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1. Introduction

The Team-Based Learning (TBL) methodology is a highly structured form of small-group
learning which has gained a lot of popularity in recent years through evidence and
positive results. The core of TBL is designed around collaborative work and makes
students responsible for their own learning process, which enables teachers to offer
quality education that is beyond memorization.

Before a TBL class, students prepare the assigned material through self-study. During a
TBL session, students spend most of the time working in strategically divided, constant
teams. They first take an Individual Readiness Assurance Test which consists of
multiple-choice questions to show their knowledge of key concepts in the assigned
pre-class materials. Afterwards, they take the exact same test together with their team,
called the Group Readiness Assurance Test, which requires discussing the questions
within the team and reaching a consensus on each answer. What makes this activity
special is that the team receives immediate feedback on their answers, designed using
Immediate Feedback Assessment Technique (IF AT cards) that allow students to
scratch off the chosen answers. When the students scratch off the correct answer from
the first try, they receive full points for the question, and every time they choose a wrong
answer points are deducted and they have to go back to discussing until they agree on
their next choice. Through the feature of having immediate feedback on the teams’
work, the potential for discussion, self-evaluation and learning is maximized. Finally, the
tests are followed by a mini-lecture that concludes the TBL tests, during which the
teacher can elaborate on the topics and concepts that are still unclear for the students.

1.1 Motivation
For the University of Twente as an adopter of the Twente Educational Model, teams,
collaboration and independence are the key elements in a study programme. These
principles fit perfectly with the core of Team-Based Learning and, consequently, some
teachers in the university want to apply TBL to their classes. The impediments to
incorporating TBL are now the new structure of online education and the hassle of
setting up such sessions, since the IF AT scratch cards would need to be ordered in
advance. Therefore, a digital product on which TBL sessions can be carried would be
ideal for the university. At the moment, there is no dedicated system that can hold a
proper online TBL session, so the teachers have to use different workarounds of Canvas
and other services in order to have simply one TBL class with the students, a process
which has proven to be complicated and troublesome.
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Although there are a few products on the market which offer a platform for digital TBL
activities, either they are very costly, they can not be integrated into the Learning
Management System (LMS) used by the University of Twente, or they have a difficult
and time-consuming set up process.

Our Design Project aims to fulfill this void in the infrastructure by offering a Team-Based
Learning web application in the form of a plugin for the University of Twente’s LMS,
Canvas.

1.2 Requirements
Firstly, we were given a list of the initial requirements of the application, just after we
had been announced that we were going to work on this project. The system
requirements of the TBL application are prioritized using the MoSCoW technique, so
they are divided into Must, Could, Should and Would. However, the team has not
received any Would-requirements, and therefore that section will be omitted. The list is
as follows:

Must

● The system must be fully integrated (using LTI 1.3 standard) with Canvas, such
that access to the system is primarily through Canvas user authentication &
authorization

● The system must allow students to interact through digital scratch cards to offer
their individual solution

● The system must allow teachers to create TBL sessions through this plugin
● The system must allow the configuration of equipment and the exchange of jobs

that are carried out in a TBL session

Should

● The system should be easy to maintain and/or be written in a programming
language and with a technology that the technology staff can handle

● The system should be easy to use and familiar to teachers and students in
Twente.

● Session creation should be able to be done quickly and without much effort on
the part of the teacher

● Teachers should get immediate feedback on the results of the students/groups
● The data handled by the system must be secure and hosted on a European server
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Could

● The system could include a gamified system for obtaining points
● The system could include a communication system like a voice-chat for students

to work in groups
● The system could include a system that allows teachers to configure teams

based on previous statistics such as their performance. This could also be a
feature that allows uploading the group configuration through an excel file

● The system could include a feature for exchanging feedback comments between
students

2. Domain Analysis
In this chapter, we are going to discuss the domains associated with our application.
Correctly identifying the domain will help in understanding the later development and
the design choices that were made in order to satisfy all the requirements.

2.1 Introduction to the domain
The main sphere that we had to organize our research in was the TBL methodology, and
how we can digitize the whole process, without changing its scope and adding
additional functionalities for both the teachers and the students. The other areas of
expertise that we had to take into consideration were the usability of the application,
alongside data analysis and persuasive design.

2.2 Stakeholders

We will go through all the stakeholder groups in order of importance. The first, and most
important group, who also proposed the project, is represented by the Centre for
Educational Support (CES) department and LISA team, both working inside the
University of Twente. Their primary goal is to have a system that can fit well in the
present infrastructure of the University, is easy to use, and will also help the teachers
with their work for the classes. By having such a system, the TBL methodology can be
adopted by any teacher for nearly any subject, with minimum effort. The resulting data
from this session can provide a very important insight into the progress of the students
for the CES department, who are directly interested in this kind of data.

The teachers represent the second group of stakeholders, who work in close
collaboration with the first group, and are of very great importance as well in the scope
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of our project, as they are going to directly benefit from the implementation of this
system. The organization of one TBL class will be simplified, will fit both online and
physical classes, and the teachers will also have a complete overview of the students
and their results.

The last group of stakeholders are the students, which will be, like the teachers,
beneficiaries of the system, as they will now have the possibility to experience the TBL
experience, which hopefully will have a positive impact on their learning process. There
are many more advantages for the students, but we will cover them later in this paper.

A good way to better visualise the stakeholders in order of their relevance to the system,
an onion diagram which contains all stakeholders (also possible ones) was created,
shown in Figure 1.

Figure 1: Stakeholder Onion Model [Alexander(2004)]
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2.3 Clients and potential users
The system is developed for the parties involved in the process of TBL, more
specifically, teachers and students, who are going to interact directly with the system,
and the education department of the University, who are going to use the data
generated by the TBL session in order to improve the current educational methods and
help innovation happen in this field. As this application is an education-focused
software, these groups of people will represent the only clients and potential users, but
they can come from multidisciplinary levels, as there are no requirements over which
students can use the software.

2.4 Software Environment
From the first meeting with our stakeholders, it became clear that we have to use the
recommended tools and frameworks for software development inside the UT. This
choice shaped our development process and we tried to keep as close as possible to
these recommendations, so the maintainability efforts towards our application in the
future to be as low as possible for the UT staff. More detailed information about the
technologies used and justifications of the choices can be found in section 3.3.

2.5 Commonalities of the UT software
One of the critical requirements received from the stakeholders stated that our system
should be fully integrated with the web-based learning management system used by the
University, more specifically, Canvas. In this way, the access would be extremely simple
and steps such as registration or authentication would be done in the background, by
our system. As all our clients and potential users are using other systems deployed in
the University of Twente’s infrastructure, our design also resembles different looks and
functionalities of Canvas, so to give a more familiar feeling when the software is used.
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3. System Proposal
After a careful analysis of the initial requirements and research into the domain in which
this software resides, our project group came with a proposal of an application that is
going to fulfill the requirements and give the stakeholders the wanted product.

3.1 Requirement Analysis
The main objective of this project is to deliver the product that our stakeholders need.
As part of this, our secondary objectives are finishing in time and delivering quality
work.

3.1.2 Stakeholder requirements - user stories as functional requirements

To present the stakeholder requirements, user stories are formulated. The system has
three types of users: teachers, students, and administrators.

1. As a teacher, I want to be able to easily and quickly create a test on the
application.

2. As a teacher, I want to be able to edit a test after its creation.
3. As a teacher, I want to be able to instantly see the grades after a test.
4. As a teacher, I want to be able to instantly see the statistics after a test.
5. As a teacher, I want to be able to manually change a grade.
6. As a teacher, I want the application to be easy to use and familiar.

7. As a student, I want to be able to interact through digital scratch cards to offer
my solution.

8. As a student, I want to be able to have instant feedback after choosing an answer
during the group test.

9. As a student, I want to be able to flag a question.
10.As a student, I want the application to be easy to use and familiar.

11.As an admin, I want the application to be fully integrated with Canvas through
LTI1.3 standard, so that access to the system is done with Canvas authentication
and authorization.

