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Abstract—The specialized literature defines Software Process Improvement
(SPI) as the fundamental approach to improving software products in software
development organizations. In this context, studies report several problems and
difficulties that organizations face during the implementation of improvements.
Although there are studies that address the problems highlighted in improvement
programs, few studies still seek to identify practices in order to mitigate the neg-
ative effects of critical factors. Thus, the objective of this work is to discuss and
analyze the results obtained in an Experience Report that consisted of a dynamic
application with gamification elements in an SPI context related to learning in
the treatment of recurring problems or difficulties in the implementation of im-
provements. It is noteworthy that the dynamics can be developed in organizations
(commercial and academic) regardless of the improvement model or standard
desired, since it was elaborated in relation to common problems experienced and
identified in the SPT implementations scenario. The analysis of the obtained data
was performed using an Evaluation Framework for Gamification in Software En-
gineering, which provided a standard structure for the design of evaluation stud-
ies for gamification cases.

Keywords—software process improvement, gamification, teaching and learn-
ing, problems and difficulties

1 Introduction

Organizations (commercial and academic) are showing more and more interest in
adopting improvement programs in their software processes in order to produce quality
software. This interest is driven by the demand level for the quality of services provided
by software companies, linked to market competitiveness, as well as the systemic
productivity of the software sector [1], [2].

Studies carried out in the software sector in Brazil point to a growth of 28.7% from
2019 to 2020. The growth of the software sector can be attributed to the way companies
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were forced to change their work structure, due to the confinements caused by the pan-
demic and the increase in the home-office modality that followed. In order to continue
to conduct their business, companies bet on introducing new products, increasing IT
(Information Technology) security, increasing productivity and reducing costs [3].

For Garcia et al. [4], the software sector will be in constant change, as innovative
technologies are continuously developed, new customers and demands arise, and com-
petitors enter to compete for market space. Thus, the authors point out that an important
factor for ensuring the survival of software organizations is the ability to implement
improvements in their processes to meet the growing needs of software. For Mendes et
al. [5], Software Process Improvement (SPI) aims to know, define and / or improve the
processes related to software development to make them more effective and efficient.

There are recommendations in the literature of models, standards and norms that are
references to guide a software process improvement initiative in an organization. How-
ever, regardless of the models to be adopted, an effective management of the changes
to be implemented is necessary for a software process improvement to be successful
[6].

Studies carried out in the context of software report problems and difficulties that
organizations face to implement SPI based on process models and standards. However,
the successful implementation of SPI initiatives fundamentally depends on the strate-
gies and approaches adopted to support the execution of such initiatives. Thus, the ab-
sence or lack of adequacy of these approaches is one of the most common reasons for
the failure of improvement initiatives [1]. In addition, other factors are also identified
as causing failures in the conduct of these initiatives, such as social and cultural factors,
lack of communication, motivation and support from top management [7].

Although there are studies that address the problems highlighted in improvement
programs, few studies still seek to identify practices to mitigate the negative effects of
critical factors [8]. Thus, it is important that every SPI initiative considers methods and
techniques in the proposed processes to facilitate the implementation and, thus, mini-
mize the negative effects perceived by those involved in the process [9].

In view of the above, it is noticeable the need to use strategies and approaches in
conducting software process improvement initiatives to address or minimize the prob-
lems or difficulties identified in SPI implementations. Thus, a strategy that can help in
this problem is the use of gamification elements, as a technique that uses elements of
technology-enhanced learning, since it encompasses the use of mechanisms and game
systems for problem solving and for motivation and engagement of a particular audi-
ence [10]. The authors in [11], [12] report many companies have used game strategies
to motivate and engage the employee, not only in productivity and fun, but also to en-
courage and teach innovation and development of their tasks.

Gamification also allows the definition of mechanisms that provide people with mo-
tivation and learning to increase productivity and performance, foster innovation, col-
laboration and participation [13], [14], and offer the opportunity for better user involve-
ment, faster feedback on accomplishments, and more visible progress indicators of con-
tinuous software process improvement [15].
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Thus, the use of gamification elements can contribute to the definition of teaching
and learning mechanisms to stimulate people's motivation and commitment to effec-
tively join and participate in SPI initiatives. This is justified by the fact that gamification
uses methods derived from games such as those that use highscore lists, continuous and
constant feedback, and the use of rewards with the aim of turning supposedly tiring
work into an attractive and stimulating activity [16].

Chou [17] points out how the greatest contribution that gamification can offer to
society would be the opposition to the traditional Functionality-Focused Design model
for Human Aspect-Focused Design. According to his theory, most of the known pro-
duction systems are oriented to facilitate that tasks are carried out in the shortest possi-
ble time. The simple consideration that the people who perform these jobs have feel-
ings, insecurities and opinions about what is expected of them, or about how they
should achieve their professional goals, in itself represents a shortcut for their true mo-
tivations to be activated.

For Chou [17], the game elements are factors capable of driving the participant's
behavior differently, where some strategies stimulate from inspiration and training, and
others from obsession and manipulation. The game elements proposed by the author
are structured in the Octalysis Gamification Framework organized into eight Core Driv-
ers and their corresponding correlated game elements (see Table 1). Core Drivers rep-
resent basic and fundamental factors in games that provide the motivation to perform a
variety of activities and discussions.

Table 1. Core Drivers and their corresponding game elements

Core Drive

Elements

Core Drive 1: Epic Meaning & Call-
ing

Narrative; Humanity Hero; Elitism; Beginners Luck; Free lunch.

Core Drive 2: Development & Ac-
complishment

Progress bars; The Rockstar Effect; Achievement symbols; Status
Points; Classification.

Core Drive 3: Empowerment of Crea-
tivity & Feedback

Boosters; Milestones unlock; Choice Perception; Meaningful
Choices.

Core Drive 4: Ownership & Posses-
sion

Build from scratch; Collection sets; Exchangeable Points; Ob-
server Attachment; Alfred effect.

Core Drive 5: Social Influence & Re-
latedness

Mentorship; Brag Buttons and Trophy Shelves; Group Quests; So-
cial Treasures; Social Prod; Conformity Anchor; Water Coolers.

Core Drive 6: Scarcity & Impatience

Dangling and anchored juxtaposition; Magnetic Caps; Appoint-
ments Dynamics; Torture Breaks; Evolved UL

Core Drive 7: Unpredictability & Cu-
riosity

Glowing choice; Mystery Boxes / Random Rewards; Easter Eggs /
Sudden Rewards; List of Rewards / Lottery.

Core Drive 8: Loss & Avoidance

Legitimate inheritance; Evanescence opportunities; Status Quo
Sloth; FOMO Punch; Sunk Cost Prison.

In the organizational context (commercial and academic), employee engagement is

essential to achieve the expected goal, so with the application of gamification, intrinsic
motivation is aimed at team members. It is noteworthy that gamification is not just
giving back to the employee, but motivating him to achieve the reward in a gamified
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way [18]. For Hamari and Koivisto [19], gamification in a business and academic en-
vironment promotes intrinsic changes that provoke the individual to participate in the
application of the method. Therefore, above any reward offered in this type of method,
gamification seeks to value the personal factor, whether in the relationship with the
team, or the appreciation of the individual himself in engaging him to achieve his goals.

In view of the above, this work aims to present the results of the application of a
proposal for a solution to SPI problems from the use of gamification elements suitable
for the treatment of problems or recurring difficulties in the implementation of improve-
ments, since gamification was identified as a teaching and learning tool that leads to
motivation and commitment in several areas [20], [21], including Information Technol-
ogy and, more specifically, Software Engineering [15]. The results were scaled using
the framework for evaluating gamification in Software Engineering by Monteiro et al.
[22]. Thus, the research question of this article is: Did the gamified approach help to
solve problems or difficulties in the implementation of SPI?

In addition to this introductory section, this article is structured as follows: Section
2 presents the context and issues present in SPI implementations, Section 3 presents the
research methodology, detailing its main stages, Section 4 presents related works to the
context of this work, Section 5 addresses the gamification evaluation strategy used in
the study, Section 6 details the analysis of the results obtained, Section 7 presents dis-
cussions regarding the results obtained in the research, Section 8 details the threats to
validity that have been identified and, finally, Section 9 presents the conclusions and
future work.

2 Software process improvement

According to Moreira [23], several studies carried out in recent years have shown
the importance of the systematic and disciplined use of processes for a software com-
pany to be successful. This success is related to aspects, such as: increased competi-
tiveness, ability to take greater risks, increased product quality, productivity gains,
lower costs and elimination of rework.

The implementation of improvements in software processes is a complex and
knowledge-intensive activity [24]. This means that those involved in the initiatives
must have knowledge about software engineering and be able to use it to guide the
implementation of improvements in the organization's processes, increasing the
chances of achieving the expected results [25].

Pressman [26] emphasizes that the lack of adoption of methods, tools and procedures
in software development has reached significant numbers of unfinished projects, and
completed projects that do not meet customer needs. Other sociocultural issues, such
as lack of motivation, are also identified as causing failures in the conduction of im-
provement initiatives [27].

Mendes et al. [5] report that process improvement deals with issues associated with
the analysis, description and improvement of processes related to Information Technol-
ogy. Several aspects need to be considered in process improvement initiatives, such as:
resource allocation, choice of processes to be analyzed and improved, selection of pilot
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project(s), choice of models to be used and the approach adopted to proceed the initia-
tive.

Researchers such as Habib et al. [28] state that “any significant software process
improvement requires a significant investment, time and money”. So that these varia-
bles are not wasted, it is necessary to carry out a feasibility study and plan the change
and improvement. According to Birk and Pfahl [29], this requirement motivated the
emergence of standards and reference models, which are used as a basis for the imple-
mentation of improvements in software processes.

2.1 Identification of software process improvement problems

Studies carried out in the context of software process improvement (SPI) report
problems and difficulties that organizations face to implement process models and
standards, mainly related to the inability to overcome some critical factors [30]. There-
fore, to identify and analyze the problems and difficulties experienced in SPI initiatives,
the authors [31] present in their work the identification and analysis of problems or
difficulties, conducted from two perspectives: analyzes carried out in the literature and
another from analysis of results obtained from the application of a survey. According
to Niazi et al. [25], the accumulated knowledge about critical success factors from the
views, experiences and perceptions of people who work in this scenario can help to
define more efficient strategies for implementing SPI.

Thus, the literature review allowed the authors [31] to identify 8 (eight) problems
and difficulties in the literature that occur during the implementation of SPI. Table 2
presents the problems, the description and the number of times that a given problem
was identified in a total of 54 studies.

Subsequently, there was the identification and analysis of the problems and difficul-
ties obtained from the application of a survey by the authors [31]. In total, 12 (twelve)
new recurring problems were identified, from the application of the survey, and it was
possible to obtain information on the impact (occurrence) that the problems detected in
the review caused, in the perception of the participants, according to their experience
in MPS, the detailed reports of the participants in relation to the problems detected in
the literature, are specified in the work [31]

Table 2. Problems or difficulties identified in the literature

Problem / Difficulty Description Cltatl?n
quantity
It occurs in SPI implementations because there is great resistance
1. Culture change in the or- [on the part of employees in relation to the standardization imposed 3
ganization. in the improvement models for the organizational process, since
they already adopt their own approach in their routine.
This lack is evidenced in basic procedures necessary in the imple-
2. Lack of knowledge in  |mentation of the improvement program, where employees are una- 30
software engineering ware or do not understand technical terms (concepts) or routine ac-
tivities used in software engineering.
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stakeholder responsibilitie

3. Lack of understanding of

Evidenced when roles are not fully established or understood and,
in some cases, are vaguely defined, which can make it difficult to

S |understand and progress the process.

17

4. Lack of support tools

Consequence of the lack of standardized tools to support the execu-
tion of processes, since without adequate tool support, the develop-
ment of activities adhering to quality models can be harmed.

5. Lack of / little commit-

ment from top management

The non-commitment of top management can affect the progress of
the improvement as a whole, since the management is the initial
source of investments, resources and decision-making, fundamental
to the incentive and support of those involved in the implementa-
tion of the improvement.

27

6. Little support from em-
ployees

It occurs when employees do not understand the purpose of formal-
ization and discipline in the execution of processes; or in other
cases, they even understand, but do not accept, precisely because
they do not believe that the improvement will occur with the imple-
mentation of SPI. This view contributes to the lack of commitment
and motivation to learn about the new practices introduced by the
processes.

24

7. Employee turnover

It can negatively affect process improvement activities, as it con-

tributes to the loss of skilled and active individuals in the process,
as well as the loss of tacit knowledge. All this can delay and cause
a rework in the activities proposed in the application of the model.

8. Lack of/ little qualified
human resources

This problem highlights the difficulties that employees may have
during the implementation, due to the unpreparedness to develop
the necessary activities, which arise from existing gaps in their
qualification.

13

These problems are presented in Table 3, as well as the description and the number
of times that a given problem was mentioned by the respondents.

Table 3. Problems or difficulties identified in the survey

Problem / Difficulty Description Number of
reports
1. Focus on certification It occurs in situations where the organization only aims to achieve
L . the final result, directing to a certain certification, without worrying
instead of focusing on . RO . 3
improvement about understanding and dedicating itself to meeting the necessary
P requirements to reach the pre-established objectives in the SPI.
The occurrence of this can impact the motivation of those involved
in the implementation, since the non-recognition by the govern-
2. Lack of government  |ment, in the form of financial incentives or not, can negatively in- 3
incentive fluence the work of organizations that seek quality and, conse-
quently, make it difficult to achieve competitive advantages in rela-
tion to the market.
It can happen when there is no understanding of the context of ap-
3 Reduction in consult plication of SPI to those involved, so the lack of understanding will
- lead them to apply mechanisms to circumvent possible steps and,
ing hours as a way to re- . . 1
duce costs consequently, reduce costs inappropriately. However, these strate-
gies can negatively impact the results of important steps in the pro-
cess in question.
4. Lack of knowledge of It considers the gaps that exist in understanding in relation to im-
T g provement models. Many employees are unaware of the real im-
the importance of models . . . . N 1
by the market portance of having a quality seal associated with the organization's
Y image, as they do not understand that the model adds more value to
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the context of the organization's performance in relation to the mar-
ket. A quality seal is very important, as it conveys the message that
an organization develops more qualified services, adequate to
structural, technical and human resources terms.

5. Lack of / few projects
to validate an improve-
ment program

It is evident when the organization does not direct the projects de-
veloped to a more careful supervision, which considers the objec-
tives set by the company and at the same time adheres to the re-
quirements intended in the improvement programs.

6. Bureaucracy in im-
provement programs

It arises from the perspective that these programs bring, in their im-
plementation, many procedures that must be fulfilled to achieve the
expected results, which is often seen by employees as something
time-consuming to be applied on a daily basis.

7. Continuity of team en-
gagement in the defined
process

In relation to the “Continued engagement of the team in the defined
process”, it is recurrent because the organization does not propose
strategies to encourage employees in the continuation of the proce-
dures that were pre-established.

8. Lack of / little
knowledge of models by
employees

It occurs when employees do not understand all the procedures de-
scribed in certain models and cannot perceive the benefits they can
provide. This fact causes the lack of interest of such individuals in
not using the intended improvement model, which, consequently,
causes the lack of knowledge of all the guidelines to be followed,
directly harming the implementation of the SPL.

