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Abstract— In a traditional software engineering class,
students are typically engaged in theoretical lectures
followed by homework assignments or a project. Use of
hands-on training and laboratory activities using realworld projects is more likely to produce students with a
higher level of achievement and more confidence in the
course material. If every topic or technique introduced in
the course has a corresponding hands-on activity that
demonstrates an application or use of the concept in the
industry, students better understand the need for the
technique and the learning environment is more
interactive, engaging, and interesting to students. This
paper presents a project called ScrumTutor that aims at
providing an engaging learning experience of Scrum
Software development process through a web-based
Interactive tutorial. It is designed and developed for
undergraduate students in introductory Software
Engineering courses. This software tool introduces its
users to modern software engineering methodology used
these days in the software industry known as Agile
Software Development that includes the Scrum framework
for managing software projects or products.
Keywords— Software Engineering Education, Agile
Software Development, Scrum, Web-based interactive
tutorial.
I.

INTRODUCTION

Software Engineering courses are perceived as dry and boring.
Traditional software engineering classes mostly consist of
theoretical lectures and that do not engage students actively
thereby resulting in students not learning key concepts [2, 5].
Therefore application of those key concepts in real-world
scenarios is important for student learning. One can gain more
knowledge and retain it only when (s)he is able to implement it
or use it in a project that they might work on. An interactive
tutorial designed to engage a user in active learning of software
engineering concepts is of value. The requirements of this
tutorial would be: i) introduce user to a course topic through
the tutorial; ii) provide information on all the basic concepts
and key terms of the topic; iii) allow users to practice what they
have learnt in a user-friendly and engaging manner.
The goal of this project is the design and implementation of
a web-based interactive game to teach Scrum framework for
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managing software development. Interaction with the user is
divided in 3 significant phases where the user plays three
different roles in each phase. For example, in the Scrum
process there are multiple roles such as a product owner,
scrum master, developer, knowledge manager, etc. The first
phase is ‘Observation’; here the user will observe the Agile
process in action. The second phase is ‘Data collection’; here
the user will use the techniques observed in phase I and
contribute towards data collection part of the implementation
of the project. Finally the third phase is the ‘Development’
phase. Here the user performs a developer role on the team.
The user picks one of the available tasks for development and
implements it. The aim is to successfully implement all the
assigned tasks. After going through all three phases the student
would gain hands-on experience in executing a Scrum process.
The interactive tutorial covers all aspects of an Agile Scrum
process, describes the basic unit of Scrum called sprint,
describes a sprint cycle and its duration, and demonstrates how
a project is implemented in sprints.
This paper presents the prototype implementation of the
ScrumTutor as an interactive tutorial with 2 phases. In phase I
the user plays the role of an observer. The sprint is one weeklong and the tutorial depicts activities from day one to day five.
The tutorial involves four roles and uses a specific software
project that involves developing a website to manage music,
music albums, artists, and events using a Content Management
System such as Drupal [13]. The Scrum roles simulated in the
tutorial are a Product owner, a Scrum Master, and two team
members. In later phases of the tutorial the user gets involved
as a developer on the team. In the first phase, the team starts a
weekly sprint by discussing the product that they are going to
develop at a sprint Planning meeting led by the product owner.
Each day of the sprint, the team has a daily standup meeting to
discuss the tasks each member worked on yesterday, what they
are going to work on today and if they have any impediments
in completing their tasks. At midpoint during the weekly sprint,
the team also has a Scrum review meeting where they discuss
all the sprint tasks in detail, their status, and if any team
member needs help on any task. In phase II, the user plays the
role of a data collector and participates as one of the team
member. The user is involved in the process and daily Scrum
meetings where (s)he provides their status update and also
collects data required to handle certain testing tasks for the
team. The player gets involved in the project thereby gaining
better understanding of the Scrum process.
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III.

