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Abstract

In this project, we investigated how we can use an active learning method, spaced
repetition, to improve learning with recorded lecture videos. Specifically, we proposed
embedding interactive flashcards into recorded lecture videos, and then using a spacing
algorithm to schedule review of the flashcards. This implementation allows students
to recall the lecture contents at a later point in time, thereby encouraging more active
learning behaviour.

To achieve this, we designed and developed a prototype of a spaced repetition tool. The
development was structured into two stages: firstly, we used participatory design to
inform the design process of a low-fidelity prototype. This was supported by a formative
evaluation with a Human-Computer Interaction expert and peers. Secondly, we devel-
oped a high-fidelity prototype, based on the low-fidelity prototype. We evaluated it with
students from the target audience. The usability of the prototype was evaluated using
the System Usability Scale. A final task-based evaluation was conducted to examine
students’ learning experience with the prototype. The results were interpreted using
thematic analysis.

Our summative evaluation found that the tool had high usability and the potential to
enhance the learning experience when studying with recorded lecture videos. This
project contributes to the field of educational technology by providing a unique approach
to improving the learning experience with videos through the use of spaced repetition.
Our findings suggest that this tool has the potential to guide future research in this
area and offers a practical solution to the challenge of improving the effectiveness of
educational videos.
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Chapter 1

Introduction

1.1 Motivation

In recent years, we have observed an increase in the use of videos to deliver educational
content in an online learning setting. The motivations behind using videos include
the ability to reuse material, the potential to scale the number of students, and the
suitability for distance learning. In particular, the Higher Education sector is a prominent
application domain given the current trend of universities shifting towards a hybrid
course delivery model as part of post-COVID-19 adaptations [23].

Unfortunately, several issues exist when using video for educational purposes which
lead to a decreased learning outcome and diminished learning experience. With the
medium inherently being a passive learning resource [36], students struggle to focus on
the video content for a longer period [10]. Additionally, students may be tempted to
engage in unproductive watching patterns such as binge-watching [9].

We believe that incorporating an active learning method [36], spaced repetition [15],
with educational videos is a novel approach that can further improve how videos are
used for online learning. This approach aims to increase learning outcomes and improve
the learning experience of students.

1.2 Project Goals

The goal of this project is to investigate the suitability of using spaced repetition for
learning with recorded lecture videos (RLVs). To help explore this, we strove to build
a tool that integrates interactive flashcards with RLVs, stores those flashcards in a
database, and presents them to students for later review.

With this goal in mind, we posed the following research questions:
1. RQ_1: How does our tool affect students’ learning experience with RLVs?

2. RQ_2: How should our tool be designed to integrate spaced repetition and flash-
cards with RLVs to meet students’ needs?
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3. RQ_3: What technologies should we use to implement our tool so that it can be

integrated with existing software?

a) What existing technological infrastructure does the tool need to be integrated

with?

b) What technologies are compatible with the required infrastructure?

c) Based on the previous questions, what technologies should be used for

implementing our tool?

1.3 Overview of Research Contributions

An overview of the main contributions of this project is provided in Table 1.1. These

contributions are further summarised in Section 2.8.2.

| Contribution | RQ1 |RQ2 |RQ3 |
Identification and development of a unique approach X X
to improving the learning experience with RLVs using
spaced repetition
Design and formative evaluation of a low-fidelity pro- X
totype
Implementation of a high-fidelity prototype which in- X X
struments our unique approach to improving learning
with RLVs
Usability and learning experience evaluation of the X

high-fidelity prototype

Table 1.1: Contributions of this project and their addressed research questions
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Background and Literature Review

2.1 Learning Experience vs Learning Outcome

For clarification purposes for the rest of this report, we define learning experience and
learning outcome as follows.

Learning experience refers to the entire process of acquiring knowledge and skills.
This process happens through a variety of activities and interactions with the learning
environment, including the teacher, peers, resources, and technologies. It encompasses
the different ways in which learners engage with the material, such as reading, listening,
and practicing. A learning experience is therefore not limited to a specific moment in
time or a single activity, but rather a holistic and dynamic journey of discovery and
learning.

By contrast, learning outcome consists of the specific and measurable knowledge and
skills that learners are expected to achieve through learning. The term comprises the
intended results or goals of the learning process.

2.2 Problems with Recorded Lecture Videos

RLVs are widely used to deliver educational content to students. Unfortunately, fully
replacing in-person lectures with RLVs can have several negative implications for
students. For example, a diminished learning experience has been reported by students,
caused by reduced motivation and engagement [24]. Furthermore, the full replacement
with RLVs tends to lead to a decreased learning outcome, that is, a situation where a
student’s ability to acquire and apply knowledge is reduced [5]. These implications are
attributed to two problems with RLVs, detailed below.

2.2.1 Problem 1: Passive Learning Resource

Passive learning is the process of acquiring knowledge by being exposed to information
and internalising it by some form of memorisation, whilst leaving little opportunity for
a student to actively engage with the material [36]. This can lead to decreased attention,
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motivation, and engagement with the content [10]. Conversely, active learning assumes
that by being more engaged during the learning process, the student learns more
effectively and more permanently, whilst having an improved learning experience [36].
In the context of lectures, an increased learning outcome can indeed be observed when
active learning elements are included for the students [4][25].

However, from a technological perspective, RLVs are inherently more compatible with
passive learning. Native video players such as the HTMLS video player [50] for the web,
or the QuickTime player [41] for macOS, do not offer an interface to integrate active
learning into a previously recorded lecture video. Platforms such as Microsoft Teams
[48] enable interactive online live teaching by providing polling and chat functionalities.
These features may work well to engage students during online live lectures but are not
capable of incorporating active learning elements into RLVs.