12.As an admin, I want the application to be easy to maintain and integrated with the
LISA guidelines frameworks.
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3.2 Planning

3.2.1 Management plan

This section presents the schedule of the proposed project, which was already given by
the supervisor. The four stages are Planning, Design, Development and Closure, and the
flags in the diagram represent checkpoints: meetings during which we present a new
version of the project.

Figure 2: Project schedule

In order to efficiently manage the whole project, the team divided the project into several
different parts and established responsible members for each of them. The division of
roles and responsibilities in the group is, therefore, the following:

Back end development - Cristian Anghel, Laurentiu Birton

Front end development - Radu Basaraba, Denis Arva

Organization and communication - Aida Enache, Radu Basaraba

Research - Radu Basaraba, Denis Arva

Quality Management - Aida Enache

Application Design - Laurentiu Birton, Cristian Anghel

UI/UX Design - Aida Enache, Denis Arva

Legal matters - Laurentiu Birton

It is important to note that the assignment does not imply that only the mentioned
members will work on those parts of the project. Instead, it denotes the contact persons
within the group and it gives an overview of what each team member is responsible for.
In order to have a smooth integration of all parts, there needs to be close
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communication within the group, so it is important to have these roles to know exactly
who to refer to. Moreover, we will use Trello to keep track of the task division and to see
what everyone is working on at any time.

Close collaboration
within the group
and with
stakeholders

The time constraint:
there are only 6
weeks available for
the implementation

The shift from a
local Canvas plugin
to an independent
application

Hard integration
with Canvas, due to
libraries that are
not 100% fully
functional

Committed
workforce

Collaboration is
online

Develop a system
that will be used by
the University in the
future

Worse/less
feedback due to the
online medium

Great group culture Small sample of
user testers

Experience with
different
technologies and
procedures

Determined attitude
of the group

Closed spectrum of
resources

Get a clear idea
about working on a
project of this size
and expectations
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3.2.2 Plan of action / Project schedule

After the overall analysis of the time management has been made, the general tasks
outlined in the management plan can be divided into more specific tasks, whose
completion time will be estimated. We will also group the actions based on the four
stages and the closure in the end:

Objective Activity Responsible
person(s)

To be completed until
(approximative deadline)

Formulate the
requirements

Gather all the
requirements from our
stakeholders

All End of the first week

Research the
problem

Find out more about the
implementation of
some requirements,
study other
implementations that
were made in the past

All End of the first week

Initial design Make the initial system
design based on all the
gathered data

Laurentiu, Cristian End of the second week

Design
prototyping

Create a prototype that
will illustrate our initial
design and will fulfil the
most important
requirements
This includes also the
testing that will be
made on this prototype

Aida, Denis Middle of the third week

Make the
connection with

Create a back-end
connection between our

Cristian, Laurentiu Start of week 4
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Canvas application and Canvas

Set up the
database

Make all the necessary
steps to set up the
database that the
application is going to
work with

Denis End of week 4

UI design A visual user interface
design will be made, in
order to provide a model
for the actual
implementation

Aida End of week 4

Visual
implementation
of the initial
design

Create the frontend of
the application

Radu, Aida,
Cristian, Denis

Week 5

Link the front-
end with the
backend

A connection is made
between these two
pieces and the
application can be
considered functional at
this point

All Middle of week 5

Testing Test all parts of the
project that have been
implemented and are
functional

All End of week 5

Reflection about
the test results

Discuss the results of
the testing and draw
some conclusions

All End of week 5

Discuss with the
stakeholders

We present our current
implementation,
alongside our test
results and reflections

All Week 6

Adapt
application

Make the necessary
changes after we talked
with our stakeholders

All, depending on
what we have to do

Week 6

User testing Test the application with
student and teachers

All Week 7

Additional
features

After user testing, we
implement one or more

All Week 8
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of the suggestions
received

Finishing
touches

We put everything
related to the
application in order and
start to prepare the
presentation

All Week 9

Deliver the
product

Our product is
successfully delivered
to our stakeholders
before the deadline.

All Week 10

One important objective, which we did not include in the table above since it is an
additional feature at the moment, will be related to the front-end and to the UI/UX
design of our application that will make the experience in the application “gamified”. By
this, we want the students to have an immersive and easy to use experience, with
elements that resemble popular aspects from video games.

3.3 Tools to be used

With this plan of action in mind, we can derive and present some of the tools that are
needed in this process. As our application will be maintained after its completion by the
University of Twente, we will adhere to their protocols and frameworks, so our work will
not be in vain. Therefore, we can outline most of the tools to be used, grouped by
category of work.

● Back-end:

○ Java
○ Spring Boot Framework
○ Spring Security
○ JPA / JDBC-Template
○ Maven
○ LTI1.3 standard (Advantage)

● Front-end:

○ Bootstrap (ng-bootstrap), Bootstrap Studio
○ Javascript
○ Angular CLI
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○ JSON

● Application Design:

○ Visual Paradigm

● Database:

○ phpPgAdmin

● Prototyping:

○ Figma
○ Adobe Illustrator

3.4 Usability tests

The usability tests were conducted on the prototype, with the goals of uncovering
problems in the design, discovering opportunities for improvement and learning about
users preferences and behaviour.

To test both sides of the TBL application, students and teachers were invited for
usability testing. For more genuine results, we aimed to choose participants from
different backgrounds, i.e. students and teachers from different studies. Each
participant received a test scenario that they had to follow under the observation of
group members.

During and after the completion of the test scenario, users were free to give feedback.
They were then asked questions about the general feel and intuitiveness of the
application. A good insight into the user-friendliness of an application is remembering
the number of clicks it took to reach a point and therefore we also asked participants
whether they could state the number of times they clicked to complete a task.

Task scenario for teachers:
1. Open the description of week 4 assessment
2. Close the description of week 4 assessment
3. Create a new assessment
4. Add a question
5. Add a second question
6. Submit test
7. Check submission
8. Navigate to the results page
9. Check group 1 results
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10.Navigate to the statistics page

Task scenario for students:
1. Start the individual assessment
2. Complete the individual assessment
3. Start the group assessment
4. Flag a question
5. Complete the group assessment
6. Navigate to the results page

Since the TBL Application is a Canvas plugin that will be used within the University of
Twente, the interface was designed based on the current design of the existing
educational tools that students and teachers are used to: Canvas Quiz, Remindo, Canvas
Groups. Therefore, the feedback from the students was positive and they did not find
anything wrong or to be improved, while the teachers wanted the grades to be displayed
as they are on the Canvas Grades tool.

3.5 Conclusion

At the end of the planning phase, we presented our project proposal to the stakeholders,
alongside a lo-fi prototype, so the design ideas can be visualised early in the project,
before actually starting the design phase. The discussion was very productive for us, as
our plans from the proposal were approved and we got the green light for continuing on
the same idea regarding the application design. We also agreed with our supervisor to
have a weekly meeting with all the team, himself, and two co-supervisors of our project,
members of the CES department, Alisa and Karen, with whom we were in contact since
the start of the project. In this way, we will discuss the progress made every week and
we will make sure that our product is what our stakeholders really want.

4. Design

4.1 Page flow

The Team-Based Learning Application contains multiple pages that together make up
the interface. The diagram presented below shows the page flow, where the arrows
indicate the navigation from one page to another.

When designing the page flow, we had to think of what goes on each page and in what
order they are accessed. To get good insights, we simulated the workflow of the
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application from both the student and teacher perspective (shown in the activity
diagram below, Figure 4).

The main structural difference between the student view and the teacher view is the
navigation bar. The decision of not having a navigation bar on the top of all student
pages came because of the exams. During an exam, the test itself is the focus of the
students, since navigating between pages would imply an early, irreversible submission
of the exam.

Figure 3: Page flow diagrams
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Figure 4: Activity diagram for the student and teacher

4.2 Design choices

4.2.1 Overall look & feel

From the start of the project, it was clear that the application will be used and possibly
maintained by the University of Twente, which is why the look and feel, as well as the
structure, need to resemble the other systems used by UT in order to ensure a smooth
integration. This also guarantees that the users, students and teachers, will not have a
hard time getting used to the TBL Application.

