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Preface

On behalf of the PROFES Organizing Committee, we are proud to present the
proceedings of the 20th International Conference on Product-Focused Software Process
Improvement (PROFES 2019) held in Barcelona. The hosting institution was the
Universitat Politècnica de Catalunya - BarcelonaTech in Spain. Since 1999, PROFES
has established itself as one of the top recognized international process improvement
conferences. In the spirit of the PROFES conference series, the main theme of PROFES
2019 was professional software process improvement (SPI) motivated by product,
process, and service quality needs.

PROFES 2019 provided a premier forum for practitioners, researchers, and
educators to present and discuss experiences, ideas, innovations, as well as concerns
related to professional software development and process improvement driven by
product and service quality needs. At PROFES 2019, solutions found in practice and
relevant research results from academia were presented.

A committee of leading experts in software process improvement, software process
modeling, and empirical software engineering selected the technical program. This
year, 65 full research papers were submitted. At least three independent experts
reviewed each paper. After thorough evaluation, 24 technical full papers were finally
selected (37% acceptance rate). In addition, four out of nine industrial papers were
selected to the program.

Furthermore, we received 30 short paper submissions. Each submission was
reviewed by three members from the PROFES Program Committee. Based on the
reviews and overall assessments, 11 short papers were accepted for presentation at the
conference and for inclusion in the proceedings (37% acceptance ratio).

Continuing the open science policy in the previous PROFES 2017 and PROFES
2018, we encouraged and supported the authors of all accepted submissions to make
their papers and research publicly available.

The topics addressed in this year’s papers indicate that SPI is still a vibrant research
discipline, but is also of high interest for industry. Several papers report on case studies
or SPI-related experience gained in industry. The accepted papers of PROFES 2019
addressed, for example, the following topics:

– Continuous Delivery and Experimentation
– Software Testing
– Software Development
– Technical Debt
– Estimations
– Microservices

Since the beginning of the PROFES conference series, the purpose has been to
highlight the most recent findings and novel results in the area of process improvement.
We were proud to have Professor Neil Maiden (City, University of London) and



Jennifer Nerlich (Vogella), two renowned keynote speakers from research and industry,
at the 2019 edition of PROFES.

Further relevant topics were added by the events co-located with PROFES 2019: the
Third International Workshop on Managing Quality in Agile and Rapid Software
Development Processes, the 4th International Workshop on Human Factors in Software
Processes, and four tutorials addressing themes relevant to industry. The role of two
European space co-chairs was added to the Organizing Committee. Responsibilities
included providing an opportunity for researchers involved in ongoing and/or recently
completed research projects (national, European, and international) related to the topics
of the conference to present their projects and disseminate the objectives, deliverables,
or outcome. Complementing the main scientific program, these events were included in
the program to bring together researchers and representatives from industry by
providing researchers with the opportunity to attend industry tutorials and providing
practitioners with the latest research.

We are thankful for the opportunity to have served as chairs for this conference. The
Program Committee members and reviewers provided excellent support in reviewing
the papers. We are also grateful to all authors of submitted manuscripts, presenters, and
session chairs for their time and effort in making PROFES 2019 a success. We would
also like to thank the PROFES Steering Committee members for the guidance and
support in the organization process. Furthermore, we thank everyone in the
organization team as well as the student volunteers for making PROFES 2019 an
experience that will live on in the participants’ memory for years to come.

November 2019 Xavier Franch
Tomi Männistö

Silverio Martínez-Fernández
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Intertwining Creative and Design Thinking
Processes for Software Products

(Keynote Abstract)

Neil Maiden

Cass Business School, City, University of London, 106 Bunhill Row, London
EC1Y 8TZ, UK

N.A.M.Maiden@city.ac.uk

Abstract. Most software development processes still pay little attention to
creativity and creative thinking, even though creative outcomes are
pre-requisites for innovation. The recent interest in design thinking methods
places shifts the focus to both software products and processes, but still does not
address the creativity deficit of most design thinking practices. This keynote
presentation and paper proposes an alternative and more effective framing of
design thinking – as situated uses of creativity techniques and design artefacts,
opportunistically, in agile development processes. It will introduce the role of
design thinking as creative thinking for specific ends. It will summarize common
characteristics of high-performance design behaviours – behaviours that are
often impeded by software development methods. It will then demonstrate, with
multiple examples, how coupling creativity techniques with playful artefacts for
design thinking can lead to original design outcomes, often more productively,
than with existing software development processes and models.