Adding active learning elements to RLVs is a desirable feature that is not supported by
traditional video playback systems.

2.2.2 Problem 2: Single-Use Learning Resource

Let a learning resource that is used only once whilst taking a course be defined as a
single-use learning resource. After using that resource once, a student might struggle to
get more value out of it for their learning process. Thus, a multi-use resource consists
of learning material which a student consults repeatedly. Such a learning resource is
therefore considered more valuable for the learning process.

Students primarily use RLVs to clarify points after having attended in-person lectures, or
to catch up on missed lectures, according to research [46]. This is especially problematic
with students commonly engaging in two types of watching behaviour: binge-watching
and segment-skipping [9]. Binge-watching is passive learning and therefore undesired.
Segment-skipping can be a positive form of active engagement, especially when the
student has already reviewed the material, and they can use the video to extract specific
information. However, if the student skipped segments during a first watch and never
went back to the ignored sections, this would lead to large amounts of an RLV remaining
unwatched and a diminished learning outcome.

Here, RLVs as a single-use learning resource can potentially lead to inefficient study
methods among students. To promote more efficient study methods when using RLVs,
they should be presented as a multi-use resource that discourages binge-watching and
the kind of segment-skipping described above.

2.3 Problem with Spaced Repetition and Recorded Lec-
ture Videos

Spaced repetition [15] is a learning technique that involves reviewing material at
increasing intervals of time. It is based on the observation that people are more likely to
remember information if they encounter it multiple times spaced apart by increasingly
larger intervals [35]. This technique is often used in conjunction with flashcards and
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algorithmic spacing, a technique which involves an algorithm to determine when to
review material to increase the learning outcome.

The repeated reviewing of material, as well as the active engagement with flashcards
when reviewing, implies that spaced repetition is an active learning technique which
presents the contents covered by flashcards as a multi-use learning resource. There is
motivation to develop an approach which allows using spaced repetition with RLVs.
We review a conceptual problem in the section below.

2.3.1 Problem 3: Incompatibility of Spaced Repetition and RLVs

A common approach to integrating spaced repetition with RLVs is to divide a lecture
video into sections and put each one on a digital flashcard. However, flashcards and
spaced repetition are known to be only effective when each flashcard only covers a
small fragment of knowledge, e.g., a single fact or the meaning of a single variable in a
complex formula [34][38].

It is possible to argue that by reducing the duration of lecture video sections, the amount
of information would be small enough. However, there are several reasons why this
approach is not acceptable: firstly, it requires a large amount of time and manual
work. This acts contrary to the earlier discussed benefit of RLVs being a reusable
teaching material which can be employed without too much effort. Secondly, the
lecturer structured the contents to be continuously consumed, making use of the fact
that information is presented in the context of the rest of the lecture. Breaking down
a lecture into infinitely smaller chunks of knowledge would remove any context and
structure, potentially leading to a decreased learning outcome. And finally, one of
the main benefits of spaced repetition is how time-effective the learning technique is.
Having to watch sections of an RLV repeatedly when reviewing flashcards counteracts
that effectiveness by slowing down the learning process and leading to a decreased
learning experience.

There seems to be a fundamental incompatibility when trying to integrate spaced
repetition and flashcards with RLVs. Despite that, the benefits of each method are
significant enough to warrant exploration of new ways to integrate them while preserving
their respective benefits. As found during the critical evaluation of existing tools later in
this chapter (Section 2.5), such exploration is not supported by the current state of spaced
repetition tools and video players. There is motivation to build a new technological tool
to help investigate how spaced repetition can be used for RLVs.

2.4 Problem with the Integrability of Technology

When building a new piece of software, it is essential to consider the integrability of the
software with its intended application domain, especially for this kind of project with
the optional goal of deploying our tool in a real-world setting. In the case of our tool,
its application domain is the existing technology infrastructure of the education sector.
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2.4.1 Problem 4: Integrability with the Technological Infrastructure
of the Higher-Education Sector

We conducted a systematic review of the frameworks and tools used to build over
70 different OpenCourseWare (OCW) web pages, as part of a research team for a
presentation at an upcoming learning and teaching conference [51]. OpenCourseWare
pages are online platforms that provide free and open access to educational materials
from universities and other educational institutions. Preliminary results find that there
is no common framework that was used for a range of them; their technological stack
varies widely. Unfortunately, even the Learning Tools Interoperability (LTI) [28]
standard, which aims to standardise how different educational technological tools can
be combined, is not prevalent. Aiming for integrability with this standard only would
not be sufficient. Regarding technology used, the only common denominator was that
OCW websites either directly used native web technologies (HTML, JavaScript, and
CSS), or used frameworks built on top of those technologies.

Arguably, not all teaching technology in the education sector is built the same way that
OCW web pages are built. However, for the purpose of this project, we focussed solely
on the reviewed OCW projects as a representative sample. Hence, the integrability
problem challenges us to make our tool integrable with the majority of OCW web pages.

2.5 Critical Evaluation of Previous Work

Before forming an approach to solving the problems we previously discussed in this
chapter, we conducted a comprehensive literature review of existing tools and prototypes
which aim to improve students’ learning experience and learning outcome when learning
with educational video. As we conducted the review, we noticed that some of the tools
could be grouped and reviewed together due to a similarity of functionality. For
those cases, we chose a representative example and only included that one in the
final evaluation. While some of these examples are targeted at different video types
than RLV (e.g., recorded tutorials), they could all be repurposed accordingly. We
critically evaluated each of the examples by using the previously established problems
as assessment parameters.