4.2.2 Group test answer vote

The design choice that took the longest time to be made was the modelling of the group
assessment. “Should there be a leader of the group who selects an answer on behalf of
the team or does everyone in the group need to select an answer in order for it to be
registered?”. This question was answered only after brainstorming within the project
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group and talking to the stakeholders, and the conclusion was that a voting system is
more reliable than assigning the leader role to one student. Students should see in
real-time which members voted for which answer, and it can only be submitted if all
members voted for the same option.

It should always be the case that all members of the group vote for the same answer,
because they are only supposed to vote after having discussed the question and having
reached an agreement. In the case that some members vote for a different answer than
the rest, or that some members do not vote at all, the group is stuck.

4.2.3 Flagged questions

In a Team-Based Learning session, after the completion of the individual test and the
group test, the teacher can discuss a few questions with the class, namely the ones that
most students would like an explanation for. To make this possible in a digital
environment, we make use of a button called “Flag question” next to every question in
the test. If students want the teacher to discuss that question at the end of the session,
they press the button and get a confirmation. When the tests are over, the teacher can
see the five most flagged questions in the Test Statistics section.

Since the term “flag” usually implies that something might be wrong with the question,
there needs to be a clear explanation to the students that within the TBL app, flagging a
question simply means they want to discuss it with the teacher rather than reporting it.

Figure 5:‘Flag question’ button shown on the Student View

Figure 6: Top 5 flagged questions shown on the Teacher View
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4.2.4 Group Creation

In a TBL session, students participate in a Readiness Assurance Process (RAP) for the
first time. Specifically, they have to take an individual exam after which they join the
second stage called group Readiness Assurance Test (gRAT) where students take the
exam with the team.

To translate these ideas into a digital application, during the design we considered the
possibility of using a Canvas API that returns all the groups in the course from which the
application is accessed. However, this solution presents a spectrum of complications in
its implementation because as mentioned above, this API returns the groups in a
course, but there is no API available to receive a student as input and return their group.
The initially proposed solution is to implement an algorithm that iterates in each group
in search of the student we want to know to which group it belongs. On the other hand,
an alternative solution is to create 30 groups for each course in the application
database. Additionally, these groups together with their members will be displayed on
the main page of the students and they will have the possibility to choose the group they
need to join.

4.3 Interface design and prototypes

A high-fidelity prototype was developed for the first usability test, with the purpose of
recreating the flow of the application during regular usage and seeing how different
visual elements may interact in a dynamic environment. For this, we recreated the
following functionalities:

❖ Individual exam

❖ Group exam with a voting system for an answer

❖ Create an exam

❖ Views of the grades, present exams and statistics

Below is a screenshot of the group exam session, emphasizing the voting system
needed to register an answer as a group through the digital scratch cards.
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Figure 7: Figma prototype: group session screenshot

The prototype was developed using the online tool Figma and was tested after its
completion with the stakeholders. A complete flow of the hi-fidelity prototype can be
seen in Appendix A. This prototype is made out of around 40 different screens, such as
the one in fig. 7, which are linked together by some elements that will trigger the
transition between them. Even though it was an arduous task to map a transition based
on every element interaction of the whole set of screens, we covered most of the
important actions (voting, clicking on buttons, system responses, animations) in order
to give a clear idea about the actual usage of the software.
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4.4 Database design

Figure 8: UML design of the application’s database.

This unified modeling language (UML) diagram is built around the exam table. To
understand the idea behind this figure, it is important to start with this table, which
belongs to a course, and has several questions to which statistics-relevant data are
linked through the QuestionStats table. The QuestionExam table can also be seen,
which links an exam to several questions and the reason why this table exists is that it
avoids storing information more than once, for example, if we have an exam that has
the question X, and an exam from another course contains the same question, it is not
desirable that it be recorded several times in the Questions table, but it will be
memorized only once, and two links will be created between the question and the two
exams. The same situation applies to the SessionQuestion table where a question is
linked to several answers to avoid storing the same answer multiple times. For example,
two distinct questions may have the same answer "none of these".
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Also, in the IndividualResult table, we store the results for the Readiness Assessment
Process, where a student is linked to an exam, and this link contains a field where the
grade for the individual exam is stored. It also applies to the GroupResult table where a
group is linked to an exam, and the link contains a field where the grade from the exam
given in the group is stored.

Finally, the last table added in this diagram is GroupSessionAttempt, meant to record
the attempts that a team takes on a certain question, it stores the unique id of the
question, the number of attempts and the unique id of the link between the question and
the exam.

4.5 Detailed design
In this section, we aim to further elaborate on the design details and choices that were
taken in the course of this project and sustain them with the reasoning behind these
choices.

4.5.1 Teacher view

The design of the teacher side was made such that it will offer all the required
functionalities in a relatively reduced amount of pages and the general focal point was
that everything is directly in front of the user. Elements present on a page have a clear
purpose and subsequent indications about their functionality. The overall design is
minimal, without eye-catching elements or animations, because the experience of a
teacher who uses the application should be as smooth as possible and also
time-efficient, as our potential users usually have very busy schedules. The overview of
all exams and the creation/editing of an exam resembles the wok-flow and design of
Canvas. In this way, the plugin will have a feel of deep integration with Canvas, easing
any potential problem that can appear as a result of having little or no experience with
the application. The design of the main page, which contains all the exams already
created, feature light-coloured headlines that contain the title and date of an exam, with
the rest of the information being present in the expandable body, which also offers the
possibility to edit that particular assessment. The main inspiration was the module page
of a course in Canvas, but without the body already expanded when the page is
accessed, so the page is not flooded by text when the application is started. A good
example of an indication about the functionality can be noticed when looking at the
headline of an exam: its body is expanded by clicking on the bar itself (not necessarily
clear for new users) and by clicking on the ‘View’ button on the right side of the bar, so a
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user, however inexperienced it may be, will still be able to use any functionality of the
application.

Canvas provided inspiration also for the creation of an exam. Firstly, the general settings
of an exam are set, followed by the addition of the questions one by one. On this page,
the introduced data is firstly formatted by fields that require it (such as the date or the
time), then it remains in front of the user, who can view it and edit it in case something
is wrong. When the exam is to be submitted, all fields will be checked for input and its
correctness, giving an error of the particular field that does not respect the format or
has no input. If everything is correct, then the exam is created and the fields are cleared.
Afterwards, the exam can be edited through the edit page, which is the same as the one
for adding an exam, but has all the data already in place, leaving the user to simply
modify what he/she wants. All fields also have tags that indicate their purpose and
suggested input format (fig 8.1).

Figure 8.1 Field validation

The general overview of groups and their grades is made on the same idea as the
previous pages exemplified above, only this time more simplified than in the Canvas
grade book.
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4.5.2 Student view
Out of the need to provide an easy-to-use platform for students, Remindo was used as
an example of the front end design. This is familiar to most students due to the period
we are living in, when most exams were taken online.

On the main page, there is a navigation bar that leads to the overview of the session and
the results. On the general overview, the application displays all the exams that belong
to the course from which the application is accessed, and from there the student has
the possibility to take an individual or group exam if the time interval is corresponding to
the one established by the teacher.

Regardless of whether a group Assessment Test or Individual Assessment Process
page is accessed, in addition to the topic with questions and answers displayed, at the
top of the page there is a bar on which is written what kind of session the student is in,
meant to overcome the confusion between the two.

On a readiness assessment process page or in short, the individual session page, a
question numbered from 1 to n is displayed, along with 4 answers. The student can
navigate through these questions by scrolling. After all the questions have been
answered, the student can press the submit button, which will redirect them to the home
page and send the answers to the server who in turn will calculate the grade and store it
in the database.