Keywords: Software development • Software product • Creativity

1 Creativity, Design Thinking and Innovation

Creativity and creative thinking have emerged as essential capabilities of most busi-
nesses. It has become a strategic, macro-economic activity, replacing the focus on
information at the end of the last century. The World Economic Forum identified it to
be a top-three need for economic growth in the next decade, alongside complex
problem solving and critical thinking. It is identified as a precondition for business
success – for example an IBM survey of 1500 CEOs identified creativity as the leading
need and differentiator in their businesses [3]. It is also recognized as a critical
pre-condition to effective innovation, generating new forms of creative capitalism
based on knowledge and talent. And as digital technologies have become critical to the
functioning of many organizations, creativity assumes a more important role in the
specification and design of these technologies. Unfortunately, few methods and tech-
niques for software product development explicitly support creative thinking by
developers or stakeholders.



Outside of software product development, creative thinking is core to early design
activities. For example, the United Kingdom’s Design Council defines design as
shaping ideas to become practical and attractive propositions for users or customers,
and it can be described as creativity deployed to a specific end. Design is both a
creative and user-centred approach to problem solving that cuts across different
professions, from art and design to engineering and architecture. As such, creativity is
needed to generate new ideas that design can shape to become the practical and
attractive propositions for users or customers [2].

To deliver more creative design processes over the last decade, design thinking has
become accepted practice for many forms of product and service. Design thinking is a
human-centred innovation process that involves observation, collaboration, fast
learning, the visualization of ideas and rapid prototyping, all of which run concurrent to
business analysis activities [4]. It has been successfully used in projects to design new
workplaces, consumer products and even brands.

However, one criticism that can be leveled at most design thinking processes is the
lack of explicit use of creativity techniques from creative problem solving communi-
ties. Indeed, we observe an increasing disconnect between design thinking and creative
problem solving, and believe that new techniques and tools that bridge the outputs
of these communities are needed. More connected creative problem solving and design
thinking methods and techniques can impact on the development of many forms of
service and product, including software products.

This keynote proposes an alternative and more effective framing of design
thinking – as situated uses of creativity techniques and design artefacts, opportunisti-
cally, in agile and other software development processes. It will introduce the role of
design thinking as creative thinking for specific ends. It will summarize common
characteristics of high-performance design behaviours – behaviours that are often
impeded by software development methods. It will then demonstrate, with multiple
examples, how coupling creativity techniques such as constraint removal [5] and
creativity triggers [1] with playful artefacts for design thinking such as storyboards and
desktop walkthroughs [6] can lead to original design outcomes, often more produc-
tively, than with existing software development processes.

References
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Abstract. Processes and practices are tools that organizations use to improve
their capabilities. Agile transformations are very popular, as are process and
practice improvement and adoption initiatives, but they face many challenges,
including low adoption rates. Improving process and practice usability might
increase adoption rates and effective use. This idea led us to define a Usability
Model for Software development Process and Practice (UMP), consisting of
characteristics and metrics, in the quest to improve the work experience of
software development practitioners and the effectiveness of process and practice
adoption initiatives. The goal of this paper is two-fold: (1) to present the refined
version of the UMP and (2) to describe a study on the application of the UMP to
the Visual Milestone Planning (VMP) method in order to evaluate UMP’s
utility, specifically its ability to produce useful feedback in a real-life scenario.
The study produced preliminary confirmation that the UMP is applicable to the
VMP, along with specific feedback on improvement opportunities for the
VMP. An interview with the VMP creator confirmed that the UMP model and
the evaluation feedback were valuable for enhancing VMP adoption. In sum-
mary, we can conclude that the empirical results obtained show that UMP can be
useful. Nonetheless, more studies are needed to provide further confirmation in
different scenarios.

Keywords: Usability � Process and practice � Improvement � Interview �
Design Science Research

1 Introduction

Improvement in software engineering increasingly takes the form of initiatives to adopt
pre-existing processes, practices, methods, frameworks, etc. As used to be the case with
generic “best practices”, agile methods have become a focus of popular interest in the
software development community (and beyond), and many organizations are
attempting agile and digital transformations [1]. Agile methods, like other related
trends such as DevOps, tend to be very attractive to newcomers, but sometimes seem
deceptively simple and easy to implement [2]. Research on actual agile projects shows
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significant differences between method definitions and actual implementations [3],
including lack of implementation of many of the practices defined by those same
methods [4, 5]. This affects the ability of these initiatives to produce their intended
results. For example, agile engineering practices like Frequent Delivery have been
shown to be key success factors in agile projects [6, 7].

There is also growing evidence that human factors, emotions in particular, affect
software development productivity, turnover and job satisfaction [8]. Furthermore,
developer acceptance of new ways of working is a cornerstone of success for
improvement initiatives [9, 10]. Overall, the quality of interactions between practi-
tioners and their processes and practices affects the chances of success of improvement
initiatives and their effectiveness.

