patients. 
NOTE 2. For some purposes, the number of people affected could be a more relevant measure than the ratio. 

NOTE 3. A value close to 1 is the better. 

Table 4-18 Health and safety risk mitigation measures. 

4.3.3.5 Context coverage. 

Degree to which gamified software can be used with effectiveness, freedom from risk and satisfaction in 

both specified contexts and in other contexts beyond those initially explicitly identified.  Table 4-19 and 

Table 4-20 show the definition of the Context coverage measures 

Context completeness: 

Degree to which gamified software can be used with effectiveness, satisfaction and freedom from risk in all of the specified 
contexts of use. 

Name Description Function Interpretation Method Reference 

Context 
completeness 

The proportion of 
the intended 

contexts of use in 

which gamified 
software can be 

used with 

acceptable 
usability and risk. 

X = A/B 
 

A = Number of contexts with 

acceptable usability and risk. 
B = Total number of distinct 

contexts of use. 

X Є [0,1] 
 

 

Analysis of  
user 

performance 

or context  
description 

(ISO, 
2014) 

NOTE 1. Analysis or user testing can be used to assess whether a product or system has acceptable usability for all the intended 
combinations of types of users, tasks and environments. 

EXAMPLE 1. The requirement is for the system to have adequate quality in use in all the intended context of use. 

EXAMPLE 2. The system only has adequate quality in use in three of the four intended contexts of use. 
NOTE 2. Different contexts of use could be weighted by their importance. 

NOTE 3. A value closer to 1 is better. 

Table 4-19 Context completeness measures. 

Flexibility: 

Degree to which gamified software can be used with effectiveness, efficiency, freedom from risk and satisfaction in contexts 

beyond those initially specified in the requirements. 

Name Description Function Interpretation Method Reference 

Flexible context of 

use 

Extent to which 

the product can be 

used in additional 
contexts of use. 

X = A/B 

 

A = Number of additional 
contexts in which the product 

would have acceptable quality in 

use. 

 

B = Total number of additional 

contexts in which the product 
might be used. 

X Є [0,1] 

 

Analysis of 

user 

performance 
or context 

description 

(ISO, 

2014) 
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NOTE 1. Simple modifications means that the product can be customized by the user, or only modifications to text and/or data 

are needed. 

EXAMPLE A. product designed primarily for use in a particular market could potentially be used in a range of other situations 
(B) but with the current design would only be usable in a subset (A). 

NOTE 2. A value closer to 1 is better. 

Product flexibility Ease with which a 

product can be 
modified to meet 

additional user 
requirements. 

X =∑ Ai/B 

i=1 to B 

Ai = Modifiability (as specified in 

ISO/IEC 25023) for each new 
requirement. 

B = Total number of new 

requirements from specified 
users. 

X Є [0,1] 

 
 

Inspection (ISO, 

2014) 

NOTE 1. A value closer to 1 is  better. 

Proficiency 

independence 

Extent to which 

the product can be 
used by people 

without specific 

knowledge, skills 
or experience. 

X = A/B 

 
A = Number of additional types of 

user without specific knowledge, 

skills or experience who can use 
the product. 

B = Total number of potential 

types of user without specific 
knowledge, skills or experience. 

X Є [0,1] 

 
 

Analysis of 

user 
performance 

or inspection 

(ISO, 

2014) 

NOTE 1. The product could be primarily intended for a user group with specific knowledge, skills or experience, but potentially 

usable by a wider range of types of user. 
NOTE 2. If the product can only be used by the intended user group, the value is 0. If the product can be used by anyone, the value 

is 1. 

NOTE 3. A value closer to 1 is better. 

Gamification 
personalization 

Proportion of 
customizing game 

features that were 

actually 
customized by 

user. 

X = A/B 
 

A = Number of game features 

actually customized by user. 
B = Total number of game 

features that can be customized by 

user. 

X Є [0,1] 
 

 

Measure 
customer 

behavior 

(González 
Sanchez, 

2010) 

NOTE 1. Examples of customizable game features are the level of difficulty, selection or customization of avatar, or setting game 

goals. 

NOTE 2. A low value could indicate that the feature is not useful, or is only useful to a subset of users, or that users do not 
understand how to use it, or that they do not know that it exists. 

NOTE 3. A value closer to 1 is better. 

Table 4-20 Flexibility measures. 

4.4 The QU-GamSoft evaluation process 

The ISO 25040 international standard (ISO, 2011a) proposes a reference model containing 

recommendations and guidelines that can be used to carry out the process of evaluating software product 

quality. In order to facilitate and systematize the use of the QU-GamSoft model, an evaluation process 

based on the ISO 25040 (ISO, 2011a) was developed. The QU-GamSoft evaluation process consists of five 

activities, which are shown in blue squares in Figure 4-12. Each activity has input and outcome artifacts 

and the stakeholders involved, who play one or more roles (see subsection 4.4.1.). Hereafter, in this section 
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each of the activities of the QU-GamSoft evaluation process and the other elements will be described 

(stakeholders, input/outcome artifacts and tasks). 

4.4.1 Stakeholders and roles 

One or more stakeholders may be involved in each activity of the evaluation process. The stakeholders to 

be identified are a person, party or organization who can play one of the following roles: 

 Evaluation requester. The person who requests the evaluation. 

 Evaluation designer. The person who is involved in the establishment of evaluation requirements, 

in the specification of the evaluation and in the design of the evaluation in general.  

 Evaluator. The person that conducts the evaluation by measuring the end user’s performance, 

observing the end user’s behavior, or requesting the end user’s opinion. S/he is also responsible 

for calculating and interpreting the measures.  

 End user. The person who uses the gamified software and who will measure its performance, 

observe its behavior, and of whom an opinion will be requested regarding the use of the gamified 

software.  

4.4.2 Artifacts 

Each activity in the evaluation process has input artifacts with which stakeholders perform some tasks, 

while other artifacts are produced as an outcome. Table 4-21 shows the acronyms and descriptions of the 

artifacts used in the evaluation process using the QU-GamSoft model. 
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Figure 4-12 The QU-GamSoft evaluation process. 
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Artifact acronym Artifact description 

GSQEN Gamified software quality evaluation needs. Gamified software 

quality deficiencies that need to be addressed. 

GSQRS Gamified software quality requirements specification. Clear and 

precise description of the conditions and elements necessary to 

address quality deficiencies. 

GSTBE Gamified software to be evaluated. Gamified software whose 

quality in use will be evaluated using the QU-GamSoft model. 

QUGSM QU-GamSoft model. Quality in use model for gamified software. 

EP Evaluation purposes. The overall purpose of the evaluation. 

QCTBE Quality characteristics and sub-characteristics to be evaluated. List 

of selected quality characteristics or sub-characteristics of the QU-

GamSoft model that will be evaluated. 

RACOE Resources available to carry out the evaluation.  

ISE Identified stakeholders of evaluation. List of people, parties or 

organizations involved in the evaluation process. 

SQM Selected quality measures. List of quality measures of the QU-

GamSoft model that will be applied to gamified software. 

RV Reference Value. List of values used to compare the result of a 

measurement in order to evaluate the level of quality, such as: 

 Benchmarks (standard against which results can be measured 

or assessed) 

 Conformance values (compliance with certain accepted 

business standards or norms). 

 Performance results of an expert user. 

AWQC Assessment weights for the quality characteristics and sub-

characteristics. 

 The sum of the weights of the quality characteristics to be 

evaluated must be 1. 

 The sum of the weights of the sub-characteristics quality 

within a characteristic must add up to 1. 

RHLEP Revised high level gamified software quality evaluation plan. A 

document that defines the overall goals or parameters of the quality 

evaluation project. 

SMGS Specification of modifications to gamified software. Detailed 

description of tasks to be performed to modify the gamified 

software in order to obtain additional quality measurements. 

GSQEM  Gamified software quality evaluation methods. Specification of 

gamified software quality evaluation methods, which shall include: 

 Adapted quality measures. 

 Adapted questionnaires.  

 Adapted data collection forms. 

 List of end user’s tasks to be performed during evaluation. 

 List evaluator’s tasks such as end user performance 

monitoring and/or end user behavior monitoring, application 

of questionnaires, data collection of measurements and end 

user training. 
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DGSQEP Detailed gamified software quality evaluation plan. Specification of 

detailed gamified software quality evaluation plan, which shall 

include: 

 Evaluation period. 

 Schedule of quality measurements. 

 Training for evaluators and end users (if necessary). 

RGSQM Results of gamified software quality measures. 

RGSQE Results of gamified software quality evaluation. The measurement 

result of the quality characteristics is obtained by aggregating the 

results of its sub-characteristics multiplied by their weights. 

GSQER Gamified software quality evaluation report. The report shall 

include: 

 Evaluation results. 

 Interpretation of results. 

 Recommendations to improve identified deficiencies. 

Table 4-21 Artifacts of the QU-GamSoft evaluation process. 

4.4.3 Establish the evaluation requirements (A1) 

The purpose of this activity is to define the purpose of the evaluation, the quality requirements and the 

product parts to be included in the evaluation in order to delimit the scope of the evaluation. In this activity, 

the evaluation requester and the evaluation designer should select which quality characteristics or sub-

characteristics of the QU-GamSoft model they consider must be evaluated based on the information needs 

of the person who requested the evaluation. 

Stakeholders: Evaluation designer, evaluation requester. 

Inputs for this activity: 

a) Gamified software quality evaluation needs (GSQEN). 

b) Gamified software quality requirements specification (GSQRS). 

c) Gamified software to be evaluated (GSTBE). 

d) QU-GamSoft model (QUGSM). 

Outcomes of this activity: 

a) Evaluation purposes (EP). 

b) List of quality characteristics and sub-characteristics to be evaluated (QCTBE) 

c) List of the identified stakeholders of evaluation (ISE). 
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d) List of resources available to carry out the evaluation (equipment, tools, time, money, people) 

(RACOE). 

The tasks in this activity are defined below. 

4.4.3.1 Establish the purpose of evaluation (T1.1). 

The purpose of the quality in use of gamified software shall be documented as a basis for the further 

evaluation activities and tasks. The overall purpose of the evaluation by means of the QU-GamSoft model 

is to measure the quality in use of gamified software, i.e., “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”. For example, in educational contexts the positive or 

negative effect that the gamified software has on students is often determined. In this case, the purpose of 

the evaluation would be “to assess both positive and negative effects of gamified software when it is used”. 

QU-GamSoft model is intended to be used to evaluate the quality in use of the final product (the executable 

file of the gamified software) or at least when a fully functional prototype is ready; the specific purposes of 

the evaluation may therefore be to: 

 Compare the gamified software with competitive products. 

 Select a piece of gamified software from among alternative products. 

 Assess both the positive and negative effects of a piece of gamified software when it is used. 

 Determine the cause of a failure in an investigation. 

 Decide when to enhance or replace the gamified software. 

4.4.3.2 Obtain quality requirements (T1.2)  

In this task, the evaluation designer and the evaluation requester perform two main sub-tasks: 

a) Identify the stakeholders of the gamified software. 

b) Identify the quality requirements for the gamified software. 
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Stakeholders are the people, parties or organizations who are involved in the evaluation process of gamified 

software, playing one the roles described in subsection 4.4.1. The task consists of deciding who will 

participate in the evaluation process and the role they will play.  

The quality requirements for gamified software that should be specified are: 

 The quality characteristics and sub-characteristics to be assessed. 

 The resources available to carry out the evaluation (equipment, time, money, people). 

4.4.3.3 Identify product parts to be included in the evaluation (T1.3). 

The type of intermediate or final software product to be evaluated depends on the stage in the life cycle and 

the purpose of the evaluation. For example, in most gamified software, if the purpose of the evaluation is 

the selection of a product from among alternative products, the products to be evaluated are mainly final 

software products or components. The product to be evaluated is therefore either the final product or a fully 

functional prototype. 

4.4.4 Specify the evaluation (A2). 

The purpose of this activity is to define the measures for the quality characteristics and sub-characteristics 

that were selected during the Obtain quality requirements task (T1.2). The evaluation designer selects the 

quality measures that will be applied to gamified software, and defines the decision criteria for quality 

measures and the decision criteria for the evaluation.  

Stakeholders: Evaluation designer. 

Inputs for this activity: 

a) Evaluation purposes (EP). 

b) List of quality characteristics and sub-characteristics to be evaluated (QCTBE). 

c) List of identified stakeholder of evaluation (ISE). 

d) List of resources available to carry out the evaluation (equipment, tools, time, money, people) 

(RACOE). 

e) Gamified software to be evaluated (GSTBE). 
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f) QU-GamSoft model (QUGSM). 

Outcomes of this activity: 

a) List of selected quality measures (SQM). 

b) List of reference values (RV), i.e., the values used to compare the result of a measurement in order 

to evaluate the level of quality, such as: 

 Benchmarks (standard against which results can be measured or assessed) 

 Conformance values (compliance with certain accepted business standards or norms). 

 Performance results of an expert user. 

c) Assessment weights for the quality characteristics and sub-characteristics (AWQC). 

d) Specification of the revised high level gamified software quality evaluation plan (RHLEP). 

The tasks carried out in this activity are described below. 

4.4.4.1 Select quality measures (T2.1). 

The evaluation designer shall select quality measures (evaluation modules) to cover all quality evaluation 

requirements for gamified software. The selection of the quality measures that will be used in the evaluation 

will depend primarily on aspects such as the features or functionality of the particular gamified software 

being evaluated, the availability of the data necessary to calculate the measures, and the time that is 

available to conduct the evaluation of the gamified software. 

4.4.4.2 Define decision criteria for quality measures (T2.2). 

In this task, the evaluation designer shall define, for some measures, a reference value against which the 

measurement result shall be compared. The definition of the reference values (RV) is based on the quality 

requirements and on the QU-GamSoft model, which specifies the quality measures that require such 

reference values. The reference value may be the result of the measurement for an expert user, a benchmark, 

or a conformance value. This reference value will be used to normalize the value obtained in the 

measurement. 
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4.4.4.3 Define decision criteria for evaluation (T2.3). 

In this task, the evaluation designer shall prepare a procedure with which to summarize the evaluation 

results. In the procedure, the criteria for the different quality characteristics shall be specified, these criteria 

may be in terms of a weighted combination of quality sub-characteristics and quality measures. 

A weighted evaluation summary can be used when the quality sub-characteristics have different importance 

and are therefore weighted differently, or when the quality measures within a sub-characteristic are 

weighted differently. 

4.4.5 Design the evaluation (A3). 

The purpose of this activity is to produce a detailed specification of the evaluation plan and the methods 

used to carry it out, taking into account the product quality requirements, the selected quality measures and 

decision criteria for quality measures. The evaluation designer will develop the planning of the evaluation.  

Stakeholders: Evaluation designer. 

Inputs for this activity: 

a) List of selected quality measures (SQM). 

b) List of reference values (RV), i.e., values used to compare the result of a measurement in order to 

evaluate the level of quality such as (see Appendix A): 

1. Benchmarks (standard against which results can be measured or assessed). 

2. Conformance values (compliance with certain accepted business standards or norms). 

3. Performance results of an expert user. 

c) Assessment weights for quality characteristics and sub-characteristics (AWQC). 

d) Specification of revised high level gamified software quality evaluation plan (RHLEP). 

e) QU-GamSoft model (QUGSM). 

Outcomes of this activity: 

b) Specification of modifications or customizations to gamified software, if necessary (SMGS). 

c) Specification of gamified software quality evaluation methods, which shall include: (GSQEM). 

 Adapted quality measures. 
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 Adapted questionnaires. 

 Adapted data collection forms. 

 List of end user’s tasks to be performed during evaluation. 

 List evaluator’s tasks, such as end user performance monitoring and/or end user behavior 

monitoring, application of questionnaires, data collection of measurements and end user 

training. 

d) Specification of detailed gamified software quality evaluation plan, which shall include: 

(DGSQEP). 

 Evaluation period. 

 Schedule of quality measurements. 

 Training for evaluators and end users (if necessary). 

This activity consists of the tasks described below. 

4.4.5.1 Plan evaluation activities (T3.1). 

The identified quality evaluation activities shall be scheduled, taking into account the availability of 

resources such as personnel, software tools and computers. At least the following sub-tasks should be 

planned: 

 The assignment of responsibilities for the parties involved in the evaluation. It is necessary to 

specify the activities of the evaluation designer, the evaluation requester the evaluators and end 

users. 

 The modifications or customizations to be made to gamified software if needed in order to obtain 

additional quality measurements. 

 The specification of the end user’s tasks to be performed during evaluation. These tasks are 

activities related to the application area of gamified software, such as the classification of a 

document, the completion of an assignment, the completion of a program, testing a computer 

system. 

 The specification of evaluator’s tasks, such as end user performance monitoring and/or end user 

behavior monitoring, application of questionnaires, data collection of measurements and end user 

training. The date and time when each quality measurement will be carried out. 
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 The method that will be used for each measure. The method used for the measurement (either 

manual or automatic) is specified in the definition of the measure in the QU-GameSoft model. 

Given that some measures allow the use of both methods, it is necessary to choose the most 

suitable one. 

 The adaptations to quality measures, if necessary. 

 The adaptations to questionnaires for subjective measures, if necessary. 

4.4.5.2 Adapt quality measures (T3.2). 

The selected quality measures should be adapted by customizing the QU-GamSoft model and taking into 

account the particular piece of gamified software to be evaluated and its application context. This 

customization consists of modifying the measurement functions and questionnaires in order to take into 

account the data available and the language and the terminology used by the end users and evaluators, 

among other factors. 

4.4.5.3 Plan training (T3.3). 

The evaluation designer shall define the responsibilities of all the participants in the evaluation process, and 

shall define the training plan for evaluators and end users. The following sub-tasks shall be planned: 

 The date, duration and content of the training of evaluators in the use of the QU-GamSoft model. 

 The date, duration and content of the training of the end users as regards capturing measurements 

(filling questionnaires and other data collection templates). 

4.4.6 Execute the evaluation (A4). 

The purpose of this activity is to create the quality measurements, calculate the value of the measures and 

obtain the results of the evaluation for both the quality sub-characteristics and the quality characteristics. 

Prior to obtaining the measures, the evaluation designer will train evaluators and, if necessary, end users. 

Evaluators and end users will carry out the evaluation. The evaluators will assign the tasks that end users 

will perform using the gamified software during the evaluation period defined in the evaluation design 

activity. The evaluators will carry out the required measurements during or at the end of the evaluation 

period using the methods that were specified in the evaluation design. 
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Stakeholders: Evaluator designer, evaluator, end users. 

Inputs for this activity: 

a) List of selected quality measures (SQM). 

b) List of reference values (RV), i.e., the values used to compare the result of a measurement in order 

to evaluate the level of quality, such as: 

a. Benchmarks (standard against which results can be measured or assessed). 

b. Conformance values (compliance with certain accepted business standards or norms). 

c. Performance results of an expert user. 

c) Assessment weights for quality characteristics and sub-characteristics (AWQC). 

d) Specification of gamified software quality evaluation methods, which shall include: (GSQEM). 

1. Adapted quality measures. 

2. Adapted questionnaires. 

3. Adapted data collection forms. 

4. Specification of data collection methods that will be used for each measure. 

5. List of end user’s tasks to be performed during evaluation. 

6. List of evaluator’s tasks, such as end user performance monitoring and/or end user 

behavior monitoring, application of questionnaires, data collection of measurements and 

end user training. 

e) Specification of detailed gamified software quality evaluation plan, which shall include:  

(DGSQEP). 

1. Evaluation period. 

2. Schedule of quality measurements. 

3. Training for evaluators and end users (if necessary). 

f) Gamified software to be evaluated (GSTBE). 

Outcomes of this activity: 

a) Results of gamified software quality measures. (RGSQM). 

b) Results of gamified software quality evaluation. (RGSQE). 

This activity consists of the following tasks. 



 

The QU-GamSoft model129 

 

 

 

4.4.6.1 Train the evaluator and end users (T4.1). 

The evaluators must be trained in the application of the QU-GamSoft model. Training should include topics 

such as data capture of end user performance and end user behavior monitoring, training of end users, 

application of questionnaires, calculation of measurement functions, obtaining evaluation results, 

interpretation of evaluation results and preparation of evaluation report. End user training should principally 

include the filling out of questionnaires. 

4.4.6.2 Make measurements (T4.2). 

The selected software product quality measures shall be applied to the gamified software and components, 

according to the evaluation plan, thus resulting in values on the measurement scales. During the evaluation 

period, the end users will perform tasks that have been assigned by the evaluators, and at the end of the 

evaluation period they will fill out questionnaires corresponding to the subjective measures. These 

questionnaires could be filled manually or online using any tool with which to fill out surveys. It is also 

possible that in certain cases the evaluators will need to fill out templates to record the end users’ 

performance or behavior during the period of evaluation in order to create measurements that require this 

type of data collection method. 

4.4.6.3 Apply decision criteria for quality measures (T4.3). 

The decision criteria for the gamified software quality measures defined in the Define decision criteria for 

quality measures task (T2.2) shall be applied to the measured values. 

4.4.6.4 Apply decision criteria for evaluation (T4.4). 

The set of decision criteria shall be summarized into sub-characteristics and characteristics, thus producing 

the assessed results as a statement of the extent to which the gamified software meets the quality 

requirements. The evaluation results should: 

a) Establish an appropriate degree of confidence that the gamified software is able to meet the 

evaluation requirements. 
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b) Identify any specific deficiencies with regard to the evaluation requirements and any additional 

evaluations needed to determine the scope of those deficiencies. 

c) Identify any special limitations or conditions placed on the use of the gamified software. 

d) Identify any weaknesses or omissions in the evaluation itself and any additional evaluation that is 

needed. 

e) Identify any options for the use of the gamified software uncovered by the evaluation. 

4.4.7 Conclude the evaluation (A5). 

In this activity, the evaluator and the evaluation requester review the results of the evaluation. The evaluator 

shall prepare the evaluation report, which shall include the evaluation results, the interpretation of results 

and the recommendations on how to improve those areas in which a deficiency has been identified. 

Stakeholders: Evaluation requester, evaluators. 

Inputs for this activity: 

a) Results of gamified software quality measures (RGSQM). 

b) Results of gamified software evaluation (RGSQE). 

Outcomes of this activity: 

a) Gamified software quality evaluation report, which shall include (GSQER): 

1. Evaluation results. 

2. Interpretation of results. 

3. Recommendations to improve identified deficiencies. 

This activity consists of the tasks described below. 

4.4.7.1 Review the evaluation result (T5.1). 

The evaluator and the evaluation requester shall carry out a joint review of the evaluation results in order 

to determine whether the objectives of the evaluation were met and the actions to be taken to correct the 

deficiencies found. 
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4.4.7.2 Create the evaluation report (T5.2). 

The evaluator shall create a report containing the evaluation results (GSQER). This report shall contain the 

results of measurements, a summary of the evaluation results per quality sub-characteristic and quality 

characteristic, the interpretation of results, the deficiencies identified and the recommendations on how to 

correct those deficiencies. 

4.4.7.3 Review quality evaluation and provide feedback to the organization (T5.3). 

The evaluator shall review the results of the evaluation and the validity of the evaluation process, indicators 

and measures applied. Feedback from the review should be used in order to improve the evaluation process 

and evaluation techniques (evaluation modules). 

4.5 Conclusions. 

In this chapter, the construction process of the QU-GamSoft model has been presented. The construction 

process of the QU-GamSoft model followed a top-down approach (Franch & Carvallo, 2003) in which the 

characteristics and sub-characteristics of the ISO 25010 (ISO, 2011b) standard were first reviewed and 

adapted and the quality attributes and their corresponding measures were then defined on the basis of the 

ISO 25022 (ISO, 2014) standard. The construction of the model was based on the ISO/IEC 25010 (ISO, 

2011b) standard and on the results of the SMS on gamified software quality. The design rational 

methodology was used to justify the selection of the quality attributes included in the QU-GamSoft model. 

The main contributions of the QU-GamSoft model are: 

 The addition of 3 quality sub-characteristics of Effectiveness (participation, performance and 

achievement), along with the definition of their corresponding measures. 

 The addition of 2 quality sub-characteristics of Efficiency (Task efficiency, and Game efficiency), 

along with the definition of their corresponding measures. 

 The addition of 2 quality sub-characteristics of Satisfaction (Enjoyment and Socialization), along 

with the definition of their corresponding measures. 

 The definition of additional measures for the quality sub-characteristic Usefulness. 

 The definition of additional measures for the quality sub-characteristic Flexibility. 
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 The elimination of the sub-characteristic Comfort 

 The elimination of the sub-characteristic Pleasure (replaced with Enjoyment). 

 The elimination of the sub-characteristic Environmental risk mitigation. 

Finally, we present a process with which to evaluate the gamified software using the QU-GamSoft model. 

This process is based on the ISO/IEC 25040 (ISO, 2011a) standard and provides a detailed description of 

the activities and tasks used to conduct the quality evaluation of gamified software using the QU-GamSoft 

model. 
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Chapter 5  

Refinement of the          

QU-GamSoft model 

he purpose of this chapter is to present the refinement of the proposed QU-GamSoft model using 

the feedback collected from a survey of experts on gamified software development as regards the 

relevance and understanding of the definition of each attribute of the quality model (O3). 

The chapter is organized as follows. Section 5.1 describes the main activities performed to design and 

execute the survey. Section 5.2 presents the analysis of the survey data obtained through the execution of 

the survey.  The potential threats that can affect the validity of the results of this survey, which are construct 

validity, internal validity, external validity and conclusion validity are presented in section 5.3. Finally, in 

section 5.4 the conclusion of the chapter are presented.  

T 
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5.1 Survey description.   

In research works related to proposals of quality models, surveys are conducted to validate the attributes 

proposed in these quality models (Caro, Calero, Caballero, & Piattini, 2008; Moraga, Moraga, Caro, 

Muñoz, & Calero, 2013). Based on these research works, we decided refine the proposed QU-GamSoft 

model through a survey. This survey was designed to specifically know the opinion of experts in gamified 

software development as regards the understandability and importance of the quality attributes of the 

proposed QU-GamSoft model. In the survey, all quality attributes proposed for the Effectiveness and 

Satisfaction characteristic and some quality attributes proposed for the Efficiency characteristic are 

included. We excluded from the survey (not from the QU-GamSoft model) all the quality attributes of the 

Freedom from risk and Context coverage owing to these characteristics have no relevant attributes as 

regards gamified software. The process of carry out the survey was performed following the guidelines and 

recommendations proposed in (Kitchenham, 2002; Kitchenham & Pfleeger, 2008; Linaker, Sulaman, 

Maiani de Mello, & Höst, 2015; Pfleeger & Kitchenham, 2001) . 