RELATED WORK

The use of simulation games for education has become quite
widespread in the last few years [2-4]. Most of the related
work have established and published results that students
found simulation games for education useful in learning and
helped students in being more engaged in class. Although
games have been used to teach various concepts in a number
of fields, there are very few games that teach concepts in
Software engineering. In this section we present related work
on simulation games for teaching software engineering and
other related literature that provided inspiration for the design
and implementation of ScrumTutor.
Researchers have worked on simulation games to
teach software engineering processes through an experimental
card game that highlights process issues that were not
sufficiently addressed in lectures and projects [5]. This game
uses physical cards to reinforce software engineering concepts
unlike ScrumTutor that is a web-based interactive tutorial.
SimSE [6] is another game-based software
engineering simulation environment that provides a number of
games to teach various software development lifecycle models
such as waterfall model, incremental model, rapid prototyping
model, rational unified process, and extreme programming
model. SimSE does not teach Agile software development that
is the most recent and popular model. ScrumTutor addresses
Agile processes and draws inspiration from SimSE that creates
a game scenario with an office background and team members
working in an office thereby simulating a real-world
environment. ScrumTutor has used this aspect in its design
and addresses the area of Scrum that has not been addressed in
SimSE.
Students were introduced to Software Engineering
Interview process through a decision-based computer game in
a study at Rowan University [7]. Students learnt about
interview process that is needed in requirements analysis
phase of software engineering life cycle. By playing the game
multiple times students realized that gathering facts before
design and implementation is important for the success of the
project. Based on this work, ScrumTutor was designed to
have multiple phases so that concepts can be reinforced to
students to make sure they attain a high level of
understanding.
Researchers have also used the concept of games for
teaching various management concepts such as Risk
management and knowledge management [8, 9]. They
assessed the effectiveness in meeting learning objectives and
their findings clearly demonstrated the advantage of a
simulation game.
Other related work includes evaluation of objectoriented design patterns in game development [10] and seniors
rehabilitation using video game technology [11]. These
projects are close to education through interactive tools and
games but are in other domains. We believe ScrumTutor will
be a useful tool to the Software Engineering Education
community and can be customized to teach several other Agile
Process concepts.
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IV.

SCRUM TUTOR – DESIGN

The long-term goal of the project is to design Scrum Tutor as
a simulation game with game features such as engaging user
interaction, time factors, adjustability of player skill levels, replayability, scoring, multi-player, and providing score
statistics. The first version of ScrumTutor was designed with
this end goal in mind.
A. What is being taught and how?
The initial version of ScrumTutor provides hands-on practical
experience to students in a software engineering class.
Students learn Scrum process by engaging with this tool as an
observer and assimilating the flow of process and management
of software development. The tutorial takes its user through a
weeklong sprint with a Scrum team working on various
development activities distributed from day 1 to day 5. On day
1 the user observes the product owner describing the product
and the product backlog to the software team. The user is
introduced to various concepts such as the Scrum board that
displays the sprint backlog. User watches scrum task
allocation happening during a sprint planning meeting,
discussion of tasks and allocation among team members at the
scrum board, and discussion on status of various activities
through a daily standup meeting in front of the Scrum board.
The tutorial has a pre-defined simulated time assigned to each
day. When the pre-defined time for a day lapses, the user then
progresses to day 2 and observes a daily scrum meeting held
to discuss the activities of the team members performed on
that day and on previous day, to get the updates from the team,
and also discuss any impediment’s that a team member might
be facing. This process is repeated for the remainder of the
days. The user observes these daily standup meetings
happening at a fixed time everyday, example at 9:00am in the
morning. During the remainder of the day the user observes
the team working on their tasks in their cubicles and
interacting with each other. On day 4, a sprint review meeting
is held to discuss the progress made during the current sprint
and the team assesses if there is a need to make any changes to
their plan in order to successfully complete their tasks and
deliver the artifacts. In this simulation, the sprint review
meeting happens at around mid-point in the sprint at a fixed
time, example 11:00am on day 4.
In order to encourage active learning and engagement, as
the user is progressing from one day to the next, a number of
quiz-type questions are presented to the user to test their
understanding of the concepts. The user is allowed to process
to the next day only after answering these questions correctly.
If not, the user is redirected back to the previous step to
observe the process and understand it.
ScrumTutor is designed to have multiple phases so that
the user can more actively engage in the process and gain
hands-on experience as they are learning and getting better at
Scrum. This version of the tool is designed to have 2 phases.
Phase 1 is the observation phase that was presented so far.
Phase 2 is the data collection phase where the user is taken
through a new sprint with a new set of tasks in the sprint
backlog and the involvement of the user progressively
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increases. The user is involved as one of the team members
participating in the meetings, providing inputs, and status
updates. Tasks are allocated to the user that has to be
completed for a successful completion of the sprint.
B. What product is being developed using the Scrum
framework in ScrumTutor?
This software tool is designed such that any project/product
can be used as an example and plugged in to demonstrate the
Scrum framework, sprints, and various activities. In this
version of the tool, the product being developed is a website to
manage music, music albums, artists, events, and venues. This
product is built using a Content Management System called
Drupal. An existing Software requirements specification and
product backlog of this product was used to demonstrate the
process in Scrum Tutor.
#
1
2

Table 1: Sample formative & summative assessment questions
Question
Answer Choices
(correct answers in bold)
Is the sprint backlog created
during the planning meeting?
How often do the teams
integrate their work and rerun
the regression tests?