In the traditional version of TBL, in a group readiness assessment test, the members of
the group have the printed exam that was given at the individual session, only that this
exam has a part that can be scratched next to each answer. Precisely for this reason,
TBL is considered an effective method of learning, because students must discuss what
the correct answer is and when everyone has decided, the answer will be scratched. The
answer is correct if there is a drawing under the scratch paint, usually a star, and the
answer is wrong if there is no drawing.

For the digital version, we decided that the group session should be based on the design
decisions taken above for the individual session, adding to the left of each answer a box
to represent the digital version of a scratch. We also decided that students should vote
for an answer, and if an answer received the vote from all members of the group, then a
star should appear instead of the box if the answer is correct, or blank if the answer is
wrong.
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4.6 Prototype testing

During our weekly meeting held on week 3, the high-fidelity prototype was tested by our
stakeholders. The testing had two different procedures:

1. Testing in isolation
One of our stakeholders received the link to the prototype and tested it following
the test scenarios. Some indications were provided before, but sparsely, so we
can better see how an inexperienced user with the software will interact with it.
The prototyping tool also provided some help, as at any moment it is possible to
see the interactive elements and get an idea of how to proceed through the
screens.

2. Testing in the presence of the team, following a pre-made list of actions to be
tested
This user testing had the purpose of also observing the user interacting with the
software and closely analyzing its actions. This can give important insights about
the design and the way the interactions actually happen, an aspect which is very
hard to predict when developing the application, as the testing is made by the
people working on the software, which know very well the structure and
reasoning behind some design choices. During the testing, the general
impression was fairly good, with positive feedback regarding the voting structure.
On the other hand, some transitions were not quite adequate and some screens
(for example, the main page of the teacher) were overwhelmed with text.

After both user tests were finished, we had a collective discussion about the results of
the tests and agreed on the design and functionalities that were going to be
implemented during the development phase (Section 3.4).

5. Implementation

5.1 Back end

5.1.1 Tools and technologies

As this application is intended to be used and maintained within the University of
Twente, the solutions used for various aspects of the system reflect this. They are the
same as the University’s recommendations for software that should be maintained
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in-house. As a consequence, the following tools and technologies have been used for
the backend side of our system:

Programming language: Java
Application framework: Spring, mainly Spring’s MVC framework
Dependency management: Maven
DBMS: phpMyAdmin

5.1.2 Functionalities

The major responsibilities of the backend are Canvas authentication and data
synchronization, session management for logged-in users, delivery of web pages to
clients, access to RESTful services and persistent data management.

First, it ensures operability and authentication within the Canvas environment using the
LTI 1.3 standard. This technology builds upon OpenID Connect, which in turn is an
identity layer on top of the OAuth 2.0 protocol. The tool offers the possibility for users to
use the application using account information from their Canvas account, while logged
in on Canvas. Therefore, we didn’t need to implement custom authentication and login
mechanism and only needed to retrieve and validate the data from Canvas, as specified
in the IMS Global specifications7. Whenever a user needs to access our tool, Canvas
sends a login request to the “login” endpoint. Then, the tool creates an authentication
request and sends it to Canvas. If valid, Canvas sends back an authentication response
to the tool’s redirection endpoint. Next, we verify that this response was not tampered
with and indeed comes from the same user that initiated the login request. If so, the
user is presented with a home page respective fotoheir role.

Furthermore, session management is another important part of the backend’s
functionality. After a successful authentication process is completed, users will be able
to stay logged in to the application for the entire duration of their Canvas browsing
session. This is done using a cookie to assign an ID to each user after they have
successfully authenticated. The same ID is used in the backend by the HTTP session
Java implementation, which stores information in a temporary database-like structure
for the duration of the user’s session. A session is considered as terminated when more
than 60 minutes have passed since the server last received a request from a client, at
which point that particular ID and all information associated with it is deleted.
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Figure 8.2 The OpenID Connect launch flow(IMS Global)

For each session, the role, university number (student or employee) and CSRF value are
stored. These values will only be associated with a session if the user has gone through
a successful authentication process. At the same point, a cookie is also set for the
client with the same CSRF value. Afterwards, for every request coming to our
application, checks are made if the user has permission to view a certain page based on
the attributes associated with their session. There are 2 types of roles a user can have
which determine access to pages and API resources: Student and Instructor.

One major part of the backend is the RESTful service controller. Each entity present in
the database UML (Section 4.4) (e.g an exam), as well as links between base entities,
such as IndividualResult, have their own separate class that is part of the RESTful
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service controller. This is done in order to have a clear structure of the code and to
separate distinct entities and methods apart.

Another important part of the back-end implementation is the custom repositories for
each of the aforementioned entities. These repositories contain default methods for the
insertion, retrieval, deletion, and update of the entries in the database, such as finding by
ID, but also custom queries that allow for the selection or update of some specific
entry/entries using different parameters.

The RESTful service controller and the repositories are dependent on one another, so
they could be thought of in fact as belonging to the same part of the back-end, instead
of splitting them into separate parts.

Another part of the back-end configuration that is as well dependent on the repositories
is the message controller. This is the part that handles messages being sent between
groups of students during the group exam. The sole purpose of this is to maintain the
connection between the students and record attempts their group made in the database
by means of the repositories.

Some of the libraries used in the back-end and their usage is described in the table
below:

Library name Description

spring-websocket Creates a websocket that clients can connect to in
order to send messages.

spring-messaging Handles the actual sending and retrieval of messages
to and from the front-end, as well as serialization and
deserialization of the messages.

postgresql Database driver that is used by
spring-boot-starter-data-jpa in order to connect to the
database.

spring-boot-starter-data-jpa This is a library that creates methods for queries
defined in the repositories.

sockjs This library provides a websocket-like object that
provides a communication channel between the
front-end and web server (back-end)
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5.2 Front end
The general idea around the implementation of the front end was to keep it as simple
and easy to use as possible. All the necessary elements of every page are present
directly in the face of the user, with very little effort expected in order to locate or
identify the functionalities of the software. Moving on to the effective implementation,
we used Bootstrap Studio 4 for the initial design of the pages, followed by manual
additions of all the Javascript code that was required by every functionality and of the
new visual elements that were added later, such as the page loader. During the
development, we decided to split the front end into two parts, which were developed in
parallel. In this way, the progress was accelerated, as the two parallel parts (teacher
side and student side), were relatively independent one from the other, having in
common only the data from the database. This was relatively easy to tackle, as we
simply populated the database with tentative data, so we can have it in place for the
later development of the pages. Therefore, we will cover in detail the teacher view and
student view also separately, which will follow in the coming chapters.

5.2.1 Teacher implementation

The teacher interface is focused on the four main functionalities of the software related
to the work of a teacher. Images with all the screens can be found in appendix B. The
four functionalities are the following:

❖ Complete overview of the exams

This can be considered as the main page of the teacher, as it appears first after
the application is launched. It contains all the exams created for the particular
course, with the name and date of every exam being placed in the headline and
the body of the exam (questions + answers) being in the body that is expanded
by either clicking the button ‘View’ or by clicking on the headline. The body will
also contain a possibility to edit that particular exam, as a button will also be
present on the right side of the screen. In this way, the overall look is pretty
simple and straightforward. Through the ‘create exam’ button, on the right side of
the exams, the user can be redirected to the page for creating an exam.

❖ Creating or editing an exam

Both functionalities are grouped in this category because the development and
the overall look is very similar, with the only main difference being the fact that
when you edit an exam all the fields are already auto-completed with the
necessary data, otherwise, these are empty. The upper section of the page is
reserved for the exam details, such as name, date, start and end times. The fields
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contain suggestions of previous inputs and helper functions for setting the date
and time in the correct format. The lower section is reserved for the questions
and the answers of an exam. Every question, its four subsequent answers and an
indication of the correct answer can be added through clicking on the ‘Add
question’ button, which will trigger a popup. After a question has been added, the
table will be updated, giving the user a clear overview of the data. After that, the
question can be edited, removed or another question can be added until
everything is there. When the exam is submitted, all the fields are checked, so
there is input in the correct format in all of them, with an error being shown
otherwise. If everything is in place, then the exam is created and the fields are
cleared. All these functionalities are also present when editing an exam. Through
this design, we wanted to maintain the workflow of creating an exam that is
present on Canvas, where the general information of the exam is firstly set and
then the questions are added one by one.