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. 

5.1.1 Setting objectives. 

The objective of the survey is: 

To get the opinion of experts on development and teaching of gamified software as regards the importance 

of the quality attributes and the understandability of their definitions as proposed in the QU-GamSoft 

model. 

5.1.2  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 questionnaires are unsupervised, so that instructions on how to complete them, were 
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incorporated before the survey questions. On-line questionnaires compared to paper-based questionnaires 

allow to obtain a high return rate of respondents (A. Jedlitschka, Ciolkowski, Denger, Freimut, & 

Schlichting, 2007). In addition, 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 

(Punter, Ciolkowski, Freimut, & John, 2003). 

5.1.3  Developing a survey instrument. 

The design of the survey instrument was inspired by surveys used in previous research work related to the 

refinement of quality models (Caro et al., 2008; Moraga et al., 2013). The type and design of the questions, 

the design of the answers to the questions, the questionnaire format and the motivation of these surveys 

were used as a basis for the development of our instrument and tailored to our goals. In addition, the 

guidelines provided in (Genero et al., 2014; Kitchenham & Pfleeger, 2008) were followed as much as 

possible in order to construct the instrument. The questions were 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 QU-GamSoft attributes were 

measured using four point Likert scales in an ordinal scale: 1 – “It is not important”, 2- “It is quite 

important”, 3- “It is very important”. In addition 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 5-1). 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-four questions: seventeen demographics questions, twenty-

five questions related to the quality attributes proposed in the QU-GamSoft model and two open questions. 

These open questions asks the respondents to indicate any other relevant aspect of quality of gamified 

software that was not included in the survey, thus providing us with a feedback of the QU-GamSoft model. 
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Figure 5-1 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 the following sections: 

 Glossary. Contains a list of definitions of terms that are used in the gamified software context (see 

Figure 5-2). The purpose of the glossary is that all respondents use the same terms to refer to the 

same concept when filling in the survey. 

 Background and experience. It is a section of fifteen closed questions and one open question 

related to demographics of respondents such as gender, education level, country in which they 

work, questions regarding various aspects related to gamified software such as training, research, 

development and use and questions related to experience in software quality and gamified software 

quality. This block of questions is used to contextualize the survey responses. Figure 5-3 shows 

an example of this type of questions. 

 Evaluation of the gamified software quality attributes. This section contains twenty-five closed 

questions related to the quality attributes proposed in the QU-GamSoft model and 2 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 5-4. Based on his expertise the 
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respondent determines for each of the twenty-five closed questions the compressibility of the 

definition of the attribute of the QU-GamSoft model and its importance as regards gamified 

software. Additionally, this section of questions is intended to obtain respondents feedback 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 QU-GamSoft quality attributes. 

 Feedback questions. This is a section of two open questions related to any other quality attributes 

that respondents consider relevant and any other observations to the survey that respondents want 

to make. 

 

Figure 5-2 Glossary of terms. 
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Figure 5-3 Background and experience questions. 

 

Figure 5-4 Quality attributes questions. 

5.1.1 Survey instrument evaluation. 

Base on the survey objective, the initial set of questions was elaborated taking into account the quality 

attributes of the proposed QU-GamSoft model. The questionnaire was developed over a period of two 
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months. With the aim to identify any ambiguities or problems with the questionnaire in this period, two 

different revisions were performed before placing the final version of the survey on-line. These revisions 

were performed by two experts in development on gamified applications from Faculty of Engineering of 

Diego Portales University, Chile and from the software development company Enxenio in A Coruña, Spain. 

During these revisions, some questions of the survey were discussed, agreed on and reworded until all of 

them were clear and simple improving the validity of the questionnaire. Once modifications were completed 

the questionnaire was uploaded on-line using Survey Monkey, from March 1 to March 31, 2016.  

5.1.2 Obtaining valid data. 

The target population consisted of researchers, developers and academics interested on gamification, 

games, and related areas. It was considered mainly, authors of papers of papers from different international 

conferences such as Conference on Gameful Design, Research, and Applications (GAMIFICATION), 

Conference on Human Factors in Computing (CHI), Conference on Virtual Worlds and Games for Serious 

Applications (VS-GAMES), Conference on Serious Games, Interaction and Simulation (SGAMES), among 

others.  It was also considered researchers contacted via Researchgate social network and personal contacts 

of the author of this PhD thesis, and of thesis advisors. 

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 authors of 

papers from the conferences GAMIFICATION 2013, CHI 2013, CHI 2015, VS-Games 2014, VS-Games 

2015, SGames 2015 and personal contacts from other universities with whom the author and advisers of 

this PhD thesis have collaborated. A list of 236 contacts was used to distribute the survey. The invitation 

to these contacts included in the message a link to the survey where participants could fill in the 

questionnaire. The invitation was broadcasted by means of the Surveymonkey tool 

(www.surveymonkey.com). 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 

survey was uploaded on-line using Survey Monkey (www.SurveyMonkey.com) and was available from 

March 1 to March 31 of 2016.  One week before the deadline of the survey, a reminder was sent via email 

to those who had not filled out the survey or had left it incomplete, a total of 47 responses were received 

by the closing date. 
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5.2 Analysis of the survey data. 

The survey was online for a month, after which the 47 responses received were filtered and 10 incomplete 

surveys were discarded. At the end, we were left with 37 surveys. Taking into account the information 

provided by these 37 participants, an analysis of the survey data was carried out. The procedure followed 

to analyze the survey data is as follows: 

1. An analysis of the background of the respondents was  performed to contextualize the information. 

2. A descriptive statistical analysis was performed aimed to obtain a general overview of the 

understanding and importance of the proposed quality attributes. 

3. An inter-rater agreement analysis was performed to determine the reliability of the survey 

responses as regard the importance of the proposed quality attributes. 

4. The results of the feedback from the open questions are presented. 

For the statistical calculations and data processing, the SPSS package (www.spss.com) and the MS-Office 

Excel 2010 spreadsheet were used. In order to facilitate the description of the statistical results, first the 

structure of the questions of the survey is presented. Then, an analysis of the background and experience 

of the respondents followed by a descriptive statistical analysis are presented. After that, the reliability 

evaluation of the importance of the proposed quality attributes and an analysis of the feedback from open 

questions are also presented. Finally, the conclusions of the obtained results are presented. 

5.2.1 Structure of the questions in the survey. 

The purpose of this subsection is to present the structure of the questions in the survey. These questions are 

organized as follows: 

 Background and experience consists of seventeen questions related to demographics of 

respondents, of which six are optional. These optional questions are organized into sets of three 

questions that begin in questions DQ5, DQ8, DQ11, DQ15 respectively, the first question of each 

set is mandatory, and the next two questions are optional. If the answer to the first question is Yes 

the following two questions are asked, if the answer is NO the following two questions are skipped. 

Table 5-1 shows the issue addressed by each of these questions and the question number. 
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 Evaluation of the gamified software quality attributes are twenty-five close questions related to 

the understanding and the importance of the quality attributes proposed in the QU-GamSoft model. 

Figure 5-4 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. The quality attribute questions are 

shown in Table 5-2. 

 Open questions consist of two feedback questions on which the opinion of the respondents is asked 

about any software quality attribute gamified not taken into account in the survey and any 

comments or observations about the survey.  The open questions are shown in Table 5-3. 

Question number Item 

 DQ1 Sex. 

 DQ2 Highest level of education achieved. 

 DQ3 Country where work. 

 DQ4 Period of training on gamification. 

 DQ5 Involvement in development of gamified software (Y/N). 

 DQ6 Application area in which gamified software has been developed. 

 DQ7 Time developing gamified software. 

 DQ8 Involvement in research on gamified software.(Y/N) 

 DQ9 Time devoted to research on gamified software. 

 DQ10 Application area of gamified software in which research has been 

carried out. 

 DQ11 User of gamified software (Y/N). 

 DQ12 Period of use of gamified software. 

 DQ13 Application area of gamified software that has been used. 

 DQ14 Any other role played as regards gamified software (besides 

developer, researcher or user). 

 DQ15 Any Work in software quality (Y/N) 

 DQ16 Working period in software quality. 

 DQ17 Working period in gamified software quality. 

Table 5-1 Demographics items addressed in the questions of the survey. 
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Quality 

characteristic 

Quality  

sub-characteristic 

Survey 

Question 

Quality attribute addressed 

Effectiveness Participation Q1 User activity 

Q2 Activity intensity 

Performance Q3 Errors in a task 

Q4 Tasks with errors 

Q5 Tasks error intensity 

Q6 Tasks completed 

Q7 Perceived effectiveness 

Game achievement Q8 Achievements completed 

Q9 Achievements per page view 

Efficiency Task efficiency Q10 Task time 

Q11 Cost-effectiveness 

Q12 Unnecessary actions 

Q13 Task average 

Game efficiency Q14 Achievement time 

Q15 Achievement efficiency 

Satisfaction Usefulness Q16 Satisfaction with features 

Q17 Feature utilization 

Q18 Users complaining 

Q19 Users complains about a particular 

feature 

Q20 Perceived usefulness 

Q21 Perceived meaningfulness 

Trust Q22 User trust 

Enjoyment Q23 Enjoyment 

Q24 Preference of usage 

Q25 Perceived engagement 

Table 5-2 Quality attributes of the QU-GamSoft model with the corresponding number of question in the 

survey. 
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Question number Open question description 

Q26 If you think, there are any other quality attributes that you consider relevant 

as regards the quality of gamified software, but which have not been taken 

into account in this survey, please list them below. 

Q27 Do you wish to make any other observations about the survey? 

Table 5-3 Survey open questions. 

5.2.2 Analysis of the background and experience of the respondents. 

In this subsection, the information collected in the survey is contextualized by means of a statistical analysis 

of the demographic information of respondents. The demographics issues addressed in the questions of the 

survey are show in Figure 5-3. Regarding DQ1, as shown in Figure 5-5, 28 respondents were men (75.68 

%) and 9 were women (24.32%), which it is not surprising since there are fewer women in tech than there 

are men (Kozlowski, 2012).  

 

Figure 5-5 Survey respondents per sex (DQ1). 

With respect to DQ2, as shown in most respondents have high educational level, specifically 17 (45.95%) 

have a PhD degree, and 15 (40.54%) have a master’s degree. As regards the remaining respondents, four 

have a bachelor’s degree (18.81%) and just one has a high school degree (2.70%). The dominants 

educational levels were PhD´s and Master´s degrees due to the survey was targeted mainly at researchers 

in universities because that is where most research is done on gamified software.  
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Figure 5-6 Survey respondents per education level (DQ2). 

Respondents were from 14 different countries (DQ3), mainly from Spain (10, 27.02%), Mexico (7, 

18.42%), Portugal (4, 10.53%) and the UK (3, 7.89%). With two respondents each (5.26%) are Canada, 

Italy and Korea. The rest of the countries where one responder works are Australia, Ecuador, Germany, 

Iraq, Sweden, Switzerland and the United States, these countries are shown in Figure 5-7 aggregated in the 

category "Other".  

 

Figure 5-7 Countries in which survey respondents work. 
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As regards the training in gamification (DQ4), 27 (72.97%) respondents have received some kind of 

training (see Figure 5-8), 14 (37.84%) respondents have received one year or more of training, 5 (13.51%) 

have received between 6 months and one year, 5 (13.51%) have received between one to six months and 3 

(8.11%) have received less than one month. 

 

Figure 5-8 Training on gamification of survey respondents (DQ4). 

As regards the experience in the development of gamified software (DQ5), 28 (75.68%) respondents 

reported having some experience. As regards the application area of the gamified software developed 

(DQ6), Figure 5-9 shows the different application areas in which respondents have reported that they have 

developed gamified software. The sum of the results is greater than the total of respondents because each 

respondent could select more than one area of application in which they have developed gamified software. 

Among the main application areas in which respondents have developed gamified software, stand out, 

Education (20, 71.43%), Software Engineering (7, 25%) and Healthcare (5, 17.86%). 
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Figure 5-9 Application area of gamified software developed by responders. 

As regards the time that respondents have been involved in the development of gamified software (DQ7), 

most respondents have been involved between 1 and 3 years (13, 35.14%), eight respondents (21.62%) 

been involved less than 1 year, four respondents (10,81%) have been involved from 3 to 5 years and finally 

three respondents (8.11%) have been involved over 5 years (see Figure 5-10). 

 

Figure 5-10 Time that respondents have been involved in the development of gamified software. 

As regards the research on gamified software (DQ8), 29 (78.38%) respondents reported having carried out 

some research on gamified software. As regards the time that respondents have been involved in the 
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development of gamified software (DQ9), eleven respondents (29.73%) have been involved less than a  

year, also eleven respondents have been involved between 1 and 3 years, three respondents (8.11%) have 

been involved between 3 and 5 years and finally four respondents (10.81%) have been involved over 5 

years (see Figure 5-11). 

 

Figure 5-11 Time that respondents have been involved in research on gamified software. 

As regards the application area of the gamified software in which research have been carried out (DQ10), 

Figure 5-12 shows the different application areas of gamified software in which respondents have reported 

that they have carried out the research. The sum of the results is greater than the total of respondents because 

each respondent could select more than one application area in which they have carried out the research on 

gamified software. Among the main application areas of gamified software in which respondents have 

carried out research, stand out, Education (21, 72.41%), Software Engineering (9, 31.03%), Healthcare (7, 

24.14%) and Social Networks (4, 13.79 %). 
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Figure 5-12 Application area of gamified software in which research have been carried out. 

As regards the use of gamified software (DQ11), 26 (70.27%) respondents reported using some gamified 

software. As regards the time that respondents reported using gamified software (DQ12), nine respondents 

(24.32%) have used less than a year, eight respondents (21.62%)  have used between 1 and 3 years, two 

respondents (5.41%) have used between 3 and 5 years and finally seven respondents (18.92%) have used 

over 5 years (see Figure 5-13). 

 

Figure 5-13 Time that respondents reported using gamified software. 
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As regards the application area of the gamified software used (DQ10), Figure 5-14 shows the different 

application areas of gamified software that respondents reported using. The sum of the results is greater 

than the total of respondents because each respondent could select more than one application area of 

gamified software used. Among the main application areas of gamified software used, stand out, Education 

(21, 80.77%), Social Networks (10, 38.46%), Healthcare (6, 23.08%) and Software Engineering (5, 

19.23%),. 

 

Figure 5-14 Application area of gamified software used by respondents. 

As regards the open question, “Any other role played as regards gamified software (besides developer, 

researcher or user)?” (DQ14), only six respondents (16.21%) answered the question, however only two 

responses were significant, stating that, they had played the role of “Designer” of gamified software. The 

remaining responses were useless; two responses were "NO" another response was "Researcher" and 

another response was "Used it in my classes". 

As regards the work in software quality (DQ15), only 12 respondents (32.43%) reported having worked on 

software quality. As regards the time that respondents reported having worked on software quality (DQ16), 

most of them (6, 16.22%) reported having worked on software quality more than 5 years.  The remaining 

respondents informed having worked on software quality between 1 to 3 years (5, 13.51%) and less than 1 

year (1, 2.70%)  (See Figure 5-15 ). 
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Figure 5-15 Time that respondents reported having worked on software quality. 

As regards the time that respondents reported having worked on gamified software quality (DQ17), only 

five respondents (13.51%) reported having worked on gamified software quality,  two (6.25%) reported 

having worked on gamified software quality between 1 to 3 years, two respondents(6.25%) reported having 

worked on gamified software quality more than 5 years and one less than 1 year (3.13%)  (See Figure 5-16). 

 

Figure 5-16 Time that respondents reported having worked on gamified software quality. 
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5.2.3 Descriptive statistical analysis: understanding of the definitions 

and importance of the quality attributes. 

This descriptive statistics analysis is aimed to describe the answers of the respondents of the survey as 

regards the understandability of the definitions and the importance of the quality attributes of the QU-

GamSoft 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 is presented. 

5.2.3.1 Understanding of the definitions of the quality attributes. 

This descriptive statistical analysis was performed taking into account the three dimensions of attributes:  

Effectiveness (see Table 5-2 from Q1 to Q9), Efficiency (see Table 5-2 from Q10 to Q15) and Satisfaction 

dimensions of attributes (see Table 5-2 from Q16 to Q25). The analysis considered the answers about the 

understandability of the definitions of these attributes. These answers are dichotomous variables that 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 

three dimensions are shown in Figure 5-17, Figure 5-18 and Figure 5-19 respectively. 

 

Figure 5-17 Descriptive statistics of the understanding of the definitions of the Effectiveness attributes 

(Q1-Q9). 
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Figure 5-18 Descriptive statistics of the understanding of the definitions of the Efficiency attributes 

(Q10-Q15). 

 

Figure 5-19 Descriptive statistics of the understanding of the definitions of the Satisfaction attributes 

(Q16-Q25). 

Results of the understanding of the definitions of the three dimensions Effectiveness (see Figure 5-17), 

Efficiency (see Figure 5-18) and Satisfaction (see Figure 5-19), show a very favorable percentage of 

agreement of the participants with respect to P(YES). The attributes referred in Q5 and Q9 (Figure 5-17), 

were those with the lowest percentage of agreement of the respondents with respect to P(YES), which were 

70% and 86% respectively. However, despite these two low values, overall the percentage of agreement is 
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high, which means that the quality attributes of the QU-GamSoft model are understandable for the most of 

the respondents of the survey. 

5.2.3.2 Importance of the quality attributes. 

This analysis is performed using descriptive statistical and is based on the Effectiveness dimension (see 

Table 5-2 from Q1 to Q9), the Efficiency dimension (see Table 5-2 Q10 to Q15) and on the Satisfaction 

dimension of attributes (see Table 5-2 from Q16 to Q25).  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: 4 - "I do not know”, 3-“It is not important”, 2- “It is quite important” 

and 1- “It is very important”. Descriptive statistical analysis results for the dimension Effectiveness are 

shown in Figure 5-20. Regarding Effectiveness attributes, results show that most respondents consider these 

attributes as “quite important” or “very important”. As regards Q1, Q2, Q3, Q6, Q7and Q8, 50% of the 

respondents think these attributes are "It is very important" and approximately the other 50% of respondents 

think that the attributes are “quite important”. The answers of the attribute Q4 show that 50% of respondents 

evaluated this attribute as "It is quite important" and approximately another 25% responded, "It is not 

important”. The answers of the attribute Q9 show that 50% of respondents think that the attribute “It is 

quite important” and approximately another 25% responded, "It is not important”. The attribute Q5 is in 

which the answers show greater dispersion, this is because most respondents did not understand the 

definition of the attribute (See Figure 5-17). 
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Figure 5-20 Descriptive statistics of the importance of the Effectiveness quality attributes (Q1-Q9). 

Regarding Efficiency attributes, results show that most respondents consider these attributes as “quite 

important”, as shown in Figure 5-21. As regards Q10, Q13 and Q14, 50% of the respondents think these 

attributes are "quite important" and approximately a 25% of respondents think that the attributes are “very 

important”. The answers of the attributes Q11, Q12 and Q15 show that 50% of respondents evaluated this 

attributes as "quite important" and approximately 25% responded, "I don’t know”.  
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Figure 5-21 Descriptive statistics of the importance of the Efficiency quality attributes (Q10-Q15). 

Regarding Satisfaction attributes, results show that most respondents consider these attributes as “quite 

important” or “very important, as shown in Figure 5-22. As regards Q20, Q21, Q23 and Q25, 50% of the 

respondents think these attributes are "quite important" and approximately a 25% of respondents think that 

the attributes are “very important”. The answers of the attributes Q16, Q18, Q19, Q22, and Q24 show that 

50% of respondents to these questions evaluated this attributes as "quite important" and approximately 25% 

responded, "very important”. As regards question Q17 approximately 50% of respondents think the 

attribute is “quite important”, 25 % think is “very important “, but 25% think is “not important”. 
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Figure 5-22 Descriptive statistics of the importance of the Satisfaction quality attributes (Q16-Q25). 

5.2.4 Reliability evaluation of the importance of the quality attributes 

of the QU-GamSoft. 

The purpose of the reliability evaluation of the importance of the quality attributes proposed in the QU-

GamSoft model is to determine the agreement between respondents regarding the importance of these 

attributes. A lot of dispersion between evaluations of respondents means unreliability (low inter-rater 

agreement) or little agreement. High inter-rater agreement is desirable to give credibility to the evaluation 

results (see Table 5-4). To evaluate the reliability of the importance of the quality attributes proposed, the 

statistical method of inter-rater agreement is used. 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”  (Kitchenham, Pfleeger, & Fenton, 1995).  

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 
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Fleiss Kappa statistic Strength of agreement 

<0.40 Poor 

0.41-0.75 Intermediate to Good 

>0.75 Excellent 

Table 5-4 Interpretation of the Kappa coefficients  (Emam, 1999). 

The statistical analysis is performed taking into account three dimensions of attributes: 1) Effectiveness 

(from Q1 to Q9 of Table 5-2), 2), Efficiency (from Q10 to Q15 of Table 5-2) and 3) Satisfaction attributes 

(from Q16 to Q25 of Table 5-2). As a first step in the inter-rater 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 hypotheses formulated are described 

in Table 5-5. The decision as to whether or not to accept Ha is determined based on 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 inter-rater agreement (raters are survey participants) with regard to 

the evaluation of the importance of the quality attributes. The strength of agreement of it is estimated based 

on the values of the coefficients obtained (Emam, 1999). The results of the reliability of these attributes are 

shown in Table 5-6. 

Dimension Null hypotheses Alternate 

hypotheses 

Effectiveness  H1,0: The evaluation of the importance of the Effectiveness attributes 

are unreliable according to the opinion of experts on gamified software  

development. 

H1,1: ¬ H1,0 

Efficiency H2,0: The evaluation of the importance of the Efficiency attributes are 

unreliable according to the opinion of experts on gamified software 

development. 

H2,1: ¬ H2,0 

Satisfaction H3,0: The evaluation of the importance of the Satisfaction attributes 

are unreliable according to the opinion of experts on gamified software  

development. 

H3,1: ¬ H3,0 

Table 5-5 Null and alternate hypotheses for inter-rater agreement analysis for the reliability evaluation of 

the importance of the Effectiveness, Efficiency and Satisfaction attributes. 
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Dimension p-value Kendall Strength of 

agreement 

Effectiveness 0.001 0.217 Fair 

Efficiency 0.049 0.237 Fair 

Satisfaction 0.000 0.323 Fair 

Table 5-6 Results of reliability evaluation of the importance of the Effectiveness, Efficiency and 

Satisfaction attributes: test Kendall. 

As an example, in the Effectiveness dimension (Table 5-6) the p-value is equal to 0.001, 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 5-5 ) and accept the alternative hypothesis H1,1: ¬ H1,0. Accepting that respondents of the survey 

agree on the opinion of the importance of the Effectiveness attributes. The strength of agreement of the 

importance (0,217) is “Fair" (Table 5-4).  This means that there is a fair reliability on the importance of the 

definitions of the Effectiveness attributes. The results of the reliability evaluation of the importance of the 

definitions of the quality attributes show that the strength of agreement in the three dimensions (Table 5-6) 

of the attributes is the same, which is “Fair”. The reason why the results show this strength of agreement 

could be due among other things to a misunderstanding of the definitions of the attributes, or even to the 

different background of the respondents. Owing to there is an inter-rater agreement in the responses for 

three dimensions of attributes the three null hypotheses formulated in Table 5-5 are rejected and the 

alternate ones are accepted indicating that the results of the survey as regards the importance of the 

Effectiveness, Efficiency and Satisfaction attributes are reliable according to the opinion of the respondents. 

5.2.5 Analysis of the open feedback questions. 

In this subsection, the most relevant aspects of the answers of the two feedback open questions of the survey 

(Table 5-3), are presented.  

With regard to Q26, “If you think, there are any other quality attributes that you consider relevant as regards 

the quality of gamified software, but which have not been taken into account in this survey, please list them 

below.”, nine responders provide feedback, which focused on the following aspects.  

 Long-term engagement and satisfaction of gamified software should be considered as one of the 

aspects to be evaluated. 
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 Inclusion.  Disability and accessibility should be considered among the aspects to be evaluated in 

gamified software. 

 The influence of each game element used should be determined in order to know what game 

elements work best. 

 Usability, interface aesthetics and difficulty should be taken into account when game elements 

such as challenges are used. 

With regard to Q27, “Do you wish to make any other observations about the survey?”, nine responders 

provide feedback, which focused on the following aspects. 

 The main issue about the survey was regarding the scale used to assess the importance of the 

quality attribute, three respondents considered the scale could be improved. On respondent, 

commented I'd put another category between "not important" and "quite important", another 

commented, The three points Likert scale limits the opportunity to graduate the importance, and 

a third respondent commented, In the options of how important the attribute was, there should be 

a neutral answer like "It is important". 

 One respondent commented that there were some confusing questions but he did not elaborate, 

and also commented that it could be better if the sentences were made with subject, verb, and 

object structure. 

 Another respondent commented that survey should be checked for assumptions, sex question can 

be problematic for people who are transgendered - need either other or prefer not to answer 

5.2.6 Conclusions of the obtained results. 

The analysis of survey data using descriptive statistics and inter-rater agreement (respondents) lead us to 

determine that the final set of quality attributes is the same as the initial set of 25 quality attributes proposed 

in the QU-GamSoft model. This number of quality attributes allow us to ensure that all quality in use aspects 

which are relevant to gamified software are taken into account. 
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5.3 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) . 

5.3.1 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 in 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, two experts on gamified software 

development reviewed the questionnaire before upload the survey on-line.  

 A 3-point Likert scale that 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). 

5.3.2 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, 
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we believe that the issues analyzed are not affected by this threat because the work areas where 

respondents were focused were diverse. 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-formulated questions). To mitigate this threat, 

an English native speaker reviewed the wording of the questions. Furthermore, as mentioned 

earlier the wording of the questions was performed according to the guidelines proposed in 

(Kitchenham & Pfleeger, 2008) and the questionnaire was reviewed by two experts on gamified 

software development 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 gamified software quality. Participation in the survey 

was on a voluntary basis, therefore, it is 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 10 of the 47 people who started the survey did not completed it. To try to mitigate this 

threat, participants were advised about the estimated duration on filled in the survey. 

5.3.3 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 gamified software in general. However, 

it is common to find these threats in software engineering surveys. 

