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Abstract—This Research to Practice Full Paper presents that
the gamification has been used to motivate and engage partici-
pants in software engineering education and training. The effects
of gamification in this area have been studied and reported
since 2011. However, there are no studies that propose standard
procedures for evaluating gamification in the specific context
of software engineering education and training. As a result,
each study proposes their own evaluation procedures, making it
difficult to compare approaches. The standardization of criteria,
measures and indicators can allow an objective comparison
between primary studies on gamification in software engineering,
reinforcing results and revealing trends. Thus, the objective of
this study is to propose and evaluate a framework for the
evaluation of gamification in the context of software engineering
education and training. The proposed framework focus on the
structural aspect of an evaluation, consisting of concepts (entities)
and their relationships. The development of this framework
consisted of three steps: (1) the definition of the framework
structure, based on the results of a systematic review of the
literature on evaluation of gamification in software engineering
education and practice, and its adequation to the GQIM (Goal-
Question-Indicator-Metric) model; (2) an ad hoc review of this
framework by three researchers ; and (3) the execution of a PoC
(Proof of Concept) evaluation, in order to perform an preliminar
assessment of the framework adequacy. As a result, we were able
to use the framework to model the evaluation of two primary
studies, documenting the items found in these studies, which
revealed the existence of a common measure between the two
studies (Total lines of code, or LOC). The existence of only
one common measure in both evaluations makes it difficult to
compare the results of the studies. Additionally, we observed that
one of the studies did not present information to justify the choice
of the measures used in its evaluation and did not summarize
all the data collected in its evaluation procedures. Therefore,
the use of the framework might be useful to identify points of
improvement for the validity of evaluation studies.

Keywords— gamification, software engineering, proof of con-
cept, evaluation framework, training, education.

I. INTRODUCTION

The use of gamification as a motivational tool in education and
training has been the subject of studies for the past 10 years [1] [2].
However, there is still a lack of empirical data to evaluate the impacts
of gamification, either due to the novelty of gamification literature
[2], the lack of details on evaluation design in experiments or quasi-
experiments [3], for the absence of significant statistical data or for
reporting inaccurate qualitative data from students [4].

This study presents an structural framework for the evaluation
of gamification in software engineering. The goal is to provide a
standard structure for researchers and gamification designers in order
to plan evaluation studies. The components of the framework are
derived from results of previous study [1], which mapped evaluation
strategies,methods and criteria in gamification literature in the context
of software engineering education and practice. The framework was
evaluated by means of PoC (Proof of Concept), applying it in
two primary studies on gamification evaluation. In our results, we
were able to instantiate the framework in both primary studies,
documenting the items found in those works.

As a consequence of using the framework, we were able to identify
improvement opportunities in one of the studies regarding the lack
of information that justifies the choice of the metrics used in its
evaluation and lack of details on the collected data. We believe
that, in addition to supporting the design of evaluation studies, our
framework may also encourage standardization of evaluation studies
that may allow verification and comparison of different gamification
approaches.

In addition to this introductory section, this paper is structured as
follows: Section II presents the theoretical basis for understanding the
research carried out, Section III discusses some related works, Section
IV presents the evaluation framework for gamification, Section V
presents the preliminary evaluation to verify the adequacy of this
framework, Section VI discusses some threats to validity and, finally,
Section VII presents the conclusions of this paper.

II. BACKGROUND

Gamification is the application of game mechanisms in non-game
contexts [5]. It is a playful approach that contributes to increasing
people’s motivation and engagement, if properly applied to a context.



This approach has been studied since 2011 and the pace of
publications of empirical research on the subject has been increasing
ever since [2] [1]. However, more empirical data is needed to support
its beneficial effects [4] [3] [2] [1].

