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ABSTRACT

Software Project Management is the systematic and disciplined
approach for planning, executing, monitoring, controlling, and clos-
ing software development projects. It plays a critical role in the
success of software projects and encompasses several processes for
ensuring the successful completion of a software project. Among
them, risk management emerges as a critical pivot to be able to
react to the unpredictable events that often affect software projects.
Teaching risk management is vital to equip individuals and organi-
zations with the adapted skills to prevent and monitor challenges
and potential issues. In this paper, we propose a serious game named
SERGE, conceived to involve students in learning risk management
and improve their skills through gamification and simulation of a
real-world application context. The features for the design of SERGE
were identified through a literature review. An iterative Game De-
sign Phase was employed to build, test, and refine the design of
SERGE. Finally, the proposed approach was assessed by conducting a
controlled experiment to compare risk management skills acquired
through a traditional lecture and using SERGE. The results show
that adopting a serious game as SERGE, able to involve the students
actively, can improve the acquisition of risk management skills.
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1 INTRODUCTION

Development and deployment of software applications are increas-
ingly everywhere across organizations. Software Project Manage-
ment is a set of knowledge areas outlined in the Project Management
Body of Knowledge (PMBOK) applied to ensure that a software
project meets the constraints of time, cost, and quality, and cus-
tomer requirements [17]. The misapplication of this knowledge
may lead to project failure and, for this reason, the importance of
managerial figures cannot be ignored [5].

A comprehensive understanding of project management pro-
cesses, tools, and best practices enhances the ability to deliver
software projects successfully and contributes to improved re-
source distribution, cost control, and quality assurance. However,
despite managers’ expertise, threats and uncertainties can derail
project timelines, budgets, and outcomes. Risk management is the
area that focuses on identifying, assessing, and mitigating poten-
tial risks—events that could positively or negatively impact the
project—that may emerge [4]. Given the intrinsic complexity and
unpredictability of software development and management, the
education and training of individuals for the acquisition of suit-
able risk management skills is very important. Moreover, adequate
approaches should be adopted to prepare project managers to suc-
cessfully manage real-world challenges. Nowadays, teaching tech-
niques based on the use of Serious Games have become popular in
education due to their ability to engage learners, promote active
participation, and enhance the application of knowledge [19]. They
combine Gamification and Simulation to create interactive applica-
tions with elements of entertainment and educational objectives.

Marcelino and Domingues [22] investigated the various PM-
BOK areas already exploiting serious games as a teaching support
method. The key results highlight that most of the serious games
proposed in the literature target time management, while the au-
thors noticed a noticeable lack of instruments that might be em-
ployed to teach other software project management areas. Among
them, risk management represents one of the least considered.

Our work builds on top of the findings presented by Marcelino
and Domingues [22] and aims at advancing the state of the art
by proposing a novel serious game, coined SERGE (Serious Game
for the Education of Risk Management), whose purpose is that of
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stimulating the learning activities of risk management at Master’s
degree levels through a board game.

SERGE was developed following a three-step process, described
in Section 3. In Step 1 (Section 4), we conducted an in-depth re-
quirement elicitation phase, drawing insights from related work
through an extensive literature review. This ensured the game’s
features were derived from already validated knowledge and best
practices. In Step 2 (Section 5), the game’s design was drafted and
rigorously tested using an iterative improvement approach, which
included different pilot tests conducted with Ph.D. students. This
iterative refinement process aimed to optimize the game’s content
and functionality, making it effective and engaging for learners.
Furthermore, in Step 3 (Section 6), we conducted a controlled exper-
iment involving university students enrolled in a software project
management course to validate its educational effectiveness. This
multi-step development process underscores SERGE’s promise to
deliver a high-quality, impactful learning experience. Finally, Sec-
tion 7 explains the discussion point that emerged during the work,
the threats to the validity of our work, and how we mitigated them.

2 BACKGROUND AND RELATED WORK

This section describes the background and related work that is the
foundation for our contributions.

2.1 Education in Software Project Management

Software project management plays a key role in a software prod-
uct’s success. Organizations increasingly depend on software solu-
tions to facilitate their operations, increasing the demand for skilled
project managers. Software project management qualified is nec-
essary to manage projects on time, within budget, and to desired
quality standards. It is increasing the necessity to train students
and provide them with the ability to meet the challenges of the
dynamic software industry, encouraging innovation, efficiency, and
project success.

The teaching of Software Project Management (SPM) has been
supported by organizations such as the Association for Computing
Machinery (ACM) and IEEE-Computer Society in their joint task
force curricula for undergraduate computing courses [26].

In recent years, alternative technologies such as games have
supported education. They are designed to be effective and efficient.
One of their main features is to provide a fun environment through
which students can acquire skills, apply them into practice, observe
consequences, and learn from their mistakes [10, 21, 22].

Among those educational games, the presence of the Serious
Games stood out. It is a proven and effective training method incor-
porating gamification and simulation [6, 21, 22]. The term gamifica-
tion refers to the intention to use design elements of games—such
as strategic and mechanical design—in activities that do not belong
to the world of games [19]. On the other hand, Simulation refers to
reproducing real-world contexts to exploit them for learning [19].