5.3.4 Threats to conclusion validity. 

Conclusion validity concerns those aspects that might affect the ability to draw a correct conclusion about 

the understanding of the definitions and the importance of the quality attributes of the Qu-GamSoft model. 

Inter-rater 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 
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number of observations might also have affected the conclusion validity. Further replications on larger 

datasets are therefore required to confirm or contradict the results. 

5.4 Conclusions. 

With the objective to refine the proposed QU-GamSoft model, a survey about the opinion of experts on 

gamified software development as regards the understanding and importance for them of each of the quality 

attributes proposed was conducted. In this chapter the main activities performed to design and execute the 

survey and the analysis of the survey data obtained, through the execution of the survey were presented. As 

regards the evaluation of the understanding of the attributes, a descriptive statistical analysis was performed. 

Results of this analysis show that the definitions of three dimensions Effectiveness (see Figure 5-17), 

Efficiency (see Figure 5-18) and Satisfaction attributes (see Figure 5-19), of the QU-GamSoft model are 

understandable for most of the respondents of the survey. Regarding the evaluation of the importance of 

the attributes, a descriptive and an inter-rater agreement statistical analysis were performed. The results of 

the descriptive statistical analysis show that most the quality attributes of the QU-GamSoft model are to 

some extent important for the participants with the exception of one of them (Q5). Results of the inter-rater 

agreement statistical analysis reveals that the importance of the attributes of the Effectiveness, Efficiency 

and Satisfaction attributes are reliable according to the opinion of experts on gamified software 

development. Although the importance of the attributes resulted as reliable, the strength of agreement of 

them is fair (see Table 5-6). Owing to these validations, the final set of quality attributes is same as the 

initial set of the 25 quality attributes proposed in the QU-GamSoft model. For all the aforementioned, we 

can conclude that to some extent we have achieved the main objective of this chapter, which was to refine 

the proposed QU-GamSoft model by collecting the opinion of experts in gamified software 

development as regards the understanding of the definition and relevance of each attribute of the 

quality model. Is important to mention that we believe that the attributes of the QU-GamSoft model allow 

us to ensure that all quality aspects that are relevant to gamified software users are taken into account. 
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Chapter 6  

Feasibility evaluation of 

the QU-GamSoft model 

he purpose of this chapter is to present an evaluation of the feasibility of applying both the QU-

GamSoft model and its evaluation process to different gamified software (O4). This is achieved 

by presenting the evaluation of the quality in use of two pieces of gamified software Stackoverflow Q&A 

website (Stackoverflow, 2008) and Duolingo (Duolingo, 2011), using the QU-GamSoft model and 

following its application process. 

The chapter is organized as follows. Section 6.1 describes the evaluation process of the quality in use of 

the Stackoverflow Q&A website, while Section 6.2 describes the evaluation process of the quality in use 

of the Duolingo language learning platform. The chapter ends with some conclusions, which are outlined 

in Section 6.3. 

 

T 
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6.1 The Stackoverflow gamified site. 

The first example of the application of the QU-GamSoft model was conducted in order to evaluate the 

quality in use of the Stackoverflow Q&A website. Stackoverflow is a language-independent collaboratively 

edited question and answer site for programmers. It has a gamified interface, whose aim is to provide some 

form of recognition for people who help others with software development problems (see Figure 6-1).  

 

Figure 6-1 Main page of Stackoverflow. 

Users earn a reputation by scoring points for asking and answering questions that are voted on, by doing 

bookkeeping tasks and a variety of other things (see Figure 6-2).  
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Figure 6-2 Stackoverflow Question screen. 

In addition to gaining a reputation with the questions and answers, users receive badges for being especially 

helpful and after fulfilling certain requirements. Badges appear on the user’s profile page, on the flair, and 

on user’s posts (see Figure 6-3). 

 

Figure 6-3 Stackoverflow user’s profile page. 
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6.1.1 Evaluation process of Stackoverflow. 

Considering that this is an example of the application of the QU-GamSoft model, the only stakeholder in 

this evaluation process was the author of this PhD thesis, who carried out all the activities and performed 

all the different roles (evaluation designer, evaluator and end user) in each activity. The activities in the 

evaluation process of the quality in use of Stackoverflow are described below. 

6.1.1.1 Evaluation requirements establishing (A1). 

Stakeholders: Evaluation designer, evaluation requester. 

Inputs for this activity: GSQEN, GSQRS, GSTBE, QUGSM. 

Outcomes of this activity: EP, QCTBE, ISE, RACOE. 

As a first activity in this evaluation process, and with the aim of delimiting the scope of the evaluation, the 

evaluation requirements were established. It was therefore first necessary to specify the purpose of the 

quality evaluation (T1.1) and then determine the quality requirements (T1.2) and identify the parts of the 

gamified software that would be evaluated (T1.3).The results of carrying out each of these tasks are 

described below. 

 Purpose of evaluation (T1.1). 

The purpose of the evaluation of Stackoverflow was to determine the effectiveness of gamification as 

regards motivating and engaging users to help others users with software development problems. The 

evaluation designer determined the purpose of the evaluation on the basis of the evaluation needs specified 

by the evaluation requester. 

 Quality requirements (T1.2). 

The evaluation process presented herein assessed the quality in use of Stackoverflow using the QU-

GamSoft model. The QU-GamSoft model includes five quality characteristics; Effectiveness, Efficiency, 

Satisfaction, Freedom from risk and Context coverage. In this application example, however, only three 

quality characteristics were be evaluated; Effectiveness, Efficiency and Satisfaction since, according to the 

literature reviewed, it is on these characteristics that the effect of gamification has an impact. Moreover, 
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these three characteristics are those on which the contributions of this PhD thesis to the quality in use 

standard model are focused. 

After reviewing the Stackoverflow website, the evaluation designer used his experience and the evaluation 

needs specified by the evaluation requester as a basis to determine that the quality characteristics and sub-

characteristics that are relevant to assess the quality in use of Stackoverflow are those shown in Table 6-1. 

Quality characteristic Quality sub-characteristic 

Effectiveness Participation 

 Performance 

 Game achievement 

Efficiency Task efficiency 

 Game efficiency 

Satisfaction Usefulness 

 Enjoyment 

 Socialization 

Table 6-1 Quality characteristics and sub-characteristics to be evaluated in Stackoverflow. 

The evaluation designer determined that the resources required to conduct the evaluation were a laptop 

computer with access to the Internet and the Microsoft Office software application. The evaluation designer 

also determined that data collection would be carried out manually and that the calculation of 

measurements, the presentation of results and charting would be done using a Microsoft Excel spreadsheet. 

 Product parts to be included in the evaluation (T1.3). 

Since Stackoverflow is a fully developed website, a final product will therefore be evaluated. Stackoverflow 

has six modules; Questions, Jobs, Tags, Users, Badges, and Ask Question. However, the evaluation 

designer determined that the modules that would be evaluated were Questions, Badges and Users, since 

these modules are gamified. The modules that would not be evaluated (Jobs, Badges and Tags) are not 

gamified and only provide information about jobs, about how the questions are categorized and about 

guidelines as regards asking questions, respectively. 
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6.1.1.2 Evaluation specification (A2). 

Stakeholders: Evaluation designer. 

Inputs for this activity: EP, QCTBE, ISE, RACOE, GSTBE, QUGSM. 

Outcomes of this activity: SQM, RV, AWQC, RHLEP. 

The aim of this activity was to define the measures for the quality characteristics and sub-characteristics 

that were selected during the definition of the quality requirements. The decision criteria for the quality 

measures and the decision criteria for the evaluation were also defined in this activity. The results of 

carrying out each of these tasks are described below. 

 Quality measures selection (T2.1). 

In order to determine the quality measures to be applied in this evaluation process, the evaluation designer 

carried out a review of Stackoverflow to determine which quality attributes defined in the QU-GamSoft 

model were available in it. The evaluation designer used the quality attributes that were available to produce 

a list of their corresponding quality measures. Because it was not possible to access Stackoverflow usage 

data, the evaluation designer determined that manual measurements would be obtained using data that were 

available in the interface, while subjective measures were obtained by means of questionnaires. Table 6-2 

shows the list of the quality measures selected by the evaluation designer and that were applied to 

Stackoverflow. 

Quality sub-characteristic Quality measure 

Participation User activity 

 Activity intensity 

Performance Task completed 

 Task quality 

 Perceived effectiveness 

Game achievement Achievements completed 

Game efficiency Achievement time 

 Achievement efficiency 

Usefulness Satisfaction with features 
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 Feature utilization 

 Perceived usefulness 

 Perceived meaningfulness 

Enjoyment User fun 

 Preference of usage 

 Perceived engagement 

Socialization Comments posted 

 Social sharing 

Table 6-2 Quality measures selected for Stackoverflow. 

 Decision criteria definition for quality measures (T2.2). 

The reference values are used to determine whether the result of a measurement is acceptable or to 

normalize the result of a measure, thus making its interpretation easier. The QU-GamSoft model specifies 

whether a quality measure requires a reference value and specifies the type of reference value required, but 

the value taken is not specified, as this depends on the particular characteristics of each context in which 

the gamified software is used. Eight of the selected quality measures require the specification of some kind 

of reference value. The evaluation designer determined the reference values on the basis of the 

Stackoverflow policies or practices. Table 6-3 shows the list of the reference values specified for the five 

quality measures that require them. 

Quality measure Type of reference value Value 

User activity Benchmark 5 logins/day 

Activity intensity Benchmark 2 hours 

Task quality Conformance 5 votes per question/answer 

Achievements completed Conformance 3 badges/day 

Achievement time Conformance 6 hours 

Table 6-3 Reference values of quality measures that require them. 



 

170  The Stackoverflow gamified site. 

 

  

 

 

 Decision criteria definition for evaluation (T2.3). 

The evaluation designer determined that all the quality characteristics and sub-characteristics had the same 

weight to summarize the evaluation result. 

 Stackoverflow high level quality evaluation planning (T2.4). 

The evaluation designer determined that Stackoverflow quality evaluation would be performed in the 

Alarcos research group laboratory at the University of Castilla-La Mancha, in accordance with the 

preliminary plan shown in Table 6-4. 

Activity Start date Duration 

Develop detailed evaluation plan 18/April/2016 1 day 

Adapt quality measures 19/April/2016 2 days 

Use of Stackoverflow (evaluation period) 21/April/2016 2 days 

Make measurements 25/April/2016 1 day 

Review evaluation results 26/April/2016 1 day 

Create de evaluation report 27/April/2016 2 days 

Table 6-4 High level quality evaluation plan for Stackoverflow. 

6.1.1.3 Evaluation design (A3). 

Stakeholders: Evaluation designer. 

Inputs for this activity: SQM, RV, AWQC, RHLEP, QUGSM. 

Outcomes of this activity: SMGS, GSQEM, DGSQEP. 

The aim of this activity was to provide a detailed specification of the evaluation plan and the methods used 

to carry it out, taking into account the product quality requirements, the quality measures selected and the 

decision criteria for quality measures. The other main task in this activity was the customization of the QU-

GamSoft model through the adaptation of the quality measures selected, along with the customization of 

the corresponding questionnaires concerning the subjective quality measures. The results of carrying out 

each of these tasks are described below. 
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 Evaluation activities planning (T3.1). 

The evaluation designer planned the activities that would be carried out for the evaluation of Stackoverflow, 

which consisted of activities prior to the evaluation such as the adaptation of the measurement functions, 

the definition of the tasks that the end user would perform during the evaluation period and the 

customization of questionnaires. Evaluation activities such as the use of Stackoverflow, the quality 

measurements, the application of questionnaires to end users, the calculation of measurement functions, the 

reviewing the results of the evaluation and the creation of the evaluation report also had to be planned.  

The evaluation designer determined that the whole evaluation process would be carried out in 8 days. The 

activities prior to the quality evaluation would be carried out in 3 days, the period of use during which the 

end user would carry out the tasks assigned to him/her by the evaluator would last 2 days, and the remaining 

activities would last 3 days. The specification of the detailed evaluation plan for Stackoverflow is shown 

in Table 6-5. 

Activity Start date Responsible Duration 

Adapt measurement functions. 18/April/2016 JAV 1 day 

Define user´s tasks. 19/April/2016 JAV 1 day 

Customize questionnaires. 20/Abril/2016 JAV 1 day 

Use of Stackoverflow performing user tasks. 21/April/2016 JAV 2 days 

Apply questionnaires. 25/April/2016 JAV 2 hours 

Make measurements of performance. 25/April/2016 JAV 4 hours 

Calculate measurement results. 25/April/2016 JAV 2 hours 

Review evaluation results. 26/April/2016 JAV 1 day 

Crate evaluation report. 27/April/2016 JAV 2 days 

Table 6-5 Detailed quality evaluation plan for Stackoverflow. 

 Quality measures adaptation (T3.2). 

Each of the quality measures selected would be reviewed by the evaluation designer to determine whether 

the quality attribute that it measures is found in Stackoverflow as specified in the definition of the quality 

measure, or whether there is a similar attribute, or whether the attribute is named differently in 

Stackoverflow. The adaptation consisted of adopting the quality attributes as found in Stackoverflow so 
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that the quality measure would be made more specific to the context of Stackoverflow and thus facilitate 

the evaluator in the task of measuring the quality. The adaptation of the quality attributes to the context of 

Stackoverflow was carried out by the evaluation designer is shown in Table 6-6. 

Quality measure Attribute as defined by QU-

GamSoft. 

Attribute to be measured in 

Stackoverflow 

User activity Frequency of user interactions 

with the gamified software during 

a specified period. 

Frequency of end user logging in to 

Stackoverflow during the evaluation 

period. 

Activity intensity The time spent by the user using 

the gamified software during a 

specified period. 

Length of Stackoverflow end user 

session. 

Task completed Tasks performed by a user that 

were completed correctly without 

assistance. 

Questions asked or questions 

answered by end user voted 

positively. 

Task quality Quality or grade of a task 

performed by user. 

Voting for answer or voting for 

question. 

Perceived effectiveness User's perception of the 

effectiveness of gamified software 

as regards achieving specific 

goals. 

User's perception of the 

effectiveness of Stackoverflow. 

Achievements completed Game achievements obtained by a 

user while performing a task. 

A particular badge earned by end 

user. 

Achievement time Time taken by a user to 

successfully complete a game 

challenge or to obtain a game 

achievement. 

Time taken by end user to earn a 

particular badge. 

Achievement efficiency Game achievements obtained by a 

user in a specified period. 

A particular badged earned. 

Time taken to earn the same 

particular badge. 

Satisfaction with features The user's or other stakeholders' 

satisfaction with specific system 

features. 

The end user's satisfaction with 

specific Stackoverflow features. 

Perceived usefulness User's perception of the usefulness 

of gamified software. 

User's perception of the usefulness 

of Stackoverflow. 

Perceived meaningfulness User's perception that the gamified 

software is meaningful as regards 

achieving specific goals. 

User's perception that 

Stackoverflow is meaningful as 

regards improving programming 

skills. 

User fun User's enjoyment or fun when 

completing game challenges or 

obtaining game achievements 

while performing tasks. 

User's perceived fun when earning 

reputation when helping other users 

to improve programming skills. 

Preference of usage Users' preference to use the 

gamified software instead of non-

gamified software. 

Users' preference to use the 

gamified Stackoverflow instead of a 

non-gamified version. 
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Perceived engagement User's attraction towards or 

motivation to continue using the 

gamified software. 

User's attraction towards or 

motivation to continue using 

Stackoverflow. 

Comments posted Comments posted by users of 

gamified software. 

Questions or answers posted and 

commented on by end user. 

Social sharing User’s actions shared in social 

networks. 

Questions or answers posted and 

shared in Google+, Facebook, or 

Twitter by end user. 

Table 6-6 Quality attributes adapted to the context of Stackoverflow. 

The quality measures were adapted to Stackoverflow by the evaluation designer, taking into account the 

reference values, the period of use, the terminology used and the quality attributes adapted to the context 

of Stackoverflow. The adapted quality measures are shown from Table 6-7 to Table 6-14 and are 

categorized by quality sub-characteristic. 

Name Description Function Interpretation 

User 

activity 

Proportion of users who 

have more interactions 

with the gamified software 

in a specified period. 

X = A/B 

 

A = Users with more than 5 logins a day 

in Stackoverflow. 

 

B = Total end users that have logged in to 

Stackoverflow. 

 

Evaluation period: from April 21 to April 

22. 

X Є [0,1] 

 

 

Activity 

intensity 

Proportion of users who 

spend more time 

interacting with the 

gamified software in a 

specified period. 

X = A/B 

 

A = End user session lasting 2 or more 

hours. 

 

B = Total end users that have logged in to 

Stackoverflow. 

 

Evaluation period: from April 21 to April 

22. 

X Є [0,1] 

 

 

Table 6-7 Participation measures adapted for Stackoverflow. 

Name Description Function Interpretation 

Tasks 

completed 

Proportion of tasks 

completed correctly 

without assistance. 

X = A/B 

 

A= Number of questions/answers voted 

for that were positively posted. 

 

X Є [0,1] 
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B= Total number of questions/answers 

posted. 

 

Evaluation period: from April 21 to April 

22. 

Task quality Quality or grade of task 

performed. 

X = A / B,  if B < A,  X=1  

 

A = Positive votes for a question or 

answer posted. 

B = 5 votes per question/answer. 

 

Evaluation period: from April 21 to April 

22. 

X Є [0,1] 

 

 

Perceived 

effectiveness 

The user perceived 

effectiveness of the 

gamified software with 

regard to achieving his/her 

specific goals. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

questionnaire Perceived effectiveness 

(see Table 6-15). 

 

All questions are weighted equally,  

Wi = 0.20. 

X Є [0,1] 

 

Table 6-8 Performance measures adapted for Stackoverflow. 

Name Description Function Interpretation 

Achievements 

completed 

Number of game 

achievements obtained by 

the user while performing 

a task. 

 

X = A / B,  if  A > B,  X=1 

 

A = Number of badges obtained by end 

user. 

B = 6 badges 

 

Evaluation period: from April 21 to 

April 22. 

X Є [0,1] 

Table 6-9 Game achievement measures adapted for Stackoverflow. 

Name Description Function Interpretation 

Achievement 

time 

Time taken by user to 

successfully complete a 

game challenge or to 

obtain a game 

achievement. 

X = A / T  if T < A,  X=1 

 

A = 6 hours 

T= Time taken to earn the Nice question 

badge. 

 

Evaluation period: from April 21 to 

April 22. 

X Є [0,1] 

Achievement 

efficiency 

Game goals or 

achievements completed 

by user in a specified 

period. 

X = (A/T) / C , if  A/T > C, X=1 

 

A= Number of badges earned by end 

user. 

T= 2 days. 

X Є [0,1] 
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C = 3 badges/day. 

 

Evaluation period: from April 21 to 

April 22. 

Table 6-10 Game efficiency measures adapted for Stackoverflow. 

Name Description Function Interpretation 

Satisfaction 

with features 

The user’s or other 

stakeholders’ satisfaction 

with specific system 

features. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Satisfaction with features 

questionnaire (see Table 6-16). 

 

All questions are weighted equally,  

Wi = 0.25. 

X Є [0,1] 

 

 

Perceived 

usefulness  

The extent to which the 

user perceives the 

gamified software as 

useful. 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived usefulness questionnaire 

(see Table 6-17). 

 

All questions are weighted equally,  

Wi = 0.25. 

X Є [0,1] 

 

 

Perceived 

meaningfulness 

The extent to which the 

user perceives the 

gamified software as 

meaningful for her/his 

personal/institutional 

goals. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived meaningfulness 

questionnaire (see Table 6-18). 

 

All questions are weighted equally,  

Wi = 0.33. 

X Є [0,1] 

 

Table 6-11 Usefulness measures adapted for Stackoverflow. 

Name Description Function Interpretation 

User trust The extent to which the 

user trusts the gamified 

software. 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from User 

trust questionnaire (see Table 6-19). 

 

All questions are weighted equally,  

Wi = 0.14 

X Є [0,1] 

 

 

Table 6-12 Trust measures adapted for Stackoverflow. 
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Name Description Function Interpretation 

User fun Degree to which the user 

obtains a pleasant feeling 

of enjoyment and fun 

when completing 

challenges, obtaining 

rewards and social 

recognition while 

achieving particular 

goals of the gamified 

software. 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from User 

fun questionnaire (see Table 6-20). 

 

All questions are weighted equally,  

Wi = 0.25 

X Є [0,1] 

 

 

Preference of 

usage 

Proportion of users who 

prefer to use the 

gamified software to 

non-gamified software. 

X = A/B 

 

A= number of users who have used the 

Stackoverflow and prefer it instead of a 

non-gamified version. 

B= Total number of users who have 

used the Stackoverflow. 

 

See Preference of usage questionnaire 

(see Table 6-21). 

X Є [0,1] 

 

 

Perceived 

engagement 

Extent to which the user 

perceives his/her 

motivation or attraction 

to use or continue using 

the gamified software. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived engagement questionnaire 

(see Table 6-22). 

 

All questions are weighted equally,  

Wi = 0.17. 

X Є [0,1] 

 

Table 6-13 Enjoyment measures adapted for Stackoverflow. 

Name Description Function Interpretation 

Comments 

posted 

Proportion of comments 

posted by user of 

gamified software in a 

specified time frame. 

X = A/B 

 

A=Questions or answers posted and 

commented on by end user. 

 

B= Total number of questions or answers 

posted by end user. 

 

Evaluation period: from April 21 to 

April 22. 

X Є [0,1] 

Social 

sharing 

Proportion of actions that 

were shared socially in a 

specified time frame. 

X = A/B 

 

A= Questions or answers posted and 

shared in Google+, Facebook, or Twitter 

by end user. 

 

B= Total number of questions or answers 

posted by end user. 

 

X Є [0,1] 
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Evaluation period: from April 21 to 

April 22. 

Table 6-14 Socialization measures adapted for Stackoverflow. 

 Customization of questionnaires (T3.2). 

In addition to adapting the quality measures, the evaluation designer must also customize the questionnaires 

for the subjective quality measures such as Perceived effectiveness, Satisfaction with features, Perceived 

usefulness , Perceived meaningfulness, User fun, Preference of usage, and Perceived engagement. This 

customization consists of modifying the questionnaires in order to take into account the language and 

terminology used in the context of Stackoverflow. The resulting customized questionnaire for subjective 

measures are shown below from Table 6-15 to Table 6-22. 

Q1: Perceived effectiveness 

User:  

Perceived effectiveness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The Stackoverflow helped to improve my 

programming languages skills. 
 

2. I make a greater effort to post better 

questions/answers because Stackoverflow is 

gamified. 
 

3. Stackoverflow helped me to achieve my goals 

regarding programming languages. 
 

4. I post more questions/answers because 

Stackoverflow is gamified. 
 

5. I use Stackoverflow more frequently because it is 

gamified. 
 

  

Notes 

Gamified software is a software system in which game design elements such as points, badges, levels, among 

others, have been applied to adapt a task in such a way that it takes on the form of a game. 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire, a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 
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0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-15 Customized Perceived effectiveness questionnaire for Stackoverflow. 

Q3: Satisfaction with features 

User:  

Satisfaction with features Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The voting system for questions and answers is 

fair. 
 

2. Overall, the gamification system of Stackoverflow 

is well integrated into the activities performed. 
 

3. Overall, the accuracy of the answers I find in 

Stackoverflow is good. 
 

4. The topic search function returns useful results. 

 

  

Notes 

A system feature is a prominent or distinctive part, quality or characteristic related to its functionality or 

performance, such as response time, interface aesthetics, the gamification system, etc. 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-16 Customized Satisfaction with features questionnaire for Stackoverflow. 

Q4: Perceived usefulness 

User:  

Perceived usefulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 
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1. The game design elements of Stackoverflow were 

useful to achieve my goals in a fun way. 
 

2. The game design elements of Stackoverflow and 

their use were useful when asking/answering 

questions. 
 

3. The proposed game design elements were useful 

to motivate me to use Stackoverflow. 
 

4. Using Stackoverflow was a worthwhile 

experience. 
 

  

Notes 

Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-17 Customized Perceived usefulness questionnaire for Stackoverflow. 

Q5: Perceived meaningfulness 

User:  

Perceived meaningfulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The Stackoverflow is related to my interests and 

personals emotions and is valuable to achieve my 

goals. 
 

2. Stackoverflow is related to a community or group 

with similar interests to mine. 
 

3. The use of game design elements in 

Stackoverflow makes sense and is meaningful 

within the context of programming languages. 
 

  

Notes 
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Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-18 Customized Perceived meaningfulness questionnaire for Stackoverflow. 

Q6: User trust 

User:  

User trust Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I am confident in Stackoverflow.  

 

2. Stackoverflow provides security. 

 

3. Stackoverflow has integrity. 

 

4. Stackoverflow is dependable. 

 

5. Stackoverflow is reliable. 

 

6. I can trust Stackoverflow. 

 

7. I am familiar with Stackoverflow. 

 

  

Notes 

 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 
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0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-19 Customized User trust questionnaire for Stackoverflow. 

Q7: User fun 

User:  

User fun Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I enjoyed the experience of using Stackoverflow. 

 

2. Stackoverflow was fun to use. 

 

3. I found being able to earn game achievements 

(badges, points, rewards, etc.) increased my 

enjoyment of using Stackoverflow. 
 

4. I enjoyed asking/answering questions in 

Stackoverflow. 
 

5. Asking/answering questions in Stackoverflow 

was fun. 
 

6. Earning game achievements   (badges, points, 

rewards, etc.) made me happy. 
 

7. Having a higher reputation score made me feel 

happy. 
 

  

Notes 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-20 Customized User fun questionnaire for Stackoverflow. 
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Q8: Preference of usage 

User:  

1. I prefer to use Stackoverflow with game design 

elements than without them. 

   Yes No 

  

  

Notes 

Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

Answer this question by selecting Yes or No. 

Table 6-21 Customized Preference of usage questionnaire for Stackoverflow. 

Q9: Perceived engagement 

User:  

Perceived engagement Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. Obtaining game achievements (badges, points, 

rewards, etc.) motivated me to ask/answer 

questions more than I would have done otherwise. 
 

2. My level of involvement with Stackoverflow was 

high. 
 

3. Trying to earn game achievements had a positive 

effect on my behavior. 
 

4. The gamification increased my engagement with 

Stackoverflow. 
 

5. Having a higher reputation score increased my 

motivation to continue participating. 
 

6. Time passed quickly for me when using 

Stackoverflow. 
 