The results, shown in Table 2.1, indicate that, to our knowledge, none of the previous
work provides a complete solution for the entire problem set. The integrability problem
especially remains unaddressed. For Anki, two fields were classified as ’partially’ as it
technically solves these problems but is not expected to lead to a sufficient learning out-
come or experience. This was discussed when we presented the inherent incompatibility
of spaced repetition and RLVs (Section 2.3.1).
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Tool

Functionality

Active
Learn-
ing

Multi-
Use
Re-
source

Spaced
Repeti-
tion

Integrable

RIMES
[31]

Allows for authoring,
recording, and review-
ing interactive multime-
dia exercises during an
RLV

Yes

No

No

No

Elicast
[39]

Embeds programming
exercises within the
RLV and provides
just-in-time feedback
as students try the
exercises when they
watch the video

Yes

No

No

No

Coursera
[13]

Provides the function-
ality of prompting
students with multiple-
choice in-video ques-
tions

Yes

No

No

No

YouTute
[42]

Allows for interacting
with recorded material
by providing features to
tag, segment, and se-
lect certain parts of it;
encourages purposeful
and productive segment-

skipping

Yes

Yes

No

No

Anki [1]

Allows for embedding
video content on flash-
cards; provides spaced
repetition  scheduling
for reviewing flashcards

Partially

Partially

Yes

No

Table 2.1: Evaluation of existing tools based on our established problem set
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2.6 Proposed Solution

2.6.1 Approach and Projected Success

Our approach to solving the set of problems at hand is to design and implement a
tool which adds interactivity to RLVs by inserting flashcards. This turns RLVs into an
active learning resource. The flashcards will cover previously-discussed content of the
lecture. Additionally, the tool will include a customised spaced repetition system which
collects all flashcards encountered by the student while watching an interactive RLV
and schedules them using a spacing algorithm. When reviewed later, the flashcards
will link back to the RLV where they were encountered in case a student forgot how a
flashcard’s answer was derived. This aims to provide a solution for the single-use and
incompatibility problems. The tool will be web-based and have a web component [11]
to make its functionality integrable with other websites. This addresses the integrability
problem.

Our approach offers a simple yet effective solution to the incompatibility problem
between spaced repetition and RLVs. Instead of putting entire video sections on
flashcards, we present a small chunk of knowledge that refers to parts of the lecture.
By contextualizing the flashcard contents within the lecture material, our approach
maintains the benefits of spaced repetition while potentially improving retention rates
[22]. Overall, our approach is expected to improve both the learning experience and
outcome of students using RLVs, as it provides reasonable solutions to the entire
problem set.

2.6.2 Envisioned Use-Case Scenario

Before making design decisions for the tool, it was important to establish our envisioned
use-case scenario for it. This scenario was also used as input for the implementation
and evaluation of the tool.

Anna is a college student who is taking an online course. She has a busy schedule and
finds it challenging to keep up with the course material. To help her study efficiently,
she decides to use a tool that provides interactive flashcards to review lecture content.

Anna starts by watching an interactive recorded lecture video, which is part of the
course curriculum. As she watches the video, she reaches a point where a flashcard is
triggered. The flashcard presents a question related to the topic she just learned in the
lecture.

Anna reads the question carefully, tries to recall the answer from memory, and then
presses the 'Show answer’ button to reveal it. Depending on whether she remembered
the answer or not, she provides feedback by pressing either the 'Remembered’ or
"Forgotten’ button.

The tool then uses its scheduling algorithm to calculate when the flashcard should be
reviewed again, based on Anna’s response. Anna gets notified when the next review is
due to happen.

On a particular day, Anna visits the review page of the tool to review the flashcards that
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are due on that day. The tool presents the flashcards one by one. As Anna reviews each
flashcard, she again provides feedback by pressing the 'Remembered’ or ’Forgotten’
button.

If Anna remembers the answer correctly, the tool will schedule the flashcard for review
again later. If she forgets the answer, the tool will schedule the flashcard for review
sooner to help her reinforce her memory.

After reviewing all the flashcards due on that day, Anna receives a message indicating
that she has reviewed all flashcards. She can then log out of the tool, knowing that she
has made progress in her studies and will continue to do so with the help of the tool.

2.7 Initial Set of Design and Functional Guidelines

Based on the previous parts of this chapter and our research questions, we established a
set of design and functional guidelines to support the design and implementation of the
tool. Further guidelines and requirements are established later during the process of
designing, implementing, and testing the tool.

The initial guidelines focus on the interface of the flashcard as it is expected to be the
main interaction point with the tool.

| ID | Design Guideline | Justification |
DG_1 | The design of the flashcard interface should at- | Counter of decrease of at-
tract the attention of the user. tention with RLV; RQ_2

DG_2 | The design of the flashcard interface should pro- | Inspiration by existing
vide a simple and clean presentation of its con- | software tools (Table

tents. 2.1); RQ2
DG_3 | The design of the flashcard interface should mo- | Encouragement for ac-
tivate the user to interact with it. tive learning; RQ_2

DG_4 | The usability of the tool should be intuitive and | Goal to build a tool
easy to learn so that it does not distract from the | which suits students’
learning process. needs for learning

(RQ-2)

Table 2.2: Design guidelines for our tool and their justification

2.8 Methodology

2.8.1 Design Approach

Participatory design [47] is an approach to design that involves relevant parties such
as end-users and experts in the design process. It typically comprises collaborative



Chapter 2. Background and Literature Review 10

(D

\ Functional Guideline \ Justification

FG_1 | Flashcards should be scheduled to be reviewed | Maintain spaced repeti-

later using a spacing algorithm. tion benefits; multi-use
learning resource

FG_2 | The flashcard should link back to the part of the | Present RLV as a multi-

RLV where it was encountered. use learning resource;
preserve context

FG_3 | The interaction with the flashcard should be en- | Present RLV as active

forced for the student when watching the video. | learning resource

Table 2.3: Functional guidelines for our tool and their justification

activities, such as prototyping and interviews, where users can share insights on the
design. These activities help designers to better understand their needs, and the user
feedback is incorporated into the design process.