3

What happens during a scrum
review meeting?

4

What is the duration of a daily
scrum meeting?

5

Who describes the product
backlog to the team?

6

When is a sprint retrospective
meeting be held?

7

During a sprint planning
meeting, how many sprints are
discussed and planned for?

8

Who attends the sprint
planning meeting?

9

How often is the sprint
retrospective meeting
conducted?

• Yes
• No
• Only at the end of
each sprint
• Once per day
• Continuously as things change;
potentially many times per day
• Discussion of sprint
progress
• Check if any member of the
team needs help to complete
their tasks
• Remove tasks from
sprint backlog
• Discuss a team outing
• As long as necessary
• 1 hour
• 15 minutes
• Product owner
• Scrum Master
• Knowledge Manager
• Quality Manager
• At the end of each
sprint
• It is not needed
• Few minutes before the sprint
planning meeting starts
• Review/Retrospective meeting is
the the same
• 4 sprints
• Current sprint only
• All sprints in the
project
• The scrum
development team
• Outside stakeholders
• Manager of the team
• Scrum Master
• Product owner
• Every day
• Every sprint
• Every project

C. What technology is used for implementation?
The long-terms goals of ScrumTutor is to provide education

through a fun and engaging environment, provide the thrill of
playing a game, and provide most features of a good game.
With these end goals in mind, HTML and Javascript was
chosen for UI development, C#.NET was chosen as the
server-side technology and Visual Studio as the Integrated
Development Environment (IDE).
D. Scoring/tests
ScrumTutor has a scoring mechanism through intermediate
quizzes to motivate the user to do better, replay and revisit
concepts that were not well understood, and gain further
understanding of the process by playing subsequent phases of
the game. A user is allowed to progress to the next phase only
after they have received a certain minimum score. The
quizzes are provided throughout the system in two ways:
formative assessment presented to the user during a sprint
while the scrum activities are happening and summative
assessment presented to the user at the end of a sprint.
Successful completion of the summative assessment allows
the user to move on to the next phase (and next sprint of the
project). Table 1 shows sample formative and summative
assessment questions.
V.

SCRUM TUTOR – IMPLEMENTATION

ScrumTutor was developed using C#.NET and the ModelView-Controller (MVC) architecture. Visual Studio 2010 was
used as the Integrated Development Environment (IDE), C#
.NET as the middleware and SQL Server 2008 R2 as the
database management system. User interface was designed
using HTML, JavaScript, and JQuery [12]. Technologies used,
database design and user interface design are further described
in the following sections.
A. Technologies
C#.NET is an object oriented programming language
developed by Microsoft; it is mostly implemented in the IDE
called Visual Studio, a product of Microsoft. Visual Studio
2010 was used as an IDE to write the functional code in C# to
access the database and the user interface.
SQL Server 2008 is a ‘Database Management System’
developed to allow definition, creation, querying, updating
and administrating an organized collection of data. SQL
Server Express 2008 R2 is the version used in this application
to maintain the assessment data, user scores, and business
logic data required for the simulation.
JavaScript is a client-side scripting language used to provide
interactions with the user. Client-side scripts can be written to
control, communicate and alter the content that needs to be
displayed.
JQuery, an open source software, is ‘a fast and concise
JavaScript library that simplifies HTML document traversals,
event handling, animations, and Ajax interactions for rapid
Web application development [12].
B. Database Design
The database of ScrumTutor consists of several tables to save
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application data, user profile information, user scores, and
statistics. The detailed database design is shown in Figure 3.
Some of the important tables are listed and briefly described
below:
• Registration – This table is used to store user login
information. When a student or faculty registers for the first
time their data is saved in this table.
• Roledetails – This table tracks roles of the scrum team.
• FormativeQuestions – This table is used to store all the
formative assessment questions that are presented to the
user at the end of every day in a sprint with the answer
choices and the correct answer.
• SummativeQuestions – This table is used to store all the
summative assessment questions that are presented to the
user at the end of a sprint with the answer choices and
correct answer.
• Task – This table has detailed description of all the tasks
involved in a sprint.
• TeamMember – This table maintains the scrum team
member information and description.
• SprintStatus – This table stores data about a specific sprint,
status information and task assignments from all the
meetings.