9. Different interpreta-
tions in relation to the
models

Those involved may have different perceptions about the models,
as a result of the reality and experience lived by these employees in
each organization, as well as when the responsibilities and proce-
dures to be carried out in the SPI are not clearly established.

10. Lack of consistent
project portfolio plan-
ning

The neglect of this can directly affect the organization's results,
since its correct application is seen as an effective tool in the analy-
sis and quantification of the value of each project. Such benefits
make it possible to prioritize projects that are more aligned with the
company's objectives.

11. Lack of consistent
planning by the top man-
agement of the organiza-
tion

It happens when the organization does not establish a structured
way to meet its future demands and needs in relation to impacts, in-
telligent and timely decision making.

12. Lack of model flexi-
bility

It refers to the application context that is seen by those involved as
something very rigid and complex, full of divisions, rules and pro-
cedures that they consider to be redundant and unnecessary for op-
eration.

Based on the problems listed, in [31], it was possible to carry out a study more fo-
cused on understanding each problem. This understanding contributed to the mapping
of gamification strategies to address or minimize the impacts that these problems cause
during the implementation of SPI, from the point of view of teaching and learning.

3 Research methodology

In order to achieve the objectives of this research, a sequence of steps was estab-
lished and followed. Thus, the methodology carried out in this work comprised the steps
shown in Figure 1, described in the following sections: 1) Identify the SPI problems, 2)
Identify the gamification elements, 3) Develop dynamics for the use of gamification

248 http://www.i-jet.org



Paper—Application of a Gamified Approach to Learning in the Treatment of Problems in Software...

elements, 4) Define dynamics that integrate all the gamified elements in relation to the
problems, 5) Application of gamification for problem solving and 6) Analysis the stud-
ies data.

3. Develop Dynamics for
the Use of Gamification
Elements

3.1 Peer Review

1. Identify the SPI
Problems

2. Identify the
Gamification Elements

v

4. Define Dynamics that
integrate all the Gamified

Elements in relation to the
Problems

4.1 Peer Review

5. Application of
Gamification for
Problem Solving

6. Analysis the Studies
Data

Fig. 1. Work execution steps

3.1 Step 1: Identify the SPI problems

As mentioned earlier, at this step, problems and difficulties were identified based on
analyzes carried out on the results obtained in the literature review and in the applica-
tion of a survey. In the review carried out, 54 studies were selected and included for
analysis. As for the survey applied, an electronic form was made available to the re-
search participants for a period of one month, in which 32 responses were obtained
from the participants. The details of the problems or difficulties identification described
in this step can be consulted in [31].

3.2 Step 2: Identify the gamification elements

In this step, the gamification elements used to minimize or treat the twenty SPI prob-
lems found in the previous step were identified and correlated. Thus, for its realization,
it was necessary to study gamification concepts and elements that are addressed in the
Octalysis Framework [17], and for each problem one or more elements were identified,
the Core drive to which each element belongs, as well as the justifications for each
problem. application of the elements, potentially capable of minimizing or solving the
problems in question. The details of this step can be found in [32].

The Octalysis Framework is divided into eight Core Drivers, which represent basic
and fundamental factors in games that provide the motivation to perform a variety of
activities and discussions. Linked to the Core Drivers, there are elements or techniques
to engage the participants, in this case are the game elements, which are factors capable
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of driving the participant differently, where some strategies stimulate from inspiration
and training and others from the obsession and manipulation [17].

Table 4 presents the description of the elements that were mapped only for the prob-
lem “Culture change in the organization”. However, in [32] contains the mapping car-
ried out to the other problems, as well as the application justifications and the descrip-
tion of this information for all the elements used that make up the framework.

Table 4. Gamification elements mapped to the problem “Culture change in the organization”

Problem / Difficulty Core Drive Elements
1 - Epic Meaning & Calling Narrative
1 - Epic Meaning & Calling Free lunch

) 2 - Development & Accomplishment Rockstar effect

ocrugle?rlllirfz:act}il(?rlll.ge in the 4 - Ownership & Possession Build from scratch
5 - Social Influence & Relatedness Tutoria
6 - Scarcity & Impatience Appointments dynamics
7 - Unpredictability & Curiosity Glowing choice

3.3  Step 3: Develop dynamics for the use of gamification elements

In this step, isolated solutions were developed using the elements to deal with each
specific problem. This step was developed according to the reasoning presented in the
Octalysis Framework for the element mapped in the previous step, in which there was
an in-depth study of the element that made it possible to structure strategies for the
application of the element in the context of SPI, which must be used by organizations
when these encounter situations in which problems occur. The isolated solutions were
reviewed and evaluated by an expert in order to ensure the expected purpose of the
application of the element in the context of gamification [33].

Table 5 summarizes how the selected gamification elements should be applied to
problems, considering isolated solutions using the elements.

Table 5. Description of the strategy to be used according to elements

Elements Description of application strategy
. It involves explaining the purpose of implementing the improvement process, dynami-
Narrative . -
cally to employees, including needs, reasons and expected results.
Build from It requires the involvement of employees in a more active way, in the structuring of the
process in the organization, since they must contribute with suggestions and opinions in
scratch . .
relation to what will be developed.
It occurs in the attributions, guidelines and information provided to those involved, by a
Tutoria person who has the competence to be an expert in SPI and / or to be an expert in Gamifi-

cation.

It requires the creation of a Track of actions for the learning of those involved, and from
Progress bars |this, those involved must be given a way to visualize their progress according to the ful-
fillment of the actions established for their training.

It occurs with the provision of rewards to employees related to the delivery of the de-

Free lunch mands that are under their responsibility in the SPI journey.
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Rockstar effect

It creates a context of recognition of the work performed by the employee from the per-
spective of the team itself (internal perspective).

Glowing choice

It provide faster and more targeted guidance from another employee when they experi-
ence difficulties in performing their activities / demands.

It promotes strategies to disseminate the benefits of adopting an improvement program in

Elitism the organization, externally, in order to obtain a competitive advantage in the market for
the organization.
. It applies of a strategy similar to that promoted with the loyalty card, where for each
Achievement . .
Symbols completed action there must be a series of rewards / awards to employees who effec-

tively fulfill the deliveries necessary for the success of the improvement program.

List of Rewards

Rewards must be made available to those involved when they complete their demands,

/ Lottery using a digital roulette wheel, where the reward is linked to the luck of the employee.
Mystery Boxes /|It provides the employee with a bonus, when he manages to maintain an excellent perfor-
Random Re- mance in the deliveries established in relation to his demands. This bonus is a secret re-
wards ward and without a predetermined time.

. It occurs with the disclosure to the hero of the performance of his actions, which favors a
Appointments . . . .
dynamics follow-up, in relation to the result that was obtained and expected, this strategy allows

the hero to modify his positioning and seek better results.

In the solutions proposed with the gamification elements, a more careful analysis
was carried out, by an expert in software engineering, of the strategies developed and
the use of predefined gamified elements for SPI problems. This analysis took place with
the completion of the peer review. Thus, the expert's considerations were based on the
Octalysis Framework. The details of the isolated solutions for the use of elements to
deal with each specific problem, as well as their review process by an expert at this
stage, can be consulted in [33].

3.4  Step 4: Define dynamics that integrate all the gamified elements in relation

to the problems

At this step, a dynamic was developed for those involved in the improvement initi-
atives, with the interrelated use of the gamification elements to the SPI problems listed.
The dynamic includes the procedures, methods and materials necessary for full use in
improvement initiatives [34].

The dynamics elaborated explores a context of heroes with an analogy to the
Avengers movie, since the work carried out in organizations (commercial and aca-
demic), as well as in the context of the movie, depends on the performance and effort
of the entire team to achieve the expected results. The heroes' journey is composed of
a group of missions, arranged on the map of secret processes in Figure 2, and each
mission contains tasks to be performed, specific materials to be used, as well as evalu-
ative actions that must be carried out by the heroes to who can get points in each mis-
sion.
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= = Mission 3
Train Hero

velop Operations

ion 6

te Journey

There are three profiles involved in gamification dynamics: a) Operations Instructor
(OI), whose competence is to be an expert in SPI and / or to be an expert in Gamifica-
tion, b) Avengers (VG), which is the Organization's team of employees (commercial or
academic), who act directly in the actions necessary to improve the desired process, c)
Government Representatives (GR), who are representatives who work in the Organiza-
tion's Senior Management who have a holistic view of the organization's needs and
processes. Each mission has participants who act in its execution, according to the pro-

Fig. 2. Secret process map

files previously exposed. Table 6 presents a summary of mission information.

Table 6. Brief description of the missions that make up the dynamics

Mission

Elements used

Evaluative actions

Mission 1 - Develop
Strategies

Mission 2 - Authorize
Strategies

Mission 3 — Train
Hero

i) Rockstar effect 1. Fill in the Personalization Card
ii) Elitism 2. Complete the Experience Form
iii) Narrative 3. Suggestion (Contribution Card)
iv) Build from scratch 4. Presence
i) Build from scratch 1. Analyze and Deﬁne Strategy .
S . 2. Define Complexity of Activities
ii) Tutoria X
. 3. Suggestion
iii) Narrative

4. Presence

1. Participate in Training
i) Tutoria 2. Signal Training Satisfaction
ii) Progress bars 3. Suggestion

4. Presence
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i) Free lunch

ii) Rockstar effect

Mission 4 — Develop  |iii) Glowing choice
Operations iv) Achievement symbols
v) List of rewards / Lottery
vi) Mystery boxes

1. Develop Low Complexity Activity

2. Develop Medium Complexity Activity
3. Develop High Complexity Activity

4. Suggestion

5. Presence

It does not apply, as it is a mission that pro-
vides an evaluation in relation to the perfor-
mance obtained by the heroes with the “Evalu-
ative Actions” present in missions 1, 2, 3, 4.
(Quantitative Analysis)

It also seeks to obtain feedback from those in-
volved in relation to the motivational factor
considering the ARCS Model [35]. (Qualita-
tive Analysis)

Mission 5 - Evaluate  |i) Appointments dynamics
Mission ii) Progress bars

It does not apply, as it is a mission that seeks
Mission 6 — Evaluate |No gamification elements were  |to obtain feedback from those involved in rela-
Journey applied. tion to the applied dynamics. (Qualitative
Analysis)

The detailing and review process carried out in the dynamics by an expert in which
an ID was assigned to each change request, a category to which the request belonged,
the item to be adjusted, the comment that justified the reason for the adjustment and
suggestion proposal, can be consulted in [34]. It is noteworthy that all the adjustments
requested by the expert were implemented, which made it possible to complete the
structuring of the dynamics.

3.5 Step 5: Application of gamification for problem solving

To evaluate the application of the proposed gamification dynamics, an Experience
Report was carried out in the context of SPI, where we sought to evaluate the applica-
bility of the dynamics as well as the effects of its use. Thus, to carry out the SPI dy-
namics, the Laboratory institutionalized since 2009 at a Federal University in Brazil,
was selected.

Subsequently, the points of improvement that the laboratory needed were verified,
so that the improvement model could be defined that would be adopted to meet the
needs for improvement in the context of the research laboratory. Therefore, it was ver-
ified that the needs were supported from the implementation of the Customer and Mar-
ket dimension belonging to the MOSE® Competence (Model Guiding for Business
Success). The justifications and objectives for choosing the model are present in section
5 of this article.

As for the period of application of the dynamics, this occurred in the interval between
06/24/2021 to 07/29/2021, on Thursdays, from 3:00 pm to 6:00 pm. The meetings took
place remotely through the Google Meet tool and with the necessary adaptations to the
remote context, due to the restrictions imposed by the COVID-19 pandemic, with the
application of social isolation measures. Table 7 presents the schedule followed with
dates and definition of the missions that took place.
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Table 7. Schedule used in the application of dynamics

Execution Date Description (Mission and Time)
E.1 06.24.2021 Mission 1 (3 hours)
E2 07.01.2021 Mission 5 (30 minutes) and Mission 2 (2 and a half hours)
E3 07.08.2021 Mission 5 (30 minutes) and Mission 3 (2 and a half hours)
E4 07.15.2021 Mission 4 (3 hours)
E.5 07.22.2021 Mission 4 (3 hours)
E.6 07.29.2021 Mission 5 (1 hour) and Mission 6 (2 hours)

The dynamics was conducted with the voluntary participation of students / re-search-
ers who work in the Laboratory, considered as a small business unit. Table 8 contains
descriptions of the participants' profile, as well as the code that will be used to designate
each one of them during the presentation of the results. There was also one participant,
in addition to the seven who accepted to participate, with the attribution of a Judge,
who observed the dynamics, checking if the others involved were carrying out the ac-
tivities. The Judge also filled in the score table according to the evaluative items of the
missions. A detailed description of this step will be presented in Section 5 of this study.

Table 8. Description of the participants' profile

Participant Training Research line Profes.sifmal ac- |Time of exper.ience‘ in
code tivity Software Engineering
H1 Master (attending) | Software Engineering Technician 2 years
H2 PhD (attending) Software Engineering Technician 4 years
H3 Master (attending) | Software Engineering Researcher 1 and a half year
H4 PhD (attending) Software Quality Professor 10 years
HS5 PhD (attending) Software Engineering Researcher 4 years
H6 PhD (attending) Software Engineering | Systems Analyst 4 years
H7 Master (attending) | Software Engineering Researcher S years
3.6  Step 6: Analysis the studies data

The analysis of the data obtained in the Experience Report was carried out using the
Evaluation Framework for Gamification in Software Engineering. The purpose of this
framework is to provide a standard framework for the design of evaluation studies for
gamification cases. The framework considers planning, execution, analysis and report-
ing of results. The framework used supports the production of empirical data that can
be more easily compared [22].

The framework structure is based on the GQIM (Goal-Question-Indicator-Metric)
model, which guides the design of evaluation metrics based on a top-down analysis of
organizational objectives [36].

According to Monteiro et al. [22], the Framework is organized into evaluation phases
and evaluation entities. The evaluation phases describe a sequence of decisions that
guide the gamification design review and lead its designer to reflect on the evaluation
goals, criteria, questions, required data and data analysis procedures. The evaluation
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entities are a set of these data, and their relationship, that need to be documented for the
evaluation. The detailed description of the data summarization is addressed in Section
6 of this study.

4 Related works

Herranz et al. [37] present an approach to managing change in SPI initiatives, based
on the use of gamification techniques to support SPI processes. The authors highlight
change management as one of the important areas to be controlled. In this way, they
direct greater care to managers, since their actions are essential in the improvement of
the software process and their commitments and support are essential to obtain the ben-
efits of a software process. However, the authors present a gamified approach more
focused on top management, without addressing other gaps that are perceived during
the implementation of the improvement, such as the issue of teaching and learning.

In Herranz et al. [38] a gamification structure was defined oriented to the needs of
the organization and the groups of software professionals involved in a SPI initiative.
To establish an adequate gamification framework, the authors emphasized the need to
adapt the motivational factors of each of the software professional groups. Although
the authors build a gamified structure to help different groups of professionals, the ap-
proach did not specify elements that should be used as possible solutions to the prob-
lems that professionals would face, since the structure to be used depends primarily on
the initial study of the people who will be involved in the improvement initiative.