We use this design approach for designing our tool since meeting students’ needs is
highly prioritised; this is reflected in the research questions we posed.

2.8.2 Development Stages

With our design approach in mind, we have the following development stages for our

tool:

1.

Definition of the relevant set of problems and their domain

The goal of the background chapter (Chapter 2) is to research existing problems
with the learning process of students when replacing in-person lectures with
RLVs, and how these problems can be solved. We define an approach to solving
these issues but further investigate problems with that approach (spaced repetition
and video; integrability). Based on the findings, we form an initial set of design
and functional guidelines. In Chapter 3, a low-fidelity prototype is constructed
and evaluated to incorporate user feedback into the design process. This further
defines the set of problems and their domain. This stage addresses RQ_2 and
RQ_3.

. Design of a low-fidelity prototype and formative evaluation

Based on our findings from the literature review and the resulting guidelines, we
design a low-fidelity prototype in Chapter 3. This is followed by a formative
evaluation with a Human-Computer Interaction (HCI) expert and a group of
students. For the evaluation, we used a think-aloud protocol [20] approach as it is
particularly suitable for usability testing. The feedback from this evaluation is
considered for the final design of the tool. This stage addresses RQ_2.

. Implementation of a high-fidelity prototype

In Chapter 4, we implement a high-fidelity prototype based on the low-fidelity
prototype and the updated set of design requirements from the formative evalua-
tion. This addresses RQ_2. During the implementation process, we review which
technologies we should use based on the integrability problem and the approach



Chapter 2. Background and Literature Review 11

we outline in Chapter 2. This addresses RQ_3.

4. High-fidelity prototype evaluation
During the final stage of the development process, in Chapter 5, we evaluate
the high-fidelity prototype with a convenience sample [17] from the tool’s target
audience using a task-based evaluation method. Feedback is gathered by con-
ducting semi-structured interviews. The results are interpreted using bottom-up
reflexive thematic analysis [7]. These steps aim to answer RQ_1. We also validate

whether we met the relevant design requirements by running a final usability
study (RQ-2).

While commonly observed for projects of a similar nature, the separation of the de-
velopment process into low-fidelity and high-fidelity prototyping stages is specifically
inspired by the methodology employed by Redbond [44]. From [44], we also adopted
the terminology of a "high-fidelity’ and a ’low-fidelity’ prototype, as well as the overall
structure of this report. A discussion of considered alternatives for the methods we used
is included in the report where appropriate.



Chapter 3

Low-Fidelity Prototype Design

At this stage of the project, we chose to design a low-fidelity prototype (LFP) based
on the design guidelines established in Chapter 2. The main purpose of the LFP is to
identify any missing requirements that could significantly compromise the evaluation
of the high-fidelity prototype (HFP). The LFP also serves the purpose of guiding the
implementation of the HFP.

This chapter addresses the second research question: *How should our tool be designed
to integrate spaced repetition and flashcards with RLVs to meet students’ needs?’

3.1 Overview of the Design

Figure 3.1 shows an overview of the design of the LFP that will serve as a guide to
the reader throughout the rest of this chapter. The diagram depicts the two different
aspects of the LFP: first, the static user interface design mock-up, and second, the added
interactivity necessary for a more meaningful usability evaluation and requirements
analysis.

Figma Prototype Added Interactivity

Add ‘show answer’
button which reveals
answer side of flashcard

[ Flashcard Interface ]

o, Add video and trigger flashcard Interface Design
interface at random point

& e

Flashcard Reviewing Interface d

Video Watching Interface
Sub-component of

Simulate reviewing with
stacked flashcards

Descriptor of added

interactivity

Figure 3.1: Overview of the low-fidelity prototype

12
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3.2 Description of the Design

The design process of the LFP was split into two parts. For the first part, we developed
a prototype of the user interface using Figma [18]. This is outlined in the left part of
Figure 3.1. Figma was particularly suitable for our purposes due to its low learning
curve and the possibility to create user interfaces without being required to write any
code. This first part was based on the design guidelines and the envisioned use-case
scenario established during the literature review in Chapter 2.

However, for a meaningful evaluation, it was critical to include the following user
interactions, which could not be prototyped using Figma only:

1. Interacting with a flashcard: The user interacts with the flashcard and reveals the
answer by pressing the corresponding button.

2. Interacting with a flashcard while watching the RLV: The user watches the RLV
and encounters a flashcard. They interact with the flashcard as described above.

3. Reviewing flashcards: The user uses the review interface to interact with multiple
flashcards, one after another.

For the second part of the design process, we augmented the prototype with custom
code to allow for those interactions. This is outlined in the right part of Figure 3.1.
We achieved this by using images of the design mock-up in a simple web application.
Using images rather than custom-coded interfaces simplified the process considerably,
allowing for flexible adaptation of the LFP to changes in the interface requirements.

Overall, the LFP can be broken down into three parts: an interactive flashcard interface,
an interactive video watching interface, and an interactive flashcard reviewing interface.
What follows is a detailed report of each part of the LFP.

3.2.0.1 Flashcard Interface

The flashcard interface prompts the user with a question and presents the answer when
the ‘Show answer’ button (Figure 3.2 a)) is pressed. Before revealing the answer, the
user is tasked to try and think of it in their mind. After revealing the answer, they
are asked to provide feedback about whether they managed to successfully recall it
(‘Remembered’ button, see Figure 3.2 b)). If they did not recall the answer, the user
should press the ‘Forgotten’ button.