Although there are several process quality models [11, 12], none of them focuses
specifically on process usability. In its effort to improve both the overall experience of
practitioners and their effectiveness, the UMP provides support for the improvement of
the design of processes and practices, as well as their adoption plans. In particular, the
UMP should help practitioners to:

• Have a better understanding of usability issues related to processes and practices.
• Evaluate the fitness of potential processes or practices to specific contexts (for

example, mature teams might be better suited to hard-to-learn but potentially
beneficial practices).

• Adapt processes or practices by highlighting specific concerns (e.g. particular
characteristics), in an attempt to enhance the adoption process.

• Support planning of improvement initiatives by providing specifics on usability
related risks.

• Provide explanation for obstacles found in the adoption process.

In this context we have defined the long-term goal of our research as:

Define and validate a usability model for software development process and 
practice (UMP) to support the enhancement of usability aspects of process and 

practice, in order to improve the work experience of software development prac-
titioners and the overall effectiveness of process and practice adoption initiatives. 

To achieve this main goal, a Design Science approach was followed. Design Sci-
ence proposes creating artifacts to solve a practical problem, together with knowledge
that is of general interest [13]. The research methodology shown in Fig. 1 was fol-
lowed. For each step the figure shows the associated Design Science activity [13] and
the research sub-activities performed:
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To allow readers to understand the complete investigation process to which the
current paper belongs, the main aspects of the research methodology are introduced
briefly as follows:

Explicate Problem: The initial analysis of the state of the art was conducted, in which
the relevant literature was identified. Expert interviews were conducted to help identify
appropriate sources for the model, given the very limited search results that matched
process and practice usability research.

Define Requirements: The artifacts to be produced would be a quality model and an
evaluation process. Moreover, real life UMP application scenarios were defined (see
Appendix) to describe in detail the intended scope of applicability, including who
would use the model, what they would use it for, and which model elements (e.g.
empty model or model evaluation results) would be used.

Design and Develop Artifact: The UMP model was defined from the following
sources: the ISO 25010 international standard [14], the process quality model by
Kroeger et al. [11], and classic usability literature [15, 16].

To facilitate the application of the UMP, an evaluation process was defined by
adapting the reference model for software product evaluation proposed in the ISO
25040 international standard [17].

To refine the model, a focus group [19] with expert practitioners was conducted to
obtain feedback related to the clarity, understandability, precision, and relevance of
model characteristics and metrics (see Appendix for the detailed data collected).
Finally, the UMP was modified to address the improvement opportunities identified in
the focus group.

Demonstrate Artifact: An initial feasibility study was conducted by applying the
model to Scrum (this was the initial publication of the model [18]). Although Fig. 1
might seem like a sequence, the Design Science method framework is iterative; as an
example, the feasibility study [18] was performed before the refinement presented here.

Evaluate Artifact: A preliminary study was conducted through the evaluation of the
Visual Milestone Planning (VMP) method [20]. This was at the request of the method
creator, who was interested in an external evaluation. The objective of this study was to
evaluate UMP utility, i.e. its ability to produce actionable feedback that can be used in

Explicate 
Problem

Analyze state 
of the art

Define 
Requirements

Model
+

Evaluation 
process

+
Application 
Scenarios

Design and 
Develop 
Artifact
Model

Evaluation 
process

Refine the 
Model

Demonstrate 
Artifact 

Feasibility 
Study [17]

Evaluate 
Artifact

Evaluate 
Utility

Evaluate 
Reliablity

Fig. 1. Design Science Research methodology overview
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real-life scenarios to improve the adoption process for specific processes and practices.
Other studies will be conducted to complement this preliminary study, in order to
provide stronger evaluation.

UMP reliability will be evaluated by asking practitioners to fill in a survey on
applying the model to specific processes and practices, and by assessing the inter-
evaluator agreement on the evaluations.

The goal of the current paper is two-fold: (1) to present the refined version of the
UMP (produced during the Design and Develop Artifact activity), and (2) to describe a
study on the application of the model to the Visual Milestone Planning (VMP) method
to evaluate UMP’s utility, i.e. its ability to produce actionable feedback that is useful in
a real-life scenario (first step of the Evaluate Artifact activity).

The rest of this paper is structured as follows: Sect. 2 presents work related to
Process and Practice Usability; Sect. 3 describes the UMP model in detail, including its
characteristics and metrics; Sect. 4 provides a description of the study on applying
UMP to the evaluation of VMP; Sect. 5 reviews the threats to validity, and Sect. 6
outlines the conclusions and future lines of work.