  

Notes 

Instructions 

To answer this survey, think about your experience as a user of Stackoverflow. In each of the questions in the 

questionnaire a statement about using Stackoverflow will be presented, and you are required to express the 

degree of agreement or disagreement with that statement by using a numerical value of between 0 and 4, 

according to the following scale: 
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0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-22 Customized Perceived engagement questionnaire for Stackoverflow. 

6.1.1.4 Evaluation execution (A4). 

Stakeholders: Evaluator designer, evaluator, end users. 

Inputs for this activity: SQM, RV, AWQC, GSQEM, DGSQEP, GSTBE. 

Outcomes of this activity: RGSQM, RGSQE. 

In this activity, the measurements of the 17 quality measures selected for Stackoverflow (see Table 6-2) 

were carried out. These measurements were made after a period of use of 2 days, as specified in the quality 

evaluation plan (see Table 6-5). The values of the measurements and their interpretation were determined 

according to the definition of the adapted quality measures (see from Table 6-7 to Table 6-14) and by 

applying the customized questionnaires (see from Table 6-15 to Table 6-22 ). 

 Measure calculation (T4.1). 

In order to measure the quality, the end user used Stackoverflow for 3 day, after which the evaluator 

collected quality measurements by reviewing the Questions module, the User profile module and the 

Badges module, and by asking the end users subjective questionnaires. The evaluator then used the data 

collected to calculate the quality measurement functions. The results of the measurements of the quality 

measures selected for Stackoverflow are presented below from Table 6-23 to Table 6-25. 

Name Function Calculation Result 

User activity X = A/B 

 

A = Users with more than 5 

logins a day in Stackoverflow. 

 

B = Total number of users that 

have logged in to Stackoverflow. 

A= 11 

B= 16 

 

X = 11/16 

0.69 

Activity intensity X = A/B 

 

A = 7 

B= 16 

 

0,50 
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A = End user session lasting 2 or 

more hours. 

 

B = Total number of end users 

that have logged in to 

Stackoverflow. 

X = 8/16 

  Sub-characteristic 

Participation 

0,60 

Tasks completed X = A/B 

 

A= Number of questions/answers 

voted for that were positively 

posted. 

 

B= Total number of 

questions/answers posted. 

A= 5 

B= 7 

 

X = 5/7 

0,71 

Task quality X = A / B,  if B < A,  X=1  

 

A = Positive votes for a question 

or answer posted. 

B = 5 votes per question/answer. 

A= 7 

B= 5 

 

X = 7/5, B<A 

X = 1 

1.00 

Perceived 

effectiveness 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived effectiveness 

questionnaire (see Table 6-15). 

 

All questions are weighted 

equally, Wi = 0.20. 

∑AiWi  = (3 * 0.20 + 4 *  

0.20 + 4 * 0.20 + 4 * 0.20 

+ 3 * 0.20) = 3.6 

 

X = 3.6/4 

 

 

 

0.90 

  Sub-characteristic 

Performance 

0.87 

Achievements 

completed 

X = A / B,  if  A > B,  X=1 

 

A = Number of badges obtained 

by end user. 

B = 6 badges. 

A= 4 

B = 6 

 

X = 4/6 

0.67 

  Sub-characteristic  

Game achievement 

0.67 

 Effectiveness  0.71 

Table 6-23 Evaluation results for Effectiveness for Stackoverflow. 

Name Function Calculation Result 

Achievement time X = A / T  if T < A,  X=1 

 

A = 6 hours 

T= Time taken to earn the “Nice 

question” badge. 

A= 6 hours 

T= 7.5 hours 

 

X = 6/8.5 

0.71 
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Achievement 

efficiency 

X = (A/T) / C , if  A/T > C, X=1 

 

A= Number of badges earned by 

end user. 

T= 2 days. 

C = 3 badges/day. 

A = 4 badges 

T= 2 days 

C= 3 badges/day 

 

X = (4/2)/3 

0.67 

  Sub-characteristic  

Game efficiency 

0.69 

 Efficiency  0.69 

Table 6-24 Evaluation results for Efficiency for Stackoverflow. 

Name Function Calculation Result 

Satisfaction with 

features 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Satisfaction with features 

questionnaire (see Table 6-16). 

 

All questions are weighted 

equally, Wi = 0.25. 

 

∑AiWi  = (4 * 0.25 + 3 *  

0.25 + 2 * 0.25 + 3 * 0.25) 

= 3 

 

X = 3/4 

 

 

0.75 

Perceived 

usefulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived usefulness 

questionnaire (see Table 6-17). 

 

All questions are weighted 

equally, Wi = 0.25. 

 

∑AiWi  = (3 * 0.25 + 3 *  

0.25 + 4 * 0.25 + 3 * 0.25) 

= 3.5 

 

X = 3.5/4 

 

 

0.88 

Perceived 

meaningfulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived meaningfulness 

questionnaire (see Table 6-18). 

All questions are weighted 

equally, Wi = 0.33. 

 

∑AiWi  = (4 * 0.33 + 3 *  

0.33 + 3 * 0.33 ) = 3.3 

 

X = 3.3/4 

 

0.83 

  Sub-characteristic 

Usefulness 

0.82 

User trust 
𝑋 =

∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

User trust questionnaire (see 

Table 6-19). 

 

All questions are weighted 

equally, Wi = 0.14. 

 

∑AiWi  = (4 * 0.14 + 3 *  

0.14 + 3 * 0.14 + 3 * 0.14 

+ 3 * 0.14 + 4 * 0.14 +  2 * 

0.14) = 3.14 

 

X = 3.14/4 

 

 

0.79 
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  Sub-characteristic  

User trust 

0.79 

User fun 
𝑋 =

∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

User fun questionnaire (see Table 

6-20). 

All questions are weighted 

equally, Wi = 0.25. 

 

∑AiWi  = (4 * 0.25 + 3 *  

0.25 + 2 * 0.25 + 3 * 0.25) 

= 3 

 

X = ¾ 

 

0.75 

Preference of usage X = A/B 

 

A= number of users who have 

used Stackoverflow and prefer it 

to a non-gamified version. 

 

B= Total number of users who 

have used Stackoverflow. 

 

See Preference of usage 

questionnaire (see Table 6-21). 

A= 14 

B= 16 

 

X = 14/16 

 

0.88 

Perceived 

engagement 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived engagement 

questionnaire (see Table 6-22). 

 

All questions are weighted 

equally, Wi = 0.17. 

 

∑AiWi  = (3 * 0.17 + 3 *  

0.17 + 4 * 0.17 + 4 * 0.17 

+ 3 * 0.17 + 4 * 0.17 ) = 3.5 

 

X = 3.5 /4 

 

 

0.88 

  Sub-characteristic 

Enjoyment 

0.84 

Comments posted X = A/B 

 

A= Questions or answers posted 

and commented on by end user. 

 

B= Total number of questions or 

answers posted by end user. 

A = 13 

B = 16 

 

X = 13/16 

0.81 

Social sharing X = A/B 

 

A= Questions or answers posted 

and shared in Google+, 

Facebook, or Twitter by end user. 

 

B= Total number of questions or 

answers posted by end user. 

A = 12 

B = 16 

 

X = 12/16 

0,75 

  Sub-characteristic 

Socialization 

0.78 

 Satisfaction  0.81 

Table 6-25 Evaluation results for Satisfaction for Stackoverflow. 
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6.1.1.5 Conclusion of quality in use evaluation (A5). 

Stakeholders: Evaluation requester, evaluators. 

Inputs for this activity: RGSQM, RGSQE. 

Outcomes of this activity: GSQER. 

In this activity, the review of the evaluation results, the conclusions and the recommendations to improve 

Stackoverflow or to address the deficiencies found are presented. 

 Evaluation results (T5.1). 

The evaluator and the evaluation requester reviewed the results of the evaluation and the evaluator drew 

the conclusions, identified weaknesses and provided feedback, all of which were presented to the evaluation 

requester. The results of the evaluation, the conclusions, the weaknesses identified and the feedback are 

presented below. 

Figure 6-4 shows the results of the evaluation, per quality characteristic, of the quality in use of 

Stackoverflow. Three quality characteristic were evaluated, which were Effectiveness, Efficiency and 

Satisfaction, as specified in the quality requirements (see subsection 6.1.1.1.2.). The review and 

interpretation of the results of the quality evaluation are presented below. 
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Figure 6-4 Quality evaluation of Stackoverflow. 

The results show that the quality characteristic Effectiveness is the second best evaluated of Stackoverflow 

with a score of 71%. With regard to the quality sub-characteristics of Effectiveness, the best evaluated is 

Performance with a score of 87%, followed by Game achievement with a score of 67%. The worst evaluated 

is Participation with a score of 60% (see Figure 6-5). These results show that Stackoverflow is allowing 

users to ask/answer well-qualified questions very effectively and that the reputation system based on badges 

is effective as regards motivating users to post a higher number of positively voted questions. However, it 

would appear that Stackoverflow is less effective at keeping users active in the system for longer periods. 

 

Figure 6-5 Stackoverflow evaluation results of Effectiveness sub-characteristics. 

Upon carrying out a more detailed analysis by observing the results of the quality measures of Effectiveness, 

we found that users perceive Stackoverflow to be very effective, with a score of 90%, and the results of the 

quality measures Task completed and Task quality confirm the users’ perceptions, although to a lesser 

extent in the case of Task completed. However, this is not so with the remaining quality measures of 

Effectiveness, since the results of the quality measures of Participation and Game achievements are 

significantly below the Perceived effectiveness. The above results show that although the users’ overall 

perception is that Stackoverflow is effective, the results of the quality measures of Participation and Game 

Achievement do not fully support this perception. 
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Efficiency was evaluated with a score of 69%, which was the one that got the lowest rating of the three 

characteristics evaluated. We believe this is because of the 10 possible quality measurements that could be 

made, only 2 were actually made. In addition, both measures belong to the sub-characteristic Game 

achievement, which we believe is insufficient to assert that the result of Efficiency measurement is reliable. 

With regard to the quality sub-characteristics of Efficiency, only the sub-characteristic Game achievement 

was evaluated, obtaining a score of 71%. This result shows that users are earning the different types of 

badges awarded by Stackoverflow in a suitable time and quantity, as evidenced by the results of the quality 

measures Achievement time and Achievement efficiency. 

Satisfaction was the best evaluated characteristic of Stackoverflow with a score of 81%. The best evaluated 

sub-characteristic was Enjoyment with a score of 84%, followed by Usefulness with a score of 82% and 

the sub-characteristic Trust with a score of 79%. The sub-characteristic Socialization was slightly less rated 

with a score of 78% (see Figure 6-6). These results show that the Stackoverflow users’ satisfaction is 

equally distributed among the four quality sub-characteristics. The users perceive that Stackoverflow is 

useful to help them solve their doubts about programming languages, they trust the information provided 

by the Stackoverflow community, they enjoy asking or answering questions on this issue and they share 

their contributions with other Stackoverflow users and users of other social networks. 
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Figure 6-6 Stackoverflow evaluation results for sub-characteristics of Satisfaction. 

Upon reviewing the results of the quality measurements, we found that the Perceived usefulness of 

Stackoverflow, the Preference of usage and the Perceived engagement are high, all with a score of 88%, 

along with the Perceived meaningfulness with a score of 83%. The results of these quality measurements 

reveal that the game design of Stackoverflow is good, because these attributes are considered important to 

achieve user engagement, although the results of the quality measure User Fun were slightly lower with a 

score of 75%.  

All of the above results, together with those of the quality measures of Effectiveness, to some extent explain 

the users’ preference for Stackoverflow rather than a non-gamified version. 

 Identified weaknesses and feedback for organization (T5.2). 

Overall, Stackoverflow has a very good quality in use, as is shown by the results. We believe that the low 

results for the Efficiency characteristic are mainly owing to the fact that only two measures were evaluated. 

However, although the outcome of the evaluation is satisfactory, there is always room for improvement. 

One aspect of Stackoverflow that could be improved is participation, which would aim to encourage the 

retention of novice users. To achieve this objective, simple tasks could be added to Stackoverflow, such as 



 

Feasibility evaluation of the QU-GamSoft model 191 

 

 

 

completing a tutorial while simultaneously adding a set of badges that reward these simple tasks, so that it 

does not appear that Stackoverflow is only for advanced users or experts in programming. 

6.2 The Duolingo gamified site. 

The second example of the application of the QU-GamSoft model was conducted to evaluate the quality in 

use of the language learning platform Duolingo. Duolingo is a website and social project intended to free 

language learning, and is at the same time a crowdsourcing platform with which to translate texts. Duolingo 

is designed so that as the users progress in their learning, it helps translate webpages and other documents. 

It is organized into themed learning units such as greetings, travel, clothing, business, etc., among others 

(see Figure 6-7). 

 

Figure 6-7 Main page of Duolingo. 

Each learning unit includes a variety of exercises involving speaking, listening, translation and multiple 

choice (see Figure 6-8). The user earn points for correct answers, for competing against the clock and for 

translating texts, and his/her progress is shown by means of levels of learning, which are achieved by 

attaining a number of points needed for that level. 
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Figure 6-8 Duolingo question screen. 

In addition to earning points, the user can receive Lingots when s/he successfully completes the learning 

units. The Lingot is Duolingo’s virtual currency that can be used in the store to buy power-ups, practices 

and extra learning units (see Figure 6-9). 

 

Figure 6-9 Duolingo store screen. 
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Duolingo currently offers courses in Spanish, English, French, German, Portuguese, Italian, Dutch, Danish, 

Swedish, Norwegian, Turkish, Esperanto, Russian and Ukrainian (from English). In addition to its web 

desktop version, it has an application for iOS, Android, Windows Phone and Chrome. 

As the entire evaluation process was carried out in the previous example presented in Section 6.1, and in 

order not to be repetitive, in this example of the application of the QU-GamSoft model, only the results of 

the evaluation will be presented. 

6.2.1 Evaluation process of Duolingo. 

The purpose of the evaluation of Duolingo was to determine its effectiveness as regards the users’ 

motivation and engagement to learn a new language, along with determining user satisfaction.  

In this application example, only three quality characteristics will be evaluated; Effectiveness, Efficiency 

and Satisfaction since, according to the literature reviewed, it is on these characteristics that the effect of 

gamification has an impact. The quality characteristics and sub-characteristics that are relevant to assess 

the quality in use of Duolingo are, therefore, those shown in Table 6-26. 

Quality characteristic Quality sub-characteristic 

Effectiveness Participation 

 Performance 

 Game achievement 

Efficiency Task efficiency 

 Game efficiency 

Satisfaction Usefulness 

 Enjoyment 

 Socialization 

Table 6-26 Quality characteristics and sub-characteristics to be evaluated in Duolingo. 

6.2.1.1 Modules to be included in the evaluation. 

Since Duolingo is a fully developed piece of gamified software, a final product will be evaluated. Duolingo 

is developed for multiple platforms, as discussed in Section 6.2. However, this evaluation process refers 

only to the desktop web version in Spanish. 
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Duolingo has five modules; Inicio (Start), Palabras (Words), Actividad (Activity) , Foro (Forum page), and 

Inmersión (Immersion), there is also a user profile (Perfil) page. However, the modules that will be 

evaluated are Inicio, and Inmersion, since these modules are gamified. The modules that will not be 

evaluated (palabras, Actividad, Perfil and Foro) are not gamified and only provide information about words 

that have been learned, about user activity, about user achievements and discussions with other users 

concerning language issues, respectively. 

6.2.1.2 Selected quality measures. 

Table 6-27 shows the list of the quality measures selected by the evaluation designer that were applied to 

Duolingo. 

Quality sub-characteristic Quality measure 

Participation User activity 

 Activity intensity 

Performance Task completed 

 Task quality 

 Perceived effectiveness 

Game achievement Achievements completed 

Game efficiency Achievement time 

 Achievement efficiency 

Usefulness Satisfaction with features 

 Feature utilization 

 Perceived usefulness 

 Perceived meaningfulness 

Enjoyment User fun 

 Preference of usage 

 Perceived engagement 

Socialization Comments posted 

 Social sharing 

Table 6-27 Quality measures selected for Duolingo. 
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6.2.1.3 Decision criteria for quality measures and evaluation 

Eight of the quality measures selected require the specification of some kind of reference value. The 

evaluation designer determined the reference values on the basis of the Duolingo use policies or practices. 

Table 6-28 shows the list of the reference values specified for the five quality measures that require them. 

Quality measure Type of reference value Value 

User activity Benchmark 4 logins/day 

Activity intensity Benchmark 1 hour 

Task quality Conformance 3 positive votes per sentence 

translated 

Achievements completed Conformance 4 Lingots/day 

Achievement time Conformance 1 hour 

Table 6-28 Reference values of quality measures that require them. 

The evaluation designer determined that all the quality characteristics and sub-characteristics have the same 

weight in order to summarize the evaluation result. 

6.2.1.4 Quality measures adaptation. 

The quality measures are adapted to Duolingo by the evaluation designer, who takes into account the 

reference values, the period of use, the terminology used and the quality attributes adapted to the context 

of Duolingo. The adapted quality measures are shown from Table 6-29 to Table 6-36, categorized by quality 

sub-characteristic. 

Name Description Function Interpretation 

User 

activity 

Proportion of users who 

have more interactions 

with the gamified 

software in a specified 

period. 

X = A/B 

 

A = Users with  4 or more than  logins a 

day in Duolingo 

 

B = Total number of end users that have 

logged in to Duolingo.  

 

Evaluation period: May 5, 2016. 

X Є [0,1] 
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Activity 

intensity 

Proportion of users who 

spend more time 

interacting with the 

gamified software in a 

specified period. 

X = A/B 

 

A = End user session lasting 1 or more 

hours. 

 

B = Total number of end users that have 

logged in to Duolingo. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Table 6-29 Participation measures adapted for Duolingo. 

Name Description Function Interpretation 

Tasks 

completed 

Proportion of the tasks 

completed correctly 

without assistance. 

X = A/B 

 

A= Number of lessons completed 

 

B= Total number of lessons in learning 

unit. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Task quality Quality or grade of task 

performed. 

X = A / B,  if B < A,  X=1  

 

A = Positives votes for sentence 

translated. 

B = 3 positive votes per sentence. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Perceived 

effectiveness 

The user perceived 

effectiveness of the 

gamified software with 

regard to achieving 

his/her specific goals. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived effectiveness questionnaire 

(see Table 6-37). 

 

All questions are weighted equally,  

Wi = 0.20. 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

Table 6-30 Performance measures adapted for Duolingo. 

Name Description Function Interpretation 

Achievements 

completed 

Number of game 

achievements obtained by 

the user while performing 

a task. 

 

X = A / B,  if  A > B,  X=1 

 

A = Number of Lingots obtained by 

end user. 

B = 4 Lingots 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

Table 6-31 Game achievement measures adapted for Duolingo. 
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Name Description Function Interpretation 

Achievement 

time 

Time taken by user to 

successfully complete a 

game challenge or to 

obtain a game 

achievement. 

X = A / T  if T < A,  X=1 

 

A = 1 hour 

T= Time taken to earn 4 Lingots. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

Achievement 

efficiency 

Game goals or 

achievements completed 

by user in a specified 

period. 

X = (A/T) / C , if  A/T > C, X=1 

 

A= Number of Lingots earned by end 

user. 

T= 2 days. 

C = 4 Lingots/day. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

Table 6-32 Game efficiency measures adapted for Duolingo. 

Name Description Function Interpretation 

Satisfaction 

with features 

The user’s or other 

stakeholders’ satisfaction 

with specific system 

features. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Satisfaction with features 

questionnaire (see Table 6-38). 

 

All questions are weighted equally,  

Wi = 0.25. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Perceived 

usefulness  

The extent to which the 

user perceives the 

gamified software as 

useful. 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived usefulness questionnaire 

(see Table 6-39). 

 

All questions are weighted equally,  

Wi = 0.25. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Perceived 

meaningfulness 

The extent to which the 

user perceives the 

gamified software as 

meaningful to her/his 

personal/institutional 

goals. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived meaningfulness 

questionnaire (see Table 6-40). 

 

All questions are weighted equally,  

Wi = 0.33. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 
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Table 6-33 Usefulness measures adapted for Duolingo. 

Name Description Function Interpretation 

User trust The extent to which the 

user trusts the gamified 

software. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from User 

trust questionnaire (see Table 6-41). 

 

All questions are weighted equally,  

Wi = 0.14 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Table 6-34 Trust measures adapted for Duolingo. 

Name Description Function Interpretation 

User fun Degree to which the user 

obtains a pleasant feeling 

of enjoyment and fun 

when s/he completes 

challenges, obtains 

rewards and social 

recognition while 

achieving particular 

goals of the gamified 

software. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from User 

fun questionnaire (see Table 6-42). 

 

All questions are weighted equally,  

Wi = 0.25 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Preference of 

usage 

Proportion of users who 

prefer to use the 

gamified software to 

non-gamified software. 

X = A/B 

 

A= number of users who have used the 

Duolingo and prefer it to a non-

gamified version. 

B= Total number of users who have 

used the Duolingo. 

 

See Preference of usage questionnaire 

(see Table 6-43). 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

 

Perceived 

engagement 

Extent to which the user 

perceives his/her 

motivation or attraction 

to use or continue using 

the gamified software. 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived engagement questionnaire 

(see Table 6-44). 

 

All questions are weighted equally,  

Wi = 0.17. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

 

Table 6-35 Enjoyment measures adapted for Duolingo. 
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Name Description Function Interpretation 

Comments 

posted 

Proportion of comments 

posted by user of 

gamified software in a 

specified time frame. 

X = A/B 

 

A=Comments posted in sentences 

translated by User. 

 

B= Total number of sentences translated 

by end user. 

Evaluation period: May 5, 2016. 

X Є [0,1] 

Social 

sharing 

Proportion of actions that 

were socially shared in a 

specified time frame. 

X = A/B 

 

A=Progress in learning, shared in 

LinkedIn by end user. 

 

B= Number of times the user has 

increased his/her percentage of progress. 

 

Evaluation period: May 5, 2016. 

X Є [0,1] 

Table 6-36 Socialization measures adapted for Duolingo. 

6.2.1.5 Customization of questionnaire. 

In addition to adapting the quality measures, the questionnaires for the subjective quality measures such as 

Perceived effectiveness, Satisfaction with features, Perceived usefulness, Perceived meaningfulness, User 

fun, Preference of usage, and Perceived engagement must also be customized. This customization consists 

of modifying the questionnaires to take into account the language and terminology used in the context of 

Duolingo. The resulting customized questionnaires for subjective measures are shown below from Table 

6-37 to Table 6-44. 

Q1: Perceived effectiveness 

User:  

Perceived effectiveness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The Duolingo website helped to improve my 

language skills. 
 

2. I make a greater effort to do better translations 

because Duolingo is gamified. 
 

3. Duolingo helped me to achieve my goals 

regarding learning another language. 
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4. I do more translations because Duolingo is 

gamified. 
 

5. I use Duolingo more frequently because it is 

gamified. 
 

  

Notes 

Gamified software is a software system in which game design elements such as points, badges, levels, among 

others, have been applied to adapt a task in such a way that it takes on the form of a game. 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-37 Customized Perceived effectiveness questionnaire for Duolingo. 

Q3: Satisfaction with features 

User:  

Satisfaction with features Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The voting system for translations is fair. 

 

2. Overall, the gamification system of Duolingo is 

well integrated into the activities performed. 
 

3. Overall, the accuracy of the translations I find in 

Duolingo is good. 
 

4. The level of difficulty of the lessons is 

appropriate. 
 

  

Notes 

A system feature is a prominent or distinctive part, quality, or characteristic related to its functionality or 

performance, such as response time, interface aesthetics, the gamification system, etc. 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

 

0 : Strongly disagree 
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1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-38 Customized Satisfaction with features questionnaire for Duolingo. 

Q4: Perceived usefulness 

User:  

Perceived usefulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The game design elements of Duolingo were 

useful to achieve my goals in a fun way. 
 

2. The game design elements of Duolingo and 

their use when learning languages were 

useful. 
 

3. The proposed game design elements were 

useful to motivate me to use Duolingo. 
 

4. Using Duolingo was a worthwhile experience. 

 

  

Notes 

Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-39 Customized Perceived usefulness questionnaire for Duolingo. 

Q5: Perceived meaningfulness 

User:  

Perceived meaningfulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 
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1. Duolingo is related to my interests and personals 

emotions and is valuable to achieve my goals. 
 

2. Duolingo is related to a community or group with 

similar interests to mine. 
 

3. The use of game design elements in Duolingo 

makes sense and is meaningful within the context 

of learning languages. 
 

  

Notes 

Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-40 Customized Perceived meaningfulness questionnaire for Duolingo. 

Q6: User trust 

User:  

User trust Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I am confident in Duolingo.  

 

2. Duolingo provides security. 

 

3. Duolingo has integrity. 

 

4. Duolingo is dependable. 

 

5. Duolingo is reliable. 

 

6. I can trust Duolingo. 
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7. I am familiar with Duolingo. 

 

  

Notes 

 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-41 Customized User trust questionnaire for Duolingo. 

Q7: User fun 

User:  

User fun Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I enjoyed the experience of using Duolingo. 

 

2. Duolingo was fun to use. 

 

3. I found being able to earn game achievements 

(Lingots, points, streaks, etc.) increased my 

enjoyment of using Duolingo. 
 

4. I enjoyed learning languages with Duolingo. 

 

5. Completing lessons with Duolingo was fun. 

 

6. Earning game achievements   (Lingots, points, 

streaks, etc.) made me happy. 
 

7. Having a higher percentage of fluency in English 

made me feel happy. 
 

  

Notes 

Instructions 
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To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-42 Customized User fun questionnaire for Duolingo. 

Q8: Preference of usage 

User:  

1. I prefer to use Duolingo with game design 

elements that without them. 

   Yes No 

  

  

Notes 

Game design elements are elements that are characteristic of games – elements that are found in most (but not 

necessarily all) games, are readily associated with games, and are found to play a significant role in gameplay. 

Examples of game design elements are badge, leaderboard, level. 

Instructions 

Answer this question by selecting Yes or No. 

Table 6-43 Customized Preference of usage questionnaire for Duolingo. 

Q9: Perceived engagement 

User:  

Perceived engagement Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. Obtaining game achievements (Lingots, points, 

streaks, etc.) motivated me to complete lessons 

more than I would have done otherwise. 
 

2. My level of involvement with Duolingo was 

high. 
 

3. Trying to earn game achievements had a positive 

effect on my behavior. 
 

4. The gamification increased my engagement with 

Duolingo. 
 



 

Feasibility evaluation of the QU-GamSoft model 205 

 

 

 

5. Having a higher reputation score increased my 

motivation to continue participating. 
 