❖ Complete overview of the student groups and grades

On this page, the grades of the students are displayed. This has a similar design
as the Canvas grade book, with all the names of the student being present on the
left-hand side of the table, with their results horizontally. This includes the grades
obtained at all the exams related to that particular course, both for the individual
and the group exam. The grades can be edited by the teacher by simply clicking
on the box that contains a grade and confirming the action, with the grade being
updated in the database immediately after the ‘save edits’ button has been
pressed. This gives a great deal of flexibility, as changes do appear in exams,
especially in TBL, as students can flag questions, which can be then modified by
the teacher, an action which will demand a change in the grades. One can
navigate further to the statistics page by clicking the button in the top right
corner.

❖ Statistics for every exam

The statistics page was designed to better visualise the important factors of a
TBL exam, namely, the questions flagged, p-value of every question and the
average team improvement. The improvement is calculated as the average of the
grades obtained by the students that form a group at the individual exam in
comparison with the grade that they obtained together at the group exam. This is
especially important, as it is one of the main ways in which students improve
their performance (as a result of their discussing the exam in the group) and it is
very frequent to see an improvement. The users can switch easily between
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exams statistics, which can be done from a drop-down menu at the top of the
page. For the questions flagged, the number of flags appears in the table for
every question, as well as a bar chart for the top 5 most flagged questions,
indicating which questions were the most unclear.
The design of this page maintains the overall design structure and style, giving a
clear overview of the most relevant statistics of every exam.

5.2.2 Student implementation

To meet one of the LISA requirements, student view was implemented in Angular CLI
along with its specific CSS framework, ng-bootstrap. To better understand how this
application works, it is divided into two parts: service and components.

The services implemented in the application have the role of initiating and managing a
websocket connection, sending requests to the server for data such as studentID, the
group to which a student belongs, the exams stored in the database for the current
course. There are also services that are responsible for sending a concluded individual
or group exam to servers or notifying if a student has logged out of the group session.

The components are responsible for the elements that are displayed to the users, but
also to call the services when they are needed. From the determination to divide the
responsibilities and to make the future maintenance of the project easier, in the current
implementation 9 components were created and for example, a submit button has its
own component.

Also, the solutions proposed in the project design have been largely implemented, and
they are described in the following lines.

❖ Complete overview of the exams

As established in the design, the home page has an overview of the exams, a list
in which each element has a session title and two buttons through which the user
can access the desired session, individually or group.
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Figure 9: A comparison of the home page of Remindo (left) and the implemented home page of
students in TBL (right)

❖ Overview of the groups

Based on the discussions held with the teachers, it was decided that students
should have the opportunity to access the grades at individual and group
sessions. However, because Canvas already has this feature, the idea was
dropped during implementation and was replaced with the list of groups showing
30 groups together with their members and students can join one of the groups
or change it at a time. It is important to note that such an implementation is
adopted by the Canvas, and this resemblance is done intentionally, to create a
familiar environment for students.

❖ Individual Readiness Assessment Process

There are no major differences from the solutions given in section 4, except that
all the questions together with their answers are displayed on the same page,
meaning that the navigation buttons between the questions have become
irrelevant. This decision was made to provide more time for other
implementations that were more complicated and also, more importantly, in
relation to the minimum requirements required by stakeholders.

❖ Group Readiness Assessment Test

This page of the application is similar to the individual readiness assessment
test page, except that on the left side of each answer, there is a "vote" button and
on the right side of each answer the initials of each student who voted for that
option will appear. In order for students to receive real-time feedback with each
option a student votes for, this page uses a service that initiates a websocket and
deals with the transmission and reception of messages between clients. Also, if
all active students in the session voted for the same answer, the button turns into
a red outlined box that says incorrectly, in case the answer is wrong, or the button
turns into a green outlined box that says correctly, if the answer is correct.
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Moreover, stakeholders expressed a preference for a "flag question" feature,
which was eventually implemented. This allows every student to report if a
question is problematic in its opinion. It consists of a red button with the text
"flag question" and after it has been activated, it turns into a blue button that says
"question flagged", confirming the student's action.

5.3 Database
To carry out this project, the university provided a database running on phppgadmin
software, ceaselessly available and reliable. This platform meets the initial
requirements, which were elaborated more precisely in section 3.3. In addition, all the
tables and links defined by section 4.4 - UML Database, which describes the database
schema and the reasoning behind this design, have been fully implemented on this
platform and each element registered in a table has a unique key, which is given by an
auto-increment function. The database comes with a set of dummy data, which was
used for development and testing purposes. Once the application is deployed all this
data can be erased and teachers can start to populate the database with real exams
and once there are some results on the student-side the database will be fully
populated. The persistent connection to the database is established by Spring-Boot
which uses the application.properties file located in the resources folder to override its
default settings.

Figure 10: Implemented database for TBL application. Hosted on
https://bronto.ewi.utwente.nl/phppgadmin/
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6. Testing
Our software is in its nature a web-based application, so it is expected to have a
comprehensive and far-reaching testing strategy. As the diffusion of the Internet has
been massive in recent years, the testing standards for web applications have become
stricter and imperative. This generates peculiarities that have to be tested carefully
before deployment, to meet all the requirements of usability, reliability, interoperability
and security. (Giuseppe A. Di Lucca, 2006).

6.1 Test Plan
In regard to the testing strategy applied, it has to be noted that we were not able to
perform everything that we prepared in this sense, as time shortage and very busy
schedules of both teachers and students towards the end of the module prevented us
from putting in place a comprehensive testing plan. Nevertheless, we tested the
application to the best of our capabilities, given the situation (mainly in isolation and
with a relatively low number of users).

6.2 Approach
The testing approach was defined by two focal points: usability and reliability testing, in
an online class with a teacher and students, and small, independent testing of the code.
The first point unfortunately was not quite achieved, as the UT teachers who use TBL at
their classes, with whom we were in contact, did not find any time slot that would fit all
the schedules. Therefore, we couldn’t conduct user testing at a larger scale (with a
reasonable group of students and their teacher), but we will go through our testing plan
and explain it anyway, as it can still be conducted and prove its worth in the future,
should the application’s development will be continued in the future. Regarding the
second point, we covered most of the code through testing of different forms, which we
will cover in the coming sections.

6.3 Functionalities to be tested
All the possible interactions of a user with our system represent a possible functionality
(as the system does respond to the interaction in a particular way), so it is an arduous
task to map all these interactions. This is why we grouped these interactions by the
more important functionalities, which are considered to fulfil one of the requirements
(such as exam creation). All the smaller interactions are going to be looked at when
that specific functionality is tested. Therefore, we looked in general at the following:
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➔ The web session and its corresponded cookies are consistent
➔ Multiple users can interact with a group exam
➔ The access and the data from Canvas are handled correctly
➔ The two views of the application do not interfere one with another
➔ A teacher can create, edit and view an exam
➔ Forms are validated if correctly, otherwise an appropriate error message is

shown
➔ All data is transmitted and stored correctly in the database

6.4 Unit testing

Unit tests have mainly been done to test the correctness of functions providing Spring
beans and utilitarian function for the program. The tested beans are used to read a JKS
pair and create a JWKSet object to be used by the tool when making resource requests
to Canvas. Another functionality that we were able to unit test was cookie validation.

A unit test case exists for the ExamSessionStorage class. This class is used to store
details about each group’s answers and members during a group exam. Because this is
a rather important class, which we cannot afford to break down, we have developed
some tests to check its functionality.
Basic tests include the addition of elements to the class, retrieval, and removal. After
several tweaks of the class and the addition of several other tests, each method worked
as intended.

Another test, although not JUnit, is in place that creates a predefined number of Threads
that would access this class to perform some operations described above concurrently.
This was a really helpful test to do as the first time we ran it, the class resulted in an
exception.