2 Related Work

In this section, we present literature related to process and practice usability:

• Feiler and Humphrey describe the challenges of improving process usability
due to long feedback loops, but do not include it in their list of process quality
attributes [12].

• Culver-Lozo limits the analysis to process documentation usability [21].
• Cockburn has reflected on the concept of high-discipline methodologies, which he

describes as those hard to sustain, and requiring a specific mechanism to keep them
in place [22]. This distinction touches on one aspect of the relationship between
methodologies and their users, through the associated risk of abandonment.

• Riemenschnaider et al. have found that practitioner acceptance of methodologies
can be strongly influenced by subjective norm, i.e., acceptance by close members of
the same organization. This highlights the importance of context and the social
aspect of usability beyond individual interactions [9].

• Kroeger et al. [11] built their process quality model through a sound grounded
theory research. The emergent process quality attributes were organized into 4
groups: Suitability, Usability, Manageability and Evolvability. Usability emerged as
a grouping of: Learnability, Understandability, Accessibility and Adaptability.
Though their process quality model emerged from interviews with practitioners, its
sub-attributes have little relationship with actual process performance by users.

• The ISO 25010 Standard on Systems and software quality models is a product-
oriented international standard that includes usability aspects. The process as
software analogy [12] supports the inclusion of software usability, given there is no
software development process quality standard. This standard was the only source
that provided specific metrics for the UMP.
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• The works of Norman [15] and Nielsen [16] provided deep product usability
concepts and rich terminology.

To our knowledge, research on process and practice usability is very limited, since
most existing work does not consider people as users of their processes and practices.
We propose the UMP as a means of filling this gap, to help improve the experience of
practitioners and the overall effectiveness of adoption initiatives.

3 The UMP Usability Model for Process and Practice

We defined the UMP [18] to help consultants, researchers, teachers and practitioners to
enhance the usability aspects of software development processes and practices in order
to improve the adoption experience for newcomers and practitioners of software
development processes, practices and methods. The UMP consists of several artifacts:
The UMP itself (characteristics and metrics definitions), the UMP Evaluation Process,
and the Usability Profile (metric values and evaluation comments with improvement
recommendations) resulting from the evaluation of a specific process and practice.

The UMP can be used in several modes:

• Evaluation: the UMP is used to evaluate a specific process or practice and thus
produce a usability profile with improvement recommendations. In this mode, the
goal of the model user is to get systematic feedback on the process/practice under
evaluation. The UMP itself and the evaluation process are used to produce the
usability profile with improvement recommendations.

• Profile: the UMP was previously used by a third-party to perform an evaluation and
now the user applies the results of that evaluation to a specific context (e.g. team
considering adopting a specific practice, as in Scenario #4, see Appendix). In this
mode, the usability profile is the only artifact used.

• Framework: the UMP is used as a usability framework for process and practice
improvement, acting as a checklist that provides potential risks/root causes that can
assist in planning and assessing adoption/improvement initiatives. In this mode it
also provides metrics that can be used to assess the improvement initiative.

Given that the model is rather complex (its 10 characteristics aimed at being
complete), and that it tends to require significant experience with process for someone
to be able to perform effective evaluations, these modes allow practitioners to even-
tually benefit from third-party (and even reusable) expert evaluation results (in the
Profile mode) or to use only parts of the model in the Framework mode.

This section presents the refined version of the UMP. The model characteristics
modified from the original version of the model [18] during the refinement process are
marked with an asterisk in Table 1.

The construction of the UMP consisted of defining the 10 usability characteristics
and 24 metrics that the model is composed of. The construction process was based on
an adaptation of the top-down methodology for building structured quality models [23],
which proposes starting with the top-level elements (i.e. characteristics) and proceeding
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to the lower level elements (i.e. metrics). More details on the model development
process are available in [18].

Table 1 presents the model characteristics, which apply to several aspects of the
process and practice adoption lifecycle. For example, for process and practice adoption
planning: Self-evident Purpose, Understandability, Learnability, Attractiveness; for
process and practice performance: Visibility, because it characterizes how transparent
the status and intermediate products of a process are to its stakeholders; Controllability,
because it describes how easy it is for different stakeholders to control a process or
practice during execution; and User satisfaction, which is a by-product of the experi-
ence of using the process or practice. This does not mean that other characteristics
might not support those activities as well, but it highlights the fact that in different
contexts different sets of characteristics might prove more significant.