6. Time passed quickly for me when using 

Duolingo. 
 

  

Notes 

Instructions 

To answer this survey, think about your experience as a user of Duolingo. In each of the questions in the 

questionnaire a statement about using Duolingo will be presented, and you are required to express the degree of 

agreement or disagreement with that statement by using a numerical value of between 0 and 4, according to the 

following scale: 

0 : Strongly disagree 

1 : Disagree 

2 : Undecided 

3 : Agree 

4 : Strongly agree 

Table 6-44 Customized Perceived engagement questionnaire for Duolingo. 

6.2.1.6 Measurement calculation. 

The results of the measurement of the quality measures selected for Duolingo are presented below from 

Table 6-45  to Table 6-47. 

Name Function Calculation Result 

User activity X = A/B 

 

A = Users with 4 or more logins 

a day in Duolingo.  

 

B = Total number of users that 

have logged in to Duolingo.  

A= 8 

B= 10 

 

X = 8/10 

0.80 

Activity intensity X = A/B 

 

A = End user session lasting 1 or 

more hours. 

 

B = Total number of end users 

that have logged in to Duolingo. 

A = 9 

B= 10 

 

X = 9/10 

0.90 

  Sub-characteristic 

Participation 

0.85 

Tasks completed X = A/B 

 

A= Number of lessons 

completed. 

A= 4 

B= 5 

 

X = 4/5 

0.80 
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B=Total number of lessons in 

learning unit. 

Task quality X = A / B,  if B < A,  X=1  

 

A = Positive votes for sentence 

translated. 

B = 3 positive votes per 

sentence. 

 

A= 4 

B= 3 

 

X = 4/3, B<A, X=1 

 

X = 1 

1.00 

Perceived 

effectiveness 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived effectiveness 

questionnaire (see Table 6-37). 

 

All questions are weighted 

equally, Wi = 0.20. 

∑AiWi  = (4 * 0.20 + 4 *  

0.20 + 4 * 0.20 + 4 * 0.20 

+ 3 * 0.20) = 3.6 

 

X = 3.8/4 

 

 

 

0.95 

  Sub-characteristic 

Performance 

0.92 

Achievements 

completed 

X = A / B,  if  A > B,  X=1 

 

A =Number of Lingots obtained 

by end user. 

 

B = 4 Lingots. 

A= 3 

B = 4 

 

X = 3/5 

0.75 

  Sub-characteristic  

Game achievement 

0.75 

 Effectiveness  0.84 

Table 6-45 Evaluation results for Effectiveness for Duolingo. 

Name Function Calculation Result 

Achievement time X = A / T  if T < A,  X=1 

 

A = 1 hour. 

T= Time taken to earn a 4 

Lingots. 

A= 1 hour. 

T= 1.3 hours 

 

X = 1/1.3 

0.77 

Achievement 

efficiency 

X = (A/T) / C , if  A/T > C, X=1 

 

A= Number of Lingots earned by 

end user. 

T= 2 days. 

C = 4 Lingots/day. 

A = 3Lingots 

T= 1day 

C= 4 Lingots/day 

 

X = (3/1)/4 

0.75 

  Sub-characteristic  

Game efficiency 

0.76 

 Efficiency  0.76 
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Table 6-46 Evaluation results for Efficiency for Duolingo. 

Name Function Calculation Result 

Satisfaction with 

features 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Satisfaction with features 

questionnaire (see Table 6-38) 

 

All questions are weighted 

equally, Wi = 0.25. 

∑AiWi  = (4 * 0.25 + 3 *  

0.25 + 3 * 0.25 + 4 * 0.25) 

= 3.5 

 

X = 3.5/4 

 

 

0.88 

Perceived 

usefulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived usefulness 

questionnaire (see Table 6-39). 

 

All questions are weighted 

equally, Wi = 0.25. 

∑AiWi  = (3 * 0.25 + 3 *  

0.25 + 4 * 0.25 + 3 * 0.25) 

= 3.5 

 

X = 3.5/4 

0.88 

Perceived 

meaningfulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived meaningfulness 

questionnaire (see Table 6-40). 

 

All questions are weighted 

equally, Wi = 0.33. 

 

∑AiWi  = (4 * 0.33 + 3 *  

0.33 + 4 * 0.33 ) = 3.3 

 

X = 3.6/4 

 

 

0.90 

  Sub-characteristic 

Usefulness 

0.89 

User trust 
𝑋 =

∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

User trust questionnaire (see 

Table 6-41). 

 

All questions are weighted 

equally, Wi = 0.14. 

 

∑AiWi  = (4 * 0.14 + 3 *  

0.14 + 4 * 0.14 + 3 * 0.14 

+ 3 * 0.14 + 4 * 0.14 +  3 

* 0.14) = 3.14 

 

X = 3.43/4 

 

 

0.86 

  Sub-characteristic  

User trust 

0.86 

User fun  

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

User fun questionnaire (see Table 

6-42) 

 

 

∑AiWi  = (3 * 0.25 + 3 *  

0.25 + 2 * 0.25 + 3 * 0.25) 

= 2.75 

 

X = 2.75/4 

 

 

0.69 
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All questions are weighted 

equally, Wi = 0.25. 

Preference of usage X = A/B 

 

A= number of users who have 

used Duolingo and prefer it to a 

non-gamified version. 

 

B= Total number of users who 

have used Duolingo. 

 

See Preference of usage 

questionnaire (Table 6-43). 

A= 12 

B= 14 

 

X = 12/14 

 

0.85 

Perceived 

engagement 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived engagement 

questionnaire (see Table 6-44). 

 

All questions are weighted 

equally, Wi = 0.17. 

 

∑AiWi  = (4 * 0.17 + 3 *  

0.17 + 4 * 0.17 + 3 * 0.17 

+ 4 * 0.17 + 4 * 0.17 ) = 

3.5 

 

X = 3.7 /4 

 

 

0.93 

  Sub-characteristic 

Enjoyment 

0.82 

Comments posted X = A/B 

 

A= Comments posted in 

sentences translated by User. 

 

B= Total number of sentences 

translated by end user. 

A = 8 

B = 9 

 

X = 8/9 

0.78 

Social sharing X = A/B 

 

A= Progress in learning, shared 

in LinkedIn by end user. 

 

B= Number of times the user has 

increased his/her percentage of 

progress. 

A = 9 

B = 11 

 

X = 9/11 

0,82 

  Sub-characteristic 

Socialization 

0.80 

 Satisfaction  0.84 

Table 6-47 Evaluation results for Satisfaction for Duolingo. 
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6.2.1.7 Evaluation results. 

Figure 6-10 shows the results of the evaluation for the quality characteristics of the quality in use of 

Duolingo. Three quality characteristics were evaluated, which were Effectiveness, Efficiency and 

Satisfaction. The review and interpretation of the results of the quality evaluation are presented below. 

 

Figure 6-10 Duolingo evaluation results for quality characteristics. 

The results show that the quality characteristics Effectiveness and Satisfaction are the best evaluated of 

Duolingo and both are well rated with a score of 84%. With regard to the quality sub-characteristics of 

Effectiveness, the best evaluated is Performance with a score of 90%, followed by Participation with a score 

of 85%, while the worst evaluated is Game achievement with a score of 75%, (see Figure 6-11).  
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Figure 6-11 Duolingo evaluation results for sub-characteristics of Effectiveness. 

Upon carrying out a more detailed analysis by observing the results of the quality measures of Effectiveness, 

we found that users perceive Duolingo to be very effective, with a score of 95%. The results of the 

remaining quality measures would appear to confirm the users’ perceptions, with the exception of the results 

of the quality measure Game achievements, which are significantly below the perceived effectiveness. The 

above results show that Duolingo is quite effective for learning languages, even though the reward system 

based on Lingots does not seem to play such an important role in motivating users to complete more 

learning units and translate more texts.  

As regards Satisfaction, the best evaluated sub-characteristic was Usefulness with a score of 89%, followed 

by the sub-characteristic Trust with a score of 86%, the sub-characteristic Enjoyment with a score of 82%. 

The sub-characteristic Socialization was slightly less rated with 80% (see Figure 6-12). These results clearly 

show that Duolingo users consider it very useful for learning a new language. The results also show users 

trust the information provided by Duolingo, and they enjoy completing learning units and translating texts. 

With regard to Efficiency, this was evaluated with a score of 76%, and was that which obtained the lowest 

score of the three quality characteristics evaluated. We believe that this is owing to the fact that of the 10 

possible quality measurements that could be made, only 2 were actually made. In addition, both measures 

belong to the same sub-characteristic: Game achievement, which we believe is insufficient to assert that 

the result of the Efficiency measurement is reliable. The quality sub-characteristic Game achievement was 

evaluated with a score of 76%. This result shows that users are earning the different points, Lingots and 
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Strakes awarded by Duolingo in a suitable time and quantity as evidenced by the results of the quality 

measures Achievement time and Achievement efficiency. 

 

Figure 6-12 Duolingo evaluation results for sub-characteristics of Satisfaction. 

Upon reviewing the results of the quality measurements of Satisfaction, we found that the Perceived 

usefulness of Duolingo, the Perceived meaningfulness and the Perceived engagement are high, all with a 

score of 88% or more, along with the Preference of usage, which attained a score of 85%. The results of 

these quality measurements reveal that the game design of Duolingo is good, because these attributes are 

considered important to achieve user engagement, although the results of the quality measure User Fun 

were lower with a score of 69%.  

All of the above results, together with the results of the quality measures of Effectiveness, to some extent 

explain the user preference for Duolingo rather than a non-gamified version. 

6.2.1.8 Identified weaknesses and feedback for organization. 

Overall, Duolingo has a very good quality in use, as is shown by the results. We believe that the low results 

for the Efficiency characteristic is mainly owing to the act that to only two measures were evaluated. 
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However, although the outcome of the evaluation is satisfactory, there is always room for improvement. A 

couple of aspects of Duolingo that could be improved are fun and social sharing. The first aspect could be 

improved by adding more types of rewards and more types of badges, both with their respective game 

challenges, as only three types of game achievements are currently implemented. The second aspect could 

be improved by including social sharing with other social networks such as Tweeter, Facebook or Google+ 

and allowing the sharing of other activities such as the votes obtained in translations of texts or scores 

obtained when completing lessons and learning units. 

6.3 Conclusions. 

The evaluation of the quality in use of two pieces of gamified software has been presented with the purpose 

of testing the feasibility of applying both the QU-GamSoft model and its evaluation process. These two 

pieces of gamified software were Stackoverflow, a Q&A website, and Duolingo, a language learning 

platform. 

The evaluation of the quality in use of both pieces of gamified software has been thoroughly described 

following the evaluation process based on the ISO 25040  (ISO, 2011a) standard.  

The results of the evaluation of Stackoverflow show that the quality characteristic Satisfaction was the best 

evaluated, with a score of 81%. The best evaluated sub-characteristic was Enjoyment with a score of 84%, 

followed by Usefulness with a score of 82%. These results show that the users perceive that Stackoverflow 

is useful to help them solve their doubts about programming languages, they trust the information provided 

by the Stackoverflow community and they enjoy asking or answering questions on this issue. The quality 

characteristic Effectiveness was the second best evaluated of Stackoverflow, with a score of 71%. These 

results show that Stackoverflow is allowing users to ask/answer well-qualified questions very effectively, 

and that the reputation system based on badges is effective to motivate users to post a higher number of 

positively voted questions. Overall, Stackoverflow has a very good quality in use, as is shown by the results. 

However, although the outcome of the evaluation is satisfactory, one aspect of Stackoverflow that could be 

improved is participation, which would aim to encourage the retention of novice users. To achieve this 

objective, simple tasks could be added to Stackoverflow, such as completing a tutorial whilst 

simultaneously adding a set of badges that reward these simple tasks, so that it does not appear that 

Stackoverflow is only for advanced users or experts in programming. 
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With regard to the evaluation of Duolingo, the results show that the quality characteristics Effectiveness 

and Satisfaction are both are well rated with a score of 84%. With regard to the quality sub-characteristics 

of Effectiveness, the best evaluated is Performance with a score of 90%. The above results show that 

Duolingo is quite effective as regards learning languages, even though the reward system based on Lingots 

does not seem to play such an important role in motivating users to complete more learning units and 

translate more texts. However, although the outcome of the evaluation is satisfactory, there is always room 

for improvement. A couple of aspects of Duolingo that could be improved are fun and social sharing. The 

first aspect could be improved by adding more types of rewards and more types of badges, both with their 

respective game challenges, as only three types of game achievements are currently implemented. The 

second aspect could be improved by including social sharing with other social networks such as Tweeter, 

Facebook or Google+ and allowing the sharing of other activities such as the votes obtained in translations 

of texts or scores obtained when completing lessons and learning units. 

The quality evaluation of both pieces of gamified software was carried out partially owing to the limited 

availability of usage data. Despite this inconvenience, the results of the application of the QU-GamSoft 

model and its evaluation process are encouraging, and we can therefore affirm that it is to some extent 

feasible to apply the QU-GamSoft model and its evaluation process to any current piece of gamified 

software. However, in order to conduct a more comprehensive quality evaluation, it would be desirable to 

have the list of tasks to be executed in the evaluation period, and access to usage data, which would allow 

us to calculate those measures that could not be calculated in the examples presented in this chapter. This 

issue is, therefore, a challenge that we plan to address in the near future. 
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Chapter 7  

Validation of the        

QU-GamSoft model 

he purpose of this chapter is to show the applicability and usefulness of the QU-GamSoft model 

in industrial or real-life contexts (O5). To achieve this goal, two case studies were conducted 

following the guidelines proposed by Runeson et al. (2012). 

The chapter is organized as follows. Section 7.1 presents the design and execution of a case study carried 

out to evaluate the quality in use of the learning platform UDPiler (UDPiler, 2015). Section 7.2 presents 

the design and execution of a case study carried out to evaluate the quality in use of the project management 

tool Xestiona. The conclusions of the application of the QU-GamSoft model to evaluate the quality in use 

of Udpiler and Xestiona is presented in section 7.3. 

  

T 
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7.1 The UDPiler case study design and execution. 

In this section, a first case study carried out to investigate the applicability and usefulness of the QU-

GamSoft model in a real-life context is presented. In particular, in this case study the QU-GamSoft model 

is used to assess the quality in use of a web-based gamified learning platform called UDPiler (UDPiler, 

2015). This case study was carried out with students and a professor of Diego Portales University (Chile). 

Hereafter a description of the learning platform UDPiler will be presented followed by the development 

process of the case study. 

7.1.1 The UDPiler gamified learning platform. 

Very often student’s performance in programing courses of engineering degrees is not as good as expected. 

This is owing to the difficulty of learning the complex and abstract topics of programming. For that reason, 

new teaching techniques are needed to motivate and engage students in learning programing languages, 

and thus improve their academic performance. The use of gamification emerges as one of these new 

techniques, which has shown promising results in education in general and in the teaching of programming 

languages in particular. The above facts were the motivation to develop a gamified learning platform called 

UDPiler, which is intended to be used as a tool in the teaching of programming languages courses. 

UDPiler is a gamified learning platform that is used in the programming courses at the Faculty of 

Engineering of Diego Portales University (Chile). UDPiler is a platform that allows tackle different 

programming challenges, compiling C code, review the lessons of the professor, and it has a forum to ask 

questions to the professor. Figure 7-1 shows the main screen of UDPiler. All screens are displayed in 

Spanish owing to UDPiler was developed to be used by Spanish-speaking students. 
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Figure 7-1  UDPiler main screen. 

UDPiler has 4 types of questions (challenges): multiple choice, complete or correct a piece of code, 

codification to produce an expected output, and winning a mini game by coding. Figure 7-2 shows the types 

of questions of UDPiler, which are grouped by topic, and concepts in each topic.  

 

Figure 7-2 Types of questions in UDPiler. 

Each correct answer gives a medal to the student and adds some points for a rank in the programming 

course. The medals are images with a related content, for example an image of a Marvel superhero with its 
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official profile provided by the Marvels official API, a top YouTube video, a mini game, among others. 

Figure 7-3 shows  an excerpt of the medals collection of a student that uses UDPiler. 

 

Figure 7-3 Excerpt of a collection of medals earned by a student in UDPiler. 

In addition to the challenges, UDPiler has the ranking of each student regarding other students of the 

programming course (see Figure 7-4). This ranking is created with the points obtained by the students when 

they correctly solve a challenge. For each challenge correctly solve, 11 points are assigned to the student, 

independently of the level of difficulty of the challenge solved. 

 

Figure 7-4 Excerpt of ranking in UDPiler. 



 

218  The UDPiler case study design and execution. 

 

  

 

 

UDPiler also contains an online compiler (see Figure 7-5), classical the lecture’s material of each topic, and 

specific online material as short video lessons focused on algorithms as sorting, searching and others. 

 

Figure 7-5 The UDPiler online compiler. 

In summary, the main modules of the UDPiler platform are the following: 

 User management: This module allows registering into the platform using social network profiles, 

internal university accounts and email accounts as Gmail. It also associates each user with it 

corresponding Student Id by means of their university accounts. 

 Player Management: This module allows assigning a player profile to a user account. The player 

profile is the main profile includes the rewards, scores, and mini-game profiles that are associated 

to the player profile. 

 Challenge Module. This module presents the challenges of the platform. Each topic is composed 

by sub-topics and each sub-topic is composed by a set of challenges. As was previously described, 

a challenge can be a multiple-choice question, complete or correct code, coding to have an 

expected result and win a mini-game based on code. 

 Rewards module. A ranking module and a medal module compose this module. The ranking can 

generate several types of ranks, simple points rank, fury rank (points wined in the last week), and 

other kinds of ranks inspired by games.  



Validation of the        QU-GamSoft model 219 

 

 

 

 The medal modules provide several type of medals, each type of medal is associated with a type 

of content. For example, the Captain America medal is associated with the Marvels API, this 

means that there is a Marvel medals type. Other types of medals are YouTube videos, Vimeo 

videos, Wikipedia links, Pokemon API, and Anime encyclopedia API, among others. 

 Clans Module. The team module allows players to make groups named clans. There is a clans 

ranking, and clan’s rewards stock. Each clan rank is the average of the member’s points, and the 

rewards stock is the union of each member rewards. Players can access to the clans’ rewards 

contents. 

 Compiler Module. The compiler module is in charge of retrieving C code, compile it, and test it 

with a pre-defined set of inputs and outputs. If the testing fails, a set of errors and warning are 

prepared and sent back to the player. If the testing passes, the compiler module notifies the Ranks 

module, the Rewards module and the Challenges module. 

The dynamics of UDPiler corresponds to the execution of the modules described before.  When the students 

enter to UDPiler, they can answer the questions by topics, look the medals and videos wined previously, 

and look where he/she is located in the ranking, use the online compiler, or simply review the lessons of 

the professor. As regards the challenges of UDPiler, students can solve them in the order that they want, 

for instance, they can answer firstly the most difficult questions. 

7.1.2 Objective of the case study. 

The objective of this case study is to determine the applicability and usefulness of the QU-GamSoft model 

to evaluate the quality in use of UDPiler. 

7.1.3 Research question. 

The case study will be carried out regarding the following main research question: 

Can the QU-GamSoft model be applied and useful to evaluate the quality in use of gamified 

software in a real-life context? 

Since the main research question is very broad, it was then broken down further into the following three 

questions; this in addition to facilitate answering the main research question will give us a greater 

understanding of the topic being investigated: 
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RQ1. Are the measures of the QU-GamSoft model suitable to measure the attributes of UDPiler?  

RQ2. Can the QU-GamSoft model be used to evaluate in a reliable way the quality in use of 

UDPiler? 

RQ3. Would evaluators use the QU-GamSoft model for future quality evaluations of UDPiler, or 

any other gamified software? 

7.1.4 Case and unit of analysis. 

Our case is the applicability and usefulness of the QU-GamSoft model to evaluate the quality in use of 

UDPiler. Since UDPiler is a gamified software fully developed, in this case study a final product was 

evaluated. UDPiler has six modules; User management, Player Management, Challenge Module, Rewards 

module, Clans Module and Compiler Module. However, the modules that were evaluated in this case study 

were Challenge Module and Rewards module, since these modules are the only ones gamified. The data 

for this case study was obtained from a professor and students of the Faculty of Engineering of Diego 

Portales University in Chile. The Faculty of Engineering has 605 students enrolled in engineering programs, 

of which 452 are of first year. UDPiler is a gamified software that is aimed at first year students and its 

purpose is to support the teaching of C programming language. In the case study, a professor will assess 

the quality in use of UDPiler when used by first year students of engineering programs. According to the 

classification of Yin (2013)  for case studies, the UDPiler case study is classified as follows (see Figure 

7-6): 

 Case study: It is a simple case study owing to a unique event is represented. 

 Unit of analysis: The unit of analysis has embedded design owing to it includes multiple units of 

analysis (3 units of analysis). 

A Unit of analysis is the actual source of information  (Yin, 2013) such as an individual, an organizational 

document or an artifact, among others. In this case study the units of analysis are the UDPiler platform, the 

designer-administrator of UDPiler (hereinafter administrator) and the end users who are the students. 
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Figure 7-6 Classification of the UDPiler case study. 

7.1.5 Data collection procedures. 

The data collection activities are related to the application of the QU-GamSoft model for assessing the 

quality in use of UDPiler. The data was collected from three sources (see Figure 7-6): 

1. The gamified software UDPiler. UDPiler is a gamified learning platform used to support the 

teaching of programming languages in engineering programs. 

2. Administrator. A professor of the Faculty of Engineering who has participated in design and 

development of UDPiler and who is the system administrator of the gamified learning platform. 

3. Students. First year undergraduate students of engineering programs who use UDPiler. 

From the first source, we collected qualitative data about features of UDPiler such as modules, functions, 

menus, etc., through observation and use of UDPiler.  

From the second source, we collected qualitative data about the background of UDPiler, the Faculty of 

Engineering, the programming language courses, and feedback about the quality attributes and measures 

of the QU-GamSoft model. This data was collected by means of interviews. Additionally we collected data 

regarding the intention to use the QU-GamSoft model, this data was collected by means of a questionnaire 

(see Table 7-14).  

From the third source, we collected qualitative data regarding the opinion about several respects of the 

effectiveness and satisfaction of UDPiler, this data were collected by means of  closed questions 

questionnaires (see  Table 7-3 to Table 7-8 ). 
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7.1.6 Case study execution and analysis procedure. 

The author of this PhD thesis, the administrator of UDPiler and students of engineering programs 

participated in the execution of this case study. The conduction of the case study was divided into three 

phases each aimed at answer each of the three research questions: 

Phase 1) Selection and customization of quality measures (RQ1). 

Phase 2) Quality in use evaluation (RQ2).  

Phase 3) Determination of the intention to use of the QU-GamSoft model (RQ3).  

Table 7-1 shows the main activities carried out in the execution of this case study. 

Phase Activity Responsible Start End Time 

 

Phase 1 

1. Initial interview via Skype for an 

introduction to UDPiler. 

Author, 

Administrator 

4/nov/2015 4/nov/2015 1 hour 

2. Review of the features and functionality 

of UDPiler. 

Author 5/nov/2015 9/nov/2015 3 days 

3. First draft of proposed quality in use 

measures for UDPiler. 

Author 10/Nov/201

5 

11/Nov/201

5 

2 days 

4. Interview via skype to review the 

proposed quality measures and clarify 

issues. 

Author, 

Administrator 

12/nov/2015 12/nov/2015 1 hour 

5. Email submission of proposed quality 

measures to designer-administrator. 

Author 12/nov/2015   

6. Feedback regarding proposed quality 

measures. 

Administrator 13/nov/2015   

7. Development of google forms online 

questionnaires. 

Author 13/nov/2015 16/nov/2015 1 day 

Phase 2 

8. Evaluation of the quality in use of 

UDPiler. 

Author 

Administrator 

Students 

19/nov/2015 30/dic/2015 30 days 

Phase 3 9. The TAM questionnaire filling. Administrator 8/ene/2016   

Table 7-1 Outline of the main activities of each phase of the UDPiler case study. 

In the first phase, interviews via Skype were conducted and questionnaires were sent via email to the 

administrator of UDPiler, aimed to collect information as regards the characteristics of UDPiler in order to 

determine the quality measures that would apply and make the necessary customizations to these measures. 
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In the second phase, online questionnaires (see Table 7-3 to Table 7-8) were applied to students of 

engineering programs to evaluate the quality in use of UDPiler by means of the QU-GamSoft model, after 

the online questionnaires were answered the calculation of quality measures was performed. 

In the third phase, a questionnaire (Table 7-14) was applied to the administrator of UDPiler to determine 

the intention to use of the QU-GamSoft model. 

7.1.7 Results of the case study. 

In this section, we present the main findings of the UDPiler case study, organized by research question. 

7.1.7.1 RQ1 Are the quality measures of the QU-GamSoft model suitable to 

measure the attributes of UDPiler?  

In order to answer this research question the author of this PhD thesis was assigned the task of using and 

reviewing the UDPiler software paying attention to the features of the software such as game design 

elements used, the tasks to be performed, the rules for obtaining game achievement etc., among others. 

Later interviews were conducted via Skype and questionnaires were sent via email to the administrator with 

questions regarding the functionality of UDPiler. 

With the information gathered, the author of this PhD thesis proposed measures which were applied to 

evaluate the quality characteristics Effectiveness and Satisfaction. These characteristics were recommended 

by the author of this PhD thesis to be those that characterize (according to literature review) the most 

relevant gamified software respects, and for agreeing with the designer-administrator evaluation 

requirements whose interest was to determine the effectiveness and satisfaction of UDPiler. The author of 

this PhD thesis elaborated and proposed a list consisting of 25 measures customized to the context of 

UDPiler based on the 25 measures of the QU-GamSoft model (see chapter 4). The administrator of UDPiler 

reviewed the list of the proposed measures in order to determine whether the measures were understandable 

and whether it was feasible to be implemented. The comments and feedback provided by the administrator 

was taken into account to refine the proposed measures. The administrator determined that although it was 

possible to implement all the proposed measures, due to time and resources constraints it was only feasible 

to implement 6 measures (see Table 7-2 ). Particularly the measures feasible to implement are those that 

could be obtained through questionnaires (see Table 7-3 to Table 7-8).  
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Quality characteristic Quality sub-characteristic Quality measure 

Effectiveness Performance Perceived effectiveness 

Satisfaction 

Usefulness 
Perceived usefulness 

Perceived meaningfulness 

Enjoyment 

User fun 

Preference of usage 

Perceived engagement 

Table 7-2 Measures to be obtained in UDPiler. 