The design of the flashcard interface was inspired by the flashcard application we
reviewed in Chapter 2, Anki [1]. We strove for a clean and simple presentation of the
flashcard contents (DG_2). This was achieved by surrounding both the question and
the answer text with enough space, and by giving the text on the interactive buttons a
different colour. Icons were added to the buttons to encourage user interaction with
the flashcard (DG_3), and to make the usability of the flashcard more intuitive (DG_4).
Finally, we chose a background colour which attracts the attention of the user (DG_1)
without distracting from the contents (DG_2), based on the study by Camgoz et al [8].
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Forgotten Remembered

(a) Front page showing the question (b) Back page showing the answer and the
feedback buttons

Figure 3.2: Design drafts for the flashcard interface of the low-fidelity prototype

3.2.0.2 Video Watching Interface

The video watching interface serves the purpose of presenting the RLV and prompting
the user with flashcards as they watch the video. For the LFP, the functionality is limited
to showing a single flashcard 30 seconds into watching the video.

The video watching interface of the LFP serves as a guiding example only as our tool
can be embedded and used on other websites with video. When embedded, only the
flashcard interface will be visible on the external website. This is further explained in
Chapter 4.

The video watching interface is presented on a single page. It includes a video title, a
video player, and a flashcard area. The video player is a native HTML media player
[50]. Below the media player, the flashcard area displays a placeholder where flashcards
will be presented as the user watches the video. It instructs the user to watch the video
to reveal flashcards to interact with (see Figure 3.3 a)).

When the user encounters a flashcard trigger point in the video, the corresponding
flashcard is presented in the flashcard area, and the user is tasked to further interact with
it as described in the previous section (see Figure 3.3 b)).

Including explicit instructions in the flashcard area corresponds to DG_1 and DG_4: the
aim is to motivate the user to start watching the video to reveal flashcards, and then to
let the user interact with them. Furthermore, it explains how to use the tool.

We also integrated a counter of how many flashcards have been encountered so far, and
how many have yet to be “discovered” when watching the video. This corresponds to
DG_3: the intention is to motivate the user to keep discovering new flashcards later
in the video. We are aware that this might lead to the opposite effect where the user
sees that they already encountered all flashcards and their motivation to finish the
video decreases. However, we think that this concern is negligible as it can easily be
circumvented by embedding flashcards towards the end of a video.

3.2.0.3 Reviewing Interface

The reviewing interface is encountered when the user progresses to reviewing the
flashcards they previously encountered via the video watching interface. This will be a
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Convolutions and Image Processing Convolutions and Image Processing

sssssssss

What is a use case of averaging a pixel by its
neighbours in the context of image processing?

@

(a) The interface when showing the placeholder, (b) The interface when showing a flashcard,
with video title and user instructions with updated instructions

Figure 3.3: Video watching interface of the low-fidelity prototype

few days after watching the video, depending on the spacing algorithm we decide to
implement for the HFP.

For the LFP, the interface consists of a title and the flashcard interface as a sub-
component of the design (see Figure 3.4). We added a counter of how many flashcards
are left to be reviewed. This should motivate the user to review all the flashcards
(DG.3).

The interface also features a link which brings the user back to the part of the lecture
where the current flashcard was encountered (‘Jump back to explanation’). While we
included this in the design, its functionality was not implemented until we developed
the HFP and could not be evaluated for the LFP.

3.3 Evaluation with Experts and Peers

At this point, we carried out a formative evaluation of the LFP with experts and peers
whose expertise was expected to be valuable for identifying additional requirements for
the design.

3.3.1 Participants

The details of each participant for the evaluation can be found in Table 3.1. This specific
convenience sample [17] was found to be the right choice for this evaluation due to the
combined expertise of the participants in the field of HCI, education, and interactive
videos.
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Review page

< Jump back to explanation

Show answer

16

Figure 3.4: Flashcard reviewing interface of the low-fidelity prototype

| Participant | Status

| Area of Expertise

El

Expert (academic researcher)

HCI, interactive streaming videos
for education

S1

Undergraduate student

Informatics studies, currently also
conducting research in the domain
of interactive videos for education

S2

Undergraduate student

Informatics studies, currently also
conducting research in the domain
of interactive videos for education

S3

Undergraduate student

Informatics studies, currently also
conducting research in the domain
of interactive videos for education

Table 3.1: Details of the low-fidelity prototype evaluation participants
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3.3.1.1 Materials

We used the following materials during the evaluation: low-fidelity prototype with added
interactivity; a study instruction sheet; laptop (password-protected); video conferencing
application; note-taking application.

3.3.1.2 Procedure

We ran two iterations of the study, first with the academic researcher (E1), and then
with the group of student participants. The study was structured into three stages:

1. The participant or group of participants was given a short presentation about the
general idea of this project and its goals. The presentation was supported by the
interface design drafts created for the LFP.

2. We presented our envisioned use-case scenario from Section 2.6.2. For this step
too, we used images of the user interface developed for the LFP to facilitate the
participants’ understanding of our tool.

a) For the evaluation with the academic researcher, we gave them the instruc-
tion sheet and let them interact with the LFP themselves.

b) For the evaluation with the student group, we demonstrated the instruction
sheet steps whilst sharing our screen. This was due to the meeting being
remote and the prototype only being available locally on our machine.

3. As the participant(s) interacted with the prototype, they were encouraged to share
their thoughts and opinions at the same time. We discussed suggestions and
additional requirements as they were following the instructions.