However, since the Java-powered backend is mostly concerned with authentication
Canvas users and returning resources they have access to, there’s little in the way of
public methods that could successfully be covered with unit tests. However, Spring
provides a framework for testing the full stack of processes the program goes through
when dealing with a request from a client.
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6.5 Integration testing

Since a Spring controller has many functionalities, the processing of business logic,
which is the part of code written by us, is only one out of the many tasks Spring
performs when dealing with a request.

Figure 11: responsibilities of a Spring controller(reflectoring.io)

To test the integration of the different components working to process requests and
return responses to the clients, we have used Spring’s testing framework, mainly with
the APIs for testing Spring MVC components.

As such, with the help of Spring testing and Mockito, we create mock requests and
resources which are then passed on to the controller, which then treat them as actual
HTTP requests. Mock objects imitate the functionality of objects and dependencies the
controllers need to process requests and can be used to simulate different kinds of
client request situations.

In this way, we were able to test how the system behaves and many situations. These
include validation of the attributes assigned to a session, validation of cookies,
including session-id and CSRF values, and ensuring the right responses are returned to
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clients. Most importantly, we make sure only users with the right access have access to
their respective resources.

6.6 Usability and reliability testing
One of the most valuable test approaches in terms of feedback received is represented
by testing our application in a real environment that resembles the medium in which it
will be used. This environment is represented by a group of students and their teacher
having a TBL session for a certain subject. They are going to go through all the stages
of a complete TBL session and share with us their feedback afterwards.

6.6.1  Objectives

Throughout this testing procedure, we wanted to primarily have an assurance that our
system can properly hold a session smoothly and that our potential users feel
comfortable with the overall design. By developing a web-based application, it was
imperative that we tried to test into a great deal the main characteristics of this
server-client architecture. These are the following:
➔ A reasonable number of users access the system at the same time, possibly

from different locations as well.
➔ Access the application with a variety of hardware, operating systems, web

browsers or web servers.
➔ The mix of components that make up the system as a whole are consistent

(different programming languages, client/server computations, different models)
➔ The run-time of any command is executed in a reasonable time for the actual

standards
The other objectives were related to the interaction between the user and the system
and how we can improve it. This concerned mainly usability issues, such as difficulties
in finding the desired elements, visual inconsistencies, users being stuck at any given
moment and the degree of effort needed to interact with the system.

6.6.2 Detailed procedure

An environment as described in section 6.2 would provide a great number of users
interacting with the system at the same time, even from different locations, as at the
moment of speaking all classes are held online and with the possibility of receiving
feedback from both the teachers and the students. Naturally, this would also test the
functional sides of the system and, if successful, would meet the objectives set in the
previous subchapter.
With the environment being set, the testing plan continues with a series of steps that
simulate the workflow of the application, which were also exemplified in section 3.3.
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The usability test described there is intended for prototype testing, however, the same
steps apply for the final application, as the main functionalities are present in the
prototype as well. The only sizable difference that would arise would be the fact that
users will interact with a preponderant final version of our application, not with a
prototype, so the feedback, in general, will be more concise regarding the overall design
and functionality of the application. As a prototype, the feedback is more directed into
what the users would want, based on the general idea that they got from testing the
prototype. Normally, the feedback would be collected either as a form with different
questions about the experience with the application, either by a collective discussion at
the end of the session. Ideally, however, the feedback would contain both actions, as in
the collective discussion, not all the participants may have the chance to speak, and the
individual forms may be forgotten as time passes by after the session, which will also
affect the quality of the feedback.

6.7 Evaluation of test results
As mentioned also previously, we were not able to conduct a relatively large scale
testing, therefore, the analysis of the results was simplified. All the testing that has
taken place was closely monitored and in most of the cases, the problems or bugs
identified were located and resolved quickly. We also got some usability feedback from
our stakeholders, who tested both our application and the prototype. Should a large
testing session be conducted, the feedback received from the participants would have
to be analysed more closely, in order to identify the key issues of the software and what
our users really want. After the analysis has been completed, a plan of action has been
conducted and the necessary changes were made prior to the last week of the module,
which represents the closure phase of the project.

7. Future planning
In this chapter, the future plans for the Team-Based Learning Application beyond the
current Design Project quartile are discussed. Initially, the Team-Based Learning Canvas
plugin was designed as an ambitious project which falls into the category of Gamified
Tools for Education, dealing with responsibilities beyond programming: requirements
analysis, problem research, design prototyping, usability testing, documentation and
deployment. The expectations of delivering an MVP during the quartile were met, and
the next step is to focus on the utilization and support of the system, as well as
additional features.
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7.1 Utilization and maintenance of the system
Since the TBL Application project was proposed because there is a need for such a
system for the university, it is expected to be hosted on a UT server and maintained by
the LISA (Library, ICT Services and Archive) department. Because of this, in the
development of the application, we followed the development guidelines applied by the
Systems Development group within LISA.

7.2 Additional features
● Gamification:

There are several elements that could be added to enhance the gamification of
the TBL application. The physical scratching is currently digitalized to a click, but
it could be made into an interactive digital scratch card for a more fun
experience. An important aspect of games is based on rewards, which can be
incorporated into the group exam through a score box that gets updated after
every answered question and (live) leaderboards showing the best performing
teams.
Design-wise, the answer attempts could be displayed as “lives”(Figure 11), and
each time an incorrect answer is scratched off, the team loses one life and points
are subtracted. Moreover, the tests could have a gamified progress bar with
checkpoints (Figure 12) to increase motivation and enhance the feeling of task
completion.

Figure 12: Heart symbols used to symbolize "health" or "lives" in video games. Source:
Shutterstock
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Figure 13: Video game progress bar with checkpoints. Source: Vecteezy

● Internal communication system between students:
As emphasized in other chapters, the TBL Application works well in both physical
and online environments. In a physical session, students would sit next to each
other at a table during the group assignment, but in an online session, they would
have to use a third-party application for communicating in a voice channel. One
of the “Could” requirements from the stakeholders was having a voice chat
feature within the application.

● Automatic configuration of teams:
The TBL groups are meant to be strategically formed in order to ensure that the
collective capacity of the team is significantly higher than the capacity of its best
member. They need to be diverse (covering a wide range of skills and personal
experience) and balanced (all teams should have a similar level of strengths and
weaknesses). Therefore, they should not be self-formed, nor randomized.
Research has shown that teacher-formed groups outperform randomized and
self-formed groups (Brickell, Porter, Reynolds, & Cosgrovel, 1994). Because it can
take a long time to collect the necessary information and form the groups as a
teacher, especially in a large class, this could be done automatically within the
TBL application. The data collection would be done at the beginning of the TBL
course through a survey with Likert scale questions, after which the system
creates the groups.

● Feedback exchange between students:
Peer evaluation is often the last practice of TBL, during which students give their
group mates feedback on the team contribution. This is a highly beneficial
activity, because, compared to the assessment of a teacher, the judgement from
group mates can motivate a student to a greater degree (Searby and Ewers,
1997). This feature would be implemented in a new page of its own, containing
quantitative and qualitative assessment forms as shown in Figure 13.
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Figure 14: Peer Evaluation Form. Source: Univ. of Tennessee Health Science Center

● Export grades to Excel:
Different instructors might use the TBL grades for different assessments in the
end. Some might use the TBL results for bonus points to the real exams, others
might compute a final TBL grade from all tests and even assign different weights
to each. For this reason, a functionality to export the gradebook as a CSV file
could be especially useful.

● Image upload for test questions:
Currently, the application only supports text questions for exams. For some
courses, diagrams play an important role in the understanding and visualization
of the content (e.g. Graph Theory), so it is important to allow teachers to attach
images to questions.
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8. Reflection/Evaluation

8.1 Planning
Throughout the module, the team followed the planning described in section 3.2. If it
happened that the progress was slower than expected during one week, extra time was
put in during the weekend in order to make sure there was no delay in the schedule.

Meetings with the supervisor and co-supervisors were conducted on a weekly basis,
during which we discussed the progress of the project while presenting a demo of the
current version, gathered feedback and explained the next steps.