Q1: Perceived effectiveness 

User id:  

Perceived effectiveness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The UDPiler platform helped me improve my 

understanding of basic and object-oriented 

programming. 
 

2. I got a higher grade due to the UDPiler platform. 

 

3. I perform my course activities better due to the 

UDPiler platform. 
 

4. I achieved my personal/institutional goals 

regarding the course due to the UDPiler platform.  
 

5. I participate more in the course activities due to the 

UDPiler platform. 
 

6. I conclude my activities in the planned time due to 

the UDPiler platform. 
 

7. The quality of the activities performed is better 

because of the UDPiler platform. 
 

8. I used the UDPiler platform more frequently 

because it is gamified. 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0,125 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to a question related to perceived 

effectiveness  (5 point Likert scale) 

 

 

 

 

Table 7-3 Customized Perceived effectiveness questionnaire for UDPiler. 
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Q4: Perceived usefulness 

User id:  

Perceived usefulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The game design elements of UDPiler platform 

were useful to achieve my personal/institutional 

goals in a fun way. 
 

2. The game functions of the UDPiler platform and 

the activities in which they were used were 

useful. 
 

3. The proposed game design elements were useful 

to motivate me to use the UDPiler platform. 
 

4. Using the UDPiler platform was a worthwhile 

experience. 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.25 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to perceived 

usefulness (5 point Likert scale) 

 

 

 

 

 

Table 7-4 Customized Perceived usefulness questionnaire for UDPiler. 

Q5: Perceived meaningfulness 

User id:  

Perceived meaningfulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The UDPiler platform is related to my interests 

and personals emotions and is valuable to achieve 

my goals. 
 

2. The UDPiler platform is related to a community 

or group with similar interests to mine. 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.5 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to perceived 

meaningfulness (5 point Likert scale) 

 

 

 

 

 

Table 7-5 Customized Perceived meaningfulness questionnaire for UDPiler. 
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Q7: User fun 

User id:  

User fun Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I enjoyed the experience of using the UDPiler 

platform.  
 

2. I enjoyed completing the task in the UDPiler 

platform. 
 

3. Completing the task in the UDPiler platform was 

fun. 
 

4. Earning game achievements   (badges, points, 

rewards, etc.) made me happy. 

 

 

5. Improving my ranking in the leaderboard made 

me feel happy. 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.20 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

Ai = Response to question related to User fun (5 point 

Likert scale) 

  

 

Table 7-6 Customized User fun questionnaire for UDPiler. 

Q8: Preference of usage 

User id:  

Preference of usage Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I prefer to use the UDPiler platform with game 

elements such as points, badges, etc., than 

without them. 
 

  

  

  

Function Computations Result 

All questions are weighted equally, Wi = 1 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

Ai = Response to question related to Preference of usage 

(5 point Likert scale) 

  

 

Table 7-7 Customized Preference of usage questionnaire for UDPiler. 
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Q9: Perceived engagement 

User id:  

Perceived engagement Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The game achievements motivated me to 

participate more than I would have done 

otherwise. 

 

 

2. My level of involvement in the course was high. 

 

3. Trying to earn game achievements had a positive 

effect on my behavior. 
 

4. Improving my ranking in the leaderboard 

increased my motivation to continue 

participating. 

 

 

5. Time passed quickly while performing activities 

in the UDPiler platform. 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.20 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to Perceived 

engagement (5 point Likert scale) 

  

Table 7-8 Customized Perceived engagement questionnaire for UDPiler. 

 Conclusions of RQ1. 

For all the aforementioned we can conclude that the quality measures of the QU-GamSoft model are 

suitable to measure the attributes of UDPiler even though, due to the constraints of time and resources has 

only been feasible to implement 6 of the 25 proposed quality measures. 

7.1.7.2 RQ2 Can the QU-GamSoft model be used to evaluate in a reliable way the 

quality in use of UDPiler? 

In order to answer this research question, the quality in use of UDPiler was evaluated by making 

measurements corresponding to the quality measures selected (see Table 7-2). In the process of conducting 

the evaluation participated the author of this PhD thesis, the administrator of UDPiler and students of 

engineering programs in the role of end users. 
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The quality in use of UDPiler was evaluated by applying the customized questionnaires (see Table 7-3 to 

Table 7-8) to students. A single questionnaire was developed with all questions relating to the 

questionnaires of the selected measures (see Table 7-2). The questionnaire consisted of 25 multiple choice 

questions with a 5 point Likert scale, it was developed with the Google forms tool and was placed online 

through a link on the UDPiler webpage (UDPiler, 2015). The results of applying the QU-GamSoft model 

to evaluate the quality in use of UDPiler are presented below. 

 Results of evaluation of the quality in use of UDPiler. 

The evaluation of the quality in use of UDPiler was carried out from November 19 to December 30, 2015, 

after completing the course of programming languages and after the students used UDPiler for an entire 

semester. 452 students of engineering programs were invited to participate in the evaluation but only 32 

replies were received. The evaluation results of the quality measurements are shown in Table 7-9  and Table 

7-10. 

Name Function Calculation Result 

Perceived 

effectiveness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived effectiveness 

questionnaire (see Table 7-3). 

 

All questions are weighted 

equally, Wi = 0.125. 

∑AiWi  = (2.78 * 0.125 + 

2.38 *  0.125 + 2.5 * 

0.125 + 2.41 * 0.125 + 

2.47 * 0.125 + 2.28 * 

0.125 + 2.56 * 0.125 + 

2.78 * 0.125) = 2.52 

 

X = 2.52/4 

 

0.63 

  Sub-characteristic 

Performance 

0.63 

 Effectiveness  0.63 

Table 7-9 Evaluation results of the Effectiveness of UDPiler. 

Name Function Calculation Result 

Perceived 

usefulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived usefulness 

questionnaire (see Table 7-4). 

 

All questions are weighted 

equally, Wi = 0.25. 

 

∑AiWi  = (2.56 * 0.25 + 

2.78 *  0.25 + 2.81 * 0.25 

+ 3.03 * 0.25) = 2.8 

 

X = 2.8/4 

 

0.70 
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Name Function Calculation Result 

Perceived 

meaningfulness 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived meaningfulness 

questionnaire (see Table 7-5). 

 

All questions are weighted 

equally, Wi = 0.50. 

 

∑AiWi  = (2.28 * 0.5 + 

2.53 *  0.5 ) = 2.41 

 

X = 2.41/4 

 

 

0.60 

  Sub-characteristic 

Usefulness 

0.65 

User fun 
𝑋 =

∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

User fun questionnaire (see 

Table 7-6). 

 

All questions are weighted 

equally, Wi = 0.20. 

  

∑AiWi  = (2.88 * 0.20 + 

2.81 *  0.20 + 3 * 0.20 + 

2.91 * 0.20 + 3.06 *0.20) 

= 2.93 

 

X = 2.93/4 

 

       

0.72 

Preference of usage 
𝑋 =

∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Preference of usage 

questionnaire (see Table 7-7). 

 

All questions are weighted 

equally, Wi = 1. 

∑AiWi  =  3.34 

 

X = 3.34/4 

 

0.84 

Perceived 

engagement 𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Answer to a question from 

Perceived engagement 

questionnaire (see Table 7-8). 

 

All questions are weighted 

equally, Wi = 0.20. 

 

∑AiWi  = (2.84 * 0.20 + 

2.63 *  0.20 + 2.69 * 0.20 

+ 2.94 * 0.20 + 2.72 * 

0.20) = 2.76 

 

X = 2.76 /4 

 

 

0.69 

  Sub-characteristic 

Enjoyment 

0.75 

 Satisfaction  0.70 

Table 7-10 Evaluation results of the Satisfaction of UDPiler. 

The results of the evaluation show that the perception of students regarding the Effectiveness of UDPiler 

to help better understand the C programming language is rather low with a rating of only 60%. With regard 

to Satisfaction, the results are a little more encouraging although with a rating of 70% cannot be considered 

that students are completely satisfied with the experience of using UDPiler. Analyzing more closely the 
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results by measure (see Figure 7-7 ) we note that Perceived usefulness was rated with a score of 70%, User 

fun got was little higher with a score of 72%, and Perceived engagement was rated with a score of 69%. 

Perceived meaningfulness however was rated a little lower with a score of 60%, which might suggest that 

students are not perceiving the importance of the gamification of UDPiler to achieve their learning goals. 

As regards the measure Preference of usage the results show that it was the most highly rated with a score 

of 84%.  

The results of the evaluation show (Table 7-10) that students prefer the gamified version of UDPiler instead 

the non-gamified one (0.84%), this reveals to some extent, that although the evaluation results are not as 

good as expected, apparently the gamification of UDPiler has been successful. 

 

Figure 7-7 Results of measurements of Satisfaction. 

 Identified weaknesses and recommendations for UDPiler creators. 

The overall results of the evaluation of UDPiler are good, but there is always room for improvement and 

the overall results of the evaluation could be improved by addressing some identified weaknesses.  

UDPiler aspects that could be improved are among others: 
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 Aimed to make it more fun and enjoyable learning experience more game design elements could 

be included, such as levels, powers, more types of badges, individual and group challenges, among 

others. 

 The mechanics to award points and medals and generally any game achievement could be 

improved in two important ways: 1) not all challenges have the same reward, i.e., the reward for 

completing a challenge be proportional to the level of difficulty of the challenge, and 2) the 

difficulty in obtaining game achievements increases as more game achievements are obtained. 

 The leaderboard could be more effective if instead of showing the ranking of all students, which 

could discourage students who are at the bottom of the ranking, it could be configured so that 

inclusion in the ranking is voluntary, or inclusion is limited to groups of students participating in 

a particular challenge. 

 The meaningfulness of UDPlier could be improved by the inclusion of a configurable user profile 

that considers at least the use of an image and a nickname, in order to help students become better 

connected or identified with the UDPiler platform. 

 Determining the reliability of the quality in use measurements. 

In order to verify the reliability of the results of quality in use measurements, we decided to conduct an 

analysis of concordance of attributes, also known as inter-rater agreement (Emam, 1999). An analysis of 

concordance of attributes evaluates the uniformity of responses within a group of evaluators and between 

them. The reliability of the measures denotes the degree of agreement-similarity between the measurements 

obtained by different raters (students). In statistics, reliability is a very important concept that determines 

the precision of measurements. Statistical reliability determines whether the experiment is reproducible. 

Therefore, the purpose of determining the reliability of the measurements it is to demonstrate its precision 

and the reproducibility of results and thereby create confidence in the quality measures of QU-GamSoft 

model. 

The analysis uses ratings or classifications of attributes. The measurements are subjective assessments made 

by people and not by direct physical measurements. In these situations, the quality characteristics are 

difficult to define and evaluate. For obtaining meaningful classifications, more than one evaluator must 
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match the measurement of the response. If the reviewers agree, there is a possibility that the ratings are 

accurate. If reviewers do not agree, the usefulness of the classification is limited. 

The aim of this analysis is to determine the reliability of the Effectiveness and Satisfaction measurements. 

In order to corroborate the reliability of the measurements, the inter-rater agreement statistical analysis is 

performed using the Kendall coefficient of concordance ŵ (Kitchenham et al., 1995) for ordinal values. 

The result of testing the hypothesis indicates whether what is being measured is reliable according to k 

human judges with respect to the measures regardless of the concept being measured. As a first step in this 

analysis, a null work hypothesis (H0) and an alternative hypothesis (Ha) are set. The decision to accept or 

not accept Ha is determined based on the level of the p-value. If the p-value <0.05, we reject H0 (or accept 

Ha) which means that we accept that there is a degree of interrater agreement (students) with respect to the 

evaluation of the measures and the strength of agreement of it, is estimated based on the values of the 

coefficients obtained (Emam, 1999).  

To facilitate the data analysis, the questions from the questionnaires were organized into dimensions, i.e. 

groups of questions. In the following subsection, the dimensions for both Effectiveness and Satisfaction 

questionnaires are described followed by the description the types of variables of the questionnaires. After 

that, the test of the hypotheses related to the reliability of the measures are presented. 

 This questionnaire is composed of twenty-five closed questions for the evaluation of the quality in use 

attributes, specifically Effectiveness and Satisfaction, its purpose is to obtain the quality measures of these 

attributes. Statistically, these questions represent ordinal variables whose answers take an absolute numeric 

value. The questionnaire is organized in three sets of questions or dimensions one set corresponding to the 

quality sub-characteristic Performance (of characteristic Effectiveness) and two sets corresponding to the 

quality sub-characteristics Usefulness and Enjoyment ( of characteristic Satisfaction) of the QU-GamSoft 

model. Table 7-11 Dimensions of the group of questions of the quality in use questionnaire.shows the 

dimension and its nomenclature. 

 QU-GROUP 1. This dimension consists of eight closed questions that correspond to the quality 

measure Perceived effectiveness of the sub-characteristic Performance of the QU-GamSoft model. 
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 QU-GROUP 2. This dimension consists of six closed questions that correspond to the quality 

measures Perceived usefulness and Perceived meaningfulness of the quality sub-characteristic 

Usefulness of the QU-GamSoft model. 

 QU-GROUP 3. This dimension consists of eleven closed questions that correspond to the quality 

measure User fun, Preference of usage and Perceived engagement of the quality sub-characteristic 

Enjoyment of the QU-GamSoft model. 

Dimension Nomenclature Quality sub-characteristic 

QU-GROUP 1 QUQi.1; where i takes values from 1 to 8 Performance 

QU-GROUP 2 QUQi.2; where i takes values from 1 to 6 Usefulness 

QU-GROUP 3 QUQ i.3; where i takes values from 1 to 11 Enjoyment 

Table 7-11 Dimensions of the group of questions of the quality in use questionnaire. 

The hypotheses to be tested in order to verify the reliability of the Effectiveness and Satisfaction 

measurements are: 

 H1,0: The quality measurements of Performance are unreliable according to the evaluation of 

UDPiler performed by students of engineering programs. H1,1: ¬ H1,0 

 H2,0: The quality measurements of Usefulness are unreliable according to the evaluation of 

UDPiler performed by students of engineering programs. H2,1: ¬ H2,0 

 H3,0: The quality measurements of Enjoyment are unreliable according to the evaluation of 

UDPiler performed by students of engineering programs. H3,1: ¬ H3,0 

The goal of the statistical analysis is to reject the null hypotheses and possibly to accept the alternative 

ones. 

 Reliability evaluation of the measurements: testing H1,0, H2,0 and H3,0. 

In order to evaluate the reliability of the measurements for Performance, Usefulness and Enjoyment sub-

characteristics, the statistical method of inter-rater agreement (students as raters) was used. The statistical 

analysis is performed taking into account the dimensions (or group of questions) described in. The statistical 

function that has been employed is Kendall coefficient of concordance “ŵ” using the Kappa coefficient. A 

lot of dispersion between evaluations of raters means unreliability (low inter-rater agreement) or little 

agreement (lot of dispersion== unreliability == little agreement). High inter-rater agreement is desirable to 
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give credibility to the evaluation results (see Table 7-12). The results of the reliability of the measurement 

of quality in use per dimension are shown in Table 7-13¡Error! No se encuentra el origen de la 

referencia.. 

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 

Table 7-12 Interpretation of the Kappa coefficients (Emam, 1999). 

Dimension p-value W Kendall 

(students) 

Strength of agreement 

QU-GROUP 1 0.000 0.674 Good 

QU-GROUP 2 0.000 0.559 Moderate 

QU-GROUP 3 0.000 0.595 Moderate 

Table 7-13 Results of the reliability of the measures of Effectiveness and Satisfaction per dimension: test 

Kappa. 

For the dimension QU-GROUP 1 corresponding to the measurements of the quality sub-characteristic 

Performance, the p-value satisfies the condition p <0.05, we therefore can reject the null hypothesis for this 

dimension H1,0 and accept the alternative hypothesis H1,1: ¬ H1,0. This means that students agree on the 

evaluation of the measures of Performance. Looking for the Kendall coefficient value (0.674) of this 

dimension in the Kappa coefficient table (see Table 7-13), we found that the strength of agreement is good, 

which means that the reliability of the evaluation of the measures of Performance is good, since the raters 

(students) frequently agree on their evaluations. For the dimension QU-GROUP 2 corresponding to the 

measurements of the quality sub-characteristics Usefulness, the p-value satisfies the condition p <0.05, we 
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therefore can reject the null hypothesis for this dimension H2,0 and accept the alternative hypothesis H2,1: ¬ 

H2,0. This means that students agree on the evaluation of the measures of Usefulness. Looking for the 

Kendall coefficient value (0.559) of this dimension in the Kappa coefficient table (see Table 7-13), we 

found that the strength of agreement is moderate, which means that the reliability of the evaluation of the 

measures of Usefulness is moderate, since the raters (students) regularly agree on their evaluations. For the 

dimension QU-GROUP 3 corresponding to the measurements of the quality sub-characteristics Usefulness, 

the p-value satisfies the condition p <0.05, we therefore can reject the null hypothesis for this dimension 

H3,0 and accept the alternative hypothesis H3,1: ¬ H3,0. This means that students agree on the evaluation of 

the measures of Enjoyment. Looking for the Kendall coefficient value (0.595) of this dimension in the 

Kappa coefficient table (see Table 7-13), we found that the strength of agreement is moderate, which means 

that the reliability of the evaluation of the measures of Enjoyment is moderate, since the raters (students) 

regularly agree on their evaluations. 

 Conclusions of RQ2. 

In order to answer RQ2, 32 students carried out an evaluation of the quality in use of UDPiler, specifically 

regarding its Effectiveness and Satisfaction.  The results of the evaluation were analyzed by means of a 

reliability statistical analysis. The statistical analysis revealed that generally students agree on the results 

of evaluations, the analysis also revealed that the reliability of results of measurements of sub-characteristic 

Performance is good and that the reliability of results of measurements of sub-characteristics Usefulness 

and Enjoyment is moderate. We therefore may conclude that to some extent the results of the evaluation of 

the Effectiveness and Satisfaction of UDPiler are reliable. 

7.1.7.3 RQ3 Would evaluators use the QU-GamSoft model for future quality 

evaluations of UDPiler, or any other gamified software? 

In order to answer this research question and aimed to assess the external validity of the QU-GamSoft 

model, a questionnaire based on the Technology Acceptance Model (TAM) model was administered to 

determine the intention to use of the QU-GamSoft model. In the next subsection, a brief introduction to 

TAM model is presented, then the TAM questionnaire design is introduced and finally an analysis of the 

results of the application of TAM questionnaire to UDPiler administrator is presented. 
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 The technology acceptance model (TAM). 

The technology acceptance model (TAM) (Davis, 1989) is one of the most popular theoretical frameworks, 

to understand and predict user acceptance or adoption of information systems (Lin, Wu, & Tran, 2015). In 

the TAM, among the models most commonly used to study information system acceptance, actual behavior 

is determined by measuring perceived usefulness and perceived ease of use as they relate to attitudes toward 

use and intention to use (Lin et al., 2015). The goal of TAM is to provide an explanation of the determinants 

of computer acceptance that is general, capable of explaining user behavior across a broad range of end-

user computing technologies and user populations. A key purpose of TAM is to provide a basis for tracing 

the impact of external factors on internal beliefs, attitudes and intentions in order to predict but also to 

explain why a particular system may be unacceptable and pursue appropriate corrective steps. TAM was 

formulated in an attempt to achieve these goals by identifying a small number of fundamental variables 

suggested by previous research dealing with the cognitive and affective determinants of computer 

acceptance (Davis, Bagozzi, & Warshaw, 1989).  

TAM posits that two particular beliefs, perceived usefulness and perceived ease of use are of primarily 

relevance for computer acceptance behaviors (see Figure 7-8). Such variables are defined as follows: 

 Perceived usefulness (U). It is defined as the degree to which a person believes that using a 

particular system would enhance his or her job performance.  

 Perceived ease of use (EOU). It refers to the degree to which a person believes that using a 

particular system would be free of effort. 

 Attitude toward using (A). It is the disposition of a person to use a particular system, which 

she/he believes, would enhance his or her job performance and would be free of effort. 

 Behavioral intention to use (BI). It is the person intention to perform behaviors toward which 

she/he has positive affect. 
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Figure 7-8 Technology acceptance model (TAM) (Davis et al., 1989) . 

Four hypotheses are proposed to describe the relationships between the variables of the TAM. 

1) If the system is perceived as useful, it is more likely that it will be used. Thus, the first hypothesis is as 

follows: 

H1: Perceived usefulness positively affects attitude towards using. 

2) The easier to use the system:  

 It is more likely that it will be used. 

 It is more likely to be considered useful. 

Thus, the second and third hypotheses are as follows: 

H2: Perceived ease of use positively affects attitude towards using. 

H3: Perceived ease of use positively affects perceived usefulness. 

3) The attitude-intention relationship represented in TAM implies that, all else being equal, people form 

intentions to perform behaviors toward which they have positive affect. Thus, the fourth hypothesis is as 

follows: 

H4: Attitude toward using positively affects intention to use. 

 TAM based questionnaire design. 

The TAM based questionnaire  consists of 17 closed questions divided into 4 sections called variables, 

Perceived usefulness, Ease of use, Attitude towards using and Intention to use.  

Each variable of the TAM is measured with a questionnaire that was adopted from the relevant literature, 

Perceived usefulness and Perceived ease of use were adopted from (Davis et al., 1989), Attitude toward 

using was adopted from (Lederer, Maupin, Sena, & Zhuang, 2000), and Intention to use was adopted from 
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(Davis & Venkatesh, 1996). All items are measured on a five-point Likert scale ranging from 0 (‘strongly 

disagree’) to 4 (‘strongly agree’). The TAM questionnaire used in this case study is shown in Table 

7-14¡Error! No se encuentra el origen de la referencia..  It is advisable to administer this questionnaire 

to users of the QU-GamSoft model. Ideally, the more respondents to TAM questionnaire, the better, 

however in this case study, the only user of the QU-GamSoft model, and therefore the only respondent, is 

the administrator of UDPiler 

Variable  Scale items 

Perceived usefulness 1. I think using the proposed quality in use model enable me to assess 

gamified software quality more quickly. 

2. I think using the proposed quality in use model improve my 

performance to assess gamified software quality. 

3. I think using the proposed quality in use model increases my 

productivity.  

4. I think using the proposed quality in use model makes it easier for 

me to assess gamified software quality. 

5. I think using the proposed quality in use model enhance my 

effectiveness assessing gamified software quality. 

6. In general, I think using the proposed quality in use model is useful 

when assessing the quality of gamified software. 

Perceived ease to use 1. I think it is easy to learn to use the proposed quality in use model. 

2. I think the proposed quality in use model is clear and understandable. 

3. I think the proposed quality in use model easily adapts to changes 

and different situations when assessing the quality in use of gamified 

software. 

4. I think it is easy for me to become skillful in using the proposed 

quality in use model. 

5. In general, I find the proposed quality in use model easy to use. 

Attitude toward using 1. I think that using the proposed quality in use model is a good idea. 

2. In my opinion, it is desirable to use the proposed quality in use 

model. 

3. I think that using the proposed quality in use model is convenient. 

Intention to use 1. Assuming that I have the proposed quality in use model, I intend to 

use it to assess the quality of gamified software. 

2. I am willing to use the proposed quality in use model to assess the 

quality of gamified software. 

3. Overall, my general intention to use the proposed quality in use 

model is very high. 

Table 7-14 TAM questionnaire. 
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 Background of the respondent. 

The administrator is a professor of the Faculty of Engineering, he has a master's degree and has over 5 years 

of experience in software development, of which at least the last year he has been involved in the 

development of gamified software. 

 Analysis of the TAM questionnaire response. 

The TAM proposes four hypotheses that describe the relationships between the four variables of the model, 

however, due to we only have the response of one evaluator makes no sense to test these hypotheses. 

Therefore, only analysis of the questionnaire responses will be presented next. TAM questionnaire 

responses given by the administrator of UDPiler are shown in Table 7-15 

Variable Scale items Response 

Perceived usefulness (U) 

1. I think using the proposed quality in use model 

enable me to assess gamified software quality 

more quickly. 

Undecided 

2. I think using the proposed quality in use model 

improve my performance to assess gamified 

software quality. 

Agree 

3. I think using the proposed quality in use model 

increases my productivity.  

Agree 

4. I think using the proposed quality in use model 

makes it easier for me to assess gamified 

software quality. 

Strongly 

agree 

5. I think using the proposed quality in use model 

enhance my effectiveness assessing gamified 

software quality. 

Strongly 

agree 

6. In general, I think using the proposed quality in 

use model is useful when assessing the quality 

of gamified software. 

Strongly 

agree 

Perceived ease of use (E) 

1. I think it is easy to learn to use the proposed 

quality in use model. 

Agree 

2. I think the proposed quality in use model is clear 

and understandable. 

Agree 

3. I think the proposed quality in use model easily 

adapts to changes and different situations when 

assessing the quality in use of gamified 

software. 

Agree 

4. I think it is easy for me to become skillful in 

using the proposed quality in use model. 

Strongly 

agree 
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5. In general, I find the proposed quality in use 

model easy to use. 

Strongly 

agree 

Attitude toward using (A) 

1. I think that using the proposed quality in use 

model is a good idea. 

Strongly 

agree 

2. In my opinion, it is desirable to use the proposed 

quality in use model. 

Strongly 

agree 

3. I think that using the proposed quality in use 

model is convenient. 

Strongly 

agree 

Intention to use (BI) 

1. Assuming that I have the proposed quality in 

use model, I intend to use it to assess the quality 

of gamified software. 

Agree 

2. I am willing to use the proposed quality in use 

model to assess the quality of gamified 

software. 

Agree 

3. Overall, my general intention to use the 

proposed quality in use model is very high. 

Agree 

Table 7-15 Response to TAM questionnaire. 

 With regard to Perceived usefulness, in general the evaluator considers the QU-GamSoft model 

useful to evaluate the quality in use of gamified software. In particular agrees that the use of the 

QU-GamSoft model facilitates the evaluation and improves the effectiveness of the evaluation of 

gamified software, however does not consider that the use of QU-GamSoft model allows faster 

evaluations. 

 With regard to Perceived ease to use, in general the evaluator considers that the QU-GamSoft 

model is easy to use when evaluating the quality in use of gamified software. In particular, the 

evaluator agrees it is easy to become skillful in using the QU-GamSoft model, it is easy to learn 

to use, is clear and understandable and easily adapts to changes when assessing the quality in use 

of gamified software. 