The evaluation with E1 was split into multiple sessions as they interacted both with an
early-stage version of the LFP as well as with the version described in this chapter. The
group evaluation was conducted within a single session. For both cases, the evaluation
strictly followed the procedure we just described.

The evaluation method followed the approach of a think-aloud protocol [20]. This
method was suitable as we were interested in participants’ thoughts on usability as they
interacted with the prototype or witnessed those interactions. Alternatives, such as a
debrief-protocol [21] where feedback is gathered in retrospect, were considered as well
but found to be less suitable due to the research goal of this study.

3.3.1.3 Data Collection and Analysis

Both the data collection and analysis aspects of this formative evaluation were kept
informal. During the requirements discussion, we took notes of what participants said
to collect feedback data. While this method of collection carries the risk of missing
data items (compared to recording a session, for instance), we found it suitable for our
purposes because we had the opportunity to clarify unresolved questions and revisit
missed points.
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The analysis process involved manually inspecting the notes and identifying additional
requirements by considering each proposed requirement and evaluating whether it was
crucial to add to the HFP. This was done by acknowledging the problems and initial set
of guidelines presented in Chapter 2.

More formal analysis methods, such as full thematic analysis, were considered but
found unsuitable for this kind of formative feedback data, as we were only interested in
one theme at this point in the project: missing requirements.

3.3.2 Results

This section presents the results obtained during the formative evaluation of the LFP.

For the evaluation with the group, we noticed that we did not gather any feedback from
S3. While we were still able to extract useful feedback data during that session, this
might indicate that the think-aloud protocol was not the best choice for a group setup.

Reviewing Procedure

The idea of reviewing flashcards was overall well-received when it was presented using
the LFP. S1 remarked: ’I think this is a good idea, I could imagine wanting to use this.
The other participants were also convinced by the general concept; S2 commented that
they could generally see the procedure of reviewing flashcards as beneficial for the
learning outcome.

When asked to review flashcards, E1 wondered, *How do I know when to review
flashcards?’ Along these lines, S2 suggested: ’I would probably need a notification
system to remind me when I need to review flashcards again.” S1 said that they *would
definitely need a notification system’.

Usability Issues
For this category, we received limited feedback from the student group because we were
unable to let the student participants interact with the LFP itself during the study.

During the evaluation with E1, the overall impression of the usability was mixed. While
the participant was able to follow through with the instruction sheet, they had to ask for
clarifications for some of the steps. When asked whether the LFP was intuitive to use
and the navigation self-explanatory, E1 responded that they were ‘a bit confused on how
to use the system’. With ‘how can I answer the flashcard?’ and ’I do not understand
where I can write my answer’, E1 gave feedback on the usability of the flashcard,
suggesting that the intended use of flashcards in the LFP was not intuitive enough.
Further usability issues occurred when E1 was asked to review encountered flashcards:
'It is confusing to me what the review platform is and what the video watching page is,
those two things look very similar.’

E1 concluded their comment on the usability with the following suggestion: *Maybe
some documentation explaining your application and how to use it would be useful,
that would clear it up for me’.

Identified Flaws
El identified a flaw when they interacted with the LFP: *I don’t think the count of the
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remaining flashcards in the video is properly working, which leads to confusion.” This
refers to the count element of the video watching interface, shown in Figure 3.3.

Further Suggestions

E1 made further suggestions to improve the LFP. They commented on using the LFP
from the perspective of an instructor: ’As an instructor, how do I add flashcards to my
video? I think this should be uncomplicated and even possible for people without a
technical background.

When asked how they felt about the idea of showing the question on the answer page,
all participants responded positively.

3.3.3 Impact on Design

Table 3.2 presents the additional requirements we identified during the study. They
were extracted from the feedback notes we took during the evaluation, in combination
with the write-up of the results presented in the previous section.

For each suggested requirement, we evaluated whether it should be directly implemented
(‘implemented’), implemented in parts (‘partially implemented’) or planned to be
implemented in the future (‘future work’). This was based on several factors, including
the estimated priority of the suggestion, by whom it was suggested and in what context,
how much it is estimated to affect the evaluation of the final prototype, and the given
time limit for this project in combination with the estimated effort to implement the
requirement.
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No Suggestion Priority | Decision Suggested
by

1 Provide a user guide or documen- | High Implemented | E1
tation on how to use this applica-
tion.

2 Fix the count of how many flash- | High Implemented | E1
cards are remaining the video.

3 Display the question on the an- | Medium | Implemented | E1, S1, S2
swer page of the flashcard.

4 Add introductory text elements | Medium | Implemented | E1
to the video watching interface.

5 Clearly distinguish between the | High Partially im- | E1l
review and the video watching plemented
parts of the prototype.

6 Add a way of notifying the user | Medium | Future work | E1, S1, S2
when a flashcard is due to be re-
viewed.

7 Make it easy for instructors with- | Medium | Future work | El
out a technical background to add
flashcards to their videos.

Table 3.2: Suggestions and additional requirements identified during the formative

evaluation of the low-fidelity prototype



Chapter 4

High-Fidelity Prototype Implementation

At this stage of the project, the goal is to implement an HFP based on the design
prototype from the previous chapter, and on the results of its evaluation. The main
purpose of the HFP is to be a tool which can later be used for evaluating the learning
experience of students. After summarising the technologies used for its implementation,
the chapter progresses to a description of the implemented tool. We also report the
testing process we employed to facilitate and validate the prototype implementation,
followed by a brief comment on a key implementation challenge.

This chapter addresses two of our research questions: 'What technologies should we
use to implement our tool so that it can be integrated with existing software?’ (RQ_3),
and 'How should our tool be designed to integrate spaced repetition and flashcards
with RLVs to meet students’ needs?’ (RQ_2).