In a previous study [1], we mapped 100 primary studies (from
2011 to 2020) on the state-of-the-art and the state-of-practice of
gamification in software engineering and analyzed the methods used
in the evaluation of gamification. Sixty four (64) studies report
evaluation procedures, and only three studies [6]–[8] propose models
for the evaluation of gamification, yet there are no evidences of use
of these models. The results of the study identified that evaluation
of gamification in software engineering focus on two aspects: the
evaluation of the gamification strategy itself, related to the user
experience and perceptions; and the evaluation of the outcomes and
effects of gamification on its users and context. There is no general
consensus on the criteria, metrics and indicators that are used in the
evaluations, due to the quantity and diversity in which they are present
in these studies. However, the study shows the most recurring criteria
for the evaluation are “engagement”, “motivation”, “satisfaction”, and
“performance” [1]. Finally, the authors highlight that the evaluation
of gamification requires a mix of subjective and objective inputs, and
qualitative and quantitative data analysis approaches [1].

Therefore, it is clear that each study on gamification proposes its
own evaluative approach and identifies the main aspects to be ana-
lyzed within its specific scope. This phenomenon makes difficult to
consolidate the few empirical data available, because: these projects
may take time to mature and provide significant empirical data on the
use of gamification and the methodological diversity of the evaluation
makes it impossible to compare the empirical data provided by these
studies.

As a result, the development of an evaluation framework for
gamification in software engineering, which considers the state-of-
the-art and the state-of-practice of gamification, allows new studies
to plan the evaluation considering what has been commonly applied
until then, thus contributing to: (i) the standardization of generic
entities present in the design of the evaluation of gamification in
research already carried out in the context of gamification in software
engineering; (ii) streamlining the design process of the evaluative
approach in future research; (iii) the comparison of different gamifi-
cation surveys where the framework is instantiated; and (iv) assistance
in generating significant empirical data for understanding the impact
of gamification in different contexts, situations and users.

III. RELATED WORKS

The current paper uses the results of a previous study [1] (described
in Section II) as the basis for the conception of a framework for the
evaluation of gamification in software engineering. To the best of
our search, there are few studies describing gamification frameworks
in software engineering, that focus or contemplates the evaluation
stage [6] [7] [8]. However we did not find evidences or reports of
their use in the context of teaching, training or industry of software
engineering. Therefore, our framework considers insights from these
studies in its design, and in this paper we describe an evaluation
study using PoC method.

In the context of serious games and Game-based Learning in
software engineering education, Petri et al. [9] presents MEEGA+,
a framework for the evaluation of educational games in software
engineering. To analyze the reliability and validity of their framework,
the authors carried out 48 case studies, with 843 participants, and
evaluated the results obtained through the evaluation applied in these
studies, and concluded that MEEGA + is reliable. In this study,
the authors adopted the GQM (Goal-Question-Metrics) approach
to define evaluation steps and to guide the instance of entities to
be instantiated (objectives, questions and metrics) [10]. There is
also the GQIM (Goal-Question-Indicator-Metrics) approach, which
is an extension of GQM. The GQIM is used to identify metrics
and indicators consistent with the objectives and questions of an

assessment in Software Engineering [11]. To analyze the reliability
and validity of their framework, the authors carried out 48 case
studies, with 843 participants and concluded that MEEGA + is
reliable. We believe that frameworks such as MEEGA+ are important
for the consolidation of empirical data in a given knowledge area.
Therefore, our framework is inspired by MEEGA+. However, the
current state of our framework focus on the structural aspect of
evaluation studies in gamification.

Regarding the use of PoC as an evaluation strategy, some primary
studies on approaches related to games [12] and on gamification [13]
[14] applied this method to evaluate the viability of their models. In
these studies, there was the design of a structure of procedures and
classes, which were implemented through programming and analyzed
with instances within prototypes.

IV. EVALUATION FRAMEWORK FOR GAMIFICATION IN
SOFTWARE ENGINEERING

This section presents the conception, elaboration and construction
of the evaluation framework for gamification in software engineering.

A. Conception Methodology

The framework design process was planned and executed con-
sidering the findings on the evaluation of gamification in software
engineering in our previous study [1], and the GQIM model (Goal-
Question-Indicator-Metric) used for the development of the MEEGA
+ framework [9]. We also considered the PoC evaluation method used
to analyze the instances of Sripada, Reddy and Khandelwal game-
related frameworks [13] and Parizi [14]. Figure 1 illustrates the design
steps, which include PoC evaluation (details in Section V).