To validate the gamification framework presented earlier, Herranz et al. [39] used a
structure adapted to the particularities of an organization and software professionals to
encourage motivation. In this validation, a qualitative research methodology was em-
ployed through interviews that involved a total of 29 experts in gamification and SPI.
The results of this study confirm the validity of the presented framework, its relevance
in SPI and its alignment with the standard practices of gamification implementation in
organizations. The results obtained in the study were relevant to support the use of the
gamification approach in SPI, however the structure was adapted to the particularities
of an organization and specific professionals, so it cannot be generalized to other or-
ganizations, since the authors are unaware of their needs. This perception is in opposi-
tion to what was exposed in the work previously, of creating a structure adapted ac-
cording to the organization's scenario.

The study by Herranz et al. [40] aimed to bridge the gap between gamification in
SPI and empirical evidence by presenting the implementation of the SPI gamification
framework in a real environment. The framework validated in the authors' previous
work was adjusted and implemented in a small Spanish software development organi-
zation, in a controlled experiment, focusing on a team competition (experimental
group) to validate its effectiveness. The implementation results show that the applica-
tion of the structure does not increase staff motivation in SPI tasks, although it contrib-
utes to improving their performance. Therefore, the authors point out that the results
obtained are a consequence of the use of competitive game mechanics, which may have
caused tension between the participants, and this fact can reduce motivation and fun.
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As can be seen, none of the studies presented addresses a strategy with gamification
elements aimed at each SPI problem, as they approach the problem with the gamifica-
tion mechanism in a more generalized way to involve participants. Another point no-
ticed in the studies is the absence of a more in-depth description regarding the mechan-
ics and gamification components that were used, which can make it difficult to replicate
the proposal and negatively impact the results of applying the structure in other organ-
izations.

In this context, the present article is distinguished by presenting a strategy of using
gamified elements, present in the Octalysis Framework, in relation to specific SPI prob-
lems, interrelating the use of each element to the context of the problem to favor teach-
ing and learning of its treatment. It is noteworthy that the mapping did not seek to adapt
to a specific size of organization, since the problems dealt with can occur in any organ-
izational environment. Thus, to ensure the generalization and replication of the pro-
posal, this study describes the elements that can be used when the organization is faced
with such problems.

5 Gamification application strategy

This section presents the application report of gamification dynamics.

5.1 Planning

As mentioned in Section 3.5, the SPI dynamics was performed at the Laboratory
belonging to a Federal University in Brazil. The group is formed by Brazilian professors
/ researchers, master's and doctoral students / researchers from the Graduate Program
in Computer Science and graduation from the Faculty of Computing, which work in the
research line of Software Engineering (SE) and Education. From this group, 7 employ-
ees in graduate training participated in the dynamic. This number of employees under-
pins the group as a small profile, which, according to Rouiller [41] is commonly repre-
sented when it has 2 to 25 employees and represents enterprises (commercial and aca-
demic) that normally, but not restricted, are in early stages of business and learning,
demanding urgency for their own survival.

Although the group has existed for more than 10 years, it is possible to identify sev-
eral problems that occur on a daily basis, among them we can highlight the following:
a) Wear with customers due to the absence of clear agreements in relation to the goods
and services that are provided, b) Loss of customers, c¢) Difficulties in understanding
the market (or segment) in which it operates, d) Lack of clarity regarding the goods and
services that are provided by the business unit (both internally and in relation to the
market and/or demander), ) Customers dissatisfied due to lack of compliance (or lack
of clarity) of agreements, f) Lack of awareness of which goods and / or products should
no longer be in the business unit's portfolio, g) Lack of communication with the target
audience, h) Inefficient marketing, i) Lack of knowledge of the availability of service
at the business unit, j) Lack of preparedness to handle incidents that occur, including
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failure to handle recurring incidents. As explained in Section 3.5, the resolution of prob-
lems experienced in the laboratory is supported by the implementation of the Customer
and Market dimension belonging to MOSE Competence.

The MOSE is composed of five competence dimensions: Society and Sustainability,
Human Talent, Quality, Customer and Market and Innovation, however the problems
experienced in the laboratory have support for resolution in the Customer and Market
(CM) competence dimension, since that the dimension addresses issues related to the
structuring of the enterprise to be able to satisfactorily serve its internal or external
customers, the constant analysis of the market (and / or environment) and the impact of
the goods and services generated in it. It also emphasizes that an enterprise must focus
on generating value for itself and its customers [41].

In this context, the initial need to deal with the problems described above was high-
lighted, since they are recurrent in the routine of the team in the Laboratory, and the
treatment of these problems is something that MOSE itself points out as substantial for
an organization that is starting or already has some years of experience in the market,
as it helps to remain competitive and innovative, in its offered services and/or produced
goods.

In view of the above, the Experience Report carried out the implementation of the
CM competence dimension, in the context of the Laboratory, considering the expected
results in the Competence objectives of a small business unit.

The implementation of the CM dimension aimed to provide the Laboratory with the
scope of improvements in its process, in relation to the quality of the goods and / or
services provided, with the treatment or reduction of the problems that occur, since the
main focus of this dimension it is the relationship between the business unit and its
customers (internal or external to the enterprise) and with the market in which it oper-
ates (whether public or private), important factors for organizations that aim to be com-
petitive and help to survive market instability.

It is noteworthy that the strategies structured in the dynamics, in Section 3.4, were
not developed to be applied to a specific improvement model, since the objective of the
gamification dynamics is precisely to be applicable to any model, favoring a substantive
dynamic to organizations. Thus, in the Experience Report, MOSE was implemented in
the context of the Laboratory.

To evaluate the results of gamification dynamics in the treatment of SPI problems,
as mentioned in Section 3.6, the Framework for gamification evaluation by Monteiro
et al. [22] was used. In this step, it was necessary to map information that is important
for the evaluation Framework, such as: a) Contextualization of gamification, which is
the definition of the gamified approach (with its dynamics, game elements, rules and
emotions) of the context in which the approach is applied, b) Contextualization of the
Evaluation, which is the definition of the actors of the gamified approach (participants)
and the context in which the evaluation is carried out (scientific investigation method,
duration, criteria and evaluation questions), ¢) Definition of Methods, which is the def-
inition of data collection methods (Metrics, Indicators and instruments for data collec-
tion and analysis), d) Summarization of results, which is the collection of data and ex-
traction of information to be analyzed (description and duration, samples - demography
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and size), e) Outcome Analysis, which is the analysis of data (results for evaluation
questions and findings).

5.2 Execution

Firstly, there was an analysis in the context of the Laboratory in order to verify and
delimit the scope and the problems experienced in the environment. In this, problems
were observed that are dealt with in the Customer and Market dimension of the MOSE
improvement model for small organizations, as explained in Section 5.1, for the appli-
cation of the SPI dynamics.

Subsequently, the invitation was sent to the participants, containing the information
and the purpose of the work. Upon acceptance, there was an initial collection of the
participant's profile, with information on training, research line, current professional
activity and time of experience in software engineering, presented in Section 3.5.

Therefore, meetings were scheduled with the group, using Google Calendar (a tool
used to manage the dates and times of the meetings necessary to carry out the missions
during the Gamification journey), every Thursday, at 3 pm to 6 pm, from 06.24.2021
to 07.29.2021, totaling six meetings, which were held via Google Meet (tool selected
to carry out the necessary meetings to carry out the proposed missions in the gamifica-
tion scenario). It is important to point out that the number of meetings was directed
towards the implementation of a MOSE competence dimension, related to Customer
and Market.

As for the materials needed to perform the procedures of each mission, they were
made available as materials or as activities to participants in Google Classroom (a tool
used to centralize and manage materials, deliverable during the dynamics). It is note-
worthy that the dynamics were initially built for the context of face-to-face application,
so they needed to be adapted for remote use with the use of tools that met the new
reality for this first application, due to the restrictions imposed on organizations in the
face of the COVID-19 pandemic.

Then, on 06.24.2021, the execution of the dynamic took place, in which the proce-
dures belonging to Mission 1, covered in Section 3.4, were applied. In it, the procedures
regarding internal exposure were adapted for synchronous presentations on Google
Meet, and in materials available on Google Classroom regarding: the benefits and ad-
vantages of having an SPI model adopted in the organization, information related to
institutional knowledge, the organization's strategic objectives in relation to the im-
provement model and about the rules and guidelines of the game to those involved.

The information exposed to those involved was intended to raise awareness of the
importance of adopting the model, generate commitment to the procedures necessary
to achieve the expected results for the improvement, as well as obtain suggestions for
digital marketing strategies to reach the external public, as well as opinions in relation
to what will be developed. These suggestions were collected as an activity in Google
Classroom, using the Contribution Card.

In the execution of Mission 1, the participants had to develop the activities created
in Google Classroom to assign a hero profile to another employee (Personalization
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Card) and provide information regarding their degree of previous experience (Hero Ex-
perience Web Form). All these activities were assigned a score and a stipulated time
for delivery before the execution of the next mission.

At the end, the room created to manage the SPI dynamics (Google Classroom) was
consulted to verify the deliveries made in Mission 1 by the participants. There was also
the collection of information related to the presence and suggestion noted by the Judge,
which contributed to the completion of the scores in the performance worksheet
(Google Worksheet, a tool used to make available to those involved the scores obtained
in the actions carried out in the missions). The results obtained in Mission 1 were pre-
sented to those involved in Mission 5.

According to the map of secret processes, at the end of each mission it is necessary
to carry out Mission 5 (see Section 3.4), so on 07.01.2021 Mission 5 initially took place
with the presentation of information on the performance obtained by the heroes in Mis-
sion 1, collected in the Performance Worksheet, and later feedback was obtained from
those involved regarding the dynamics of actions established in Mission 1, considering
ARCS Model (Attention, Relevance, Confidence, Satisfaction) from Keller [35], since
the four categories present in the model represent the necessary conditions for a person
to be motivated, that is, each one represents an aspect of motivation.

Subsequently, the execution of Mission 2 took place, initially passing on the instruc-
tions of the procedures that would occur in this mission, and later they were presented
synchronously in Google Meet, and in materials available in Google Classroom: the
summarized experience data of those involved obtained in the Web Form, the Track of
learning they will follow on the training mission, the Hero Profile of each participant
resulting from the Personalization Card. Still in this first moment, the suggestions pro-
posed by those involved in the Contribution Card were read, and these suggestions were
analyzed and selected together with those involved in a brainstorm.

Later, still in Mission 2, the presentation of the expected results of the implementa-
tion of the MOSE improvement model took place and there was also a time dedicated
to providing guidance to remove doubts. After the presentation of the MOSE, those
involved were asked to previously define activities in the Trello tool, through a ticket,
of possible activities that, according to the knowledge obtained from the presentation,
would make it possible to achieve the objectives expected by the model for the Cus-
tomer and Market dimension, as well as pointing out a possible priority to the ticket
(High, Medium or Low). It is noteworthy that this mission was not fully developed on
this second day of execution, as the full definition of activities took place only with the
completion of the training provided to those involved in Mission 3.

On the third day of execution (07.08.2021) Mission 3 began, initially passing on the
instructions for the procedures that would occur in this mission. Then there was the
presentation of the Track of Learning with the guidelines of the context that would be
dealt with in the training. The training was then conducted by the Project Coordinator,
who has extensive experience in the topics covered in the training related to the prac-
tices of the CM dimension, about Processes and Tools.

The laboratory employees who participated in the training were assigned a score on
the Performance Worksheet. Another way established for those involved to score in this
mission was the feedback at the end of the training actions in the Flag. It is important
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to mention that the flag was adapted in the remote structure to be performed in the
Padlet tool (a tool used to obtain feedback from those involved from actions developed
in the SPI dynamics).

With the completion of the training mission, it was possible to complete the remain-
ing steps to complete Mission 2, so the participants finished defining the activities in
Trello, identifying in each ticket created the CM objective they were meeting and, later,
defining the priorities for each activity. In the end, each employee had to include him-
self in some ticket(s) to develop it in the next mission, thus assuming responsibility for
that activity. In this mission, both the creation and prioritization steps of the activities
were ways of providing points to those involved in the performance worksheet.

The knowledge acquired in the training can be monitored at the time of creating the
activities in the tool, as it was possible to verify the application of what was passed on
in the training, in this case in theory for practical application. This training progress
was evaluated on the Power Level Meter (a work product that has the ability to measure
the power level of each hero according to actions taken in the mission).

With the completion of the Mission, it was possible to prepare the material to de-
velop Mission 5. Thus, on 15.07.2021, Mission 5 was initially carried out with the pro-
vision of the performance obtained by the heroes in Mission 2 and in Mission 3 with
the presentation of information collected in the Performance Worksheet (Google Work-
sheet).

Next, Mission 4 began, and the instructions for the procedures that would take place
in the mission were initially presented. In this mission, those involved developed tickets
with the activities that were agreed in Mission 2 and, during the development of the
tickets, they had access to the special operations that were part of this mission, de-
scribed in [34]. This mission required more time to develop, as there was a change in
the time that was planned from just one to two days, 07.15.2021 and 07.22.2021.

In Mission 4, participants used the Infinity Gauntlet (glove-shaped work product) to
collect the Infinity Gems, according to the rules and deliverables of the activities pre-
sent on Trello. In the remote context, the gloves were made available to those involved
on a web page created in the Google Sites tool without any jewelry, and when deliveries
were made, the jewelry was inserted into the gloves on the website. Employees who
experienced difficulties in any activity could request help during meetings held on
Google Meet via chat, voice or video, or in Classroom under “Announce something to
the class”. To the participants who helped, there was the delivery of jewelry to compose
the Glove, but the delivery was conditioned to the feedback of the help carried out in
the Flag (work product used by the heroes to evaluate the actions that are carried out in
their training and help, that is, it allows for a feedback of actions taken) in the Padlet
tool, because only with positive feedback would the jewel be granted to the employee
who provided the help. The employees who validated the completed tickets were also
provided with jewelry.

Regarding the recognition of the activities performed, an activity was created in
Google Classroom for those involved to assign another employee the Recognition Card
for their performance in the activities. The activities developed in this mission were
stipulated a time for delivery before the execution of the next mission.
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The last day of execution (29.07.2021) was initially dedicated to the steps of recog-
nition and performance rewards to those involved in the dynamics belonging to Mission
4. The recognition cards were made available to those involved on a web page in the
Google sites tool and the rewards displayed on App-Sorteos.com (it's a free online ap-
plication to make random draws in an easy and fun way). The rewards occurred accord-
ing to the performance obtained by the heroes in Mission 4 with the presentation of the
information collected in the Performance Worksheet (Google Worksheet) exposed in
Mission 5.

Finally, Mission 6 took place with a brainstorming session, considering solutions
applied to SPI problems to obtain feedback from those involved. A SWOT analysis was
also carried out to obtain a clear and objective view of what are the strengths, weak-
nesses, opportunities and threats in relation to the strategies established in the SPI dy-
namics to those involved in the organizational context.