The Goal Question Metric (GQM) [25, 26] paradigm was used for the definition of
the metrics for each characteristic. For each metric, several meta-data were defined:
description, measurement method, type of scale (e.g. nominal), scale (e.g. yes/no), unit
of measurement and most favorable value. The meta-data fields were selected based on
the ISO 15939 Systems and Software Engineering – Measurement process Standard

Table 1. UMP characteristics

Characteristic Definition

Self-evident
purpose*

Ease with which users can recognize what a process or practice is for
by its name

Learnability* Ease with which a process or practice user is able to learn how to
perform its activities at a novice level of ability [24]

Understandability* Ease with which a process or practice user is able to apprehend how the
underlying principles, structure and dynamics make it work to achieve
the desired results

Safety* Degree to which a process or practice is safe for its users, preventing
errors, including using the practice or process incorrectly, or limiting
the impact of such errors

Feedback* Degree to which use of a process or practice produces or promotes
reactions or responses to actions performed

Visibility* Degree to which a process or practice helps make activities, status,
obstacles and information inputs and outputs visible to people

Controllability* Degree to which a process or practice allows its users to check status
and make decisions that affect the outcomes during process or practice
execution

Adaptability Ease with which a process or practice user is able to adapt the process
or practice for use in different contexts

Attractiveness Degree to which users of the process or practice find it attractive or
appealing because of its form, structure or reported results

User satisfaction Degree to which user needs are satisfied when using a process or
practice

746 D. Fontdevila et al.



[27]. Care was taken to keep the model as simple as possible and to improve ease of use
of the metrics. Overall, metrics were changed significantly during model refinement
and were simplified to enhance the experience of model users, based on feedback from
the focus group (see Appendix for details).

Table 2 shows the definition of the metrics for each characteristic:

Table 2. Overview of UMP metrics for each characteristic

Characteristic Metric Definition Values

Self-evident
purpose

Appropriateness
of name

Measures how appropriate the name is
for describing the purpose of the
process or practice (consider, for
example, whether names are
translations or are in a foreign language)

Deceiving,
Ambiguous,
Partial,
Appropriate,
Accurate

Self-evident
purpose

Recognized
purpose

Measures whether new adopters usually
recognize the purpose of the process or
practice

Yes/No

Learnability Time required to
learn to perform

Measures the time required to learn to
perform process or practice activities on
tasks of average complexity
independently, at a novice level of
ability

Number of
hours

Learnability Standard
introductory
course duration

Measures standard course duration in
hours, as defined by authoritative
sources

Number of
hours

Understandability # Of specific
conceptual
definitions

Measures how many specific
(new) definitions make up the
conceptual model of the process or
practice (evaluators must specify the
concepts considered)

Number of
specific
conceptual
definitions

Understandability Conceptual
model
correspondence

Measures the correspondence between
the conceptual model of the process or
practice and the user’s own conceptual
model for the same activity

Low,
Medium,
High

Understandability Conceptual
model
complexity
index

Measures the subjective complexity of
the conceptual model of the process or
practice

Low,
Medium,
High

Safety Cost of incorrect
adoption

Measures the cost of adopting the
process or practice incorrectly as overall
impact. Errors include applying the
process or practice inappropriately;
failing to understand its purpose or
dynamics, failure to perform its activities
and to evaluate results correctly. For
example, incorrect adoption might
produce burnout, a high cost, or local
inefficiencies, a medium cost

Low,
Medium,
High

(continued)
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Table 2. (continued)

Characteristic Metric Definition Values

Safety Reduction in
cost of error

Measures how applying the process or
practice correctly reduces the overall
cost of errors made in the work system.
For example, iterative processes are
designed to reduce the cost of errors by
checking early on, through intermediate
results

Low,
Medium,
High

Safety Safety
perception

Measures how the users perceive the
process or practice in terms of safety for
themselves and others. For example, if
the by-products of executing the process
or practice can be used against them, the
safety perception might be low

Low,
Medium,
High

Safety Use of
restraining
functions

Measures whether the process or
practice provides hard restrictions to
prevent the materialization of significant
risks

Yes/No

Feedback Timeliness of
feedback

Measures the timeliness of the feedback
as perceived by the actor with respect to
the action performed and the
consequent actions that need to be
performed

Immediate,
Prompt,
Delayed, Non
existent

Feedback Feedback
richness

Measures the value of the information
received in terms of significance,
breadth, depth or nuance

Low,
Medium,
High

Feedback People feedback Measures if the process or practice
promotes feedback from people
interactions

Yes/No

Feedback Automatic
feedback

Measures if the process or practice
provides automatic feedback

Yes/No

Visibility Defines
indicators

Measures if the process or practice
defines standard indicators

Yes/No

Visibility Information
tailored to
audience

Measures whether information is
tailored to better suit different audiences

Yes/No

Controllability Defines
checkpoints

Measures whether the process or
practice defines specific checkpoints
where users can make decisions that
control the outcomes of the process or
practice. For example, Scrum Reviews
are specific points to evaluate the
product and eventually decide whether
to accept, reject, or refine a product
increment

Yes/No

(continued)
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To define a usability profile for a specific process or practice the UMP Evaluation
process shown in Table 3 is applied by performing the four activities described.