Three researchers participated in the data synthesis, the ad hoc
review and the PoC: a graduate student in computer science and
two PhD professors / researchers in software engineering. At the
end of each design step, the researchers held a committee to discuss
the results, to propose refinements, and and to decide to proceed to
the next stage. Altogether, this study lasted two months, starting in
December / 2020 and ending in March / 2021.

Section IV-C presents the mapping of the evaluation phases found
in the findings of the systematic mapping [1]. Section IV-D explains
the framework, composed of entities and relationships, modeled after
the GQIM and the findings of the systematic mapping.

The PoC will be better described in Section V Despite this, it
is fundamental for the framework design. During the process of
establishing entities on each primary study, new information can be
included, reviewed, or excluded from the framework design. Thus,
the PoC step performs both the evaluation function and the review
function [15].

Fig. 1. Sequence of activities and work products of the design the evaluation
framework.



TABLE I
MAPPING OF COMMON PHASES BETWEEN THE EVALUATION MODELS

FOUND

Generic Phase Phase in Primary Study
Contextualization Precondition [6] [8], Basic Component [7]
of Gamification

Contextualization Precondition [6] [8]
of Evaluation

Definition Target [8], Procedural Component [7],
of Methods Metrics Configuration [8]
Summary Obtained Results [8],
of Results Results Component [7]

Analysis of Results Component [7],
Results Evaluation Success [8]

B. Instrumentation
In the conception step, instruments of analysis, modeling and re-

mote communication were used in the activities of Data Synthesis and
Ad Hoc Review. Data Synthesis Instruments: Google Sheets (Elec-
tronic Spreadsheet) for the analysis of the summary data obtained
in [1], Google Docs (Text Editing) for the preparation of analysis
reports used in the Ad Hoc Review, Draw IO (Diagramming) tool
for the elaboration of activity diagrams (BPMN - Business Process
Modeling Notation) and entity-relationship diagrams. Instruments of
the Ad Hoc Review: Google Meet (remote meeting) to carry out
discussions on the framework design between the three researchers.

C. Evaluation Phases
In our previous study [1], we found three evaluation models of

gamification in software engineering [6]–[8]. Each of the studies
defined evaluation phases. It was possible to identify generic phases
within these models from a qualitative analysis of their studies. Table
I presents the mapping of the generic evaluation phases found in the
three studies and the phases that belong to their models as stated by
the authors. After that, each of the phases is explained.

• Contextualization of Gamification: Definition of the gamified
approach (with its dynamics, rules and emotions) of the context
in which the approach is applied,

• Contextualization of Evaluation: Definition of the actors of the
gamified approach (participants) and the context in which the
evaluation is carried out,

• Definition of Methods: Definition of data collection methods,
• Summary of Results: Data collection and extraction of informa-

tion to be analyzed,
• Analysis of Results: Analysis of the summarized information.
Some generic phases are not present in all models, as is the case

of the Contextualization of Gamification, Contextualization of Evalu-
ation and Analysis of Results phases. However, the contextualization
is not presented as an evaluation procedure in these studies, but as
a necessary precondition. The same is not true in [6], as the results
analysis is not really presented in this study.

D. Generic Entities
A evaluation framework for gamification in software engineering is

a structure composed of rules and ideas, which allow the evaluation
planning of a gamified approach. Considering that the information
pertinent to the evaluation of gamification is related in different
evaluation phases, the proposed framework is constituted of entities
and relationships, which can be instantiated in different evaluation
phases.

Figure 2 shows an entities-relationships diagram using UML (Uni-
fied Modeling Language) notation for an overview of the information
that needs to be obtained for the gamification evaluation report. The
explanation of each of these entities also follows.