 With regard to Attitude toward using, in general the evaluator has an excellent attitude towards 

using the QU-GamSoft model, and strongly agrees that the use of the QU-GamSoft model is a 

good idea, that it is desirable to use it and that its use is convenient. 

 With regard to Intention to use, in general the evaluator agrees that his intention to use the QU-

GamSoft model is very high. In particular, the evaluator agrees that he intends to use the QU-

GamSoft model, and is willing to use it to evaluate the quality in use of gamified software. 
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 Conclusions of RQ3. 

The results of TAM questionnaire leads us to conclude that the evaluator to some extent expressed that the 

QU-GamSoft model is useful for evaluating the quality in use of gamified software and that the QU-

GamSoft model is easy to use when evaluating the quality in use of gamified software. Additionally the 

evaluator expressed he would use the QU-GamSoft model in future quality evaluations of UDPiler or in 

future quality evaluations of other gamified software. 

7.1.8 Threats to validity of UDPiler case study. 

We must consider certain issues, which may threaten the validity of the case study (Runeson et al., 2012): 

 Internal validity: the age, education, role or experience of the interviewee and respondents 

(students) might be influential factors in being for, or against, the use of the QU-GamSoft model. 

This factor will be analyzed in future work. 

 External validity: the generalization of the results might be extended to cases, which have common 

characteristics, but we cannot generalize to other contexts. 

 Construct validity: the transcript of interviews and observations were sent back to the interviewees 

to enable correction of raw data. Apart from that, analyses were presented to them in order to 

maintain their trust in the research. 

 Reliability: the chain of evidence from the interviews and documentation analyzed through to the 

synthesized evidence was maintained using a word-for-word transcription (so as not to reach 

mistaken interpretation, while the analysis was being undertaken; this analysis took a long time to 

carry out). In addition, the researchers discussed randomized pieces of the analysis, so that they 

could verify and reach an agreement on them. 

 

7.2 Conclusions. 

The purpose of this chapter was to show the applicability and usefulness of the QU-GamSoft model in 

industrial or real-life contexts. We achieved this goal by carrying out two case studies, in the first one the 

quality in use of UDPiler was evaluated, in the second one the quality in use of the project management 

tool Xestiona was evaluated. 
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In the UDPiler case study participated the administrator of the platform and students enrolled in from the 

Faculty of Engineering of Diego Portales University in Chile.  We proposed 25 quality measures 

customized to evaluate the quality in use of UDPiler, however due to time and resource restrictions the 

administrator decided to apply only 6 of the proposed quality measures. 32 students carried out the 

evaluation of the quality in use of UDPiler. The results of the evaluation showed that the perception of 

students regarding the Effectiveness of UDPiler to help better understand the subject of programming 

languages is rather low with a rating of only 60%. With regard to Satisfaction, the results are a little more 

encouraging although with a rating of 70% cannot be considered that students are completely satisfied with 

the experience of using UDPiler. Most of the students (84%), however, prefer to use UDPiler gamified than 

without gamification, this reveals to some extent, that although the evaluation results are not as good as 

expected, apparently the gamification of UDPiler has been successful. 

 In order to demonstrate the reliability of the results of the evaluation they were analyzed by means of an 

inter-rater agreement statistical analysis, the results of the statistical analysis showed that to some extent 

the results of the evaluation of the quality in use of UDPiler are reliable. The reliability of the quality 

measurements tell us to some extent, that the quality measures defined in the QU-GamSoft model have 

been appropriate, understandable and easy to apply when measuring the quality in use of UDPiler. 

Regarding the intention to use of the QU-GamSoft model, the results of the TAM questionnaire showed 

that administrator believes that the QU-GamSoft model is useful, is easy to use, and that he would use it in 

future quality evaluations of UDPiler or any other gamified software. 
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Chapter 8  

Conclusions 

 

 

he purpose of this chapter is to present the conclusions of the research work presented in this PhD 

thesis.  These conclusions commences with section 8.1 in which the main objective of this PhD 

thesis and achievements of the research objectives are analyzed, after which the main contributions of this 

PhD thesis are presented in subsection 8.2. In section 8.3, some research opportunities that emerged during 

the development of this PhD thesis and that we intend to outline as future lines of research are presented.  

Finally, in section 8.4, a complete list of the publications that arose from this research work is presented. 

  

T 
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8.1 Objectives achieved. 

The purpose of this section is to review the achievement of the main objective of this PhD Thesis that was 

established in the chapter 1: 

To develop and validate a Quality in Use Model for Gamified Software. 

The main objective was achieved through the completion of the following partial objectives. 

O1. To analyze the state of the art on gamified software quality through a thorough analysis of the 

existing literature. 

This objective was accomplished by performing an SMS whose results are presented in Chapter 3. 

O2. To develop a Quality in Use Model for Gamified Software (QU-GamSoft model) taking into 

account the particular aspects of gamified software and the findings obtained in the analysis of the 

state of the art. 

This objective was accomplished by proposing a quality in use model specific for gamified software, which 

is denominated QU-GamSoft model. The QU-GamSoft model is described in chapter 3 along with its 

evaluation process. 

O3. To refine the proposed QU-GamSoft model by collecting the opinion of experts in gamified 

software development as regards the relevance and understanding of the definition of each 

attribute of the quality model. This will therefore, to some extent allow us to improve the QU-

GamSoft model by making it more precise and useful for the evaluation of the quality in use of a 

gamified software. 

This objective was accomplished by conducting an online survey among researchers and developers of 

gamified software as regards the understandability and the importance of a set of quality attributes specific 

for gamified software.  The results of this survey are presented in chapter 5. 

O4. To assess the feasibility of application of the QU-GamSoft model by means of the evaluation of 

the quality in use of two pieces of gamified software related to different contexts or application 

fields.  



Conclusions 245 

 

 

 

This objective was accomplished by applying the QU-GamSoft model and its evaluation process to evaluate 

the quality in use of two actual examples of gamified software, Stackoverflow and Duolingo. The 

evaluation results of the two examples of gamified software are presents in chapter 6. 

O5. To investigate the applicability and usefulness of the QU-GamSoft model in industrial or real-life 

contexts. 

This objective was accomplished by conducting two case studies aimed to determine the applicability of 

the QU-GamSoft model in real contexts. One case study was conducted in an academic setting and the other 

was conducted in an industrial setting. The description of both case studies is presented in Chapter 7. 

8.2 Main contributions of the research. 

The main contribution of this PhD thesis is a quality in use model that is specific for the quality evaluation 

of gamified software and which is called QU-GamSoft model. Although researchers have addressed the 

quality of gamified software, there is, to the best of our knowledge, no specific quality in use model that 

considers all the characteristics, sub-characteristics, measures and attributes that can be applied to any kind 

of gamified software. The QU-GamSoft model  defines gamified attributes that are specific to the 

Effectiveness, Efficiency and Satisfaction characteristics, which are not considered in the standard quality 

in use model (ISO, 2011b)  and are, according the SMS results, those most frequently addressed by 

researchers.  

In order to facilitate and systematize the use of the QU-GamSoft model, it was complemented with an 

evaluation process based on the ISO 25040 (ISO, 2011a) was developed. The ISO 25040 international 

standard (ISO, 2011a) proposes a reference model containing recommendations and guidelines that can be 

used to carry out the process of evaluating software product quality. The QU-GamSoft evaluation process 

consists of five activities. Each activity has input and outcome artifacts and stakeholders involved, who 

play one or more roles. This evaluation process provides a detailed definition of 1) the roles that the people 

involved in each activity can play when evaluating a gamified software, 2) the activities that must be 

performed during the evaluation and 3) the tasks to be performed in each activity.  

In this research, we have not only proposed the quality model together with the evaluation process, but we 

have also validate them by carrying out the following studies: 
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1) The refinement process of the QU-GamSoft model, which was conducted by means of a survey of 

experts in gamified software development, whose objective was to confirm whether the attributes 

of the QU-GamSoft model were understandable and important for them. The results of the survey 

led us to maintain the same quality attributes included in the QU-GamSoft model. 

2) The feasibility of application of the QU-GamSoft model and the evaluation process have been 

evaluated by means of two examples of the evaluation of actual gamified software, providing a 

detailed description of how the values of the quality measures were obtained along with the 

interpretation of these values. These examples present the complete evaluation of a gamified 

software, which was done by performing each activity defined in the evaluation process of QU-

GamSoft model. The results of these evaluations are contributions that demonstrate the 

applicability of the QU-GamSoft model and its evaluation process. 

3) The reliability evaluation of the quality measures proposed in the QU-GamSoft model have been 

validated by  means of two case studies conducted in academic and industrial contexts. The results 

of these studies are also a contribution that provide evidence that the measures in the QU-GamSoft 

model are reliable, because there is a concordance in the results of the quality evaluation of a 

gamified software.  

8.3 Future research lines. 

Some research opportunities have been identified during the development of this PhD thesis, which are 

described as follows. 

 Although we have evaluated the feasibility of the application the QU-GamSoft model through the 

evaluation of two actual examples of gamified software, a future research line is to determine the 

feasibility of using the QSGame-Model to evaluate the quality of any type of gamified software 

in application areas such as software engineering, crowdsourcing, project management, marketing 

and loyalty programs, among others. 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 QU-GamSoft, it is necessary, 

as a future research line, to conduct additional case studies by considering the evaluation of more 
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experts rather than only one expert as occurred in this PhD Thesis. It might also be desirable to 

consider the complete set of measures of the quality model.  

 In addition to the case study, we should carry out empirical validations using other research 

methods, such as experiments (Wohlin et al., 2012) and action-research techniques (Roel Wieringa 

& Morah, 2012). This may contribute toward the adoption in practice of the QU-GamSoft model 

and its evaluation process and it will provide stronger evidence of the validity and applicability of 

the model and its evaluation process.  

 In order to facilitate the use and application of the QU-GamSoft model another future research 

line would be the design and development of a tool for QU-GamSoft model. The main objective 

of this tool would be the automation of the applicability of the QU-GamSoft model. 

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 serious games. 

8.4 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. 

8.4.1 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). 
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8.4.2 Published papers. 

In this subsection, the list of research works that have already been published is presented. 

8.4.2.1 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, May). A systematic mapping 

study on serious game quality. In the Proceedings of the 18th International Conference on 

Evaluation and Assessment in Software Engineering (p. 15). ACM. 

 Vargas-Enríquez, J., García-Mundo, L., Genero, M., & Piattini, M. (2015, September). A 

systematic mapping study on gamified software quality. In Games and Virtual Worlds for Serious 

Applications (VS-Games), 2015 7th International Conference on (pp. 1-8). IEEE. 

8.4.2.2 National conference papers. 

The research papers that have already been published in national conferences are: 

 García-Mundo, L., Vargas-Enríquez, J., Genero, M., and 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., and 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 the Proceedings of the 1st Congreso de la Sociedad Española 

para las Ciencias del Videojuego (CoSECiVi). 

8.4.2.3 National journal papers. 

The research paper that has been already published in a national journal is: 
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 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 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, 

6 and 7, respectively.  
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9.1 Appendix A. Glossary 

This appendix presents the definitions of the terms used in the construction and description of the Qu-

GamSoft model shown in Chapter 4. The relevant terms regarding gamified software are presented in 

Section 1, while the terms and definitions of the standard ISO 25010 (ISO, 2011b) are presented in Section 

2 and the definitions of gamification elements are presented in Section 3. 

9.1.1 Definition of terms related to gamified software 

Gamification. 

The use of game design elements in non-game contexts (applications)  (Deterding et al., 2011) 

Game design elements. 

Elements that are characteristic of games – elements that are found in most (but not necessarily all) games, 

are readily associated with games, and are found to play a significant role in gameplay (Deterding et al., 

2011).  

Gamified software. 

A software system in which game design elements have been applied to adapt a task in such a way that it 

takes on the form of a game. 

9.1.2 ISO/IEC 25010 standard terms and definitions. 

Analysis of context description. 

Analysis of the context of use to assess the expected quality in use. 

Analysis of user performance. 

Analysis of actual use by specified users to achieve specified goals with effectiveness, efficiency, 

satisfaction and freedom from risk in all the intended contexts of use. 

Attribute. 

A measurable physical or abstract property of an entity. 
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Automated data collection. 

Data collected by instrumenting the software to collect user actions. 

Benchmark. 

Comparing a measure with a point of reference so as to evaluate level of quality. 

Business analytics. 

Analysis of business activities and results. 

Conformance. 

Comparing a measure with a specific business  or usage requirements in order to evaluate level of quality. 

Goal. 

Specify what is to be achieved. 

Inspection. 

Inspection of the system to identify potential problems. 

Measure (noun). 

Variable to which a value is assigned as the result of measurement. 

Measure customer behavior. 

Data collected on actions taken by customers. 

Measurement Function. 

Formula showing how the quality measure elements are combined to produce the quality measure. 

Measure user behavior. 

Data collected on actions taken by users. 

Measure user performance. 



 

Appendices 253 

 

 

 

Measures of effectiveness and efficiency. 

Measurement. 

Set of operations with the object of determining a value of a measure. 

Population norms for satisfaction. 

When there is a database of previous values, measures can be expressed as the percentage of users who 

have previously given a rating of at least this value. 

Quality in use. 

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. 

Quality measure element. 

Measure defined in terms of a property and the measurement method for quantifying it including, 

optionally, transformation by means of a mathematical function. 

Quality model. 

Defined set of characteristics, and of relationships between them, which provides a framework in which to 

specify quality requirements and evaluate quality. 

Software Quality characteristic. 

Category of software quality attributes that has a bearing on software quality. 

Task. 

Activities required to achieve a goal. 

Usage statistics. 

Analysis of the consequences arising from previous human or system errors. 
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9.1.3 Gamification element definitions (Zichermann & Cunningham, 2011) 

Game  achievement. 

A game-defined goal that the user fulfills with certain activities carried out in the gamified software. 

Examples of achievements are trophies, badges, points, etc. 

Game challenge. 

A call to compete in performing a difficult task that once completed will be awarded rewards or game 

achievements. 

Badge. 

A means to mark the completion of goals and the steady progress of play within the system. 

Level. 

A marker for players to know where they stand in a gaming experience over time. 

Leaderboard. 

An ordered list with a score beside each name. Its purpose is to make simple comparisons. 

Reward. 

Incentive to motivate the player to attain it. 

Unlocking. 

Allows the player to access another achievement after s/he meets certain requirements. 
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9.2 Appendix B. Acronyms 

The acronyms used in this PhD Thesis are listed below. 

ACM Association for Computing Machinery 

AQC Alarcos Quality Center 

ATM Automatic Teller Machine 

AWQC Assessment weights for the quality characteristics 

B2B  Business to Business 

CSCL Computer-Supported Collaborative Learning 

DGSQEP Detailed gamified software quality evaluation plan 

ENAC Entidad Nacional de Acreditación  

EP Evaluation purposes 

GEODAS GEstiÓn para el Desarrollo globAl del Software 

GSQEM  Gamified software quality evaluation methods 

GSQEN Gamified software quality evaluation needs. 

GSQER Gamified software quality evaluation report 

GSQRS Gamified software quality requirements specification.  

GSTBE Gamified software to be evaluated 

ICT Information and Communication Technologies  

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronics Engineers 
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ISE Identified stakeholders of evaluation 

ISO International Organization for Standardization 

PRODEP Programa para el Desarrollo Profesional Docente 

QCTBE Quality characteristics and sub-characteristics to be evaluated 

QOC Questions, Options, and Criteria 

QU-GamSoft  Quality in Use Gamified Software 

QUGSM QU-GamSoft model 

RACOE Resources available to carry out the evaluation.  

RGSQE Results of gamified software quality evaluation 

RGSQM Results of gamified software quality measures 

RHLEP Revised high level gamified software quality evaluation plan 

RV Reference Value 

SEQUOIA SEcurity and QUality in prOcesses with bIg data and Analytics 

SLR Systematic Literature Review 

SMGS Specification of modifications to gamified software 

SMS Systematic Mapping Study 

SQM Selected quality measures 

SQuaRE Software product Quality Requirements and Evaluation 

SUS System Usability Scale 

UML Unified Modeling Language 
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9.3 Appendix C. List of primary studies 

Appendix C lists the 35 papers selected and analyzed in the SMS. The identification numbers assigned to 

the 35 papers in this list were assigned in consecutive order according to the alphabetical order of the names 

of the authors. 

P1 Aparicio, A. F., Gutiérrez, F. L., González, J. L., and Isla, J. L. 2012. Analysis and application of 

gamification. In Proceedings of the 13th International Conference on Interacción Persona-

Ordenador (Elche, Spain). 

P2 Barata, G., Gama, S., Jorge, J., and Goncalves, D. 2013. Engaging Engineering Students with 

Gamification. In Proceedings of the 5th International Conference on Games and Virtual Worlds for 

Serious Applications. VS-GAMES. 

P3 Butler, C. 2013. Motivation-based game design: A framework for evaluating engagement potential. 

In Proceedings of the 12th International Conference on Entertainment Computing (Sao Pablo, Brazil). 

ICEC 2013, 176-179. 

P4 Cafazzo, J. A., Casselman, M., Hamming, N., Katzman, D. K., and Palmert, M. R. 2012. Design of 

an mHealth app for the self-management of adolescent type 1 diabetes: A pilot study. Journal of 

Medical Internet Research, 14, 3.  

P5 De-Marcos, L., Domínguez, A., Saenz-De-Navarrete, J., and Pagés, C. 2014. An empirical study 

comparing gamification and social networking on e-learning. Computers and Education, 75, 82-91. 

P6 Denny, P. 2013. The effect of virtual achievements on student engagement. In Proceedings of the 

Conference on Human Factors in Computing Systems (Paris, France), CHI’13,ACM New York, NY. 

P7 Domínguez, A., Saenz-De-Navarrete, J., De-Marcos, L., Fernández-Sanz, L., Pagés, C., and Martínez-

Herráiz, J. J. 2013. Gamifying learning experiences: Practical implications and outcomes. Computers 

and Education, 63, 380-392.  

P8 Downes-Le Guin, T., Baker, R., Mechling, J., and Ruylea, E. 2012. Myths and realities of respondent 

engagement in online surveys. International Journal of Market Research, 54, 5, 1-21. 

P9 Dubois, D. J., and Tamburrelli, G. 2013. Understanding gamification mechanisms for software 

development. In Proceedings of the 2013 9th Joint Meeting on Foundations of Software Engineering 

(Saint Petersburg, Russia), ACM, 659-662. 



 

258  Appendix C. List of primary studies 

 

  

 

 

P10 Eickhoff, C., Harris, C. G., De Vries, A. P., and Srinivasan, P. 2012. Quality through flow and 

immersion: Gamifying crowdsourced relevance assessments. In Proceedings of the International 

ACM SIGIR Conference on Research and Development in Information Retrieval (Portland, Oregon), 

SIGIR'12, ACM, New York, NY. 

P11 Farzan, R., DiMicco, J., Millen, D., Brownholtz, B., Geyer, W., and Dugan, C. 2008. When the 

experiment is over: Deploying an incentive system to all the users. In Proceedings of theSymposium 

on Persuasive Technology (Aberdeen, Scotland). 

P12 Fitz-Walter, Z., Tjondronegoro, D., and Wyeth, P. 2012. A gamified mobile application for engaging 

new students at university orientation. In Proceedings of the 24th Australian Computer-Human 

Interaction Conference (Melbourn, Australia).  OzCHI 2012, ACM, New York, NY. 

P13 Flatla, D., Gutwin, C., Nacke, L., Bateman, S., & Mandryk, R. (2011, October 16 - 19, 2011). 

Calibration games: making calibration tasks enjoyable by adding motivating game elements. Paper 

presented at the 24th annual ACM symposium on User interface software and technology, Santa 

Barbara, CA, USA. 

P14 Gnauk, B., Dannecker, L., and Hahmann, M. 2012. Leveraging gamification in demand dispatch 

systems. In Proceedings of the 2012 Joint EDBT/ICDT Workshops (Berlin, Germany). EDBT-ICDT 

'12, ACM, New York, NY. 

P15 Gordon, N., Brayshaw, M., and Grey, S. 2013. Maximising gain for minimal pain: Utilising natural 

game mechanics. ITALICS Innovations in Teaching and Learning in Information and Computer 

Sciences, 12, 1, 27-38. 

P16 Grant, S., and Betts, B. 2013. Encouraging user behaviour with achievements: an empirical study. In 

Proceedings of the 10thWorking Conference on Mining Software Repositories (San Francisco, CA, 

USA). 

P17 Haaranen, L., Ihantola, P., Hakulinen, L., and Korhonen, A. 2014. How (not) to introduce badges to 

online exercises. In Proceedings of the 45th ACM Technical Symposium on Computer Science 

Education (Atlanta, Georgia). SIGCSE 2014, ACM, New York, NY. 

P18 Hakulinen, L., Auvinen, T., and Korhonen, A. 2013. Empirical Study on the Effect of Achievement 

Badges in TRAKLA2 Online Learning Environment. In Proceedings of the 2013 Learning and 

Teaching in Computing and Engineering (Macau). LaTiCE’13, IEEE Computer Society Washington, 

DC, USA. 



 

Appendices 259 

 

 

 

P19 Halan, S., Rossen, B., Cendan, J., and Lok, B. 2010. High Score! - Motivation Strategies for User 

Participation in Virtual Human Development. In Proceedings of the10th international conference on 

Intelligent virtual agents, (Philadelphia, Pennsylvania, USA). IVA'10. 

P20 Hall, M., Glanz, S., Caton, S., and Weinhardt, C. 2013. Measuring Your Best You: A Gamification 

Framework for Well-Being Measurement. In Proceedings of theThird International Conference on 

Cloud and Green Computing (Karlsruhe, Germany). CGC 2013. 

P21 Hamari, J. 2013. Transforming homo economicus into homo ludens: A field experiment on 

gamification in a utilitarian peer-to-peer trading service. Electronic Commerce Research and 

Applications, 12, 4, 236-245. 

P22 Hamari, J., and Eranti, V. 2011. Framework for designing and evaluating game achievements. In 

Proceedings of the DiGRA 2011 Conference: Think Design Play. 

P23 Iosup, A., and Epema, D. 2014. An experience report on using gamification in technical higher 

education. In Proceedings of the 45th ACM Technical Symposium on Computer Science Education 

(Atlanta, Georgia). SIGCSE 2014, ACM, New York, NY. 

P24 Laskowski, M., and Wojdyga, A. 2014.What can gamified university classroom teach us? Advanced 

Science Letters, 20, 2, 402-405.  

P25 Liu, Y., Alexandrova, T., and Nakajima, T. 2011. Gamifying intelligent environments. In Proceedings 

of the 2011 International ACM workshop on Ubiquitous meta user interfaces (Scottsdale, Arizona). 

Ubi-MUI'1, ACM, New York, NY. 

P26 Massung, E., Coyle, D., Cater, K., Jay, M., and Preist, C. 2013. Using crowdsourcing to support pro-

environmental community activism. In Proceedings of theConference on Human Factors in 

Computing Systems (Paris, France), CHI’13, ACM New York, NY. 

P27 Mekler, E. D., Bruhlmann, F., Opwis, K., and Tuch, A. N. 2013. Disassembling gamification: the 

effects of points and meaning on user motivation and performance.  Extended Abstracts on Human 

Factors in Computing Systems (Paris, France),CHI '13, ACM, 1137-1142.  

P28 Montola, M., Nummenmaa, T., Lucero, A., Boberg, M., and Korhonen, H. 2009. Applying game 

achievement systems to enhance user experience in a photo sharing service. In Proceedings of the13th 

International MindTrek Conference: Everyday Life in the Ubiquitous Era, (Tampere, Finland), 

MindTrek '09. 



 

260  Appendix C. List of primary studies 

 

  

 

 

P29 O'Donovan, S., Gain, J., and Marais, P. 2013. A case study in the gamification of a university-level 

games development course. . In Proceedings of the 2013 South African Institute for Computer 

Scientists and Information Technologists Conference. SAICSIT '13. ACM New York, NY. 

P30 Passos, E. B., Medeiros, D. B., Neto, P. A., and Clua, E. W. G. 2011. Turning Real-World Software 

Development into a Game. In Proceedings of the2011 Brazilian Symposium on Games and Digital 

Entertainment (Salvador, BA. Brazil). SBGAMES 2011, IEEE. 

P31 Rapp, A., Marcengo, A., Console, L., and Simeoni, R. 2012. Playing in the wild: Enhancing user 

engagement in field evaluation methods. In Proceedings of the 16th International Academic MindTrek 

Conference 2012: "Envisioning Future Media Environments" (Tampere, Finland). MindTrek 2012, 

ACM New York, NY. 

P32 Rodrigues, L. F., Costa, C. J., and Oliveira, A. 2013. The adoption of gamification in e-banking. In 

Proceedings of the 2013 International Conference on Information Systems and Design of 

Communication (Lisboa, Portugal).ISDOC '13, ACM New York, NY. 

P33 Shang, S. S. C., and Lin, K. Y. 2013. An understanding of the impact of gamification on purchase 

intentions. In Proceedings of the 19th Americas Conference on Information Systems, Hyperconnected 

World: Anything, Anywhere, Anytime (Chicago, Illinois). AMCIS 2013. 

P34 Thom, J., Millen, D., and DiMicco, J. 2012. Removing gamification from an enterprise SNS. In 

Proceedings of theACM 2012 conference on Computer Supported Cooperative Work (Seattle, 

Washington, USA), CSCW '12. 

P35 Witt, M., Scheiner, C., and Robra-Bissantz, S. 2011. Gamification of online idea competitions: 

Insights from an explorative case. In Proceedings of theInformatik 2011 Informatik schafft 

Communities (Berlin, Germany). 

  



 

Appendices 261 

 

 

 

9.4 Appendix D. Classification scheme. 

In this appendix, the classification scheme used to classify the papers found after carrying out the SMS is 

defined by considering one dimension for each of the six research questions. Some of the categories in this 

classification scheme were taken from previously defined classifications. Other categories were defined 

prior to extracting the information from the SMS and were refined after the information had been extracted 

and analyzed. 

9.4.1 Quality characteristic. 

 The ISO/IEC 25010 (ISO, 2011b) 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 

an interaction when a product is used in a particular context of 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 quality characteristics and 

sub-characteristics used in this work are described below. These definitions are taken from ISO/IEC 25010 

(ISO, 2011b) and it should be borne in mind that the definitions have been adapted to define gamified 

software quality rather than software quality. 

The characteristics of the Quality in use model and the Product quality model are presented below. 