5.3 Evaluation

After the conclusion of the SPI dynamics, the necessary information was collected
to carry out the evaluation of the results, using the Framework for gamification evalu-
ation by Monteiro et al. [22]. For the evaluation, it was necessary to define the evalua-
tion criteria, questions, indicators and metrics. The defined evaluation criteria were:
C01) Performance, with a focus on productively participating in the proposed activities
throughout the dynamic, making the necessary deliveries efficiently, C02) Satisfaction,
to have their expectations met in the activities, C03) Awareness, being aware of the
responsibilities and consequences of the actions taken, C04) Engagement, collabora-
tively and proactively participating in the proposed activities, always involved and
committed to the necessary deliveries, C05) Participation, being present and efficiently
participating in the proposed activities, C06) Understanding, effectively understanding
the instructions provided during the implementation of the improvement and C07) Pos-
itive Involvement, participating and engaging in the proposed activities, acting with
promptness, collaboration and recognition of the work carried out by the people who
belong to the group.

Therefore, considering the gamified elements and strategies developed for the
twenty SPI problems, and the criteria exposed above, 72 questions were elaborated, and
for each SPI problem there could be one or more questions to investigate. To answer
these questions, 43 indicators were developed, related to 9 metrics. To understand all
the issues, indicators and metrics related to the analysis of gamification elements and,
later, to SPI problems, the file available at (https://zenodo.org/record/6299232#.
YhpKS-jMI2w) was generated.

The answers to these questions help to answer the main question of the study “Did
the gamified approach help to solve problems or difficulties in the implementation of
SPI?”.

The information collected in the dynamics was documented in data collection and
analysis procedures, where data collection instruments were defined (Performance
worksheet, Video of meetings, satisfaction script and SWOT Analysis) and quantitative
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data analysis procedures (data objective) and qualitative (subjective data) to answer the
evaluation questions.

6 Data analysis

This section presents the data obtained from the use of the gamification evaluation
framework in relation to SPI dynamics applied in the Experience Report of Laboratory.
The analysis will be performed from each SPI problem.

6.1  Analysis of the problem ‘Culture change in the organization’

For the problem of Culture Change in the Organization, 12 (twelve) questions were
prepared to be answered, according to the application of the gamification elements
mapped to address this problem. In this problem, the 7 (seven) evaluation criteria de-
fined in the context of dynamics were used in the analysis.

In the first question (Q01 - Did the gamified approach promote joint participation
of employees in activities regarding the analysis and definition of SPI problem solving
strategies in the studied context?), we sought to analyze the criteria of Performance
(CO01) and Participation (C05) in the application of the element 'Build from scratch',
considering both quantitative and qualitative data to obtain the result. Thus, the follow-
ing deductive analyzes on criteria CO1 and C05 were obtained:

e During Mission 2, all participants worked together in the activities of analysis and
definition of strategies for the implementation of the desired improvement model,
which favored a positive performance in the development of this demand. This is
evidenced in the scores obtained, as the 7 (seven) participants reached the expected
value in the activity of +30 points,

e [t was observed in the moments developed in the dynamics that all the participants
managed to develop the activities of analysis and definitions together, interacting to
structure a backlog of activities that they considered necessary to achieve the im-
provement results.

Thus, the analysis carried out for the element 'Build from scratch' shows that the
participants were able to work together, collaborating in the structuring of analysis ac-
tivities and definitions of strategies that were established and adopted in the dynamics.
Participation in the structuring process evidences the application and the expected result
of the element 'Build from scratch'.

In the results of the application of the 'Narrative' element, 3 (three) questions were
analyzed (Q02 - Did the gamified approach favor the employees' understanding of the
necessary changes in the studied context?, Q03 - Did the employees identify necessary
changes in the studied context? and Q04 - The employees made the necessary changes
in the context studied?). In these questions, we sought to analyze the criteria of Perfor-
mance (C01), Participation (C05) and Engagement (C04), considering only quanti-
tative data to obtain the result. It is noteworthy that there was an analysis of data in each
question, as the result of the application, from the element to the problem, corresponds
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to the joint analysis of the results of these questions. This reasoning extends to the other
elements that had more than one question analyzed. Thus, the following deductive an-
alyzes on criteria C01, C05 and C04 were obtained:

e Participants were able to perform the necessary activities throughout the dynamic:
in Mission 1, participants were able to obtain values in the range of 95 to 100 points,
in Mission 2 the participants managed to obtain values in the range of 81 to 97 points,
in Mission 3 they reached 90 points; in Mission 4 they managed to obtain values in
the range of 150 to 220 points. It is noteworthy that there is a maximum value estab-
lished only in missions 1, 2 and 3 equivalent to 100 points, as in Mission 4 there is
no limit to the maximum amount of activities that the participant develops, as it de-
pends on the demand established in the backlog of actions of organizational im-
provements. Therefore, even with oscillations in the values of the participants'
scores, it is noteworthy that no participant was left without carrying out activities in
the missions, so the realization of deliveries presupposes that there was an under-
standing of the employees about the necessary changes to achieve the improvement
results,

e During the development of the missions, most participants were able to point out
possible changes to improve the procedures adopted throughout the dynamics: in
Mission 1 all participants provided suggestions, therefore, they scored in the mis-
sion, in Mission 2 only the participant HO2 did not score, as he did not provide a
suggestion, in Mission 3 there were no suggestions, as it is a mission focused on
team training with guidance from the Senior Management representative who has
more than 20 years of experience in software process improvement, providing train-
ing and consulting, in Mission 4 there were few suggestions, which can be justified
by a more practical and interactive round in its development,

e The analyzed results involve the operations necessary to achieve the results in the
context of the improvement present in Mission 4, in which all participants (HO1,
HO02, HO3, H04, HOS5, HO6 and HO7) managed to perform the activities present in
Mission 4, obtaining respectively 210, 150, 210, 210, 190, 160 and 160 points (Total
points per Operation). The fluctuations in the values of the participants' scores oc-
curred because some performed activities that had a lower or higher value in relation
to the others. The scores presented show that the participants did not fail to carry out
the demands belonging to the activities backlog, that is, they remained engaged in
fulfilling the necessary changes that were established in the mission's operations.

Thus, the analyzes carried out on the results of the 'Narrative' element show that the
participants were able to identify and make the necessary changes in the context, this
demonstrates that there was the development of demands for improvement, and this
development was provided by guidelines and moments of incentives arranged in the
scenario dynamics, which shows the application and expected result of the 'Narrative'
element.

As for the application of the 'Tutoria' element, 2 (two) questions were analyzed
(005 - Did the employees understand and participated in the guidelines regarding the
heroes' action track? and Q06 - Were the employees satisfied with the instructions
given?). In these questions, we sought to analyze the criteria for Participation (C05),
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Understanding (C06) and Satisfaction (C02), considering quantitative and qualitative
data to obtain the results. Thus, the following deductive analyzes on criteria C05, C06
and C02 were obtained:

e The analyzed results belong to Mission 3, in which all the participants were present,
acting in a participatory way in the moments dedicated to the guidelines that appear
in the action track, participation favored the expected score for this activity equiva-
lent to +30 points,

e During the development of the missions, it was observed that the participants devel-
oped the activities necessary to achieve the improvement results, which demon-
strates the understanding of the guidelines present in the action track, as the
knowledge acquired in the training (Mission 3) was applied in practical moments
from other missions, tracked on the Power Gauge,

e In the activity of signaling satisfaction with the training, carried out in Mission 3,
only the participant HO6 did not score in this measure, all others developed and pos-
itively signaled the training actions, thus obtaining the score granted for this activity
of +30 points,

¢ Participants provided positive feedback on the training provided, this was evidenced
by the results collected in the Satisfaction Roadmap, where some reported that train-
ing is essential for understanding the context of improvement, others highlighted the
importance of having a person to instruct with a high level of experience in the con-
text of SPI, as it facilitates even more the understanding of the knowledge necessary
for the implementation of the model.

The analyzes carried out on the results of the 'Tutoria' element show that the partic-
ipants understood the guidelines provided in the actions track and the importance of
participating in the training actions, since they were present and gave positive feedback
on these actions. This result evidence the application and the expected result of the
'"Tutoria' element, since the knowledge obtained, in the moments of orientation, con-
tributed to the participants in the development of the demands for established improve-
ments.

Regarding the application of the ‘Free Lunch’ element, 2 (two) questions were an-
alyzed (Q07 - Did the gamified approach engage employees in carrying out activities
in the context studied? and Q08 - Were the employees satisfied with the gamified ap-
proach used?). In these questions, we sought to analyze the criteria of Performance
(CO01), Engagement (C04) and Satisfaction (C02), considering quantitative and qual-
itative data to obtain the results. Thus, the following deductive analyzes on criteria CO1,
C04 and C02 were obtained:

e The scores obtained, in Mission 4, by the participants (HO1, H02, H03, HO04, HOS,
HO06 and HO7), respectively 210, 150,210, 210, 190, 160 and 160 points (Total points
per Operation), shows that they remained engaged in fulfilling what was expected in
the operations present in Mission 4, since they were able to perform the activities, as
they did not fail to carry out the demands belonging to the backlog of activities nec-
essary to achieve the results in the context of improvement,
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e According to information obtained in the SWOT Analysis, the participants reported
being satisfied with the proposed dynamics, highlighting difficulties in understand-
ing at the beginning of the dynamics (Mission 1), but which were clarified during
the application. Participants also showed that the use of gamification in the context
of heroes in the SPI scenario stimulates people's participation.

The analyzes carried out on the results of the 'Free Lunch' element show that the
participants complied with the demands of the improvement model, developing the nec-
essary activities, which were present in the activities backlog, aiming for the recogni-
tion and / or reward provided by the approach gamified, and even gave positive feed-
back to this strategy. The participants’ search for recognition and / or reward resulting
from the fulfillment of activities evidences the application and expected result of the
‘Free Lunch’ element.

As for the application of the 'Rockstar Effect' element, only 1 (one) question (Q09-
Did the employees recognize the quality of their colleagues' work while carrying out
the activities?) was analyzed, considering the analysis of the Positive Involvement
(CO07) criterion in quantitative data and qualitative to obtain the results. Thus, the fol-
lowing deductive analyzes on criterion C07 were obtained:

e At the end of Mission 4, the participants recognized the work developed by their
colleagues and also received recognition for the work done, this recognition is evi-
denced in the Recognition Cards delivered. In this dynamic, all participants received
cards, but the participant who received the most was H04 with a total of 5 cards and
those who received the least amount were participants H02 and HO6 with only 1
card,

o It was observed that in the application of the recognition dynamics there was a pos-
itive involvement among the participants, as they provided feedback regarding the
quality of the work developed by their colleagues, strengthening the appreciation
and consequently the engagement in the work performed by the team, since all the
participants had their work recognized, being praised for what they performed.

In the analysis carried out, the results of the 'Rockstar Effect' element show that there
was recognition of the work developed among the participants, this was symbolized in
the delivery of Cards with positive feedback in relation to the work performed. The
recognition generated evidence application and expected result by the element 'Rock-
star Effect'.

Regarding the application of the 'Glowing Choice' element, 2 (two) questions were
analyzed (Q10 - Did the employees work together in the development of activities? and
Q1I1 - Did working together make the development of activities possible?). In these
questions, we sought to analyze the criteria of Performance (C01), Participation
(C05) and Positive Involvement (C07), considering quantitative and qualitative data
to obtain the results. Thus, the following deductive analyzes on criteria CO1, C05 and
C07 were obtained:
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e In Mission 4, participants who requested help from another participant were HO02,
HO03 and HO7, which were able to work together and fulfill their demands, and par-
ticipants who provided the help received +20 points for the assistance provided: HO3
provided assistance received +20 points, HO7 provided two aids and obtained + 40
points,

e [t was observed in Mission 4 that participants H02, H03 and HO7 managed, with the
help provided by another participant, to develop their activities, since they provided
satisfactory feedback from the help, so there was a positive involvement between the
team members.

The analyzes carried out on the results of the 'Glowing Choice' element show that
participants who requested help from another participant were able to work together
and fulfill their demands, providing satisfactory feedback on the help provided. The
strategy provided those involved with a resource to continue performing what was nec-
essary to achieve the expected goals in times of difficulty, which shows the application
and expected result of the 'Glowing choice' element.

For the application of the 'Appointments dynamics' element, only 1 (one) question
was analyzed (Q12 - Was there an improvement in the participants' performance re-
garding the development of activities present in the dynamics through performance
feedback?) with the analysis of the Performance (C01), Awareness (C03) and Par-
ticipation (C05) criteria in quantitative data. Thus, the following deductive analyzes
on criteria CO1, C03 and CO5 were obtained:

e Some participants had fluctuation in their performance in the rounds, some managed
to increase their score, others reduced it: in Mission 1 the participants managed to
obtain values in the range of 95 to 100 points, in Mission 2 the participants managed
to obtain values in the range of 81 to 97 points, in Mission 3 they reached 90 points,
in Mission 4 they managed to obtain values in the range of 150 to 220 points. How-
ever, it is noticeable that most of the participants became aware of improving their
performance in the activities and consequently helped the team to fulfill the neces-
sary deliveries.

In the analysis results for the 'Appointments dynamics' element, it is noticeable that
when the score was shown to the participants, those with lower scores had a stimulus
to improve the performance obtained in the missions, since the majority became aware
and performed the activities to help the team, fulfilling the necessary deliveries, which
demonstrates the application and result expected by the 'Appointments dynamics' ele-
ment, as providing performance information made them proceed in order to improve
their performance in the missions.

6.2  Analysis of the problem ‘Lack of knowledge in software engineering’

For the problem of Lack of Knowledge in Software Engineering, 4 (four) questions
were elaborated to be answered, according to the application of the gamification ele-
ments mapped to address this problem. In this problem, 5 (five) of the 7 (seven) evalu-
ation criteria defined in the context of dynamics were used in the analysis.
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In the application of the '"Tutoria' element, 2 (two) questions were analyzed (Q13 -
Did employees understand and participate in the guidelines regarding software engi-
neering tutoring? and Q14 - Were employees satisfied with the software engineering
guidelines passed?). In these questions, we sought to analyze the criteria of Satisfac-
tion (C02), Participation (C05), and Understanding (C06), considering quantitative
and qualitative data to obtain the results.

The deductive analyzes evidenced in the Questions Q05 and Q06 are based as data
for the questions Q13 and Q14, since the tutoria in Software Engineering was inserted
in the Action Track.

Therefore, the analyzes carried out on the results of the 'Tutoria' element demonstrate
that the participants understood the guidelines and the importance of participating in
the training actions, since they were present and gave positive feedback on these ac-
tions. In these actions, the necessary knowledge was provided to develop the activities
to achieve the results of the improvement. The participants' performance evidences the
application and the expected result of the 'Tutoria' element, since the knowledge ob-
tained, in the moments of orientation, was applied by the participants in the develop-
ment of the demands for established improvements.

For the application of the 'Progress Bars' element, only 1 (one) question was ana-
lyzed (Q15 - Did the software engineering tutoring help in the correct performance of
the activities in the studied context? If not, why?) with the analysis of the Performance
(C01), Participation (C05) and Understanding (C06) criteria in quantitative data.
Thus, the following deductive analyzes on criteria CO1, C05 and C06 were obtained:

e The accomplishment and the results obtained in the activities necessary to the con-
text of the improvement, shows that there was an understanding of the employees
about the knowledge necessary to perform the activities and achieve the improve-
ment results. The performance worksheet is made available to the participants, with
information on the types of activities and scores obtained. Activities required the
application of knowledge acquired in training for their development, and all partici-
pants scored in this mission (Mission 4): participants (HO1, H02, HO03, H04, HOS,
HO06 and HO7) and their respective scores, 220, 160, 240, 220, 205, 170 and 215
points (Total Hero Points).