Different serious games have already been created to support
the teaching of different areas of the Project Management Body
of Knowledge (PMBOK) [17]. Marcelino and Domingues analyze
which areas of PMBOK are covered by Serious Game; moreover,
they identify if each area was covered in the 5 phases of software
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project development: Initiating, Planning, Execution, Monitoring
and Control, and Closing [22].

The results of our study indicate a significant interest in adopt-
ing serious games as educational tools for teaching knowledge
areas outlined in the PMBOK. However, it is evident that, despite
their potential, serious games still need to cover certain aspects
of software project development. Among them, one of the most
impactful areas is Risk Management. This observation emphasizes
the need for continued innovation in serious game design to ensure
comprehensive coverage of the challenges presented in software
project management.

2.2 Risk Management

Software project management is the set of knowledge areas for the
Project Manager to manage and monitor the development progress
of a software project [17]. Inadequate software project management
application leads to project failure in 75% of cases [5].

One of the most important knowledge areas for the success
of a software project is Risk Management—a set of practices to
apply for manage events that can positively or negatively impact
the project [4]; It’s based on different steps, which aim to identify,
analyze, evaluate, and monitor risks [23, 25]. Moreover, one of the
most important but least practiced steps is risk retrospective, in
which the project manager reports all identified risks and strategies
to pass knowledge to future project managers [15].

Risk management is a proactive approach that enhances strategic
planning and contributes to achieving long-term objectives while
mitigating potential issues [16]. The project managers can mini-
mize potential negative impacts on their projects by implementing
robust risk management practices. Furthermore, risk management
enables informed decision-making by providing a comprehensive
understanding of potential risks and their consequences, allowing
for proactive strategies to be put in place [23].

Given the need to keep track of all risks and how they are dealt
with, risk management requires a lot of documentation [3]; How-
ever, the world of software development is moving toward adopting
agile development models, which, for their definition, are against
exhaustive documentation [14].

A survey shows that in those models, there is no formal way
to define and mitigate risks; moreover, the only avoidance and
mitigation strategies adopted is involve customer communication
and participation [14].

Risk management could be considered one of the most sensitive
areas in Software Project Management because a single mistake
during its application could lead to a project failure; the importance
of applying it cannot be understated [15]. For this reason, the edu-
cation behind this area is complex; it needs simulation and practice,
not only theory concepts to be handed down.

3 RESEARCH STUDY DESIGN

This section describes the objectives and the approach to achieving
the study’s goals.

Main Objective
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Figure 1: Overview of the methods used for our study.

Propose and evaluate a new approach to support the teaching
of Risk Management for Software Project Management through
a serious game. The training objectives we aim to achieve are
to improve skills related to (i) risk analysis, (ii) risk prevention,
and (iii) identification of mitigation or contingency strategies.

In order to achieve our objectives, we divided our primary goal
into three sub-objectives. The research method is described in the
following sub-objectives and summarized in Figure 1.

RO; - Literature Review and Requirements Elicitation

Requirements elicitation phase through educative methods in
the literature.

Starting from previous work on education, we conducted a re-
quirements elicitation phase through a literature survey to obtain
a list of features that SERGE had to fulfill.

RO, - Game Design and Development

Iterative phase between creation and validation of Serious
Game’s design and content.

We derived the design of SERGE by extracting features from
the literature. Subsequently, we conducted an iterative process
involving testing, refinement, and improvement to optimize the
game’s structure and effectiveness.

ROj; - Validation and Evaluation of SERGE

Evaluate the efficacy of SERGE through controlled experiments
with university students.

We conducted two controlled experiments to validate and assess
SERGE. In the first experiment, we administered a risk management
skills questionnaire to a group of 10 university students both before
and after using SERGE. In the second experiment, we compared the

responses of a control group of 10 university students with those
of students who had utilized SERGE in their training.

& Final Goal

The final result of our Research Objective is SERGE, a serious
game to support the teaching of Risk Management, improving
skills and knowledge.
Designed with extracted features to fill the gap of already
validated serious games.
Content and Design built and validated through an itera-
tive improvement approach.
Validated through a controlled experiment with University
students of software project management course.

4 LITERATURE REVIEW AND
REQUIREMENTS ELICITATION

To satisfy the RO1, we identify information on current alternative
teaching methods applicable in software project management. It
aims to provide our Serious Game with collective knowledge and
successful practices of existing games, incorporate proven features,
and optimize its potential for effectiveness.

We conducted a requirements elicitation phase involving a lit-
erature survey of the existing serious games in software project
management, so our keywords are “Serious Game” and “Software
Project Management”. One of the main results and our starting points
is “An analysis of how well serious games cover the PMBOK” [22],
in which Marcelino and Domingues surveyed the various serious
games created in the context of software project management, to
understand which of the knowledge areas were supported by the
use of serious games;

Another relevant work identified is “Gamification in Educa-
tion” [19], in which Kiryakova et al. provide the definition of Gamifi-
cation, Simulation, and Serious Game and the best practices to apply
them. Finally, one more pertinent work found is “Serious games in
management education: An acceptance analysis’[21], in which Lopez
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et al. investigated the emotions, motivation, and involvement of
software project management serious game participants.

Starting from this work, we conducted a snowballing phase to
expand our research and identify serious games for analysis, un-
derstanding their structure and game characteristics. Below are the
serious games analyzed and the features extracted from them. Table
1 summarizes the results and the extracted features.