Table 2. (continued)

Characteristic Metric Definition Values

Controllability Explicit
outcomes

Measures if the process or practice
defines outcomes explicitly

Yes/No

Controllability Level of
autonomy

Measures the level of autonomy users
have in making decisions related to the
execution of the process or practice.
Examples include handling unexpected
results or deciding whether to proceed
or not at specific checkpoints

Low,
Medium,
High

Adaptability Defines
adaptation points

Measures whether the process or
practice defines adaptation points or not.
Adaptation points are specific
opportunities for variation described by
the process or practice. For example, in
Scrum the Retrospective is focused on
process adaptation

Yes/No

Adaptability Ratio of roles
allowed to adapt

Measures how many roles, from among
the process or practice users, are
allowed to modify the process or
practice, out of the total number of roles
(evaluators must specify the roles
considered; if no roles are
distinguishable, value should be 1)

0 to 1

Attractiveness User
attractiveness
rating

Measures how attractive the process or
practice is to prospective users (i.e.
those lacking experience)

1 to 5

User satisfaction User experience
rating

Measures the subjective experience of
using the process or practice

1 to 5

Table 3. UMP evaluation process.

Activity Description

Evaluation design Define the objectives, characteristic and metric exclusions, reference
sources and evaluators

Evaluator training Introduce the usability model and evaluation process to evaluators
Evaluation
execution

Perform the evaluation process by analyzing the process or practices
according to each sub-characteristic. Determine values for all included
metrics according to the analysis performed

Evaluation process
review

Complete the evaluation process questionnaire. Review the evaluation
results
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4 The VMP Study

The study was conducted as preliminary evaluation of UMP utility. The study selected
is a naturalistic evaluation according to the classification by Johannesson et al. [13].
A naturalistic evaluation “assesses the artefact in the real world” [13]. The research
method selected was the Interview, which “are effective instruments for gathering
stakeholder opinions and perceptions about the use and value of an artifact” [13].

The study goal was to evaluate UMP utility in a real-life scenario, specifically
whether the evaluation results were valuable to the user.

The VMP method is a participatory approach to milestone planning [20], created to
improve the experience of development teams and students who are planning software
development projects.

In the Define Requirements activity of the Research Methodology (see Fig. 1) ten
potential real-life model application scenarios were defined to help determine appli-
cability (see Appendix). The VMP study was selected because it was an example of
one of them, specifically Scenario #8, “Researcher evaluates method, process or
practice”. This scenario corresponds to an academic context in which a researcher
wishes to assess the usability of a process, practice or method. In this case the
researcher is the creator of the VMP method. The opportunity for conducting the study
arose when the researcher asked the first author to perform an external usability
evaluation on the VMP. In this specific situation, given that the researcher required an
external evaluation to further his own research activities, the UMP usage by the
researcher was restricted to the Profile mode, that is, the researcher used only the
evaluation results, and he did not perform the evaluation himself, which was performed
by the first author.

The rest of this section is organized as follows: Sect. 4.1 provides an overview of
the VMP, while Sect. 4.2 provides details on how the study was conducted.

4.1 VMP Overview

The VMP method is built on top of two existing planning processes, namely Milestone
Planning and Participatory Planning [20]. The main VMP contributions are: “The
integration of the milestone planning and participatory planning approaches through a
visual planning process. A novel construct called the milestone planning matrix, that
systematically and visually captures: (1) temporal dependencies between milestones
and (2) the allocation of work elements to the milestones they help realize. The
reification of work packages by means of sticky notes which must be physically
accommodated on a resource and time-scaled milestone scheduling canvas to derive the
milestones due dates” [20].
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As revealed in [20], student teams in the Master of Software Engineering Program
at Carnegie Mellon University have successfully used the VMP for planning their
capstone projects, and it has also been taught in several industrial and governmental
organizations.

4.2 VMP Study Description

In order to reach the goals of the study, three research questions were posed:

• RQ1: Is the UMP applicable to the evaluation of the VMP method?
• RQ2: Are the UMP model evaluation results helpful in assessing the usability of the

VMP method?
• RQ3: Is the feedback produced from the UMP evaluation valuable and applicable

from the point of view of the VMP creator?