4.1 Platform and Resources

For the tool development, we chose the resources and platform listed below based on
their ability to implement the LFP design, the integrability problem, and our previous
experience with using them for software development.

Platform

The tool is a web application which can be used in any modern browser. We chose to
develop a web application rather than OS-native software (e.g., an Android application)
to reach a large target audience whilst avoiding cross-platform development challenges.

Next.js Front-End

Next.js [37] is a React-based [43] framework for building web applications. As we had
identified three different main components of the tool during the LFP design (flashcard,
review, and video watching interface), this framework was particularly suitable as it
allowed for a component-based development approach. Furthermore, we had previous
experience with this framework, which proved to be helpful considering the given time
limit. We used the framework for file-based routing of the web application, and to
expose API endpoints for the web component.

21
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Web Components

Web components [11] are a standard component model for the web that enables en-
capsulation and reusability of customized HTML elements. We used web components
for our tool because they are compatible with native web technologies like HTML and
JavaScript, and offer a solution to the integrability problem (Section 2.4.1). Alternatives
like React and other JavaScript frameworks also offer component development for
encapsulating and reusing functionalities, but they are not backwards-compatible with
native HTML-based websites. In contrast, web components are forward-compatible
and can be used with any platform built with these frameworks.

Vercel Hosting

For the evaluation of the HFP, we had to make the prototype accessible via a public
domain, as opposed to running the prototype locally on our machine. To this end, we
used Vercel [49] as a hosting provider. Vercel is suitable for this project since it offers
hosting and domain names at a free tier whilst providing production quality. This was
important as there was no monetary budget for this project.

Cloud Firestore Database Hosting

Cloud Firestore [19] provides hosting for NO-SQL databases. We selected this database
hosting provider as there is a well-developed SDK which facilitates connecting to the
database via HTTP endpoints.

OAuth Authentication

OAuth [2] is used as a third-party authentication provider to enable and manage user au-
thentication processes. OAuth was chosen due to its compatibility with Next.js, and the
ability to protect specific API routes within the web application with an authentication
layer. This allowed us to securely manage reading and writing access to the database.

4.2 Description of the Implemented High-Fidelity Proto-
type

For the implementation of the HFP, we considered the design and functional guidelines
presented in Chapter 2. We also recognised the additional requirements we identi-
fied during the evaluation of the LFP. The design and functionality of the LFP were
maintained and only altered where necessary. Additionally, the HFP provides the
following:

* An integrable web component which can be used by developers to make their
videos interactive.

* An interactive flashcard component which dynamically retrieves and renders
flashcard content from our database.

* A template which serves as an example and guidance for how to add interactivity
to videos with the web component. This corresponds to the video watching
interface of the LFP.

* A spacing algorithm to calculate user-specific review dates for flashcards, option-
ally based on previous review data.
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* A review page where users can create a user account, log in, and review flashcards
that they previously encountered on websites with videos made interactive with
the web component.

4.2.1 Integrable Web Component

The HFP provides a web component which can be used to add interactive video function-
ality to external websites. Once added to a website, the web component communicates
with our tool via exposed HTTP endpoints. This allows for retrieving necessary flash-
card data, displaying that data in the flashcard component on the external website, and
returning the feedback a user gave upon reviewing the flashcard (‘remembered’ or
‘forgotten’) to our tool. The returned feedback will be used as input for the spacing
algorithm.

The web component provides further functionality to the external website’s video player:
it automatically pauses and resumes the video when a flashcard is encountered; it scrolls
the flashcard into the view when it needs to be reviewed; and it removes the user’s ability
to continue the video manually until the flashcard is answered. These implementation
details are based on DG_4 and RQ_2, aiming to make the tool easier to use and to
enforce increased engagement. This is further discussed in Section 4.5.

4.2.2 Spacing Algorithm

The HFP uses the following spacing algorithm for calculating the review dates for
flashcards:

C+1 fL=gand A =1
N(C,LLA)=<¢2x(C—-L) ifA=1
C otherwise

where N is the next due date for the flashcard review, C is the current due date, L is the
last due date of the specific flashcard, and A is the user feedback for a flashcard (1 for
‘remembered’ and O for ’forgotten’).

The algorithm doubles the interval between review dates if the student reviews a
flashcard successfully in a row. If it is a first review, the flashcard is scheduled for
the next day. If they answered incorrectly, the algorithm resets the review history and
schedules the flashcard to be reviewed on the same day again.

This is a variation of the Leitner-schedule [45] and conforms to the basic concept of
spaced repetition [15]. While there are more sophisticated algorithms (e.g. Anki’s
scheduler [16]), our algorithm suffices for prototyping and proof of concept purposes.

4.2.3 Flashcard Component

The flashcard component of the HFP functions similarly to the design mock-up devel-
oped for the LFP: it presents the user with a question, reveals the answer upon the user’s
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Forgotten Remembered

Figure 4.1: Updated flashcard answer page for the high-fidelity prototype

pressing the corresponding button, and finally asks for feedback on how the reviewing
went.

Based on suggestion 3 from the evaluation results of the LFP (Table 3.2), the flashcard
component displays the question above the answer of the flashcard, as reference for the
user when they reveal the answer. This is shown in Figure 4.1.

The component can display text, optionally formatted with Markdown [33]. It is also
capable of rendering mathematical expressions. The support of displaying further types
of media (e.g., images, audio) is discussed in the Future Work section of Chapter 6.

The user feedback to a flashcard is stored in the database, along with the review date.