4.1 Game Definition

Kiryakova et al. investigate the importance of using Gamification
in educational contexts. In particular, they clearly define the main
concepts of Gamification—the use of elements of the world of games
in a real-world context—and Simulation—the reproduction of a real
scenario in a protected environment [19]. In particular, Gamification
provides elements of fun, competition, and interactivity in learning
contexts, making it engaging and motivating for students. On the
other hand, simulation provides a safe and controlled environment
for students to immerse themselves in real-world scenarios and
apply theoretical knowledge to practical situations.

The combination of gamification and simulation gives rise to
Serious Games, a powerful educational tool that uses the best of
both worlds. It allows students to apply their knowledge in a protec-
tive environment, making instruction more effective and engaging.
The definition of Serious Games meets our needs to realize an ed-
ucational method to improve risk management skills, in which
participants can act in the role of Project Managers and test their
skills, understand their mistakes, and improve their knowledge.

About principal features for games, Petri et al. investigated the
benefits of using a digital game versus a non-digital one. They
compared different games, conducting controlled experiments with
students to reach their effectiveness. The results show that the
learning degree is the same; however, non-digital games provide
greater involvement and participation, while digital games are more
automatic and easy to understand.

4.2 Features from Serious Games in Software
Project Management

Marcelino and Domingues identifying the impact of using serious
games in the knowledge area of PMBOK. Results show that among
the areas less covered, there is risk management, which is one
of the most complex and less applied areas of Software Project
Management [22]. There is a clear need to improve the teaching
of this process, as current traditional teaching methods are not
effective enough to train future project managers on this aspect.

Gresse-Von-Wangenheim et al. provide a fundamental starting
point for our analysis with SCRUMIA. The game is designed for
learning the Scrum framework and is based on managing and im-
plementing a project through tasks. A fantasy scenario provides
guidelines for each player to know what to do to complete the
product implementation.

Another example of a serious game in the Software Engineering
context is provided by Liu et al. BARA is a serious game that aims to
improve skills in requirement elicitation [20]. Players can interact
with game characters, which provide them pieces of information
to elicitate the requirements for their project.
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Among the serious games closest to our topic, there is the work
of Taran [30] provides a game that uses the traditional board game
element; it is composed of 5 phases, each for a specific stage of
the waterfall software development model. The randomness pro-
vided by the dice roll simulates the unpredictability of risks. The
complexity of game rules limits the game to possible expansions.

Another relevant game is Riskware—A game for teaching Software
Project Risk Management [18]: The game is similar to the first;
it consists of a dice roll to simulate risks and buy resources to
advance. However, it differs from traditional board games because
each player can make their board according to the project steps to
satisfy. However, this feature is also the cause of the main problems
and complexities of the game.

Another game analyzed is ARMI 2.0—An Online Risk Management

Simualtion [29]: It is a digital game consisting of 5 rounds, one for
each stage of the waterfall development model. At the beginning of
each round, it is conducted a brainstorming phase about the possible
risks; according to them, each player bought specific resources to
prevent and mitigate risks.
It is also important to note that the games examined are based on
the traditional waterfall software development model. However,
the software development world is currently moving into using
the Agile software development model [14]. To meet the needs of
companies, the Agile development model will be based on SERGE.
The analysis identified features from existing serious games and
experiments already conducted on them. Moreover, those games’
limitations represent an important starting point for our work. We
report all the information about our analysis in Table 1.

In conclusion, by synthesizing the insights provided by the liter-
ature survey, we extracted valuable features and best practices for
the design and development phases of Serge. This process ensured
that our serious game was based on established knowledge and
supported us in creating an effective and engaging educational tool
for teaching risk management.

®@ Summary of Requirements Elicitation

The requirement elicitation phase led us to define features

and objectives that SERGE need to satisfy; SERGE will:

e combines gamification and simulation to provide an en-
gaging environment where practice the skills learned.

e support risk management with an Agile development model

in a software development context.

be non-digital to encourage knowledge sharing.

provides a scenario to simulate the development process.

have simple rules and game mechanics.

provides suitable game materials to support risk manage-

ment learning.

5 GAME DESIGN: SERGE - SERIOUS GAME
FOR THE EDUCATION OF RISK
MANAGEMENT

This section satisfies our ROg, explaining the creation and valida-

tion process of SERGE’s design through an Iterative Improvement
approach [27]. After the initial creation of the game, we conducted
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Table 1: Results of Requirement Elicitation

Paper Problems or Idea

Features extracted for SERGE

Scrumia—An educational game
for teaching SCRUM in comput- the tasks to do to complete the project
ing course [13]

BARA: A Dynamic State-based  Participants interact with practitioners to conduct the

Serious Game for Teaching Re- requirement elicitation phase
quirements Elicitation [20]

Using Games in Software Engi- Excessive complexity of the game and rules
neering Education to Teach Risk
Management [30]

Riskware—A game for teaching

ment [18]
resources

ARMI 2.0—An Online Risk Man-  Appreciated the use of brainstorming
agement Simulation [29]

Games for Teaching Software

sis of the Benefits of Digital and
Non-Digital Games [26]

Use of a fantasy scenario to describe the user story and

Game strategies are publicly displayed, and players tend
Software Project Risk Manage- to copy each other. Too much freedom provides con-
fusion. The game provides insufficient money to buy

Digital games have better player guidance and support,
Project Management: An Analy- while non-digital games are more engaging than digital

e Using a scenario to provide context and background to participants.