RQ1 was answered by the feedback from the execution of the UMP Evaluation
process by the first author of this paper. An affirmative answer to RQ1 would arise from
an effective execution of the UMP evaluation process. RQ2 and RQ3 were answered
via a short questionnaire used during the final interview with the VMP creator.
Affirmative answers to the questions in the questionnaire would confirm RQ2 and RQ3,
as described below.

The VMP study had two roles, researcher (the VMP creator, actor using the
evaluation results as described in scenario #8 in Appendix) and evaluator (the first
author of this paper who applied the UMP for evaluating the VMP).

The study activities were: (1) Initial definition of expectations of both parties;
(2) evaluator (first author) performed VMP evaluation taking as input VMP docu-
mentation [20] and information provided by the VMP creator; (3) Evaluator provided
feedback to the researcher (an early version of Table 4) who in turn provided minor
comments; (4) Final interview where researcher responded to questionnaire; (5) Data
analysis and reporting.

The initial interactions were aimed at setting expectations on both parties.
Specifically, it was validated with the researcher that the evaluation feedback (VMP
usability profile) would take the form of a table with metric values and comments, and
that the documentation and interview time from the researcher would be available.

After the initial interactions, the evaluator studied the VMP documentation [20],
planned and executed the UMP Evaluation Process on the VMP. Given that the
evaluator was the first author of the UMP, the evaluator training activity was not
necessary. In the evaluation design all characteristics and metrics were included,
although during evaluation some metric values were deemed non-applicable. The
execution of the evaluation produced a usability profile with evaluation metrics and
comments, presented as feedback to the researcher (as recommended by [28]), who in
turn provided confirmation and minor comments. These results are shown in Table 4.
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Table 4. VMP usability profile

Metric Comments Value

Appropriateness of
name

The name describes the essential aspects of the
method, that it is visual (and reified), that it is
milestone-based and that its purpose is planning

Appropriate

Recognized purpose From the experiences described by the VMP creator Yes
Time required to
learn to perform

From the experiences described by the VMP creator 4 h

Standard
introductory course
duration

Informed by the VMP creator 8 h

# Of specific
conceptual
definitions

Outcomes, Dependencies, Milestone Planning
Matrix, Milestone Sequence Diagram, Milestone
Effort, Cross-cutting Effort, Milestone Dates, Soft
Milestone, Hard Milestone. Milestone work package,
Effort unit of time, Milestone scheduling canvas,
Milestone list

13

Conceptual model
correspondence

It is a participatory planning activity, where the team
is responsible for carrying out the plan. The meaning
of milestones and due dates is fairly straightforward,
as is the rest of the conceptual model

High

Conceptual model
complexity index

In general, the data model has low complexity, but
specific elements like the pair-wise dependency
matrix “roof”, the existence of two types of
milestones and two types of effort make the overall
data model less simple

Medium

Cost of incorrect
adoption

It seems hard to use the method so badly that it
would produce serious damage

Low

Reduction in cost of
error

The focus on milestone planning makes plans “much
more stable and practical” than task or activity-
oriented plans [20]. The cost of modifying milestones
is lower than that of modifying tasks. Making the
plan and its elements visual also makes it easier to
detect issues and gauge the impact of modifications

High

Safety perception The team participates in planning its own work. That
provides a safer environment for establishing
commitments, since these are not imposed from the
outside. Depending on the culture of the organization
around the team, and the level of autonomy that the
team has in planning and executing the plan, the cost
of error may vary

High

Use of restraining
functions

Matching the scheduling canvas scale to the sticky
notes size offers visible hard restrictions on milestone
planning to avoid resource over-allocation and help
validate milestone viability

Yes

(continued)
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The effective evaluation confirmed applicability of the UMP (RQ1) and produced
feedback that was presented to the VMP creator.

The questionnaire used during the final interview is shown below, with the cor-
responding answers:

• Q1: Was the feedback from the evaluation clear and understandable? Yes.
• Q2: Is it useful and applicable in practice? Yes. It was also valuable that the UMP

model was already published, and that the UMP first author could act as an external
evaluator.

• Q3: Is it coherent with the adoption potential perceived in interactions with method
users? Yes.

• Q4: Are you satisfied with the results? Yes.
• Q5: Why? The evaluation touched upon all the main features of the method, and

highlighted its contributions.