For managing the task division and overview, Trello was used, which is an organizational
tool that shows which member is working on what task at any given time, along with the
completed tasks and the ones that still need to be done. Figure 14 illustrates a
screenshot of our Trello board during the development phase of the project.

Figure 15: Trello board

8.2 Team evaluation
It can be safely stated that our group worked well together, mainly because we all knew
each other before the start of this project and some of us have already worked together
on other projects. As we mainly know each other’s strengths and weaknesses we were
able to divide the task and assign them efficiently. This made the workload to be
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manageable and the cohesion in the team was consistently high throughout the whole
project. Below,  there is the individual reflection of each member of the team:

Radu - “I did enjoy working on this project and I feel that I learned a lot of things, mainly
organizational and mental skills, as we were responsible 100% for this project,
something which we did not experience yet, until now. I am also happy with the outcome
and believe that our close communication with the stakeholders also played a key part
in the development of the project’’.

Aida - “Having the opportunity to work on a real project based on a real challenge was
very fulfilling. I enjoyed all phases of the project, especially the iterative usability tests
which allowed us to receive feedback and improve the quality of the application week by
week. I believe the strong point of the process was definitely the close communication
between the team members, as well as with the supervisors.”

Laurentiu - “This module was a great experience and truly felt like a culmination of the
practical skills learned throughout the university. The teamwork was excellent and the
chance to work with University teachers and employers was a great opportunity for
experience and education. Our team had a clear task division and plan and the project
went along with no major surprises or setbacks. Communication was excellent, and I
would say that this team was a great example of teamwork and professionalism.”

Denis - “I had a great experience in this module, by the fact that we had to make a digital
product from planning to implementation, we had meetings with stakeholders to
determine if everything went as planned, every member of the team is my friend, it was
a pretty pleasant atmosphere. I think we all worked with pleasure and motivation,
because if we deliver a well-done project, it can be used by the university in the future.”

Cristian - “I had a very good time working in this team. I feel that we, as a team, have
managed to coordinate and organize in such a way that a production-ready project
would be delivered.”

8.3 Final result
Overall, the team is pleased with the outcome of the Design Project. The project resulted
in a Team-Based Learning Canvas plugin that fulfils the basic requirements, as well as
some additional requirements.

Below is the list of functionalities that are included in the Team-Based Learning
Application at the moment of delivery. They are based on the user stories and have been

44



classified by the MoSCoW prioritization technique. The features that have been
implemented during the Design Project quartile are marked with a tick, while those
which have not been added are marked with a cross.

Teacher requirements Student requirements Admin
requirements

Must ✓ create and configure
a test
✓ edit an existing test
✓ manually change a
grade

✓ interact through digital
scratch cards to offer
solution
✓ receive instant feedback
during the group test
✓ flag a question

✓ fully integrated
with Canvas
(authorization and
authentication)

Should ✓ easy to use and
familiar user interface
✓ quickly create a test
without much effort
✓ instant feedback on
grades
✓ instant feedback on
statistics

✓ easy to use and familiar
user interface

✓ easy to maintain
following the LISA
development
guidelines
✓ secure data
handled by the
system and hosted
on a European
server

Could � automatic team
configuration

� gamification
� feedback exchange
between group mates
� communication system:
voice chat
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Appendices

Appendix A: Figma Prototype

Student view: main page
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Student view: individual exam

Student view: group exam
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Student view: Results Page

Teacher view: main page ( Assessments)
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Teacher view: create assessment (test settings)

Teacher view: create assessment (add question)
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Teacher view: grades

Teacher view: statistics
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Appendix B: TBL App Webpages

Student view

Student home page

Student groups view
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Individual session view

Individual session’s submit warning
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Group session view: student Denis Arva(D. A) flagged the second question and voted for the
second answer of the first question.

Group session view: student Alexandru Cumpansu(A. C) also voted for the second answer and the
answer is incorrect.
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Teacher view

Teacher view: Assignments (main page)

Teacher view: Create assignment
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Teacher view: Create assignment: add question

Teacher view: Create assignment: add question invalid form on “submit”
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Teacher view: edit assignment

Teacher view: Grades
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Teacher view: Statistics

Teacher view: Statistics
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Appendix C: Ethics report

University of Twente

Design Project Reflection Essay

Authors: Aida Enache, Cristian Anghel, Denis Arva, Laurentiu Birton, Radu Basaraba

1. Project Description

1.1 Problem Statement

The Team-Based Learning (TBL) methodology is a highly structured form of small-group
learning which has gained a lot of popularity in recent years through evidence and positive
results. The core of TBL is designed around collaborative work and makes students responsible
for their own learning process, which enables teachers to offer quality education that is beyond
memorization.

Before a TBL class, students prepare the assigned material through self-study. During a TBL
session, students spend most of the time working in strategically divided, constant teams. They
first take an Individual Readiness Assurance Test which consists of multiple-choice questions to
show their knowledge of key concepts in the assigned pre-class materials. Afterwards, they take
the exact same test together with their team, called the Group Readiness Assurance Test, which
requires discussing the questions within the team and reaching a consensus on each answer.
What makes this activity special is that the team receives immediate feedback on their answers,
designed using Immediate Feedback Assessment Technique (IF AT) cards (Figure 1) that allow
students to scratch off the chosen answers. When the students scratch off the correct answer from
the first try, they receive full points for the question, and every time they choose a wrong answer
points are deducted and they have to go back to discussing until they agree on their next choice.
Through the feature of having immediate feedback on the teams’ work, the potential for
discussion, self-evaluation and learning is maximized. Finally, the tests are followed by a
mini-lecture that concludes the TBL tests, during which the teacher can elaborate on the topics
and concepts that are still unclear for the students.

1.2 Team-Based Learning Canvas Plugin

For the University of Twente as an adopter of the Twente Educational Model, teams,
collaboration and independence are the key elements in a study programme. These principles fit
perfectly with the core of Team-Based Learning and, consequently, some teachers in the
university want to apply TBL to their classes. The impediments to incorporating TBL are now
the new structure of online education and the hassle of setting up such sessions, since the IF AT
scratch cards would need to be ordered in advance. Therefore, a digital product on which TBL
sessions can be carried would be ideal for the university.
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Although there are a few products on the market which offer a platform for digital TBL
activities, either they are very costly, they can not be integrated into the Learning Management
System (LMS) used by the University of Twente, or they have a difficult and time consuming set
up process.

Our Design Project aims to offer a Team-Based Learning web application in the form of a plugin
for University of Twente’s LMS, Canvas. Apart from the basic tasks carried out in a TBL session,
the application has a gamified feeling, because games have extensive potential to motivate
students to engage more in the learning processes (Chevtchenko 2013) . and to enhance[1]

competitiveness between teams.

Figure 1. Immediate Feedback Assessment Technique (IF-AT) Card with four answer options and a
scoring system as follows: 4 points for scratching the correct answer on the first try, 2 points for the
second try, 1 point for the third try and 0 points for the fourth try

2. Ethical concerns

2.1 Analysis

Our top priority for this project is to deliver a valuable, working product at the end of this
module to our stakeholders. They include teachers, students and employees of the University,
which use or work with the Team-Based Learning system during courses. This is why we took
into account all relevant ethical and social issues that may arise when using our application or
after prolonged usage. In the following table, we list all these issues, alongside their context and
estimated impact and relevance. The discussion and detailed analysis of the high-impact issues
will follow afterwards.
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Ethical concern Context Potential Impact Relevance

Automation

Our design automates
tasks that previously
were carried out by
humans.

High - some Teaching
Assistant tasks are
automated and the
experience might be
perceived as very
different in
comparison with the
physical version of
TBL

High

Persuasive design and
gamification

Our application
proposes an exam
design whose features
resemble some
present in video
games

High - engaging
elements can raise
competitiveness
levels, leading to
neglection of the
original academic
objectives

High

Privacy

The application deals
with student
information such as
names, grades, taken
courses

Low - the application
is integrated in
Canvas, which has a
privacy policy.
Neither TBL App nor
Canvas shares the
information further.