Simulate and act a role.
Using a scenario to provide project information to participants.

Simple rules and game mechanics.
Support materials to remind participants of the rules of the game.

Each player develops their strategy privately.
The phases of the game are distinct and well-defined.
Providing fake currency for procurement.

Use of Planning Poker to compare ideas.
Use of Scrum Sprints to create distinct phases.

Making a non-digital game to increase cooperativeness and participation.
e Provide supporting materials to succumb to the gap of non-digital games.

different pilot tests to improve the design, usability, and rules of the
game, according to the feedback obtained from the participants.

5.1 Design Creation and Choices

This section defines the framework of SERGE and discusses the
design choices made to meet our goals.

Creation Steps. Kiryakova et al. [19] in their study, define the
basic steps to apply gamification. Starting from them, we defined
SERGE’s framework:

(1) Understand the end user who needs to acquire the knowl-
edge—We identified computer science students as end users of
our serious game. Specifically, students dealing with software
project management topics.

(2) Define the learning objectives that the game must meet—We
identified as learning objectives (1) enhancing analysis skills
through knowledge sharing, (2) developing organizational skills
to plan a strategy to manage risks, (3) improving skills by man-
aging risks in a simulation, and (4) acquiring skills that are also
applicable in the working world.

(3) Creating the educational content and activities—We cre-
ated a scenario that simulates the implementation of a software
project. Moreover, we provide the risks a project may encounter
and the events that may change its impact and probability.

(4) Adding game-related elements—We adopt game elements
such as (1) the use of tokens as money, (2) the possibility of
player enrichment by acquiring resources, (3) the use of points
to determine victory, and (4) the use of playing cards and dice.

Communication VS Individuality. One of our main design choices
was to consider the trade-off between communication and individ-
uality. Communication and collaboration are necessary to facilitate
the exchange of ideas to increase risk knowledge. However, ex-
cessive collaboration can lead to losing the main objective of the
serious game, i.e., learning. Therefore, we decided to balance them
both, creating an initial phase of collaboration where the various

players can exchange their knowledge; in a second phase, the par-
ticipants individually need to plan how to manage risks, respecting
cost and resource constraints.

Use of Agile. All the serious games investigated and developed to
teach software project management using traditional development
approaches, such as the Waterfall Development Model. We aimed
to meet business demand in the context of software development,
which is increasingly moving toward using agile approaches [14].
To satisfy this goal, we employ an agile development strategy inside
the framework of our serious game. Moreover, the simulation of
Sprint, used in the framework Scrum, helps us maintain a clear
status during the game [13].

Game complexity. We designed a game with simple rules and
mechanics. This development choice aims to fill the gap of the
serious games in literature, which are considered too complex to
play. Moreover, we decided to develop the game in a non-digital
format to promote player interaction and communication. However,
according to Petri et al., one of the most significant advantages of
digital games is being guided through the game [26]. To apply these
advantages in a non-digital game, SERGE will provide adequate
support material with all the game rules.

5.2 Design Testing

We conducted pilot tests to evaluate the correctness of the argu-
ments and game mechanics of SERGE. Ph.D. students in software
engineering were involved as pilot test participants, as during their
master’s degree, they took part in the Software Project Management
course and are conducting research studies spanning that topic. The
main focus was to assess game mechanics and the correctness and
completeness of the topics covered.

First Pilot Test. The first pilot test was conducted at the Author’s
Lab-Laboratory for Software Engineering of the Department of
Computer Science, Author’s University. It involved 4 Ph.D. students,
all male. This pilot test aimed to verify the training objectives and
improve the problems presented in the structure of the serious
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game, so it used a draft version of SERGE, Version 0.1. During the
test, the game’s creators interacted with participants to explain the
game and clarify roles and any doubts about the materials. Among
the problems highlighted, we find (i) an inappropriate amount of
money, so money were replaced by token (ii) the planning poker
cards were too generic for the game, so we realized planning poker
card specific for the context and (iii) absence of dynamicity, for
which we included events able to change the probability and impact
of risks during the game.

Second Pilot Test. The second pilot test was conducted at the
Author’s Lab, but differently from the first one, the structure of
SERGE was more complete, thus facilitating the game’s execution. 6
Ph.D. students—4 males and 2 females—were chosen as participants
and divided into three pairs: two female-male and one male-male.
The presence of game creators in this plot was minimized also be-
cause they provided a leaflet where players could read the game’s
rules. We obtained excellent feedback, which led to the creation of
the final version of SERGE. In particular, one of the aspects most
appreciated by all participants was the choice to play in pairs rather
than as individual players; it was stated that “playing in pairs is
more productive, as I can discuss with my partner to reach an inter-
nal agreement and get more feedback”. Among the critical issues
that emerged during the game, some participants stated “finding
the information in the leaflet is complex, it would be convenient to
have boxes or cards to summarizing the most important information”.
Regarding the game material [1], all players preferred to have an ID
for each risk card to simplify consultation. In addition, one of them
stated “it would be helpful to have a picture for each card so that they
can understand its use from the beginning. Moreover, to simplify the
resource acquisition, it would be useful to provide players with a note
sheet where they can draft their strategy”. By the end of the second
pilot phase, it took players about 10 minutes to read the leaflet.
For the first phase, it took an average of 27 minutes to agree on
the impact and probability of each risk card. The second phase of
resource acquisition lasted about 10 minutes. The last phase lasted
10-15 minutes for each sprint, for 30-45 minutes. We estimated the
game’s duration to be about one and a half hours.