The results of the analysis of this element show that the participants were able to
follow the progress of the level of knowledge acquired in the training, because in the
practical moments, the participants were measured and provided feedback on the appli-
cation of the acquired knowledge, from the fulfillment of the activities established in
the missions. This strategy of measuring and providing performance monitoring evi-
dence the application and the expected result of the ‘Progress Bars’ element.

As for the application of the 'Glowing choice' element, only 1 (one) question (Q16
- Did the gamified approach instigate help among employees in solving activities in the
context studied in situations of doubts, lack of knowledge or expertise?) was analyzed,
considering the analysis of the criteria of Performance (C01), Participation (C05)
and Positive involvement (C07) in quantitative and qualitative data to obtain the re-
sults.
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The deductive analyzes evidenced in the Questions Q10 and Q11 are based on data
for the questioning Q16, since they deal with situations in which the participant finds it
difficult to understand or perform the activities assigned to them in the dynamics in
relation to the model, the tools used, lack of knowledge in software engineering or even
lack of necessary technical knowledge.

The results of this element show that participants who requested help from another
participant were able to work together and fulfill their demands, providing satisfactory
feedback on the help provided. The strategy provided those involved with a resource to
continue performing what was necessary to achieve the expected goals in times of dif-
ficulties due to the lack of necessary knowledge in software engineering, which shows
the application and expected result of the ‘Glowing choice’ element.

6.3  Analysis of the problem ‘Lack of understanding of stakeholder
responsibilities’

For the problem of Lack of Understanding of Stakeholder Responsibilities, 5 (five)
questions were elaborated to be answered, according to the application of the gamifi-
cation elements mapped to address this problem. In this problem, 6 (six) of 7 (seven)
evaluation criteria defined in the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, only 1 (one) question (Q17 - Did the
employees understand the functions of each role within the gamified approach ex-
plained?) was analyzed, considering the analysis of the Understanding (C06) criterion
in qualitative data to obtain the results. Thus, the following deductive analysis was ob-
tained on criterion C06:

e [t was observed in Mission 4 that the participants were able to develop the activities
necessary to achieve the expected results in the context of the desired process im-
provement, as they did not fail to participate and comply with the deliveries of the
demands, which demonstrates the understanding of the role that each one had to play
to achieve the improvement results.

The analysis carried out on the results of the 'Narrative' element shows that the par-
ticipants were able to understand the role they had to play in the SPI dynamics, consid-
ering the context of heroes, since each one developed their skills and competences in
the activities in order to help achieve what is expected in implementing the improve-
ment. The proposed scenario allowed the participants to understand the importance of
their performance in the activities proposed in the dynamics, this evidences the appli-
cation and expected result of the 'Narrative' element.

In the application of the 'Tutoria' element, 2 (two) questions were analyzed (Q18 -
Did employees commit to playing the roles assigned to them? and Q19- Did employees
engage in performing the roles assigned to them?). In these questions, we sought to
analyze the criteria of Awareness (C03) and Engagement (C04), being considered
qualitative data in the analysis. Thus, the following deductive analyzes on criteria C03
and C04 were obtained:
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e [t was observed in mission 4 that the participants were able to develop the activities
necessary for the context of the desired process improvement, that is, they did not
fail to participate in the delivery of demands, acting consciously to fulfill the activi-
ties present in the backlog, which demonstrates the understanding of the importance
and commitment to fulfilling the necessary demands to perform,

¢ Participants reported, in the Satisfaction Roadmap, that the way in which the infor-
mation was passed on clarified the responsibility structure of each one. And they
pointed out as a positive factor, not having the imposition to develop a specific ac-
tivity, allowing the participants to select to develop the activities that they had more
affinity or even knowledge, generating in those involved a sense of responsibility in
carrying out the activities. Others ones reported that the imposition of demands can
cause people to become demotivated, and the way in which it was passed on in the
dynamics made the participants more comfortable and engaged in carrying out the
deliveries.

The results show that the participants understood the guidelines regarding responsi-
bility and the importance of participation in the development of activities, as they did
not fail to deliver the demands, acting consciously to fulfill what was established in the
activities backlog. The participants provided positive feedback to the responsibility
guidelines as they reported that there was no enforcement structure to develop the de-
mands, each one worked on the activity they had the most skill or competence to per-
form. The orientation and understanding of responsibility evidences the application and
the expected result of the 'Tutoria' element.

Regarding the application of the 'Glowing choice' element, 2 (two) questions were
analyzed (Q20 - If there was low engagement in fulfilling roles, did the employees work
as a team to compensate for this absence? and Q21 - Did working together allow the
development of activities?), considering the analysis of the criteria of Performance
(C01), Participation (C05) and Positive Involvement (C07) in quantitative and qual-
itative data to obtain the results.

The deductive analyzes evidenced in the Questions Q10 and Q11 are based on data
for the questioning Q20 and Q21, since they deal with situations in which the partici-
pant finds it difficult to understand or perform the activities assigned to them or as-
sumed as responsibility in the dynamics in relation to the model.

The results of this element show that participants who requested help from another
participant were able to work together and fulfill their demands, providing satisfactory
feedback on the help provided. The strategy provided those involved with a resource to
continue performing what was necessary to achieve the expected goals in times of dif-
ficulties due to the lack of understanding of the responsibilities in the SPI activities,
which shows the application and expected result of the 'Glowing choice' element.

6.4  Analysis of the problem 'Lack of support tools'

For the problem of Lack of Support Tools, 6 (six) questions were elaborated to be
answered, according to the application of the gamification elements mapped to address
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this problem. In this problem, 5 (five) of 7 (seven) evaluation criteria defined in the
context of dynamics were used in the analysis.

For the element 'Build from scratch' 2 (two) questions (Q22 - Did the gamified
approach promote the joint participation of employees in the activities to propose sug-
gestions for tools to be used in the context of SPI? and Q23 - In the gamified approach
were obtained/collected suggestions for tools from employees to help in the context of
SPI?) were analyzed, and in these we sought to analyze the criteria of Performance
(C01) and Participation (C05), considering both quantitative and qualitative data to
obtain the result. Thus, the following deductive analyzes on criteria CO1 and C05 were
obtained:

o It was observed in the development of the dynamics that the participants gave sug-
gestions regarding tools, and these were always discussed by the team in order to
verify the opinion of all those responsible for achieving the improvement.

e During the development of missions 1 and 2, most participants were able to suggest
possible tools to improve the procedures adopted and achieve the expected results in
the implementation of the improvement: in Mission 1 all participants provided sug-
gestions, so everyone scored in these missions (+10 points), in Mission 2 the partic-
ipants HO2, HO6 and HO7 did not score, as they did not provide a suggestion, the
others managed to obtain a good performance in this demand (+ 10 points).

The results of this element show that the participants were able to work together,
collaborating with suggestions for tools to be adopted throughout the dynamic, these
suggestions were discussed by the team in order to verify the relevance of use by all
those responsible for achieving the improvement. Participation in the structuring pro-
cess evidences the application and expected result of the 'Build from scratch' element.

In the application of the 'Tutoria' element, 2 (two) questions were analyzed (Q24 -
Did the employees understand the guidelines regarding the tools used in the context of
MPS? and Q25 - Were the employees satisfied with the instructions given?). In these
questions, we sought to analyze the criteria of Satisfaction (C02), Participation (C05)
and Understanding (C06), considering quantitative and qualitative data in the analysis.

The deductive analyzes evidenced in the Questions Q05 and Q06 are based as data
for the questions Q24 and Q25, since the tutoring in Tools to support the context of
improvement was inserted in the Action Track.

The results show that the participants understood the guidelines and the importance
of participating in the training actions, since they were present and gave positive feed-
back on these actions. In these actions, information was passed on in relation to the
tools necessary to develop the improvement activities. The participants' performance
evidences the application and the expected result of the 'Tutoria' element, since the
knowledge obtained, in the moments of orientation, was used in the handling of the
tools during the development of the demands for established improvements.

As for the application of the 'Glowing choice' element, 2 (two) questions were ana-
lyzed (Q26 - Was there employee engagement in working as a team to compensate for
the difficulty in using the tools necessary to carry out the activities? and Q27 - Working
together enabled the development of activities?), considering the analysis of the criteria
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of Performance (C01), Participation (C05) and Positive involvement (C07) in qual-
itative data to obtain the results.

The deductive analyzes evidenced in the questions Q10 and Q11 are based on data
for the questioning Q26 and Q27, since they deal with situations in which the partici-
pant feels difficulty in understanding and handling the tools used in the activities to be
developed in the dynamics in relation to the model.

The results of this element, according to the application already described, show that
the participants were able to work together and fulfill their demands, providing satis-
factory feedback on the help provided. The strategy provided those involved with a
resource to continue performing what was necessary to achieve the expected objectives
in times of difficulties due to the lack of understanding regarding the tools used to im-
plement SPI activities, which shows application and expected result by the ' Glowing
Choice' element.

6.5 Analysis of the problem 'Lack of / Little commitment from top
management'

For the problem of Lack of / Little Commitment of Top Management, 3 (three) ques-
tions were elaborated to be answered, according to the application of the gamification
elements mapped to address this problem. In this problem, 4 (four) of 7 (seven) evalu-
ation criteria defined in the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, only 1 (one) questioning (Q28 - Do
senior management representatives understand the importance of commitment to their
role within the explained gamified approach?) was analyzed, considering the analysis
of the criteria for Participation (C05) and Understanding (C06) in qualitative data to
obtain the results. Thus, the following deductive analyzes on criteria C05 and C06 were
obtained:

o The senior management representative was present, participating and accompanying
the team in missions 1, 2, 3. This demonstrates the understanding of the importance
in relation to their participation and commitment in the approach with the team, be-
ing noticeable that their presence generated a greater commitment of participants
regarding the development of demands.

The analysis carried out on the results of the 'Narrative' element shows that there was
participation and monitoring of the senior management representative, in the moments
of guidance and support to the team in the missions, demonstrates the understanding of
the importance in relation to their participation and commitment in the approach with
the team. Therefore, his presence and performance strengthened the relevance and com-
mitment of the implementation of the improvement to the other participants, this evi-
dences the application and expected result of the 'Narrative' element.

In the application of the 'Tutoria' element, 2 (two) questions were analyzed (Q29 -
Were senior management representatives aware of the benefits that their work with the
team would promote to the gamified approach? and Q30 - Top management represent-
atives committed to performing and fulfilling responsibility for commitment to the role
played?). In these questions, we sought to analyze the criteria of Awareness (C03) and
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Engagement (C04), being considered qualitative data in the analysis. Thus, the follow-
ing deductive analyzes on criteria C03 and C04 were obtained:

e [t was observed in the gamified approach that there was an understanding and aware-
ness of the benefits caused by the performance and commitment of the Senior Man-
agement Representative in the approach with the team, since he was present, partic-
ipating and accompanying the team in missions 1, 2, 3. This demonstrates the un-
derstanding of the benefits caused by their participation and commitment in the ap-
proach, being noticeable that their presence generated a greater commitment of the
participant in the development of demands,

¢ Participants reported, in the Satisfaction Guide, that the participation of senior man-
agement was extremely important for the dynamics, as it was possible to see them
working together with the team, which generated motivation for the group. This per-
formance of the representative further highlighted to the team the importance of what
they were developing for the organizational context.

The results show that the senior management representative was present, participat-
ing and accompanying the team in the missions, which emphasized the commitment to
support the team to achieve the expected results. This demonstrates the understanding
of the benefits caused by their participation and commitment to the approach with the
team. The team reported that the representative's involvement generated more motiva-
tion for the group. Therefore, the understanding, commitment and performance of the
senior management representative in the missions evidences the application and the
expected result of the 'Tutoria' element.

6.6  Analysis of the problem 'Little support from employees'

For the problem Little Support from Employees, 7 (seven) questions were elaborated
to be answered, according to the application of the gamification elements mapped to
address this problem. In this problem, 6 (six) of 7 (seven) evaluation criteria defined in
the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, only 1 (one) question (Q31 - Did em-
ployees understand the importance and benefits of the SPI context, in which commit-
ment to the role they assume within the explained gamified approach is essential?) was
analyzed, considering the analysis of Engagement (C04) and Understanding (C06)
criteria in qualitative data to obtain the results. Thus, the following deductive analyzes
on criteria C04 and C06 were obtained:

o It was observed that in missions 1, 2, 3 and 4 the participants developed the necessary
activities to achieve the expected results in the desired process improvement, the
development of these activities demonstrates that there was an understanding of the
importance and commitment to fulfilling the necessary demands in the SPI context.

The analysis performed on the results of the 'Narrative' element demonstrates that
the participants developed the necessary activities to achieve the expected results in the
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context of the desired process improvement, which demonstrates the understanding re-
garding the importance of their participation and commitment in the gamified approach
of heroes, which required a collective effort to fulfill the demands established in the
approach. Therefore, the context of the approach contributed to the understanding of
the relevance of each one's performance and the commitment to the implementation of
the improvement for the participants, this evidences application and expected result by
the 'Narrative' element.

In the application of the 'Tutoria' element, 3 (three) questions were analyzed (032
- Did the employees understand, in the guidelines passed on, the importance of com-
mitment to the role they assume within the gamified approach to achieve improvement?,
033 - The employees committed to performing and fulfill the responsibility regarding
the commitment to the role played? and Q34 - Were the employees satisfied with the
instructions given?). In these questions, we sought to analyze the criteria of Perfor-
mance (C01), Satisfaction (C02), Engagement (C04), Participation (C05) and Un-
derstanding (C06) considering quantitative and qualitative data in the analysis. Thus,
the following deductive analyzes on criteria C01, C02, C04, C0S5 and C06 were ob-
tained:

e It was observed in Mission 4 that the participants understood and managed to de-
velop the activities structured in this mission with the expected commitment, as they
did not fail to participate in the delivery of demands, which demonstrates the under-
standing of the role that each one had to play to achieve the results of improvement,

e The realization of deliveries presupposes that there was an understanding of the re-
sponsibilities and commitment to the role played, since the demands in Mission 4
were fulfilled with the expected and necessary commitment in the context of SPI:
the participants (HO1, H02, HO3, HO4, HO5 , HO6 and HO7) scored, respectively,
210, 150, 210, 210, 190, 160 and 160 points (Total points per Operation),

e In the results obtained in Mission 3, only the participant HO6 did not score in this
measure, the others developed and positively signaled the training actions, obtaining
a score of +30 points for this activity,

e Participants provided positive feedback to the moments of guidance and training,
this was evidenced by the use of the Satisfaction Roadmap, where some reported
that training is essential for understanding the improvement, and consequently, mo-
tivating support in the context of the improvement implementation.

The results show the understanding of the guidelines provided to the participants in
relation to responsibility and the importance of acting in the development of activities,
as they did not fail to deliver the demands, acting consciously to fulfill the established
activities. It is noteworthy that the participants provided positive feedback to the re-
sponsibility guidelines. Therefore, the application and the expected result of the 'Tuto-
ria' element are evidenced in the guidelines, understanding of the responsibilities and
performance of those involved in the approach.