VI.

SCRUM TUTOR – EVALUATION

ScrumTutor has been tested on multiple browsers like Mozilla
Firefox 19.0.2, Internet Explorer 10 and Google Chrome 26.0.
The functionality of the application was tested thoroughly to
ensure that an undergraduate student could go through the
complete tutorial without any issues. An evaluation study was
conducted at Arizona State University (ASU) to assess the
usefulness of the tool. Students from the Masters in Computer
Science Engineering program at ASU were surveyed prior to
their usage of ScrumTutor to assess their understanding of
Scrum. They were then allowed to use ScrumTutor and go
through phases 1 and 2 of the tutorial. A post-survey of these
same students was conducted after they used the tool and the
students were asked the same questions to assess improvement
in learning. Table 2 shows some of the questions on the preand post-survey. Unanimously, all of them felt that the tool
was useful, easy to follow and gave them a better
understanding of the Scrum process and the basic workflow
unit in Scrum called sprint. Many of them felt that going
through this tutorial provided them an industry perspective
and context of how this Software Engineering concept in used
in the industry on a project while working in teams. Some of
them said that they better understood the team dynamics and
various roles than earlier. Students also commented that they
felt this was an innovative and engaging pedagogical practice
for teaching software engineering processes.
#
1
2
3
4

Table 2: Pre- and Post-Survey Questions about ScrumTutor tool
Survey Question
What do you know about agile software development?
Describe Scrum framework?
Where do you think these concept can be used and applied?
Did ScrumTutor help in improving your knowledge of Scrum (Post)

VII. CONCLUSIONS AND FUTURE WORK

Figure 3: Database Design

C. User Interface Design
Figure 4 presents screenshots of the login, registration, and
home page of ScrumTutor tool. Figure 4 also shows
screenshots that introduce Scrum framework and values of
Scrum. It also shows screens that introduce the Scrum team,
Scrum board and terminology at the beginning of the tutorial.
Figure 5 shows screenshots of a sprint cycle going from day 15 in a week. Day 1 includes a discussion of the product, a
sprint planning, followed by assignment of tasks on the Scrum
board. Day 2 - 5 involve daily Scrum meetings that happen at
same time and place in the morning followed by the team
interacting and working on their tasks. In addition to the daily
Scrum meeting, on day 4 a scrum review meeting is held. Day
5 ends with a sprint retrospective meeting.
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ScrumTutor provides hands-on experience on Scrum
Framework to undergraduate students The interactive tutorial
has multiple learning phases, i.e., Observation and Data
Collection in this version and Development in the future
versions. An evaluation survey of students about this tool
provides preliminary results that using ScrumTutor enhanced
their knowledge of Scrum, provided hands-on training of
concepts learnt and provided a contextualized reinforcement
of Agile process via the music software product that was
managed and developed using ScrumTutor. Based on these
results we are confident that a full version of ScrumTutor that
is a game-based tool with multiple levels of learning through
phases will be a useful addition to the software engineering
classes. Future work on this project includes the
implementation of phase III where the user plays the role of a
‘team member’. The user gets to be part of the software team
and contributes as a developer. User picks a task and
implements it within the given timeframe of the sprint.
Furthermore, sprints can be customized based on the project
that is being implemented and managed. If the project is large,
a sprint can be anywhere from two to four weeks. A Mobile
app version of this game/tutorial for various platforms such as
Android, iOS, and Windows will be a great addition and is
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Figure 4: User Interface Screenshots showing terminology and Scrum Process

Figure 5: User Interface screenshots showing sprint cycle in Phase 1
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likely to be adopted by a larger audience. A pilot study will be
conducted in introductory Software Engineering classes at
sophomore level at ASU. Data will be collected on the
usability of the tool, student learning outcomes, student
reflection of the tool and faculty reflection of the tool. Phase I
and II of the tool can be further improvised with game-like
features by adding more user interaction. HTML5 may be
used to provide a rich user interface.

[5]

[6]

[7]

[8]
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