(¢ Summary of pilots test

According to the feedback obtained by the pilots test, the
following changes were made:

o add events cards to create a dynamic scenario for the risks
encountered;

use of tokens as coins;

use of a customized set of cards for planning poker;
divide players into pairs;

creation of info cards to summarise game rules;

use of logos on cards to make the material more intuitive;
provide a note sheet;

5.3 Description of the Game

Game Scenario and Material. The scenario behind SERGE involves
players utilizing the agile development model to create a platform
for the Office of Services at Author’s University. We selected a topic
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familiar to the students to ensure their primary focus remains on
risk management concepts rather than on software development.
SERGE is provided by decks of different cards, shown and described
in the table 2.

Table 2: Cards of SERGE

Name Description

the back of the cards are depicted as shown in

Card the figure
Risk cards have (1) id, (2) name, (3) description,
Risk Card (4) prevention plan (list of resources to have

to prevent that risk), and (5) contingency plan
(impact of the risk)

This card explains an event which makes re-
Event Card evaluate the impact and probability of one or
more risk cards

1 j o~ I Impact Used in Planning Poker to indicate the impact
g Card (High, Medium, or Low) of a risk to occur
%5

», Probability Used in Planning Poker to indicate in percent-

O
Q
b=

ages (from 0% to 100% on a scale of 20%) the

Card probability of a risk to occur
o,
7 User Profile A .
Sheet User card with information recap
Tokens Coins of the game, divided in High (red), Middle
Ig (yellow), and Low (green)
Set of guide cards, which are provided to each
Info Card player to remember quickly the rules and stages

of the game

Further materials are provided to participants, which include:

e User Game Sheet in which the players can write the game

progress, such as resources acquired and risks;

o Resources A list of resources that can be used to mitigate risks;

including technologies and team skills; on User Game Sheet.

o Notes A sheet to use to draft strategies;
o Token Used as coins in the game; they are divided in: High (value

of €250), Medium (value of €200), and Low (value of €150).
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All materials are illustrated in detail and available in the online
appendix [1]. The information behind the scenario and the material
needed for learning, i.e., risk and event cards, was based on books
to teaching software project management [12, 17, 28].

Game Phases. The game’s prerequisites include theoretical knowl-
edge of aspects of (1) Risk Management, (2) Scrum Framework, and
(3) Planning Poker Approach; however, the latter is explained in
detail in the game leaflet in the online appendix materials [1].

Collaboration and exchange of ideas are one of the game’s pri-
mary goals, so to make the game effective, a minimum of 4 players
is recommended. On the other hand, a maximum limit of 12 par-
ticipants has been set to not prolong the conversations and not
to create chaos during the game. The game can be played either
individually or in pairs.

The game is divided into 3 different sequential phases, each with
a different mode. Each stage is designed to meet one of the learning
objectives discussed in Section 5.1.

Each player will play the role of a Scrum master who must
take in information and develop a strategy for risk prevention and
mitigation. Players will choose a volunteer to play the lead player,
who, in addition to taking part in the game, will also be in charge of
distributing the materials at each turn and ensuring that everyone
understands the game and what to do at the various phases. Before
starting to play the game, it is recommended that such a player read
the leaflet, make sure that everyone understands the game, and
distribute to each of them (1) the decks of probability and impact
cards, (2) a User Profile Card, (3) Tokens, (4) User Game Sheet, and
(5) a notes sheet. Cards and tokens are reported in Table 2.

1. Enhancing analysis skills through communication and confronta-
tion - Phase One of the game: Risk Analysis. In this phase, through
a Planning Poker approach, players will give their opinion on the
impact and probability of risks, giving reasons for the choice. Each
player will receive a deck of probability cards and a deck of impact
cards. For each risk present in the game, the lead player will read
the id and description of the risk; according to it, each player will
hypothesize its impact and probability on the project and choose
it with the impact and probability cards. An example of cards is
shown in Figure 2. All players simultaneously unveil the value of
the cards. The value with a major presence will be assigned to the
risk. The lead player will write it on the card and place it on the
board in the box related to the probability chosen, as illustrated in
Figure 4. This phase is focused on active collaboration, constant
discussion, and knowledge sharing, providing each player with an
additional point of view.

2. Developing organizational skills to implement a strategy to deal
with risks - Phase Two of the game: Procurement. In the second
phase, each player must implement a strategy to prevent risk and
buy the most appropriate resources. All resources are reported in
the online appendix [1]; an example is reported in Figure 3. At
the beginning of the game, the lead player provided to each player
tokens, a User Game sheet on which they signed the list of resources
available, and a User Profile card with the number and distribution
of tokens that each player can spend to buy resources. Each resource
must be acquired with a token that could be high, medium, or
low, as shown in Table 2. E.g. to prevent risks such as low-quality
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Figure 2: Planning Poker Card and Risk Card used in the First Phase
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Figure 3: User Game Sheet

artifacts, a player decides to buy a high level of the resource “Skill
on technologies, tools, and programming languages”, spending a high
token (red). In this way, each player will choose the appropriate
value to assign to each resource according to the effectiveness of
that resource to prevent or mitigate the risks analyzed in the first
phase. Figure 3 shows the User Game Sheet; on the left of the sheet,
there is the resource table with the token spent to buy them, and
on the right, the table with the different game rounds, i.e., Sprint.