Regarding the application of the 'Free Lunch' element, 2 (two) questions were ana-
lyzed (Q35 - Did the gamified approach engage employees in the commitment and ful-
fillment of activities in the context studied? and Q36 - Were the employees satisfied
with the gamified approach used?). In these questions, we sought to analyze the criteria
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of Performance (C01), Satisfaction (C02) and Engagement (C04), considering quan-
titative and qualitative data to obtain the results.

The deductive analyzes evidenced in the questions Q07 and Q08 are based on data
for the questioning Q35 and Q36, since in these questions the engagement and satisfac-
tion of the participants to fulfill the activities are investigated, in order to acquire re-
wards in the context of the dynamics.

The analyzes carried out on the results of the 'Free Lunch' element show that the
participants complied with the demands of the improvement model, developing the nec-
essary activities, in order to have the recognition and / or reward provided by the gam-
ified approach, and also provided feedback positive for this strategy. The participants’
search for recognition and / or reward based on the fulfillment of activities evidences
the application and expected result of the ‘Free Lunch’ element.

In the application of the 'Achievement Symbols' eclement, only 1 (one) question
(Q37 - Did the employees recognize the quality of work and commitment of their col-
leagues during the performance of the activities?) was analyzed, considering the anal-
ysis of the criterion of Positive involvement (C07) in quantitative and qualitative data
to obtain the results. Thus, the following deductive analysis was obtained on criterion
CO07:

e At the end of Mission 4, the participants recognized the work developed by their
colleagues and were also recognized for the work carried out, this recognition is
evidenced in the Recognition Cards delivered, which portray symbols that are con-
quered by the recognition of the work, all participants received cards, however, the
participant who received the most was H04 with a total of 5 cards and those who
received the least amount were participants H02 and HO6 with only 1 card,

e It was observed that in the application of the dynamics, the delivery of the achieve-
ment symbols considering recognition of the work, generated positive involvement
among the participants, as they provided feedback regarding the quality of the work
developed by their colleagues, strengthening the appreciation and consequently the
engagement in the work performed by the team.

The analysis performed on the results in the element shows that there was recogni-
tion of the work developed among the team members, symbolized in the delivery of
recognition cards with positive feedback related to the quality of the work performed
by these members. The attribution of the recognition card for the work developed shows
application and expected result by the 'Achievement Symbols' element.

6.7  Analysis of the problem ‘Employee turnover’

For the problem Employee Turnover, 6 (six) questions were elaborated to be an-
swered, according to the application of the gamification elements mapped to deal with
this problem. In this problem, 6 (six) of 7 (seven) evaluation criteria defined in the
context of dynamics were used in the analysis.

In the application of the 'Tutoria' element, 3 (three) questions were analyzed (Q38
- Did the employees understand the importance of the training carried out for the im-
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provement of technical knowledge that consequently favor the achievement of the ex-
pected results in the SPI implementations?, Q39 - The employees are committed and
were able to perform the necessary activities during the SPI implementation? and Q40
- Were the employees satisfied with the training opportunities provided?). In these
questions, we sought to analyze the criteria of Satisfaction (C02), Engagement (C04),
Participation (C05) and Understanding (C06) considering quantitative and qualita-
tive data in the analysis.

The deductive analyzes evidenced in the questions Q32, Q33 and Q34 are based as
data for the questioning Q38, Q39 and Q40, since in these questions they are asked
about the understanding of the importance of the training provided, as well as the en-
gagement and satisfaction of the participants in carrying out the activities present in the
context of the dynamics, in this case fundamental to avoid the rotation of the people
involved in the implementation.

The results show that the participants were able to understand the guidelines pro-
vided and the importance of participating in the training actions, since they were present
and gave positive feedback on these actions. The knowledge provided motivated the
participation and commitment in the development of activities, as they did not fail to
make the necessary deliveries, remaining until the end of the application of the ap-
proach. The participants' performance evidences the application and the expected result
of the 'Tutoria' element, since the knowledge obtained, in the moments of orientation,
was applied by the participants in the development of the demands for established im-
provements.

Regarding the application of the 'Free Lunch' element, only 1 (one) question was
analyzed (Q41 - Did the gamified approach engage employees to maintain commitment
and performance in the necessary activities during the implementation of SPI?). In this
questioning, we sought to analyze the criteria of Performance (C01) and Engagement
(C04), considering quantitative data to obtain the results. Thus, the following deductive
analysis on criteria CO1 and C04 was obtained:

e The scores obtained, in Mission 4, by the participants (HO1, H02, H03, H04, HOS,
HO06 and HO7), respectively 220, 150, 240, 220, 205, 170 and 215 points (Total Hero
points), shows that the participants remained engaged in fulfilling what was expected
in the activities present in Mission 4, since they were able to perform the activities,
as they did not fail to carry out the demands belonging to the backlog of activities
necessary to achieve the results in the context of improvement and consequently
obtain recognition and reward for the work developed.

The analyzes carried out on the application of the 'Free Lunch' element show that the
participants complied with the demands of the improvement model, developing the nec-
essary activities with commitment, as they did not fail to carry out the demands present
in the activities backlog, aiming for recognition and / or reward provided by the gami-
fied approach, remaining until the end of the application of the SPI dynamics and still
giving positive feedback to this strategy. The participants’ search for recognition and /
or reward resulting from the fulfillment of activities evidences the application and ex-
pected result of the ‘Free Lunch’ element.
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As for the application of the 'Rockstar Effect' element, only 1 (one) question (042
- Did the employees recognize the commitment and performance of the activities of
their colleagues while carrying out the activities?) was analyzed, considering the anal-
ysis of the criterion of Positive Involvement (C07) on quantitative and qualitative data
to obtain the results.

The deductive analyzes evidenced in the question Q09 are based on data for the
questioning Q42, since in these questions the commitment to recognize the work per-
formed among the team members is investigated.

In the analysis carried out on the results of the 'Rockstar Effect' element, they show
that there was recognition of the work developed among the participants, symbolized
in the delivery of Cards with positive feedback in relation to the work performed, the
initial explanation of this strategy motivated the realization of demands and contributed
to the permanence of the participants until the end of the application of the SPI dynam-
ics. The recognition generated evidences application and expected result by the element
'Rockstar Effect'.

In the application of the 'List of rewards / lottery' element, only 1 (one) question
(Q43 - Were the employees satisfied with the gamified approach used?) was analyzed,
considering the analysis of the Satisfaction (C02) criterion in qualitative data. Thus,
the following deductive analysis was obtained on the C02 criterion:

e According to information obtained in the SWOT analysis, participants reported be-
ing satisfied with the dynamic proposal of recognition and rewards for the work de-
veloped by employees. Participants also showed that the use of gamification in the
context of heroes in the SPI scenario stimulates people's participation.

The results show that the participants reported being satisfied with the rewards strat-
egy provided by the gamified approach, since this strategy motivated the fulfillment of
demands and contributed to the permanence of the participants until the end of the ap-
plication of the SPI dynamics, which evidences the application and result expected by
the 'List of rewards / lottery' element.

6.8  Analysis of the problem 'Lack of / Little qualified human resources'

For the problem Lack of / Little Qualified Human Resources, 4 (four) questions were
created to be answered, according to the application of the gamification elements
mapped to address this problem. In this problem, 6 (six) of 7 (seven) evaluation criteria
defined in the context of dynamics were used in the analysis.

In the application of the 'Tutoria' element, 2 (two) questions were analyzed (Q44 -
Did the employees understand the guidelines given to qualify the knowledge necessary
for the SPI context? and Q45 - The employees were satisfied with the guidelines pro-
vided during the qualification moments regarding the knowledge needed in the context
of SPI?). In these questions, we sought to analyze the criteria of Satisfaction (C02),
Participation (C05) and Understanding (C06) considering quantitative and qualita-
tive data in the analysis.

The deductive analyzes evidenced in the questions Q05 and Q06 are based as data
for the questions Q44 and Q45, since they show the understanding and satisfaction of
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the guidelines present in the Action Track, aimed at the qualification of those involved
in the implementation.

The results show that the participants were able to understand the guidelines and the
importance of participating in the training actions, since they were present and gave
positive feedback on these actions. In these actions, the necessary knowledge was pro-
vided to develop the activities to achieve the results of the improvement. The partici-
pants' performance evidences the application and the expected result of the 'Tutoria'
element, since the knowledge obtained, in the moments of orientation, was applied by
the participants in the development of the demands for established improvements.

For the application of the ' Progress Bars ' clement, only 1 (one) question was ana-
lyzed (Q46 - Did the guidelines provided help in the correct performance of activities
in the context of SPI? If not, why?) with the analysis of the Performance (C01) and
Awareness (C03) criteria in quantitative data.

The deductive analyzes evidenced in Q15 are based on data for the questioning C46,
which deal with whether the guidelines and training helped in carrying out the activities
necessary to implement the improvement.

The results of the analysis of this element show that the participants were able to
follow the progress of the level of knowledge acquired in the training, because in the
practical moments, the participants were measured and provided feedback on the appli-
cation of the acquired knowledge, from the fulfillment of the activities established in
the dynamics of gamification. This strategy of measuring and providing performance
monitoring evidences the application and the expected result of the ‘Progress Bars’ el-
ement.

As for the application of the 'Glowing choice' element, only 1 (one) question (047
- Did the gamified approach instigate help among employees to develop activities in
the context of SPI in situations of doubts and lack of knowledge?) was analyzed, con-
sidering the analysis of the Performance (C01), Participation (C05) and Positive In-
volvement (C07) criteria in quantitative and qualitative data to obtain the results.

The deductive analyzes evidenced in the questions Q10 and Q11 are based on data
for the questioning Q47, since they deal with situations in which the participant finds it
difficult to understand or perform the activities assigned to them in the dynamics in
relation to the model.

The results of this element show that participants who requested help from another
participant were able to work together and fulfill their demands, providing satisfactory
feedback on the help provided. The strategy provided those involved with a resource to
continue performing what was necessary to achieve the expected goals in times of dif-
ficulties due to the lack of necessary knowledge in software engineering, which shows
the application and expected result of the ‘Glowing choice’ element.
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6.9  Analysis of the problem ‘Focus on certification instead of focusing on
improvement’

For the problem Focus on Certification instead of Focus on Improvement, 3 (three)
questions were elaborated to be answered, according to the application of the gamifi-
cation elements mapped to address this problem. In this problem, 4 (four) of 7 (seven)
evaluation criteria defined in the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, only 1 (one) question (Q48 - Did the
employees understand the benefits resulting from an SPI implementation for the devel-
opment of their demands in the organizational routine, acting with commitment in the
delivery of their activities?) was analyzed, considering the analysis of Engagement
(C04) and Understanding (C06) criteria in qualitative data to obtain the results. Thus,
the following deductive analysis on criteria C04 and C06 was obtained:

e [t was observed during the development of the missions that there was an under-
standing of the benefits and a commitment to fulfilling the necessary demands in the
context of SPI, due to the participants having developed the necessary activities to
achieve the expected results in the desired process improvement.

The analysis carried out on the results of the 'Narrative' element shows that the par-
ticipants developed the activities necessary to achieve the expected results in the con-
text of the desired process improvement, so the realization of the demands for improve-
ment demonstrates that there was an understanding of the benefits and the importance
of adopting the model. It is noteworthy that the development of demands was provided
by guidelines and moments of incentives provided in the scenario of the SPI dynamics,
which shows application and expected result by the "Narrative' element.

For the element 'Build from scratch' 2 (two) questions (049 - Did the gamified
approach promote the joint participation of employees in proposing suggestions for
activities and points for improvement to be used in the context of SPI? and Q50 - In the
gamified approach were obtained /suggestions collected from employees to help the
context of SPI?) were analyzed, and in these we sought to analyze the criteria of Per-
formance (C01) and Participation (C05) considering both quantitative and qualitative
data to obtain the result. Thus, the following deductive analyzes on criteria CO1 and
CO05 were obtained:

o It was observed in the development of the dynamics that the participants gave sug-
gestions in relation to new procedures and points of improvement that could be in-
corporated in the organizational context of the laboratory to achieve the improve-
ment,

¢ During the development of the missions, the participants were able to suggest pos-
sible strategies to improve the adopted procedures and achieve the expected results
in the implementation of the improvement: in Mission 1 all participants provided
suggestions, therefore, they scored in the mission, in Mission 2 only the participant
HO02 did not score, as he did not provide a suggestion, in Mission 3 there were no
suggestions, as it is a mission focused on team training with guidance from the Sen-
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ior Management representative who has more than 20 years of experience in soft-
ware process improvement, providing training and consulting, and in Mission 4 there
were few suggestions, which can be justified by a more practical and interactive
round in its development.

The results of this element show that the participants were able to work together,
collaborating in the establishment of the activities that were adopted in the dynamics.
Participation in the structuring process evidences the application and expected result of
the 'Build from scratch' element of involving them in the development stage to clarify
the benefits and increase ownership in the process, in order to facilitate the implemen-
tation of the improvement.

6.10 Analysis of the problem 'Lack of government incentive'

In the application of the 'Elitism' element to the problem Lack of Governmental
Incentive only 1 (one) question was analyzed (Q51 - Did the gamified approach pro-
mote visibility and contribute with external incentives to the organization's context?)
with the analysis considering only 2 (two) of 7 (seven) evaluation criteria, Engagement
(C04) and Positive Involvement (C07), in qualitative data. Thus, the following deduc-
tive analysis on criteria C04 and C0O7 was obtained:

e Participants created marketing strategies to disseminate information about the work
developed by the group, this dissemination promoted a positive interaction with ex-
ternal people, who showed interest in what is developed by the laboratory group,
with likes, views, comments and interest in participating in the laboratory. group.

The results of applying this element show that the participants contributed to the
development of strategies within the organizational context to help promote the visibil-
ity, which is expected by the application of the ‘Elitism’ element. Thus, the dissemina-
tion structured by the group favored a positive interaction with external people, attract-
ing the interest of people to participate or contribute to the work developed by the

group.

6.11 Analysis of the problem 'Lack of knowledge of the importance of models by
the market'

The problem Lack of Knowledge of the Importance of Models by the Market ana-
lyzed, as well as the questioning Q51 factors directed to external perspectives of the
work developed in the organizational context, thus, there was only the application of
the 'Elitism' element in the questioning (Q52 - Did the gamified approach promote vis-
ibility and contribute with external incentives to the organization's context?) with the
analysis considering only 2 (two) of 7 (seven) evaluation criteria, Engagement (C04)
and Positive involvement (C07), in qualitative data. Thus, the following deductive
analysis on criteria C04 and C07 was obtained:
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¢ Participants created strategies to publicize the work developed in line with the im-
provement model, which allowed for the recognition of the work developed by the
group by people outside the laboratory. Another factor that led to recognition was
the amount of work developed and disseminated by the group, and even the form of
work followed by the group's members in the laboratory.

The results of this element show that the participants created strategies to dissemi-
nate the work developed, adhering to the improvement model, to promote visibility, a
factor that is expected in the application of the 'Elitism' element. The dissemination
strategies created contributed to the recognition and interest of external people in rela-
tion to what is developed in the group's work routine.