• Contextualization of Gamification:

– Gamification: contains the main information that describes
the gamified approach to be analyzed and the context in
which the gamified approach is applied,

• Contextualization of Evaluation:
– Evaluation: contains the main information about the eval-

uation of the applied gamified approach. All other entities
are derived from it, as each evaluation is unique when its
scope is delimited by empirical research and all knowledge
obtained is validated from it,

– Objective: like any evaluation, scientific research has well-
defined objectives. The definition of objectives is not only
present in the study-of-practice of gamification, but it is
also fundamental for the evaluation design, as it delimits
the discussion to solve a problem. Depending on the
purpose of the evaluation, this entity is subdivided into
criteria,

– Criteria: while the same evaluation has one or more general
objectives, the evaluators can break these objectives down
into a set of criteria, in order to divide the problem
into subproblems, which are easier to analyze and delimit
issues,

– Questions: these are objective questions, in order to be an-
swered by the results of the evaluation, which confirm (or
not) the predicted hypothesis. These questions justify the
choice of metrics, indicators and evaluation instruments,

• Definition of Methods:
– Measures: determine the nature of the data to be collected,
– Indicators: define the information expected from the data

collection that corroborates the predicted hypothesis,
– Instruments: are the means to be used for data collection,

depending on the measurement used,
• Summary of Results:

– Rounds: is the set of periods when data collection and
analysis must take place. Each round can have information
that details the sample to be used as a parameter for
collection and analysis,

– Sample: details the population that participates in the
evaluation in a specific round. It must be specified whether
a sample was submitted to a gamified approach, or not,
when more than one round is applied, with at least one of
the rounds being composed only of control samples, and
another one, only of experimental samples,

– Collection: represents the data collected at the time the
round is being executed,

– Sample Collection: represents the data collected at the time
the round is being performed, considering an individual
sample,

• Analysis of Results:
– Analysis: set of information that is obtained from the study

(qualitative or quantitative) of one or more collections,
on one or more measures, within one or more evaluation
rounds, in order to confirm the hypotheses raised in the
questions to be answered,

– Finding: represents the discussion about the confirmation
of the hypotheses raised, questioning whether the questions
were in fact answered, what consequences these responses
generate, and whether there is a need for further evaluations
on the subject. In short, it discusses the gamified approach
applied based on the careful analysis of the collected data.

V. FRAMEWORK EVALUATION

This section presents the evaluation method and results of the
evaluation framework for gamification in software engineering.



Fig. 2. Entity-relationship diagram of the evaluation framework for gamification in software engineering

A. Evaluation Methodology
The PoC does not have a single definition, as this terminology

is used in many research areas, and there is no consensus on
its definition and characterization [16] [15]. However, in software
engineering, it can be understood as a technique used to verify and
analyze the feasibility of materializing an idea [17].

We use the PoC process in order to evaluate the feasibility of
using the evaluation framework for gamification in the software
engineering.

Neto, Borges and Roque [15] analyzed the adoption of PoC in five
information technology companies, documented ten common prac-
tices and characterized them based on the CE framework (Context
Engineering). The CE framework presents a set of movements to be
carried out depending on the need for an organization, demanded by
the social interaction between the participants and by the interaction
with work products of that organization.

Following this definition, we explored (“Exploring”) the state-of-
the-art and the state-of-practice of gamification in software engineer-
ing, in order to understand (“Comprehending”) how this evaluation
works, to then model (“Modeling”) the abstract entities that can

be generalized; we specified (“Specifying”) what information could
be extracted from the primary studies on gamification, in order
to be instantiated (“Execution”); we deliberate (“Negotiating”) on
how the framework items were instantiated, we apply improvements
(“Improvising”) when we agree that there is a need, and we document
the applied changes (“Documenting”).

The steps above were performed sequentially in two primary
studies present in [1], always applying all modeled abstractions and
modifying the framework when necessary, already using this new
version in the PoC of the next study case.

B. Instrumentation

In the evaluation step, modeling and remote communication in-
struments were used in the PoC activity: Draw IO (Modeling) for
the elaboration of object diagrams (using UML notation) referring to
the instantiation of the information present in the PoC evaluations,
and Google Meet (remote meeting) to conduct discussions on instan-
tiations and revisions of the framework.