3. Improving skills by addressing risks in a simulation - Phase Three
of the game: Risk Management. In this phase, players will simulate
the management of a software project. The randomness provided
by the dice roll simulates the events that trigger the occurrence
of risks. This phase is divided into 3 rounds, each representing a
Sprint. Each round consists of 3 rounds. In each round, starting
from the younger player, each player rolls dice; according to the
outcome, they can catch a risk or an event card (even value for the
event card and odd value for the risk card). If the result is an event
card, it describes an event scenario that modifies the probability
and impact of one or more risk cards, in worse or better. The lead
player should update the information about probability and impact
on the cards. If the result is a risk card, the player rolls dice again;
the second result indicates the probability deck from which catches
the risk card. E.g., if the result is 3, the player will have to draw a
risk card that, on the board, is located in the risk card box with a
probability 40% or 60%. The board is shown in 4. Catching a risk
card means that players find that risk in their project, so they can
prevent or mitigate it. To prevent the risks, the player should have
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all the resources contained in the card; otherwise, they can mitigate
it by spending a token. For example, if a player encounters the
risk of “low-quality artifacts”, the prevention plan indicates having
"Skill on technologies, tools, and programming languages" of medium
level. If the player has acquired that resource at a medium or high
level, they prevent the risk. Otherwise, you read the impact of
the card; if the impact is medium, the player will have to spend
a medium token to mitigate that risk. Based on each action, the
player will earn points. The risks encountered, tokens spent, and
points obtained can be signed in the User Game sheet, Figure 3.
Figure At the end of all sprints, the player with the most points will
be the winner. This phase highlights the game’s competitive sides,
as it tests whether the strategic choices made by each player are
effective in encountering less risk than opponents.

0%=20%

Figure 4: Game board with boxes for the 4 decks

4. Acquiring skills that are also applicable in the working world.
The game aims to ensure that the concepts learned are also applica-
ble in a work setting and not just in academia; for this reason, the
structure of the serious game is based on the Agile development
model, which is the most used nowadays in the working world. In
particular, SERGE adopted the Scrum Sprints to divide the game’s
development process into different rounds. Moreover, the phase
of knowledge sharing about the risks during the first phase of the
game exploits the Planning Poker approach; It is commonly used
to measure and estimate the User Stories [24, 31].

SERGE consists of 3 phases:

(1) Risk Analysis—Players decide risks’ impact and proba-
bility using Planning Poker.

(2) Procurement—Players acquire the resources they need
to prevent risks.

(3) Risk Management— The risks are simulated by dice
roll. Each player receives points according to whether he
prevents, mitigates, or succumbs to the risk. At the end of
all sprints (game phases), the player with the most points
will be the winner.
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6 SERGE EVALUATION AND VALIDATION: A
CONTROLLED EXPERIMENT

This section meets RO3 through evaluating and validating SERGE,
analyzing whether its use will improve risk management knowl-
edge and skills acquired during a traditional lecture. Therefore, we
conjure and investigate the following research question:

Q Research Questions:

Does the adoption of SERGE as an educational instrument in-
crease students’ risk management knowledge and skills?

To conduct the experiment, we set as out independent variable
the use of serious games after attending the traditional lecture on
risk management. The dependent variable analyzed are (1) the
answers to the questionnaire and (2) knowledge about risk man-
agement provided by the traditional lecture. Moreover, a cofactor
that could exist for our experiment is related to the participants’
prior experience in risk management.

Context of the study and Participants. To validate SERGE, we re-
lied on the “Software Project Management" (SPM) course held during
the second year of the Master’s Degree in Computer Science at the
Author’s University. The course aims to acquire the appropriate
skills to conduct software project management. At the end of it,
students can apply for the well-known Certified Associate in Project
Management (CAPM) certification issued by the Project Manage-
ment Institute (PMI) [17]. During the course, students play the role
of project management, managing the entire development process
of a software product. To each manager are assigned a team of
seven bachelor’s degree students, which are attending the "Software
Engineering” (SE) course. The bachelor’s degree students—i.e., Team
Members (TM)—must develop the software product proposed by the
Master’s students—i.e., Project Managers (PM). To pass the exam,
PMs must estimate costs, time, and resources for the project devel-
opment. Since it is an academic project, the budget is composed of
hours/work, and the resources are the bachelor’s degree students.
Moreover, the PM should define tasks and deadlines and review the
work and progress of the project.

The experiment was conducted in the first semester of the aca-
demic year 2022/2023. In this academic year there was 30 students
attended the SMP course; among them, we chose a sample of 20 stu-
dents (40% female and 60% male) and divided into project managers
pairs (3 female-female pairs and 7 male-male pairs). 5 were selected
as Group A (2 female-female pairs and 3 male-male pairs). Other
5 pairs (one female-female and the other 4 male-male pairs) were
chosen to represent Group B (i.e., the Control group). Participants
were chosen no-probabilistically, specifically in a Convenience
Sampling approach [7].