Medium

Relationships
between students

Students work in a
team during activities
such as group tests;
having to discuss and
agree on one answer
could cause conflicts

Low - this is the case
for any team activity,
conflicts can arise but
the risk of that
happening is low

Low

2.2 Automation

By definition, automation is the creation of a technological product that makes a process run with
little to no human intervention. Automation is generally applied with the aim of increasing
efficiency and reliability - because, unlike humans, machines do not need vacation nor breaks,
and they can not have negative moods which can impact work productivity - but it has always
presented ethical concerns.

Ever since the early technological advances, there has been an exponential growth in the fear that
robots will take over people’s jobs and eventually conquer the world, leaving them unable to
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provide for themselves and their families. However, in reality, humans still play a critical role in
controlling, maintaining, monitoring and configuring such software and machines, but this is
mainly true for the higher-level occupations. As for the lower level occupations which can have
their tasks thoroughly automated, e.g. factory assembly, industry leaders such as Elon Musk
(CEO of Tesla and SpaceX) believe that automation will cause widespread unemployment that
will make universal basic income necessary . Such a compromise seems fair, because[2]

“Artificially forcing humans to work to achieve a basic standard of living holds back both human
and technological potential” (Cammers-Goodwin 2019 ).[3]

Needless to say, technological development is not impacting industries equally. A few disciplines
have remained affected by automation only by a very small margin, including education. In
2016, analysts from the management consultancy McKinsey & Company conducted a study
(Figure 2) analyzing and reporting the technical potential for automation in the US, in which
they categorized jobs into seven industry sectors and computed a percentual automation potential
for each of them. Unsurprisingly, jobs that require managing and developing humans have
proved to be the most difficult to replace by technology, having an automation potential of only
9%, and educational services fall into this category.
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Figure 2. McKinsey & Company study on Technical Potential for Automation in the US, 2016

Our TBL Application consists of the Teacher’s View and the Student View, and both of them
present some level of automation.

For the teacher, the tasks that are automated are grading, collection of feedback from students,
test statistics and the distribution of tests: printing and handing in a copy of the test for each
student. In this case, we can say that automation is used as an external enhancement for the
teacher. It does not have the role of replacing the instructor’s job; it is meant to make their job
easier and save faculty time. Instead of spending hours grading the tests, the teacher can use that
time for other educational tasks such as addressing students’ questions and concerns, or
providing extra materials, and therefore their agency is affected by having an increased number
of actions they can pursue. Despite this, the aforementioned tasks tend to be done by teaching
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assistants at the University of Twente, rather than by the teachers. In this case, we can say that
automation is affecting their job by replacing some tasks and implicitly offering fewer
opportunities of working hours within a course.

For the students, an exciting part of the TBL experience is automated, namely the immediate
feedback process. Traditionally, scratch cards have become widely popular because they are
appealing through their mysterious allure, they provide a satisfying tactile experience and the
instant gratification of revealing prizes or messages can become addictive because of their
gambling nature . In our application, however, the scratching is not done in a gambling[4]

manner, because students need to answer test questions that they studied for, so they are not
randomly choosing the boxes, because their grade is at stake. The scratch cards still remain
mysterious and offer instant gratification, but the tactile experience is gone due to digital
automation: the scratching is now done with one click.

2.3 Persuasive Design and Gamification

One of our optional requirements for this project is represented by the gamification of the TBL
experience in our application. We want to achieve this until the end of the project, and, therefore,
give the students that will use our plugin an interactive design, creating a new experience of the
classic TBL sessions. By its definition, a Persuasive Game Design is a design aiming to create a
user experienced game world to change user behaviour in the real world.

Figure. 3  Persuasive Game Design Model (Visch et al, 2013 .)
[5]

The specific part that will deal with this gamification is going to be the group exam session,
where groups of four students take an exam they previously did individually. Every answer will
need a discussion between the four participants, and moreover, if an answer is not the correct
one, they have to continue to answer the question until they find the correct answer (or stop after
the third try, as only one possible answer remains. The number of attempts for each question will
be reflected in the final score they receive, based on the principle the more attempts, the lower
the score. A part of the persuasive design will be represented by this aspect, as a live leaderboard
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with all the groups, or a specific set of groups, depending on the teachers’ choice, will appear for
every group, which has the objective to make the students more focused on the task, even
competitive (Apter, 2007 ), especially if they are doing very well in the test and have a good[6]

position in the leaderboard. These features of our design will try to engage them in both the
discussion with their group, when they analyze the answers and come up with arguments, and in
the way, they study the material and do the individual exam, before group one.
However, this interaction may have some unwanted effects on the general state of the students.
One such issue is represented by the additional pressure put on the students’ shoulders, as they
will always be aware that some groups are doing very well and progress very fast, which can
give a feeling of falling behind. This can result in loss of concentration, increase stress and can
go as far as loss of motivation, as a result of frustration accumulated during the exam. For
example, take the group that finishes in the last position in the leaderboard, as they will have to
put up with this position for a big chunk of time during the exam. However, our intentions are to
purely motivate the students and encourage them to work harder, and we believe that
competitiveness is a natural element of a game, so our design promptly includes it.

3. Responses to the ethical concerns

In this section, we will try to go through each of the concerning points presented before and
analyze what and how modifications to our software could help minimize their negative impact.

First, our application would affect the workload available to a teaching assistant (or any other
employee performing similar tasks), therefore indirectly affecting their payment. Although
probably the most concerning, there are little to no possibilities for us, as developers of the
system, to influence this. The simple fact we are offering this software for use is already the main
cause for this issue. However, structural and organizational decisions within the educational
institution using the program can help mitigate some of these issues. Maybe the role of the
teaching assistants could also diversify, offering replacement duties for those affected. However,
this is outside the scope of our project. We could, however, at the recommendation of an
institution, offer guidelines and set restraints on the use of the software, in accordance with the
need of the institution.

Subsequently, the issue of the experience felt by students during a TBL session arises. On the
contrary to the previous point, there is a good deal of software design choices that could help in
this aspect. The physical scratching of the answer could be replaced with a mouse and sound
alternative one for desktop-style systems, or touch, vibration, and sound for touchscreen capable
devices. As such, scratching and all and suspense associated with it could be faithfully
replicated. Moreover, elements not present in real-life scratch cards could be added, such as
confetti blowing on the screen on a right answer, sad faces on wrong answers, or any other visual
or audio cues that could stimulate the participant.

Another point of concern is the gamification of the group exam through a live leaderboard.
While this design, as mentioned above, may have a positive impact on some of the participants,
it may very well have negative effects on the rest of the participants by putting them under
additional pressure. To reduce this effect, multiple alternatives can be considered. One such
alternative is displaying only a few groups in the leaderboard that are doing very well instead of
displaying all of them. Additionally, live scores could also be removed to further reduce this
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effect. Not being aware of the score, only of the position in the leaderboard can be frustrating for
the top teams who may be engaging in a competition, but seen from a different point of view it
can also be stimulating in a way that encourages thorough consideration of the answers and lead
as few attempts required per question as possible. There are plenty of other alternatives for the
implementation of the leaderboard, but we believe that only displaying the top-performing teams,
without their score is a good middle ground. On the one hand, top-performing teams are
encouraged to thoroughly consider their answer, and on the other hand, lower-performing teams
are not put under additional pressure due to their loss of motivation by comparing themselves to
other better-performing teams.

All things considered, we believe that our project does not present significant ethical issues since
the concerns are rather easy to address, as described above. To summarize, the web application
collects user data that is needed to achieve the project's objective such as student identification
number or individual/group session grades, however, it does not store sensitive data such as
password, email address or any data that could be used for profiling algorithms. Also, the
individual agency of both teachers and students are positively affected because teachers can deal
with other tasks that are more important than doing iterative work that generally takes a long
time, such as correcting exams. Furthermore, students have the opportunity to participate in these
remote sessions, and in the times we live in, it is a potentially effective alternative to keep
students and teachers safe.
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