Table 4. (continued)

Metric Comments Value

Timeliness of
feedback

Creating the Milestones Planning Matrix and the
Scheduling Canvas provides early feedback on the
soundness of the plan

Prompt

Feedback richness The feedback confirms that the plan is sound, but
does not provide more details

Medium

People feedback The method does not describe a specific stage to
request feedback from others

No

Automatic feedback Not applicable No
Defines indicators The Scheduling Canvas Yes
Information tailored
to audience

Not necessary, the information seems fairly general
and without much detail

No

Defines checkpoints The method describes explicitly several checkpoints
during planning

Yes

Explicit outcomes The Milestone Planning Matrix and the Scheduling
Canvas

Yes

Level of autonomy Teams have a say and are involved, but are not
necessarily self-organized

Medium

Defines adaptation
points

Milestone sequence diagram is optional Yes

Ratio of roles
allowed to adapt

No roles are defined Non-
applicable

User attractiveness
rating

Evaluator opinion after reading the documentation 4

User experience
rating

The VMP creator reports anecdotal positive initial
responses encountered in both classroom and
industry settings. A more precise measurement of
satisfaction might provide interesting insights

Not
available
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The analysis of data was very straightforward, given that there was a single data
point and the information was aimed directly at evaluating the UMP model. No coding
techniques were considered necessary.

The questionnaire answers confirmed that the feedback in the form of the evalu-
ation results was useful and applicable (Q2 for RQ2 and the rest for RQ3). This,
together with the manifest initial interest of the VMP creator to have the UMP eval-
uation performed, provides preliminary confirmation that the UMP was useful in
Profile mode; that is, the VMP creator deemed the evaluation results valuable.
The VMP creator also valued that the UMP was already published, allowing the UMP
to be referenced. It must also be noted that the VMP creator highlighted that the UMP
evaluation results touched upon all of the main features of the VMP, hinting that the
UMP sensitivity to the VMP was appropriate. In terms of the evaluation results, it is
interesting that several salient aspects of the VMP design, such as the reification of
work packages as post-it notes and the use of the scheduling canvas as a time-scaled
restrictive function, match classical usability principles like affordance and forcing
functions and are thus positively highlighted in the evaluation.

The main recommendations provided to the VMP creator were to consider a
simplified version of the model for simpler projects and to include some form of
satisfaction evaluation in VMP trainings, in order to obtain more systematic feedback.

5 Threats to Validity

In this section the threats to validity of empirical studies are presented, following the
categorization provided in [29]:

• Threats to construct validity: for the final interview, this validity may have been
affected by the questionnaire design. Care was taken to make answering easy for the
respondent, and two authors reviewed and refined the questionnaire.

• Threats to internal validity: In the study, only the VMP creator was interviewed;
information about the actual experience of VMP method users is thus not directly
available. Future work might include direct measures of the user experience of the
VMP, as recommended to the VMP creator. Both the VMP creator and the authors
had interests at stake in the study, but the study was carefully designed to reduce
bias. For the VMP researcher, the interest at stake was having an external review of
the VMP (and possibly a positive evaluation), thus, it did not introduce bias but
rather suggests that the UMP evaluation results were applicable. Regarding RQ1 in
the study, about UMP applicability to the VMP, the bias of the first author is
consistent with the stated interests and typical of Design Science research; evalu-
ation of the UMP by third-parties has been studied in [18] and will be further
studied during reliability evaluation.

• Threats to external validity: the bias introduced by limited access to study subjects
can have a significant impact on the research. To limit the bias towards accepting
any available subjects, the application scenarios for the UMP were defined
beforehand. In addition, the ability to generalize from a single preliminary study is
very limited, so future studies should encompass other scenarios to improve
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generalizability. In particular, the study is an example of the Profile mode, in which
only the evaluation results are used; other studies that might assess the Evaluation
and Framework modes are needed to further evaluate UMP utility.

• Threats to conclusion validity: the number of observations limits the conclusion
validity in this study; further studies for other application scenarios will strengthen
the significance of the results. That is why we present this as a preliminary eval-
uation study, and will expand on it in future work.

6 Conclusions and Future Work

This paper presents a refined version of the Usability Model for Software development
Process and Practice (UMP) and a preliminary study for evaluating model utility i.e., its
ability to produce valuable results that are useful in a real-life scenario.

The preliminary study results show that the UMP assessment of the usability of the
Visual Milestone Planning (VMP) was valued by the VMP creator as an assessment of
the VMP contributions and a source of opportunities for improvement. This study was
focused on the Profile mode, in which the UMP evaluation performed by the first
author provided a usability profile that was used by the VMP creator. In this mode,
using the UMP is simpler since evaluations performed by a third-party can be reused,
thus reducing the need to perform evaluations, which can be time consuming and
require more experience. The VMP creator’s interest in having the evaluation also
strengthens this preliminary confirmation.

Future research activities include further utility evaluation through other studies
that include different scenarios and modes of use (see Appendix) and performing
reliability evaluation. For reliability evaluation practitioners will be asked to fill in a
survey on applying the model to specific processes and practices, and the inter-
evaluator agreement will be assessed on the evaluations, to gauge metric consistency.
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