The experiment was conducted after the participants attended
the risk management lecture in the SPM course.

6.1 Experiment Design

We applied the Completely Randomised Design [8] to conduct the
experiment. We identified the risk management skills as a factor and
as our treatments (1) Treatment 1: Fill out the knowledge and skills
questionnaire after the risk management lecture; (2) Treatment
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2: Use of SERGE after the risk management lecture and fill out
the knowledge and skills questionnaire. The material provided to
the participants were (1) the link to the questionnaire on Google
Forms, (2) the game material [1], and (3) additional sheets and
pens for notes. The entire material was produced in their mother
tongue to keep participants focused on the learning factor and
ensure that all players understood the game and the questionnaire
as well as possible. We divided our experiment into steps: Step A
and Step B. To answer our research question, we compared the
results of both steps; they provided information about participants’
risk management skills and knowledge, so they are not sequential.
The entire experiment design is summarised in table 3.

Table 3: Design of the Experiment

Treatment 2

Treatment 1

Group Ags Questionnaire Sgs —

Sip 4l Author’s Lab

Group Ays SERGE & Questionnaire
Sas— Author’s Lab
Step B Group B Questionnaire S —

Author’s Lab

Step A. This step was conducted at the Author’s Lab at the Au-
thor’s University. We aimed to immediately compare the outcomes
obtained before and after using SERGE, applying both treatments
to the same Group. To identify the answer of the same group, but
at different times, we called it Group Apgg (before using SERGE) and
Group Ays (after using SERGE).

Participants answered to the first questionnaire; their answer
were labeled with Sgg After, they were divided into pairs to take
part in SERGE; to maintain their anonymity, each was assigned an ID
(according to the couples, they were A11, A12, A21, A22, A31, A32,
A41, A42, A51, and A52). Once that SERGE had been completed, the
participants were again given the same questionnaire. The answers
to that questionnaire are those labeled Sys.

After using SERGE, the participants were interviewed to collect
their opinions and experiences. These interviews took place sepa-
rately for each participant immediately after using the game. Below
are some of the questions that were asked:

o Do you find the Serious Game SERGE complex to use?
e Would a digital version be better than the version you used?
o What aspects did you enjoy most about using SERGE?
o Which aspects would you change in SERGE, and why?

Step B. This step aims to confirm the results obtained from the
first phase by repeating the experiment with a control group labeled
as Group B. This step was conducted at the Author’s Lab at the
Author’s University; where participants of Group B were subjected
to treatment 1; since they only had to complete the questionnaire,
providing them with an identifier was unnecessary.

6.2 Analysis of the Results

We compare the results obtained from different surveys to answer
our research question. The results show increased risk management
knowledge using SERGE. This evidence highlights the educational
value of the serious game, demonstrating its effectiveness as a
teaching support tool.
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Figure 5: Plot of Distribution of Scores and Number of Participants.

Specifically, Figure 5 shows the number of correct answers, i.e.,
Score, obtained by players in the three questionnaires; The Score
distribution testifies to the improvement of risk management skills
for the participants of the Serious Game; particularly, 2 players
obtained all answers correctly, and two others obtained a score
very close to it. Moreover, the distribution range of the results
is changed; before taking part in SERGE, players obtained a score
between 4 and 11. After using SERGE, players’ scores are between 6
and 20, meaning all answers were correct.

Analyzing in detail the number of correct answers for each ques-
tion in the three different questionnaires, we showed an improve-
ment of 85% for the questionnaire of Group Axs, and only 15% of
them remained unchanged. The only exception is answer 12, in
which the control group got more correct answers than Group Aags.

All participants said they enjoyed the game, particularly when
collaborating and communicating in the knowledge-sharing phase,
stated “I enjoyed the phase where each player shared their opinions
on risks. Knowing other people’s viewpoints helped me enlarge how I
approach things. It was enlightening.”. Regarding the involvement of
the game and the proposed mode, they stated “Of course, a digital
version could simplify many phases, but in this way, you’ll lose the
game’s beauty. There will be no more communication and involvement,
the interaction between the various players will be lost”. Moreover,
participants also appreciated the game materials, especially the info
cards, stated “The presence of the info cards made it much easier to
use the game. They were an excellent idea”.

In conclusion, the survey results not only affirm the ability of
gaming to improve knowledge but also highlight its potential to
improve skills in risk management. These results confirm the impor-
tance of integrating gamification and simulation into educational
settings, as they provide a dynamic and engaging means for stu-
dents to acquire and apply knowledge effectively.

7 DISCUSSION AND LIMITATIONS

This section discusses the implementation and design choices, the
results obtained, and possible future work. Moreover, we discuss
the threats to the study’s validity and how we mitigated them.