6.12 Analysis of the problem 'Reduction in consulting hours as a way to reduce
costs'

The problem Reduction in Consulting Hours as a Way of Reducing Costs analyzed
only the application of the 'Narrative' element in a questioning (Q53 - Organization's
stakeholders understood the importance of carrying out the objectives or practices pre-
sent in the improvement model, acting in a way that meet and develop what is expected
to achieve the results in the model?) with the analysis considering only 2 (two) of 7
(seven) evaluation criteria, Awareness (C03) and Understanding (C06), in qualitative
data. Thus, the following deductive analysis on criteria C03 and C06 was obtained:

o It was observed during the development of the missions that there was an under-
standing of the importance of implementing the improvement practices, since the
participants were aware of acting in a committed way in fulfilling the necessary de-
mands in the context of SPI, evidenced in the development and delivery of the ac-
tivities necessary to achieve the expected results in the desired process improvement.

The results of this element show that the participants developed the necessary activ-
ities to achieve the expected results in the desired process improvement, the develop-
ment of these activities demonstrates the understanding of the importance of imple-
menting and that there was a commitment to fulfill the demands present in the gamified
approach. It is noteworthy that the development of demands was provided by guidelines
and moments of incentives provided in the scenario of the SPI dynamics, which shows
application and expected result by the 'Narrative' element.

6.13 Analysis of the problem ‘Lack of / Few projects to validate an improvement
program’

The problem Lack of / Few Projects to Validate an Improvement Program analyzed
only the application of the 'Tutoria' element in a questioning (Q54 - The collaborators
understood the importance and the need to develop and structure consistent projects /
services to contribute to the implementation of SPI?) with the analysis considering only
2 (two) of 7 (seven) evaluation criteria, Awareness (C03) and Understanding (C06),
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in qualitative data. Thus, the following deductive analysis on criteria C03 and C06 was
obtained:

e [t was observed during the development of the missions that there was an under-
standing of the importance of structuring and implementing projects / services in
order to contribute to the improvement practices, as the participants acted con-
sciously and committed to fulfilling the necessary demands in the context of SPI,
evidenced in the development and delivery of the activities necessary to achieve the
expected results in the desired process improvement.

The results of this element show that the participants understood the guidelines and
the importance of establishing necessary demands to achieve the expected results in the
desired process improvement. The participants' performance in the SPI approach evi-
dences the application and the expected result of the 'Tutoria’ element, since the
knowledge obtained, in the moments of orientation, was applied by the participants in
the development of the demands for established improvements.

6.14 Analysis of the problem 'Bureaucracy in improvement programs'

For the problem of Bureaucracy in Improvement Programs, 4 (four) questions were
elaborated to be answered, according to the application of the gamification elements
mapped to address this problem. In this problem, 4 (four) of 7 (seven) evaluation criteria
defined in the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, only 1 (one) question (Q55 - Did the
employees understand the relevance of implementing the improvement and the need to
adopt the necessary measures in the context of the model to be implemented?) was
analyzed, considering the analysis of the Understanding (C06) criterion in qualitative
data to obtain the results.

The deductive analyzes evidenced in the question Q53 are based on data for the
questioning QS55, since they deal with situations related to the understanding of those
involved regarding the understanding of the need to implement the necessary practices
in relation to the improvement model.

The analysis carried out on the results of the 'Narrative' element demonstrates that
the participants developed the necessary activities to achieve the expected results in the
context of the improvement, this demonstrates that there was an understanding of the
benefits and importance of adopting the model. It is noteworthy that the motivation for
the development of demands was provided by guidelines and moments of incentives
and clarifications provided in the scenario of the SPI dynamics, which shows the appli-
cation and expected result of the 'Narrative' element.

For the 'Build from scratch' element, a questioning (Q56 - Did the gamified ap-
proach provide a collaborative environment, in which employees could contribute by
providing strategies to help achieve the expected results in the context of improve-
ment?) was analyzed, in which we sought to to analyze the Performance (C01) and
Participation (C05S) criteria, considering the quantitative data to obtain the result.
Thus, the following deductive analysis on criteria CO1 and C05 was obtained:
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e The performance worksheet shows that during the development of the missions, the
participants were able to suggest possible strategies to structure and contribute to the
achievement of the expected results in the implementation of the improvement: in
Mission 1 all participants provided suggestions, therefore, they scored in the mis-
sion, in Mission 2 only the participant HO2 did not score, as he did not provide a
suggestion, in Mission 3 there were no suggestions, as it is a mission focused on
team training with guidance from the Senior Management representative who has
more than 20 years of experience in software process improvement, providing train-
ing and consulting, and in Mission 4 there were few suggestions, which can be jus-
tified by a more practical and interactive round in its development.

The results of this element show that the participants were able to work collabora-
tively in establishing the activities that were adopted in the dynamics. Participation in
the structuring process evidences the application and expected result of the 'Build from
scratch' element of involving them in the development stage to clarify the benefits and
increase ownership in the process, providing an environment of contribution and not
obligations, in the to facilitate the implementation of the improvement.

In the application of the 'Tutoria' element, only 1 (one) question was analyzed (Q57
- Did the employees understand, in the guidelines passed on, the need and importance
of adopting and aligning the organization's activities to the context of the improvement
program?). In this questioning, we sought to analyze the criteria of Engagement (C04)
and Understanding (C06) being considered qualitative data in the analysis. Thus, the
following deductive analysis on criteria C04 and C06 was obtained:

e [t was observed during the development of the missions that there was an under-
standing of the importance of structuring procedures and practices in the context of
improvement, as the participants were committed to fulfilling the demands necessary
for the SPI context, evidenced in the development and delivery of the activities nec-
essary for achieve the expected results in the desired process improvement.

The results show that the participants were able to understand the guidelines related
to the needs to implement the improvements and the importance of being committed to
the development of activities, as they did not fail to deliver the demands, acting con-
sciously to fulfill what was established in the backlog. of activities. Therefore, the ap-
plication and the expected result of the 'Tutoria' element are evidenced in the guidelines,
understanding of needs and in the performance obtained by those involved in the ap-
proach.

In the 'Mystery boxes' element, only 1 (one) question was analyzed (Q58 - Did the
dynamics of recognition and rewards resulting from the performance and delivery of
activities promote the performance and participation of the employee in the implemen-
tation of the improvement?), in which we sought to analyze the Performance (C01)
and Participation (C05) criteria, considering the quantitative data to obtain the result.
Thus, the following deductive analysis on criteria CO1 and C05 was obtained:

e The scores obtained in Mission 4, in which the moments of recognition and rewards
occurred by the participants (HO1, HO2, HO3, H04, HOS5, HO6 and HO7), respectively
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220, 150, 240, 220, 205, 170 and 215 points (Total Hero points), shows that the
participants remained engaged in fulfilling what was expected in the activities pre-
sent in Mission 4, since they were able to perform their activities, carrying out the
demands belonging to the backlog of activities necessary to achieve the results in the
context of improvement and consequently have the possibility of being recognized
and rewarded for the work carried out.

The results of this element show that moments of recognition and / or rewards were
provided to the participants for the work developed, this strategy contributed to the
fulfillment of the demands of the improvement model, as the participants did not fail to
carry out the deliveries present in the activities backlog, aiming for the recognition and
/ or reward provided by the gamified approach. Therefore, the participants' search for
recognition and/or reward resulting from the fulfillment of activities evidences the ap-
plication and expected result of the 'Mystery Boxes' element.

6.15 Analysis of the problem 'Continuity of team engagement in the defined
process'

For the Continuity of Team Engagement in the Defined Process problem, 3 (three)
questions were created to be answered, according to the application of the gamification
elements mapped to address this problem. In this problem, 5 (five) of 7 (seven) evalu-
ation criteria defined in the context of dynamics were used in the analysis.

In the application of the ' Tutoria ' element, 2 (two) questions were analyzed (Q59
- Did the training dynamics and guidance provided to employees contribute to the un-
derstanding and engagement of employees in the development and achievement of ex-
pected results in the context of SPI? and Q60 - Do employees satisfied with the instruc-
tions given?). In these questions, we sought to analyze the criteria of Satisfaction
(C02), Engagement (C04), Participation (C05) and Understanding (C06) consider-
ing quantitative and qualitative data in the analysis.

The deductive analyzes evidenced in the questions Q05 and Q06 are based as data
for the questions Q59 and Q60, since they show the understanding and satisfaction of
the guidelines present in the Action Track, aimed at the qualification of those involved
and continuity in the work developed in the implementation.

The results show that the participants were able to understand the guidelines related
to maintaining responsibility, participation and commitment in the development of ac-
tivities, as they did not fail to deliver the demands, acting consciously to fulfill what
was established in the activities backlog. It is noteworthy that the participants provided
positive feedback to the guidelines of responsibilities which must be integrated in order
to maintain the improvements in the organizational context. Therefore, the application
and the expected result of the 'Tutoria' element are evidenced in the guidelines, under-
standing of the responsibilities and performance of those involved in the approach.

For the application of the 'Appointments dynamics' clement, only 1 (one) question
was analyzed (Q61 - Provide performance feedback to employees, did it contribute to
the realization and adjustments of improvements in the activities performed by those
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involved?) with the analysis of the Performance (C01) and Participation (C05) crite-
ria in quantitative data. Thus, the following deductive analysis on criteria CO1 and C05
was obtained:

e Participants were able to monitor their performance in the rounds, in the Perfor-
mance Worksheet, some managed to increase their score, others reduced it: in Mis-
sion | participants managed to obtain values in the range of 95 to 100 points, in
Mission 2 the participants managed to obtain values in the range of 81 to 97 points,
in Mission 3 they reached 90 points, in Mission 4 they managed to obtain values in
the range of 150 to 220 points. However, it is noticeable that most of the participants
became aware of improving their performance in the activities and consequently
helping the team to fulfill and continue the improvement strategies.

In the analysis results for the 'Appointments dynamics' element, it is noticeable that
when showing the score to the participants, those with lower scores had a stimulus to
improve the performance obtained in the missions, since most became aware and per-
formed the activities to help the team, fulfilling the necessary deliveries. Therefore, the
strategy of providing performance information can contribute to the engagement of par-
ticipants in maintaining or improving their performance in the activities, which high-
lights the application and expected result of the 'Appointments dynamics' element.

6.16 Analysis of the problem ‘Lack of / Little knowledge of models by employees’

For the problem Lack of / Little Knowledge of Models by Employees, 4 (four) ques-
tions were elaborated to be answered, according to the application of the gamification
elements mapped to address this problem. In this problem, the 7 (seven) evaluation
criteria defined in the context of dynamics were used in the analysis.

In the application of the 'Narrative' element, a questioning was used (Q62 - Did the
employees understand the importance of knowing the practices present in the improve-
ment model, in order to develop what is expected to achieve the results in the model?)
with the analysis considering the evaluation criteria for Awareness (C03), Engage-
ment (C04) and Understanding (C06) in qualitative data.

The deductive analyzes evidenced in the question Q53 are based on data for the
questioning Q62, since they deal with situations related to the understanding of those
involved regarding the understanding of the need and importance of implementing the
necessary practices in relation to the improvement model.

The results of this element show that the participants developed the necessary activ-
ities to achieve the expected results in the desired process improvement, so the realiza-
tion of the improvement demands demonstrates that there was an understanding of the
benefits and the importance of adopting the quality model. It is noteworthy that the
development of demands was provided by guidelines and moments of incentives pro-
vided in the scenario of the SPI dynamics, which shows application and expected result
by the element 'Narrative'.

In the application of the 'Tutoria' element, 2 (two) questions were analyzed (Q63 -
Did the employees understand the guidelines regarding the improvement model used
in the context of SPI? and Q64 - Were the employees satisfied with the instructions
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given?). In these questions, we sought to analyze the criteria of Satisfaction (C02),
Participation (C05) and Understanding (C06), considering quantitative and qualita-
tive data in the analysis.

The deductive analyzes evidenced in the questions Q05 and Q06 are based as data
for the questions Q63 and Q64, since they show the understanding and satisfaction of
the guidelines present in the Action Track, related to the improvement model used in
the implementation.

The results show that the participants were able to understand the guidelines and the
importance of participating in the training actions, since they were present and gave
positive feedback on these actions. In these actions, the necessary knowledge was pro-
vided to develop the activities to achieve the results of the implementation of the im-
provement model. The participants' performance evidences the application and the ex-
pected result of the 'Tutoria' element, since the knowledge obtained, in the moments of
orientation, was applied by the participants in the development of the demands for es-
tablished improvements.

Regarding the application of the 'Glowing choice' element, a questioning was ana-
lyzed (Q65 - Did the gamified approach instigate help among employees in the devel-
opment of activities in the context of SPI in situations of doubts and lack of knowledge
regarding the improvement model adopted?), considering the analysis of the criteria of
Performance (C01), Participation (C05) and Positive involvement (C07) in qualita-
tive data to obtain the results.

The deductive analyzes evidenced in the questions Q10 and Q11 are based on data
for the questioning Q65, since they deal with situations in which the participant finds it
difficult to understand or perform the activities related to the improvement model used.

The results of this element show that the participants worked together fulfilling their
demands, and provided satisfactory feedback on the help provided. The strategy pro-
vided those involved with a resource to continue performing what was necessary to
achieve the expected objectives in times of difficulties due to the lack of knowledge
necessary to implement the improvement model, which shows the application and ex-
pected result of the ‘Glowing choice’ element.

6.17 Analysis of the problem 'Different interpretations in relation to the models'

For the problem Different Interpretations in Relation to the Models, 3 (three) ques-
tions were elaborated to be answered, according to the application of the mapped gam-
ification elements, and only 3 (three) of 7 (seven) evaluation criteria defined for the
dynamics context were used.

In the application of the 'Narrative' element, a questioning was used (Q66 - Did the
dynamics used in the approach provide necessary information to employees to under-
stand the practices present in the improvement model?) with the analysis only of the
Understanding (C06) evaluation criterion in data qualitative. Thus, the following de-
ductive analysis was obtained on criterion C06:

e [t was observed during the development of the missions that the participants were
able to develop the necessary activities to achieve the expected results in the desired
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process improvement. Therefore, the development of these activities demonstrates
that the strategies present in the dynamics made it possible to understand, develop
and fulfill the demands necessary for the SPI context.

The results of this element show that there was an understanding of the benefits and
importance of adopting the quality model by the participants, as they developed the
necessary activities to achieve the expected results in the desired process improvement.
This positioning was provided by guidelines, clarifications and moments of incentives
provided in the scenario of the SPI dynamics contributed to the development of de-
mands, which evidences the application and expected result of the 'Narrative' element.

In the application of the '"Tutoria' element, 2 (two) questions were analyzed (Q67 -
Did the employees understand the guidelines regarding the improvement model used
in the context of SPI? and Q68 - Were the employees satisfied with the instructions
given?). In these questions, we sought to analyze the criteria of Satisfaction (C02),
Participation (C05) and Understanding (C06), considering quantitative and qualita-
tive data in the analysis.

The deductive analyzes evidenced in the questions Q05 and Q06 are based as data
for the questions Q67 and Q68, since they show the understanding and satisfaction of
the guidelines present in the Action Track, related to the improvement model used in
the implementation .

The results show that the participants were able to understand the guidelines and the
importance of participating in the training actions, since they were present and gave
positive feedback on these actions. In these actions, the necessary knowledge was pro-
vided to develop the activities to achieve the results of the implementation of the im-
provement model, thus providing what was expected by the 'Tutoria' element, since the
knowledge obtained in the moments of orientation, was efficiently applied by the par-
ticipants in the development of demands.