C. Results

This section presents the results of the PoC applied in these
two studies. Data analysis consists of presenting the information
used in the instance of the entities, the inadequacies found in each
instantiation and the changes made to readjust the framework to the
study previously analyzed.

1) First Primary Study [18]: The instantiation of the evalu-
ation framework for this primary study was carried out as follows,
considering the values defined for the attributes of each entity:

• Gamification: Context - software development; Name - SGM
(Software Gamification Model); Description - this is a soft-
ware gamification model (SGM) with a well-defined structure
that provides a robust gamification implementation process for
Software Engineering. This model also contains elements of
applied psychology, Social Software Engineering (SSE) and
Capacity Maturity Model (CMM). Each participant receives a
badge for every 10 points acquired. For every 20 points or 2
badges, the participant receives a virtual gift. Points and badges
are displayed on a leaderboard; Objective - improving software
quality and collaboration in the context of cross-cultural soft-
ware development; Method - a SharePoint community is used
as a means of collaboration and points collection,

• Evaluation: Research Method - experiment; Sample Descrip-
tion - software engineers from the USA, Western Europe and
Asia; Duration - 20 days,

• Objective: OB1. Name - evaluationg the effects of the gamified
approach; Details - qualify the use of the suggested framework
(SGM), within the context of ”cross-cultural” development,

• Criteria: CR1. Name - performance; Description - the perfor-
mance of a team of software engineers in systems development,

• Questions: QU1. Description - is the code quality higher in a
gamified design group compared to a control group? Hypothesis
- yes. QU2. Description - is the self-evaluation of team members
in a gamified experiment group greater than in a control group?
Hypothesis - yes,

• Measures: For QU1 question ME1. Name - LOC - Total lines
of code; Unit - dimensionless dimension; Indicators - fewer
lines of code. ME2. Name - Total defects; Unit - dimensionless
dimension; Indicators - less bugs. ME3. Name - Density of
duplication; Unit - percentage; Formula - (duplicate lines / total
lines) x 100; Indicators - lower duplication density; Instru-
ment - SonarQube (objective data). ME4. Name - Density of
Comments; Unit - percentage; Formula - (commented lines /
total lines) x 100; Indicators - higher density of comments;
Instrument - SonarQube (objective data). ME5. Name - Cov-
erage of unit tests; Unit - percentage; Formula - (number of
methods tested / number of methods) x 100; Indicators - higher
coverage rate; Instrument - SonarQube (objective data). For
QU2 question ME6. Name - Average self-evaluation on a Likert
scale; Unit - dimensionless dimension; Formula - arithmetic
average of grades from 1 to 10 among team members; Indicators
- highest average score; Instrument - questionnaire (subjective
data),

• Rounds: RO1. Description a team of 8 software engineers from
different cultures (CCSDT) is formed, for the development of
APIs in .NET/C#, applying the suggested framework (SGM);
Duration - 10 days. RO2. Description - a team of 8 software
engineers is formed in the same context, without the application
of the suggested framework (SGM); Duration - 10 days,

• Sample: each sample is unique in the evaluation, and there are
16 participants in the study, half being an experimental sample,
and the other being a control sample. The only demographic
data collected was related to the places where these partici-
pants are natural, resided or reside, and graduated as software
engineers,

• Collection: all collected data were summarized following the
established metrics,

• Analysis: quantitative analyzes were performed on all collected
data, taking into account the defined questions. Almost all
hypotheses were confirmed in this isolated experiment, with the
exception of one (test coverage - ME5),

• Finding: with the exception of coverage, most metrics seem to
support the hypothesis that the SGM project is better. However,
as the sample size of the teams is not large enough and the
cultural mix is not exactly the same between the two projects,
the authors have some reservations about drawing concrete
conclusions.

The first inadequacy found in the framework was the absence of
an attribute ”formula” in the entity ”Measure”, which had not been
included in the first study.