7.1 Discussion

Digital VS No-Digital Game. Petri et al. in their analysis high-
lighted the difference between a digital and non-digital game. The
digital one can automate procedures to simplify the game and ease
its flow. However, they are ‘rigid’; the defined structure and role
of the game can be changed by the player just in time. Moreover,
using a digital version requires each player to play independently
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utilizing a device, reducing the collaboration and communication
factor. On the other hand, non-digital games are considered more
flexible and inclusiveness. The players can adapt the game accord-
ing to the number of participants or particular needs. Moreover, a
non-digital game encourages a deep sense of involvement among
its participants, requiring physical interaction. This hands-on ap-
proach enables players to be actively present, promoting social in-
teraction, problem-solving, and strategic thinking. The participants
themselves found such a non-digital version of SERGE immersive
and engaging. However, they felt that it would be necessary to build
a digital part to succumb to some complex game mechanics. A good
compromise to maintain the strengths of both versions is given to
Metaverse [2]. The Metaverse wants to bridge this gap by leverag-
ing digital technologies to create interconnected and interactive
spaces. It maintains the excitement and expansiveness of digital
gaming while promoting authentic social interaction, thus offering
a compromise that supports the benefits of digital and non-digital
gaming experiences [9].

Serious Game VS Tools. Other educative instruments present in
the literature are supporting tools. An example is DotProject [11],
which gives users simple feedback whenever they make mistakes in
applying risk management. In this way, users can understand their
mistakes and learn from them. Serious games adopted the same
principles. However, they aim to support teaching and learning
using gamification elements. By their definition, Games are funda-
mentally concerned with entertainment and engagement; moreover,
they instill a sense of excitement and engagement in our learners.
Using a game in an educational context captivates user attention,
stimulates creativity, and provides a platform for immersive expe-
riences. This dynamic quality guides us to create a serious game
rather than a support tool.

Outlier Value. SERGE results confirm that adopting a serious game
helps improve risk management knowledge and skills. However,
there is a presence of an outlier in the results. The answer provided
by Group B to question 12 Nwas one point higher than the one of
Group As. We conjure that it happened because the game may
have confused the participants. Nevertheless, this hypothesis was
disproved by the results of Group A. Comparing the results given
to response 12 in the two questionnaires of Group A, we found
an increase in correct answers after using SERGE. This leads us
to hypothesize that this was an isolated case. We aim to conduct
further tests to confirm this theory, repeating the experiments.

7.2 Threats to Validity

This section illustrates the threats to the validity of the work and
how we mitigated them. We identified and organized the threats
using the well-known framework proposed by Wohlin et al. [32].

7.2.1 Threat to Internal Validity. One of the main threats to validity
is the possibility that external factors may influence the results
obtained, particularly to prevent the "learning factor" that could
occur in Group A. We randomly assigned participants to the two
groups to balance knowledge to avoid this. Moreover, to ensure that
all participants had the same initial skills, we asked if they had prior
experience in risk management outside of the traditional lecture
provided in the course. Time gaps were introduced between the first
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questionnaire, the use of Serge, and the final questionnaire. Finally,
participants did not have to learn the game’s notions to answer
the questionnaire. It was designed with scenarios through which
the participants had to develop a risk mitigation and prevention
strategy and provide the appropriate responses.

7.2.2  Threat to Conclusion Validity. One of the fundamental goals
of conducting an experiment is to ensure the replicability of its re-
sults. At the same time, one of the biggest threats is not getting the
same results by applying the treatment twice. To assess the validity
of the results and the replicability of the experiment, we divided
it into two phases, conducting a double comparison of the results.
First, we compared the results of group A before and after using
Serge. Afterward, we compared the results of the control group
with one of the participants in Serge. Moreover, other threats to the
validity of the experiment may be determined by the environment
in which it is conducted. An environment exposed to the presence
of other people could influence the participants, who might be-
come distracted, affecting the responses that the participants would
provide. The experiment was conducted in a silent and controlled
place, the Author’s Lab at the Author’s Universityto avoid this risk.

7.2.3  Threat to External Validity. One of the main threats we might
have encountered while making the game design was non general-
izability related to the end user and learning objectives. To avoid it,
we conducted a pilot test to improve game design and assess learn-
ing objectives and arguments. Moreover, we focused on implanting
a game method through context simulation that supports the player
to reason and create strategies with appropriate resources.

8 CONCLUSIONS AND FUTURE WORK

Teaching Risk Management for the agile development model is

fundamental to enriching the skills of future software professionals.

The main objective of our work is SERGE, a serious game dedicated

to supporting risk management teaching and improving the partic-

ipants’ skills and knowledge. It is designed, incorporating features
extracted from already validated serious games in literature. More-
over, it also aims to fill the gaps in those games. The content and
design behind it are built with an iterative improvement process to
ensure optimal quality and effectiveness. Finally, its validation is
confirmed through a controlled experiment involving university
students attending the software project management course at Au-
thor’s University. Our results confirm that employing alternative

methods, such as serious games tailored to specific arguments, im-

proves students’ knowledge of that topic. In addition, it is possible

to learn in an engaging and fun environment by exploiting the
strengths of gamification and simulation.

Starting from the results obtained and the discussion points, we
conjure the following future works to improve SERGE:

o Enhance the material by providing additional scenarios and con-
texts. Moreover, players can create and introduce other risks
different from those offered by the game; thus increasing knowl-
edge sharing and the educational factor.

o The metaverse concept can be considered a convergence between
the advantages of digital and non-digital games. It combines non-
digital environments’ social interaction and engagement with
digital technologies to create interconnected, interactive spaces.
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