6.18 Analysis of the problem ‘Lack of consistent project portfolio planning’

For the problem Lack of Consistent Project Portfolio Planning, only 1 (one) question
(069 - Did the collaborators understand the importance and need to develop and struc-
ture consistent projects / services that can contribute to the context of improvement
implementations?) of the application of the 'Tutoria' element was analyzed, consider-
ing only the evaluation criteria of Awareness (C03) and Understanding (C06) in
quantitative and qualitative data.

The deductive analyzes evidenced in question Q54 are based on data for the ques-
tioning Q69, since they deal with situations related to understanding the importance of
structuring and implementing projects/services in order to contribute to improvement
practices.

The results show that the participants were able to understand the guidelines related
to maintaining responsibility, participation and commitment to structuring and ful-
filling the necessary activities in the context of SPI, as they did not fail to deliver the
demands, acting consciously to fulfill what was established in the activity backlog.
Therefore, the application and the expected result of the 'Tutoria’ element are evidenced
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in the guidelines, understanding of the responsibilities and performance of those in-
volved in the approach.

6.19 Analysis of the problem °‘Lack of consistent planning by the top
management of the organization’

For the problem Lack of Consistent Planning by the Top Management of the Organ-
ization, 2 (two) questions were elaborated to be answered, and 4 (four) of 7 (seven)
evaluation criteria defined in the context of the dynamics were used in the analysis.

For the 'Build from scratch' element, a questioning (Q70 - Did the gamified ap-
proach promote the provision of suggestions by top management to employees regard-
ing the necessary measures in the context of the model to be implemented?) to analyze
the Performance (C01) and Participation (C05) criteria, considering the quantitative
data to obtain the result. Thus, the following deductive analysis on criteria CO1 and C05
was obtained:

e During the development of the missions, the participants were able to point out pos-
sible changes to improve the procedures adopted throughout the dynamics, the Sen-
ior Management Representative also provided suggestions, however, he acted more
in directing the discussions regarding the suggestions provided by those involved,
acting as a moderator of the suggestions: in Mission 1 all the participants provided
suggestions, therefore, they scored in the mission, in Mission 2 only the participant
HO2 did not score, as he did not provide a suggestion, in Mission 3 there were no
suggestions, as it is a mission focused on team training with guidance from the Sen-
ior Management representative who has more than 20 years of experience in soft-
ware process improvement, providing training and consulting, and in Mission 4 there
were few suggestions, which can be justified by a more practical and interactive
round in its development.

The results of this element show that the participants were able to work collabora-
tively with suggestions to improve the procedures adopted throughout the dynamic, the
senior management representative also provided suggestions, however he acted more
in directing the discussions regarding the suggestions provided. Participation in the
structuring process evidences the application and expected result of the 'Build from
scratch' element of involving them in the development stage to clarify the benefits and
increase ownership in the process, and provide an environment of contribution and not
obligations, in order to facilitate the implementation of the improvement.

In the application of the 'Tutoria' element, only 1 (one) question was analyzed (Q71
- Did employees and senior management representatives understand the importance
and need to plan necessary and consistent measures considering the context of im-
provements in the implementation of SPI?). In this questioning, we sought to analyze
the criteria of Awareness (C03) and Understanding (C06) considering quantitative
and qualitative data in the analysis. Thus, the following deductive analysis on criteria
C03 and C06 was obtained:
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o It was observed that the senior management representative was present, participating
and accompanying the team in missions 1, 2, 3. This demonstrates the understanding
of the importance of their participation and commitment in the approach with the
team, being noticeable that their presence generated a commitment greater of the
participant in the demands. The other participants developed the necessary activities
in missions 2 and 4 to achieve the improvement results, which demonstrates the un-
derstanding of the guidelines related to the improvement context, as well as the un-
derstanding of the importance of commitment and fulfillment of the necessary de-
mands to be performed.

The results show that the senior management representative was present, participat-
ing and accompanying the team, this demonstrates the understanding of the importance
of his participation and commitment to the approach with the team, being noticeable
that his presence generated a greater commitment to the participants in the accomplish-
ment of the demands. Therefore, the application and the expected result of the 'Tutoria'
element are evidenced in the guidelines, understanding of needs and in the performance
obtained by those involved in the approach.

6.20 Analysis of the problem 'Lack of model flexibility'

For the problem Lack of Model Flexibility, only 1 (one) question (972 - Did the
dynamics used in the approach provide the necessary information to employees to un-
derstand the practices present in the improvement model?) was analyzed, considering
the evaluation criteria of Awareness (C03) and Understanding (C06) for application
of the 'Narrative' element in qualitative data. Thus, the following deductive analysis on
criteria C03 and C06 was obtained:

The deductive analysis evidenced in the question Q66 is based as data for the ques-
tioning Q72, since they investigate whether the strategies proposed in the gamified dy-
namics allow the understanding and importance of implementing the necessary activi-
ties to achieve the expected results in the improvement desired process.

The results of this element show that the participants developed the necessary activ-
ities to achieve the expected results in the desired process improvement. The realization
of the improvement demands demonstrates that there was an understanding of the prac-
tices present in the improvement model, which were necessary to implement the im-
provement. The participants' awareness was a consequence of the guidelines, clarifica-
tions and moments of incentives provided in the scenario of the SPI dynamics, which
shows the application and expected result of the 'Narrative' element.

7 Discussion

The results obtained in Section 6, in which there was a detailed analysis of the ap-
plication of the element to the problem, contributed to justify whether the element or
group of elements that was used minimized or treated the SPI problem to which it was
related.
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Thus, the evidence collected from the gamified strategies applied to the problem of
'Resistance to cultural change' demonstrate that the participants were able to develop
what was necessary to achieve the results, always engaged and participatory in the de-
velopment of demands, with no resistance from the collaborators. in relation to the im-
provements required in the desired model for the context of the organization, which
proves the understanding regarding the importance and benefits that the implementa-
tion of the model brings to the organizational routine.

The evidence collected from the gamified strategies applied to the problem of 'Lack
of Knowledge in Software Engineering' demonstrate that the participants understood
and applied the knowledge acquired in the moments dedicated to training, guidance and
assistance, as they efficiently developed what was necessary for the achievement of
improvement results.

As for the evidence collected from the application of gamified strategies to the prob-
lem of 'Lack of understanding of the stakeholder responsibilities', it proves that the par-
ticipants were able to understand and perform the responsibilities that each one had to
perform in relation to the necessary demands to achieve the results expected by the
model.

For the problem 'Lack of a Support Tool', the evidence collected, from the gamified
strategies applied, demonstrate that the participants contributed to the definition of tools
to support the execution of the activities, as well as they understood the use of the tools,
applying the knowledge obtained in the training, because efficiently developed what
was needed to achieve the improvement results.

We can observe that in the application of gamified strategies to the problem of 'Lack
of / little commitment from the Top Management', the top management representative
was involved in the actions with the team, which contributed to the engagement and
performance of the participants, as it made the stakeholders realized the importance of
implementing what is expected by the improvement model.

As for the evidence collected from the gamified strategies applied to the problem of
'Little support from employees', it shows that the participants understood the im-
portance of implementing the improvement and were aware of the responsibility that
each one had to assume in the dynamics to develop what was established to achieve the
SPI results.

In the problem of 'Employee turnover', we can observe that the application of gami-
fied strategies contributed to the engagement and support of the participants, as it made
those involved remain motivated throughout the implementation to perform what was
expected by the improvement model.

In the problem of 'Lack of / little qualified human resources', the evidence collected
from the gamified strategies applied demonstrate that the participants understood and
applied the knowledge acquired in the moments dedicated to training, guidance and
assistance, as they efficiently performed what was necessary to achieve it improvement
results.

Regarding the problem 'Focus on certification instead of focusing on improvement',
it was noticeable that in the application of gamified strategies, participants were able to
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understand the importance and benefits that improvement provides to the work envi-
ronment, as they collaborated by sharing suggestions and discussing solutions to help
team to achieve the results provided by the model.

The application of gamified strategies to the problem of 'Lack of Governmental In-
centive' was noticeable that the participants were able to create dissemination strategies
that made it possible to achieve the results expected by the improvement model, with
the exposure of the work developed by the team, which provided interest and recogni-
tion to the external audience.

Thus, as in the previous problem, it was noticeable that the gamified strategies ap-
plied to the problem of 'Lack of Knowledge of the Importance of Models by the Market'
motivated the participants to create dissemination strategies which made it possible to
achieve the results expected by the model used, with the exposure and recognition of
the work developed by the team to the external public, which demonstrates the im-
portance of adopting improvement models to provide visibility and recognition in what
is developed by the group.

As for the application of the gamified strategy to the problem of 'Reduction in con-
sulting hours as a way to reduce costs', it was noticeable that it promoted the partici-
pants' understanding of the importance of implementing what the model proposes and
the benefits that the improvement provides to the work environment, because they per-
formed the activities necessary to achieve the results expected by the model.

The application of the gamified strategy to the problem of 'Lack of / few projects to
validate an improvement program' provided the participants with guidance and incen-
tive to structure and carry out the necessary demands in the context of improvement.

The gamified strategies applied to the problem of 'Bureaucracy in improvement pro-
grams' demonstrate that the participants understood and were aware of how important
it is to implement the improvements, this was noticeable when they provided sugges-
tions and contributed to the definitions of the activities that the team had to perform to
achieve the result of improvement, that is, they acted in the structuring of the necessary
demands, they were not submitted to work on a ready demand.

As the gamified strategies applied to the problem of 'Continuity of Team Engage-
ment in the Defined Process' demonstrate that participants understood and were aware
of how important it is to implement and maintain the results of improvement in the
organizational environment, the use of feedback from activities was an incentive to
further improve the work performed by each team member, making it possible to con-
tinue what has been established.

The gamified strategies applied to the problem of "Lack of / little knowledge of the
models by the collaborators' show that the participants understood the importance of
implementing the model and applied the knowledge acquired in the moments of train-
ing, guidance and assistance to develop what was necessary for the achieve improve-
ment results.

The gamified strategies applied to the problem of 'Different interpretations in rela-
tion to the models' provided the participants with an understanding of the model that
was implemented, since they were able to apply the acquired knowledge to practical
moments, thus being fundamental to achieving the improvement results.
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As for the problem of 'Lack of consistent Project Portfolio planning', it was noticea-
ble in the results that the application of the gamified strategy provided the participants
with guidance and incentive to structure and carry out the demands for improvement in
line with the organization's objectives and needs.

The application of gamified strategies to the problem of 'Lack of consistent planning
by the organization's top management' promoted the participants' understanding and
incentive to plan and establish activities that meet the demands for improvements as
well as their organizational needs.

The application of the gamified strategy to the problem of 'Lack of flexibility of the
models' favored the understanding of the participants of the information necessary to
guide the implementation of the model, as the participants contributed to structuring
and developing activities that met the demands for improvements as well as their needs.
organizational. Therefore, they were not submitted to work on an already established
demand, with strategies that were not suitable for the organization's scenario.

The results obtained in the application of the elements to the problems help to answer
the main question of the study "Did the gamified approach help to solve the problems
or difficulties in the implementation of SPI", in which it is concluded that the approach
developed and applied to the 20 (twenty) problems that occur in the context of SPI
contributed significantly to solving the problems, as those involved were able to per-
form the necessary activities to obtain the desired result, motivated and aware of the
importance and benefits that the implementation of SPI promotes to the organization.
Therefore, the problems were assisted by the gamification dynamics, which demon-
strates that the use of the approach can help in solving problems or difficulties experi-
enced in SPI implementations.

8 Threats to validity

According to Wohlin et al. [42] it is necessary to identify threats to the validity of a
study, as such threats can impact or limit the results of the feasibility study. Thus, in
the next subsections, the threats addressed in this study will be presented.

8.1 Internal validity

Threats to internal validity are procedures, treatments or experimental experiences
of participants that threaten the researcher's ability to draw correct inferences from data
about the population in an experiment [43].

In the study, a threat to internal validity related to maturation was identified. Its ex-
istence occurs because the researcher cannot limit the search for external knowledge to
those involved in the implementation of improvement. As a way of trying to reduce this
influence, support materials were made available to participants in Google Classroom,
an environment that made it possible to centralize and manage materials, to assist in the
understanding and development of the demands necessary for the context of improve-
ment. As well as the availability of the researcher to answer questions and assist any
member of the Laboratory team outside the meeting hours.
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8.2  External validity

Threats to external validity highlight external events that can hamper the analysis
and generalizations of study results [43]. Thus, the execution of the study took place
only in one scenario, in the Laboratory. The scenario is composed, among other aspects,
by the size, the profile of the team, the capacity of the processes and its maturity in
terms of continuous improvement of its organizational processes. Therefore, the sam-
pling has low representation, given the many possibilities of application of the approach
in different scenarios of software process improvement, which configures a restriction
to the generalization of the results obtained.

Therefore, it is recommended that the results be generalized to the approximate num-
ber of participants present in the study, which, according to Rouiller [41], fits into the
context of a small organization, commonly represented by 2 to 25 employees.

8.3  Construct validity

The construction validity, for Travassos, Gurov and Amaral [44] considers the rela-
tionships between theory and observation, that is, if the treatment reflects the cause well
and the result reflects the effect well.

The problem present in this study regarding construction validity is related to the
participant not having the effectiveness in learning provided in the dynamics to have
the ability to develop the necessary demands to fulfill the activities to achieve the results
of the process improvement, this can occur from of the excess or inadequacy of expla-
nation in the context of the dynamics. To address this threat, moments of guidance,
assistance and collaborative development of demands among participants were pro-
vided throughout the dynamic. As for the amount and form of transfer of information,
they were reviewed and structured to be clearer and more objective to minimize doubts
about the understanding of the participants.

8.4  Conclusion validity

Conclusion validity should consider which aspects may impair the analysis and in-
terpretation of the collected inputs [42]. A threat present in the study is the relationship
of the participants' heterogeneity regarding the level of knowledge needed throughout
the dynamics, which could compromise the validity of the study. To minimize this
threat, the Laboratory was chosen, in which the participants could be undergraduate
and graduate students who work in the context of Software Engineering, but in the case
of the Study, only graduate students were volunteers. In addition, if there were difficul-
ties in relation to knowledge, a set of documents, guidelines and training were carried
out in order to standardize information and the application of the approach.
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9 Conclusion

This work presented the results obtained from an Experience Report in the applica-
tion of a proposal for a solution to SPI problems from the use of gamification elements
suitable for the treatment of recurring problems or difficulties in SPI implementations,
in the context of teaching and learning. The results obtained in the study were analyzed
using the Evaluation Framework for Gamification in Software Engineering, which pro-
vides a standard framework for the design of evaluation studies for gamification cases.

The results of this work can be considered significant, since the expected results with
the application of the elements to the problems were favorable to treat or minimize the
problems experienced in the context of SPI, since those involved were able to perform
the necessary activities to obtain the desired result, motivated and aware of the im-
portance and benefits that the implementation of SPI promotes to the organization.
However, due to threats to validity, the results cannot be generalized to any situation.

As future work, we intend to replicate the experience report in another small organ-
ization in order to compare the results obtained in the applications. And, later, apply
and analyze the results in medium or large organizations to validate the effectiveness
of the dynamics in a scenario with more participants.
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