The relationship between collections, analyzes and population was
the second and last inadequacy found. Before, each collection had its
analysis, but it was an analysis for each instance of the population,
which proved to be incorrect. It was observed that, in practice, the
collections were grouped among all of the sample in one round,
and analyzed by comparing the collections grouped between the two
rounds.

Thus, a new attribute called “formula” was inserted in the generic
entity “Measure”, and the relationship between the analysis and the
collection was updated, allowing the same analysis to study more than
one collection, and that the same collection can be analyzed several
times. The entity ”Finding” was only abstracted after the second proof
of concept. However, the PoC was reapplied in the first study to
evaluate the use of this new entity.

2) Second Primary Study [19]: The second instantiation of
the evaluation framework for this primary study was carried out as
follows, considering the values defined for the attributes of each
entity:

• Gamification: Context - teaching and evaluation of software
engineering; Description - each participant had to assume a
specific role (manager, trainer, developer, on-site customer or
usability expert) on their team. Each week students were given a
specific challenge. Each challenge was about one of the extreme
programming practices and how they were applying it to the
project,

• Evaluation: Research Method - case study; Sample Description
- 50 students of software engineering; Duration - 14 weeks,

• Objectives: OB1. Name - evaluating the gamified strategy;
Details - the students’ perception of the gamified strategy and
its application in the class. OB2. Name - evaluating the effects
of the gamified approach; Details - the effects of challenges on
programming practices,

• Criteria: For OB1 objective CR1. Name - Satisfaction; De-
scription - approval of the course style, learning experience
and software project experience. CR2. Name - Engagement;
Description - engagement in the software project. For OB2
objective CR3. Name - Performance; Description - optimized
programming, quality of documentation, extreme programming
practice. CR4. Name - Engagement; Description - engagement
in the software project,

• Measures: ME1. Name - Student’s perception of learning; Unit
- percentage; Formula - (number of responses per unit of the
Likert scale / number of responses) x 100; Indicators - the 5-3
scale units, which represent the best perceptions, have a higher
average than the other scale units; Instrument - questionnaire
(subjective). ME2. Name - Student’s perception of engagement;
Unit - percentage; Formula - (number of responses per unit of
the Likert scale / number of responses) x 100; Indicators - the 5-
3 scale units, which represent the best perceptions, have a higher
average than the other scale units; Instrument - questionnaire
(subjective). ME3. Name - Note in practice of XP; Unit -
dimensionless dimension; Indicators - the adoption of extreme



programming practices during challenges, and after challenges;
Instrument - teacher evaluation. ME4. Name - Number of
commits; Unit - dimensionless dimension. ME5. Name - LOC
- total lines of code; Unit - dimensionless dimension,

• Rounds: RO1. Description - monitoring the weekly perfor-
mance of a course, and each challenge required the application
of an aspect of extreme programming, using a gamified ap-
proach; Duration - 6 weeks. RO2. Description - monitoring the
weekly performance of a course, without the gamified approach;
Duration - 8 weeks,

• Sample: all teams participated in the evaluation, in both rounds.
There were 5 teams of 10 volunteer students,

• Collection: only the data referring to the student’s perception
metrics were grouped and presented (ME1 and ME2). However,
the study does not clarify at what point in the evaluation these
grouped data were collected,

• Analysis: AN1. Type of analysis - quantitative; Description -
79.35% of students rated their learning success as very good
or good with gamification compared to other similar university
courses in programming without gamification. Participants got
used to this new form of subject, they started to evaluate their
learning and coding performance even better than before. AN2.
Type of analysis - quantitative; Description - students were more
engaged with the topic covered by the weekly challenge,

• Finding: programming was a growing practice throughout the
course, but refactoring and testing declined after a few weeks.
When a topic was revised, the practices related to it resumed
the growth of its adoption.

An inadequacy was found in the framework when analyzing this
case study. The absence of a “Finding” entity that abstracts the
grouping of analyzes and the conduct of the discussion on the result
of an evaluation. With the addition of “Finding”, the two instances
of the framework were revised and corrected.