The Quality in use model contains four quality characteristics: 

 

Effectiveness Completeness with which users achieve the specified goals of the gamified software 

owing to engagement or motivation caused by the gamification design elements. 

Satisfaction Degree to which user needs are satisfied when a piece of gamified software is used 

in a specified context of use. 

Usefulness Degree to which users are satisfied with their perceived achievement of pragmatic 

goals, including the results of use and the consequences of use (sub-characteristic of 

Satisfaction). 

Pleasure Degree to which a user obtains pleasure from attaining social recognition, 

achievements and rewards (sub-characteristic of Satisfaction). 
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The Product quality model is composed of the following quality characteristics: 

 

Functional suitability Degree to which a piece of gamified software provides functions that meet 

stated and implied needs when used under specified conditions. 

Functional 

appropriateness 

Degree to which the gamified software functions facilitate the 

accomplishment of specified tasks and objectives. (Sub-characteristic of 

Functional suitability). 

Usability Degree to which a piece of gamified software can be used by specified users 

to achieve specified goals with effectiveness, efficiency, enjoyment, 

engagement, and satisfaction in a specified context of use. 

Learnability Degree to which a piece of gamified software can be used by specified users 

to achieve specified learning goals in order to understand and use the 

gamified software with effectiveness, efficiency, freedom from risk and 

satisfaction in a specified context of use (sub-characteristic of Usability). 

Operability Degree to which a piece of gamified software has attributes that make it easy 

to operate and control (sub-characteristic of Usability). 

User interface aesthetics Degree to which the user interface enables the user to obtain a pleasing and 

satisfying interaction (sub-characteristic of Usability). 

 

9.4.2 Research outcome. 

This dimension refers to the outcome or the results of the research on gamified software quality.  

Knowledge A non- tangible result (e.g., a confirmation of a theory). An example of this might 

be the replication of an experiment to confirm the findings of the original one. The 

outcome is not in reality tangible but we are confirming the knowledge acquired 

previously. 

Framework A structure that supports a gamified software application, or is used as a basis to 

evaluate it. 

 

9.4.3 Software artifact. 

This dimension refers to the software artifact on which the quality assessment of gamified software is 

carried out. A paper can be classified in one or more high-level processes (ISO, 1998): 

Requirements Artifacts that are used for the evaluation, including high-level specifications of the 

gamified software. 
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Design Intermediate artifacts that are created during the gamified software development 

process. 

Code Artifacts that are created during the gamified software codification process. 

Product Final artifacts, which could be the final gamified user interface or the final gamified 

software. 

 

9.4.4 Gamification elements. 

This dimension refers to the mechanics of a gamified system. These are made up of a series of tools that, 

when used correctly, promise to yield a meaningful response (aesthetics) from the players. Some of the 

gamification elements are, among others: points, levels, and badges (Zichermann & Cunningham, 2011). 

Points Points are how you watch, rank, and guide your player. They are important regardless 

of whether their accumulation is shared among players, or even between the designer 

and the player. The point system can be overt, direct, and highly motivational. In yet 

other instances, points may take a back seat to other mechanics, doing their duties in 

the background as the designer’s workhorse. 

Badges Badges are an excellent way to mark the completion of goals and the steady progress 

of play within the system. 

Levels These serve as a marker to allow players to know where they stand in a gaming 

experience over time. 

Leaderboards A leaderboard is an ordered list with a score beside each name. Its purpose is to make 

simple comparisons. 

Rewards Incentives to motivate the player to obtain what is sought. 

Unlocking This allows the player, after meeting certain requirements, to access another 

achievement. 

Other This refers to other gamification elements mentioned in one paper each, and which 

were therefore classified in this category. 

 

9.4.5 Application areas. 

This dimension refers to the application areas on which gamified software focuses. The categories were 

defined based on the papers found during the paper-analysis process and in the classification available at 

http://www.gamification.org.  

http://www.gamification.org/
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Education The gamification elements in this category (such as points, badges and leaderboards 

amongst others) are used to motivate and engage students in activities such as 

attending lectures, workshops or labs, assignment submissions, or in performing 

certain tasks such as those related to skill development or training. 

Environment The gamification elements in these applications are used to motivate and engage 

users in order to raise awareness as regards the care and sustainability of the 

environment and natural resources.  

Health The gamification elements in these applications are used to motivate patients to 

monitor health parameters or to follow up medical treatments or therapies. 

Marketing The gamification elements in these applications are used in brand or product 

awareness or loyalty programs. 

Social well-being The gamification elements in these applications are used to promote social well-

being and to encourage citizens’ participation in community activities. 

Work The gamification elements in these applications are used to encourage the 

performance of repetitive tasks, mainly on crowdsourced platforms. 

Software 

engineering 

The gamification elements in these applications are used throughout the software 

development lifecycle in order to engage and motivate developers to do their work. 

Enterprise social 

network (E.S.N.) 

In these applications, the gamification elements are used to motivate and engage 

employees to use the enterprise' social network. 

General purpose Application with no particular application domain. 

 

9.4.6 Empirical evidence. 

This dimension includes all those categories that characterize the empirical evidence resulting from an 

experimental process. 

Experiment An experiment is a procedure carried out to verify, refute, 

or establish the validity of a hypothesis. 

Quasi-experiment A quasi-experiment shares similarities with the traditional 

experimental design or randomized controlled trial, but 

specifically lacks the element of random assignment to 

treatment or control. 

Case study A case study is an account of an activity, event or problem 

that contains a real or hypothetical situation and includes 

the complexities you would encounter in the workplace. 
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Subject A subject is the person to whom the treatment of 

experiments is applied. 

Independent variable This is the variable over which you have control, that can 

be changed and manipulated in a given model or equation. 

It provides the input, which is modified by the model to 

change the output. 

Dependent variable A dependent variable is what you measure in the 

experiment and what is affected during the experiment. The 

dependent variable responds to the independent variable. It 

is called dependent because it depends on the independent 

variable. 

Experimental design To establish causality, one must use an experimental or 

quasi-experimental design. True experimental designs 

include: 

 Pre-test/Post-test control group design. 

 Solomon Four-Group design. 

 Post-test only control group design. 
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9.5 Appendix E. Mapping of the quality characteristics. 

Table 9-1 shows how the mapping between the quality characteristics of the ISO 25010 (ISO, 2011b) 

standard was carried out and the aspects that were evaluated in the papers selected in the SMS according to 

what the researchers reported. 

Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

P1 The analysis of fun will be based on the analysis of metrics 

associated with the playability, and it will be done through 

test of users by means of the completion of questionnaires and 

tests of users with specific metrics or performing a heuristic 

evaluation by experts, all on the gamified processes and the 

applied game mechanics. 

 

To analyze the effectiveness, we use a service quality model 

and we analyze the quality parameters that have previously 

been fixed, making a comparison between the values obtained 

prior to gamification process and the results that have been 

achieved once the gamification has been applied.  

Satisfaction-Pleasure 

 

 

 

 

Effectiveness 

 

P2 We collected data regarding many aspects of student 

performance and satisfaction, such as the number of course 

lecture slide downloads, the number of posts in forums, class 

attendance and grades. We compare these values between the 

two years and address the main changes between them. 

 

When compared to other courses, they considered the MCP 

course to be much more motivating and interesting. 

Furthermore, the students considered that they performed 

non-mandatory tasks more for the sake of the game than for 

their grade, which suggests a deeper engagement. 

Effectiveness 

 

 

 

Satisfaction-pleasure 

 

P3 When looking at any game design, we should evaluate it 

based on both the number of ways in which the game could 

help fulfill a particular need or motivation. 

Functional suitability- 

Functional 

appropriateness 

P4 We performed a paired t test comparing the average number 

of blood glucose readings 3 months prior to recruitment 

(baseline) and during the approximately 12 weeks of use of 

the system during the pilot. 

 

Satisfaction was high, with 88% (14/16 of those who 

participated in post study exit interviews) stating that they 

would continue to use the system. 

Effectiveness 

 

 

 

Satisfaction-Pleasure 

P5 Pre-test results suggest that there is no significant difference 

between the three groups as regards the four evaluation items 

assessed. Post-test results  suggest that both experimental 

groups outperformed the control group ion the four practical 

assignments. 

 

I enjoyed the experience. 

Effectiveness 

 

 

 

Satisfaction-pleasure 

 

Satisfaction-Usefulness 
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Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

 

I learned about the course topic with the tool. 

The functions and practical activities were useful. 

 

The tool was easy to use. 

 

 

Usabilty-Operabilty 

P6 In this study, we set out to investigate whether incorporating 

a badge system into PeerWise would result in a higher level 

of participation from students. We defined three measures of 

participation, the first two of which, the number of questions 

authored per student and the number of answers submitted per 

student, reflect the core functionality of the tool. The third 

measure was the number of distinct days that a student uses 

the tool. 

 

Q3 (on) I found being able to earn “badges” increased my 

enjoyment of using PeerWise. 

Q4 (on) The “badges” motivated me to participate more than 

I would have otherwise. 

Q6 (on) I would prefer not to see “badges” in PeerWise. 

Q7 (on) The “badges” awarded for answering questions 

motivated me to answer more questions than I would have 

otherwise. 

Effectiveness 

 

 

 

 

 

Satisfaction-pleasure 

 

P7 Post-test results suggest that there is significant difference in 

six scores. Students in the experimental group get scores that 

are significantly higher in the initial activity (p = .004) and 

also in the practical exercises about spreadsheets (p= .007), 

software presentation (p =.000) and databases (p = .000). 

 

I enjoyed the experience. 

 

I learned about the course topic with the tool. 

The functions and practical activities were useful. 

 

The tool was easy to use. 

Effectiveness 

 

 

 

Satisfaction-pleasure 

 

Satisfaction-Usefulness 

 

 

Usabilty-Operabilty 

P8 Table 1 shows the distribution of completed surveys across 

the four cells of the experiment, the completion rate and the 

average length for each treatment cell. The four presentations 

differ in few ways, other than the striking proportion of 

respondents in the Gamified cell who failed to complete the 

entire survey. 

 

Other research in this area has relied heavily on debrief 

questions at the end of the survey that ask respondents about 

their satisfaction with the survey experience, often in 

comparison to other surveys they have taken. 

Effectiveness 

 

 

 

 

Satisfaction-pleasure 

P9 The final goal is to analyze the benefits and the risks of a 

software development process that uses gamification 

mechanisms against an equivalent software development 

process that does not rely on them.  

Effectiveness 
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Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

P10 We investigate the performance of traditional HIT designs 

and a game-based alternative that is able to achieve high 

quality at significantly lower pay rates, facing fewer 

malicious submissions. 

Effectiveness 

P11 Before releasing the points, we assessed the long-term impact 

of the points by looking for differences between PtsGroup1 

and PtsGroup2. Table 2 presents the amount of content added 

by the users in each of these groups; we can see that 

PtsGroup1 added much more content to the site than 

PtsGroup2. 

Effectiveness 

P12 When asked about the overall effect of the application eleven 

of the thirteen students (84.6%) either agreed or strongly 

agreed that the application was easy to use (none disagreed).  

Nine of the thirteen (69.2%) agreed or strongly agreed the 

application was fun to use (none disagreed).  

A number of students (nine of the thirteen, or 69.2%) agreed 

that using the application meant they spent more time 

exploring the campus then they had otherwise planned to. 

Usability-Operability 

 

Satisfaction-Pleasure 

 

Effectiveness 

P13 Our testing of the calibration games involved two main 

questions: first, whether gamifying a calibration solves the 

problems identified previously (lack of enjoyment and lack of 

motivation); and second, whether the addition of game 

elements reduces the accuracy of the calibration data. 

 

We measured perceptions of difficulty, frustration, tedium, 

and enjoyment through a survey given after each session. 

Effectiveness 

 

 

 

 

Satisfaction-pleasure 

Usabilty-Operabilty 

P14 I think that I would like to use this system frequently. 

I found the system unnecessarily complex. 

I thought the system was easy to use. 

I think that I would need the support of a technical person to 

be able to use this system. 

I found the various functions in this system were well 

integrated. 

I thought there was too much inconsistency in this system. 

I would imagine that most people would learn to use this 

system very quickly. 

I found the system very cumbersome to use. 

I felt very confident using the system. 

I needed to learn a lot of things before I could get going with 

this system. 

Usability-learnability 

 

 

 

 

 

 

Usability-operability 

P15 The approach has been to analyze the performance of the 

students at entry to the course, and to compare this with their 

final mark in the assessment within that module. 

 

Interviews with students showed that some wanted to get a 

near perfect mark, and kept attempting this until they 

achieved a mark in the high 90s. 

Effectiveness 

 

 

Satisfaction-Pleasure 

P16 To examine how often badges are pursued by users, whether 

actively or not, we look at the number of users who have 

achieved at least one instance of a particular badge, and how 

Effectiveness 
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Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

their activity is affected around the time that the badge is 

awarded. 

P17 Trying to achieve badges had an effect on my behavior. 

 

I found the badges motivating. 

 

Visual look of the badges was good . 

 

I was satisfied with the criteria for awarding badges. 

Effectiveness 

 

Satisfaction-Pleasure 

 

Usability-User interface 

aesthetics 

Satisfaction-usefulness 

P18 One of the aims of this study was to find out if badges 

motivate students to solve the exercises more carefully. 

Effectiveness 

 

P19 The control group received one interaction out of nine users 

(11%). The experimental group had fifteen interactions out of 

eleven users. Seven of the eleven users conducted one 

interview, while one user conducted three interviews, and 

another conducted five for a total of nine users responding out 

of eleven (82%). 

Effectiveness 

P20 They predominantly seem to have liked the gameful approach 

that was taken. Badges and Experience Stars were of lower 

importance, but still liked. 

It was shown that gamification could be successfully applied 

to measure Human Flourishing – motivating users to 

continuously employ the artifact while providing truthful 

data. 

Satisfaction-Pleasure  

 

Effectiveness 

 

P21 Based on these tests, it can be concluded that comparing 

badges does seem to have a positive effect on use. However, 

it is so small that the effects were difficult to establish for the 

different dependent variables independently and the only 

significant effect from comparison could be established in the 

amount of trade proposals a user makes. 

Effectiveness 

P22 From the perspective of the achievement system, an 

achievement appears as: 

 

A challenge consisting of a signifying element, rewards and 

completion logics whose fulfillment conditions are defined 

through events in other systems (usually games). 

Functional suitability- 

 

Functional 

appropriateness 

P23 Multi-year, empirical evaluation. Statistical Analysis to 

compare gamified courses vs. non-gamified courses of 

previous years. 

I have learned much from this course. More students thought 

more carefully about the course due to gamification (over 

90%) than felt more motivated by gamification (only 50%–

75%). 

Effectiveness 

 

Satisfaction-Usefulness 

P24 Authors try to determine whether gamification can improve 

the students engagement (and by doing so, have a positive 

impact on their marks). 

Effectiveness 
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Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

P25 Our results demonstrated a reliable performance as regards 

response speed and response quantity: half of the requests 

were answered within 10 minutes, 75% of requests were 

answered within 30 minutes, and on average, every request 

had 4.2 answers. 

The effectiveness of EcoIsland was evaluated through a user 

study. 

In the survey, 17 out of 20 participants said that they were 

more conscious of environmental ecology after the 

experiment than before. 

Effectiveness 

 

 

 

 

Satisfaction-Usefulness 

P26 The study in this paper provides the first systematic analysis 

of the effectiveness of two forms of extrinsic motivation on 

environmental data collection performance: a financial pay-

for-results scheme, and a virtual reward scheme, which uses 

points, badges and a leaderboard. 

The vast majority of the participants felt that the app was 

intuitive and easy-to-use. 

Effectiveness 

 

 

 

Satisfaction-Pleasure 

P27 In order to investigate the effects of points and meaning on 

user performance and motivation. 

Effectiveness 

P28 Others appreciated the achievements and recognized the 

possible value of the service, even though they did not feel 

they would affect their own usage patterns. 

There were also comments about positive social aspects 

related the achievements. 

In short, the appreciative users considered the achievements 

valuable, but not critical, for the service. 

Effectiveness 

 

Satisfaction-Pleasure 

 

Satisfaction-Usefulness 

P29 The gamification improved my understanding of the course 

material. 

I obtained a higher mark for this course because of the 

gamification. 

We compared the student grades for the course from 2011, 

which did not have gamification, to 2012, which did, and 

found a statistically significant improvement in student 

performance. 

 

The gamification increased engagement with the course. 

The story and theme improved the gamification. 

Effectiveness 

 

 

 

 

 

 

Satisfaction-Pleasure 

Functional suitability-

Functional 

appropriateness 

P30 This investigation led us to the conclusion that the use of 

achievements may not only help engage developers to do 

their work, but can also help monitor and control the 

development process as a whole. 

Effectiveness 

P31 The measured score was very high in all four dimensions: the 

ease of usage score set at +6.75, usefulness scored +4.85, 

efficacy +6.32, and engagement +6.01. 

 

Satisfaction-Usefulness 

Usablity-Operability 

Effectiveness 

Satisfaction-Pleasure 

P32 This website provides good quality information to manage 

my players/funds and my team/portfolio. 

This website is useful for selecting the best players / Mutual 

Funds. 

Satisfaction-Usefulness 
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Ref. Description of the quality assessment according to paper Mapping with ISO 

25010 standard quality 

characteristics 

Follows my Mutual Funds from this website would fit my 

interests. Information sharing is useful. 

 

While navigating on this website, I felt a sense of adventure 

The enthusiasm of this website is catching; it picks me up. 

I enjoyed being immersed in an exciting connection with the 

serious application and the game. 

 

Satisfaction-Pleasure 

 

P33 (a).The design of coping-escape in gamification has a positive 

influence on consumers’ purchase intentions. 

(b).The design of fantasy in gamification has a positive 

influence on consumers’ purchase intentions. 

(c).The design of skill development in gamification has a 

positive influence on consumers’ purchase intentions. 

(d).The design of omnipotence-power in gamification has a 

positive influence on consumers’ purchase intentions. 

(e).The design of recreation in gamification has a positive 

influence on consumers’ purchase intentions. 

(f).The design of competition in gamification has a positive 

influence on consumers’ purchase intentions. 

(g).The design of social activities in gamification has a 

positive influence on consumers’ purchase intentions. 

Effectiveness 

P34 Table 1 presents the total number of contributions by each of 

the content types before and after the removal of the points 

system for these members. 

Effectiveness 

P35 The majority of participants evaluated the participation in the 

competition positively. All three enjoyment items surpassed 

an approval rating of more than 50%. In the items “enjoyable” 

and “exciting”, the mode was the highest degree of 

agreement. 

The responses concerning AP shows that participants 

evaluate the allocation of points that are, in the majority, 

comprehensible if they perceive their participation as fun, 

exciting and enjoyable. 

Satisfaction-Pleasure 

 

 

Usabilty-Operabilty 

 

Table 9-1 Mapping of the quality characteristics. 

  



 

272  Appendix F. Questionnaires 

 

  

 

 

 

9.6 Appendix F. Questionnaires 

This appendix shows templates of questionnaires for the following quality measures: Perceived 

effectiveness, Overall satisfaction, Satisfaction with features, Perceived usefulness, Perceived 

meaningfulness, User trust, User fun, Preference of usage and Perceived engagement. These templates are 

intended to be used as a basis for the development of questionnaires tailored to a specific domain or context. 

The questionnaires can be adapted by modifying the content or the number of questions. 

9.6.1 Perceived effectiveness questionnaire (Q1). 

Q1: Perceived effectiveness 

Sub-Characteristic: Performance 

Measure name: Perceived effectiveness 

Description: The user perceived effectiveness of the gamified software with regard to achieving his/her 

specific goals. 

User id:  

Perceived effectiveness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

9. The gamified software improved my understanding 

of ________________ (P29) 
 

10. I obtained a higher mark/grade because of the 

gamified software (P29) 
 

11. I performed my tasks better because of the 

gamified software (P2) 
 

12. The gamified software helped me to achieve my 

personal/institutional goals (P2, P7) 
 

13. My participation in the activities is higher because 

of the gamified software (P2) 
 

14. I finished my tasks at the planned time because of 

the gamified software (P7,P30) 
 

15. The quality of the tasks performed is higher 

because of the gamified software (P7) 
 

16. I use the software more frequently because it is 

gamified (P7) 
 

Function Computations Result 
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All questions are weighted equally, Wi = 0,125 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to a question related to perceived 

effectiveness  (5 point Likert scale) 

 

 

 

 

 

9.6.2 Overall satisfaction questionnaire (Q2). 

Q2: Overall satisfaction 

Characteristic: Satisfaction 

Measure name: Overall satisfaction 

Description: User’s overall satisfaction with the gamified software. 

User id:  

Perceived user satisfaction Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. The gamified software  performed very well (P2) 

 

2. I consider the application/tasks to be much more 

motivating because of the gamification (P2) 
 

3. I consider the game challenges that required extra 

work, to have contributed to achieving my 

personal/institutional goals (P2) 

 

 

4. The content was presented effectively (P7) 

 

5. Using the gamified software was easy for me 

(P5,P7,P12) 
 

6. Using the gamified software was interesting 

(P2,P8) 
 

7. I was satisfied with the criteria used to award 

badges/points/achievements (P17) 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.143 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to user satisfaction (5 

point Likert scale) 
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9.6.3  Satisfaction with features questionnaire (Q3). 

Q3: Satisfaction with features 

Sub-characteristic: Usefulness 

Measure name: Satisfaction with features 

Description: The user’s or another stakeholder’s satisfaction with specific system features. 

User id:  

Gamified software features to be evaluated Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

5. Gamified software feature 1. 

 

6. Gamified software feature 2. 

 

7. Gamified software feature 3. 

 

8. Gamified software feature 4. 

 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.25 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to software features 

(5 point Likert scale) 
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9.6.4 Perceived usefulness questionnaire (Q4). 

Q4: Perceived usefulness 

Sub-characteristic: Usefulness 

Measure name: Perceived usefulness 

Description: The extent to which the user perceives the gamified software as useful. 

User id:  

Perceived usefulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

9. The game design elements used were useful to 

achieve my goals in a fun way (P2,P29) 
 

10. The game functions of the software and practical 

activities in which they were used were useful 

(P7) 
 

11. The proposed  game design elements were useful 

to motivate me to use the software (P29) 
 

12. Using the gamified software  was a worthwhile 

experience (P7) 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.25 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to perceived 

usefulness (5 point Likert scale) 

 

 

 

 

 

 

  



 

276  Appendix F. Questionnaires 

 

  

 

 

9.6.5 Perceived meaningfulness questionnaire (Q5). 

Q5: Perceived meaningfulness based on (Deterding, 2011) 

Sub-characteristic : Usefulness 

Measure name: Perceived meaningfulness 

Description: The extent to which the user perceives the gamified software to be meaningful to her/his 

personal/institutional goals. 

User id:  

Perceived meaningfulness Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

3. The gamification of the software is related to my 

interests and personal emotions and is valuable to 

achieve my goals. 
 

4. The gamified software is related to a community 

or group with similar interests to mine. 
 

5. The full story presented in the gamified software 

is meaningful. 
 

  

  

  

Function Computations Result 

All questions are weighted equally, Wi = 0.33 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to perceived 

meaningfulness (5 point Likert scale) 
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9.6.6 User trust questionnaire (Q6). 

Q6: User trust based on (Jian, Bisantz, & Drury, 2000) 

Sub-characteristic: Trust 

Measure name: User trust 

Description: The extent to which the user trusts the gamified software. 

User id:  

User trust Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I am confident in the gamified software 

 

2. The gamified software provides security 

 

3. The gamified software has integrity 

 

4. The gamified software is dependable 

 

5. The gamified software is reliable 

 

6. I can trust the gamified software 

 

7. I am familiar with the gamified software 

 

  

  

Function Computations Result 

All questions are weighted equally, Wi = 0,143 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to user trust (5 point 

Likert scale) 
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9.6.7 User fun questionnaire (Q7). 

Q7: User fun 

Sub-characteristic: Enjoyment 

Measure name: User fun 

Description: Degree to which the user obtains a pleasant feeling of enjoyment and fun when s/he 

completes challenges, obtains rewards and social recognition while achieving the particular goals of the 

gamified software. 

User id:  

User fun Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

6. I enjoyed the experience of using the gamified 

software (P5, P7,P8) 
 

7. The gamified software was fun to use (P2,P12, 

P32) 
 

8. I found being able to earn game achievements 

(badges, points, rewards, etc.) increased my 

enjoyment of using the gamified software (P2,P6, 

P17) 

 

 

9. I enjoyed completing the task (P13) 

 

10. Completing the task was fun (P13,P32)  

 

11. Earning game achievements   ( badges, points, 

rewards, etc.) made me happy (P17,P35) 

 

 

12. Improving my ranking in the leaderboard made 

me feel happy (P35) 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.143 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

Ai = Response to question related to user fun (5 point 

Likert scale) 
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9.6.8 Preference of usage (Q8). 

Q8: Preference of usage 

Sub-characteristic: Enjoyment 

Measure name: Preference of usage 

Description: Proportion of users who prefer to use the gamified software instead of non-gamified 

software. 

User id:  

Gamified software features to be evaluated Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

1. I prefer to use the gamified software instead of 

non-gamified software. 
 

  

Function Computations Result 

𝑋 =
∑ 𝐴𝑖

4
 

 

Ai = Response to question related to preference of usage 

(5 point Likert scale) 
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9.6.9 Perceived engagement questionnaire (Q9). 

Q9: Perceived engagement 

Sub-characteristic: Enjoyment 

Measure name: Perceived engagement 

Description: Extent to which the user perceives his/her motivation or attraction to use or continue using 

the gamified software. 

User id:  

Perceived engagement Strongly 

disagree 

Disagree Undecided Agree Strongly 

Agree 

6. The game achievements ( badges, points, 

rewards, etc.) motivated me to participate more 

than I would have otherwise (P2,P6,P12, P17) 

 

 

7. My level of involvement was high (P7) 

 

8. Trying to earn game achievements  had a positive 

effect on my behavior (P17,P33) 
 

9. The gamification increased my engagement with 

______________ (P29,P31  
 

10. I enjoyed being immersed in exciting connection 

with ___________  (P32) 
 

11. Improving my ranking in the leaderboard 

increased my motivation to continue participating 

(P35) 

 

 

12. Time passed quickly for me during the task 

performance (P35) 
 

  

Function Computations Result 

All questions are weighted equally, Wi = 0.143 

 

𝑋 =
∑ 𝐴𝑖𝑊𝑖

4
 

 

Ai = Response to question related to perceived 

engagement (5 point Likert scale) 
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