However, some information was not given or is not clear in
this primary study. First, there was no related objective to the
engagement criterion used. The author does not specify whether the
engagement criteria was related to the engagement of participants
in the gamification dynamics, or if it is the engagement in the
course activities. Second, no questions were defined, i.e., the author
defines the evaluation criteria and determines which measures will
be used, without justifying the need for these measures. Third, it
is not possible to identify whether the summary data was collected
from the experiment population or from the control population. And
finally, only the data related to the users’ perception measures were
summarized in this study, but the author makes reference to data
related to other measures (Note in extreme programming practice,
commits and LOC), in the analysis of these data, and in their findings.

D. Discussion
Our main contribution in this study was the design of a evaluation

framework for gamification in software engineering teaching and
training, based on the findings on the state-of-the-art and the state-
of-practice of gamification reported by Monteiro et al. [1]. One
implication of this is providing a set of procedures and generic entities
that, if specified, allow the comparison of different results obtained
in different studies on gamification.

We noticed that all entities considered inadequate at some point
in the PoC were revised and adjusted to the two primary studies
evaluated. However, this is a preliminary evaluation performed in only
2 studies for PoC. Therefore new opportunities for improvement can
be found with additional PoC studies. However, these inadequacies
tend to decrease very quickly, since the design of this framework
uses the same information provided by these studies, summarized in
[1] previous systematic mapping.

The finding of this PoC studies is the impact of the lack of some
information related to the evaluation in the second case study [19].

The non-specification of evaluation questions makes the choice of
evaluation measures less objective. The failure to present sufficient
detail on data, which are used as an argumentative basis for the
auhtors’ analysis, reinforces the need for standardization and trans-
parency of the evaluation procedures. Thus, although we do not
define which abstract entities need to be instantiated in order for
the evaluation to be understood, we observe that the lack of some
information may compromise the verification of internal validity.

VI. THREATS TO VALIDITY

This section discusses the possible threats to the validity of this
study and the actions taken to solve the validity problems. We use
the structure proposed in [20].

A. Construct Validity
In order to minimize the risks that the framework would not be

able to adequately contain the instances of each primary study, the
PoC was carried out and its results were discussed among the three
authors, two of whom are specialist researchers in the field. The
evaluation was consolidated if there was unanimity on the results
discussed.

B. Internal Validity
During the analysis process, the studies were classified based

on our judgment. However, despite the double verification, some
studies may have been classified incorrectly, mainly with regard to
the relationship between the evaluation criteria and the objectives of
the evaluation.

C. External Validity
It is possible that the study of the design of the evaluation

framework for gamification does not include all relevant studies on
software engineering and evaluation gamification for this context.
To mitigate this risk, we use the data summarized in [1], which in
turn expands two other systematic mappings [21] [2], to abstract the
entities that are present among the findings reported there. We also
use the GQIM model to structure the entities found in the mapping,
which in turn is used for the same purpose in a validated framework
design study [9].

D. Conclusion Validity
To ensure the validity of the conclusion of our study, throughout

Subsection C of Section V we present the full instances of the
framework for the two primary studies used in the PoC exposing the
results generated directly from the data and discussing the explicit
observations and trends in the Subsection D of Section V.

VII. CONCLUSION AND FUTURE WORK

This study describes an evaluation framework for gamification in
software engineering education and training. We have identified four
evaluation steps and 14 abstract entities that classify the information
in an evaluation. We analyzed the findings found in [1] and the GQIM
model to design the framework, and we evaluate its suitability using
PoC. We consulted two primary studies [18] [19], checked if the
entities in our framework could be used to categorize information
on gamification evaluation in these two studies, and made the
necessary adjustments in the framework. Thus, we provide a set of
relevant procedures and information to the generation of significant
empirical data for the study of the impact of gamification on software
engineering.

For future work, we plan to analyze the impacts that each entity of
the framework has on the evaluation of gamification, and to evaluate
the items of this framework through peer review and case studies.
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