4.2.4 Interactive Video Website Template

The HFP template closely follows the video watching interface that was developed for
the LFP. Presented on a single page, it includes a video title, a video, and a flashcard
area. As per suggestion 4 from the LFP evaluation results in Table 3.2, we added
text areas which can be used to augment the video with complementary text about its
contents (Figure 4.2).

4.2.5 Reviewing Page

Users encounter the reviewing page of the HFP when they review the flashcards that
they previously encountered via the video watching interface. The reviewing page uses
the spacing algorithm to determine which flashcards are due to be reviewed based on
the data in the database and presents them to the user for review.

For the HFP, the design of the reviewing page is very similar to the LFP. Following
suggestion 5 from the LFP evaluation results, we added a brief paragraph which clearly
states the purpose of the reviewing page, and differentiates it from any video watching
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Convolutions and Image Processing

In this engaging lecture from the MIT course "18.5191 Introduction to Deep Learning"
Grant Sanderson explores the topic of convolutions in image processing. Through clear
explanations and intuitive examples, he shows how convolutions are used to detect
features in images, and how they can be applied in a variety of computer vision tasks.
One stand-out quote from the lecture is:

"A convolutional neural network is like a machine that takes in an image, and then it
transforms that image through a series of operations in a way that highlights the
features that are relevant for a particular task." - Sanderson

Sanderson's passion for teaching and his ability to break down complex topics into
digestible pieces make this video an excellent resource for anyone looking to learn
more about deep learning and image processing.

Figure 4.2: Updated interactive video template for the high-fidelity prototype, with addi-
tional context notes about the video. Note that the flashcard component is cut off in this
image; it is still located below the media player.

websites. This also adheres to design guideline DG_4. This solution is somewhat crude
(hence the ‘partially implemented® status in Table 3.2), but is expected to have the
desired effect and can be further justified by the given time limit for this project.

4.3 Testing

The implementation of the HFP was supported by a thorough software testing process.
Testing plays a crucial role in enhancing the reliability and validating the functionality of
a tool before it is used in the real world. This is particularly significant when considering
the consequences of a faulty system. In this context, we carried out testing in four
consecutive steps, following the recommended process and utilising techniques from
the literature [40]. The objective was to ensure that the tool had basic functionality
working for prototype evaluations, as well as meeting the requirements for real-world
deployment. By utilising a structured testing process, we were able to thoroughly
validate the functionality of the tool.
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4.3.1 Step 1: Initial Analysis

For this step, we first conducted a requirements analysis to identify aspects of our
prototype which need testing. This requirements analysis was different to the analysis in
Chapter 2 which yielded the design and functional guidelines as it focused on the goal
of reliability and correctness of software. We addressed different levels of requirements
(system, unit, integration) and established initial approaches for testing them. This
involved translating qualitative requirements into measurable quantitative requirements.
Finally, we assessed the appropriateness of the testing approaches.

The results of this step are a statement of requirements and an overview of testing
approaches, both of which can be found in Appendix C.

4.3.2 Step 2: Design and Implementation of a Test Plan with Instru-
mented Code

For this step, we constructed a test plan with instrumented code:

* Construction of a test plan: we assigned priorities to the requirements that were
identified during step 1. We then analysed any additional needs for testing the
requirements thoroughly.

» Assessment of the test plan: we assessed the quality of the test plan in terms of
three relevant types of risk which were described by Pezze et al [40]: person-
nel risk, technology risk, and scheduling risk. Where necessary, we proposed
mitigation approaches.

* Code instrumentation: we identified tasks of the test plan which required addi-
tional code to carry out the testing, and developed the instrumentation.

* Evaluation of the instrumentation: we assessed the instrumentation code on
whether it would be adequate to facilitate the testing process, and whether there
were any potential improvements for it.

The results of this step are a comprehensive test plan consisting of a statement of
testing needs for the requirements, a task and test specification, and a description of the
implemented instrumentation code, along with its evaluation. These documents can be
found in Appendix D and in the project materials.

4.3.3 Step 3: Application of Testing Techniques

For this step, we carried out the test plan from step 2 and applied a range of testing
techniques, including End-To-End testing, penetration testing, and accessibility testing.
We documented the results of the testing and assessed them on the following criteria,
where applicable: accuracy, precision, repeatability, cost, execution time, and ease of
use.

The results of this step are a report documenting the testing process and an evaluation
statement of the testing results, to be found in the project materials provided with this
report.
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4.3.4 Step 4: Evaluation of the Limitations of the Testing Process
and Code Inspection

For the final step of the testing process, we evaluated the limitations of the testing
process by identifying gaps and omissions for each test task. We also inspected the code
as a final means to identifying potential weaknesses in our prototype. For the inspection,
we followed a classic checklist inspection approach [40].

Appendix E comprises the results of this step: a statement of deficiencies and omissions
during the testing process, and an inspection documentation sheet.

4.3.5 Summary and Impact of the Testing Process

We conducted a thorough testing process to ensure increased reliability of our tool and
to detect issues at an early stage. The testing results are thoroughly documented in the
appendix of this report. Where necessary, we adapted the HFP to remove weaknesses
and bugs that were exposed during the testing process.

4.4 Implementation Challenges

The implementation phase of a project is a critical step towards achieving its objectives,
and it often comes with challenges. In this section, we examine one key implementation
challenge encountered in the context of our research project. By focusing on this
challenge, we aim to provide a detailed understanding of the complexity involved in
implementing our proposed solution. This will help future researchers and practitioners
to better anticipate and navigate similar implementation challenges in their own work.
Including this implementation challenge in this report is essential because it allows us
to reflect on the practical aspects of our research and its potential impact in the real
world.

4.4.1 Cross-Origin-Resource-Sharing Restrictions

In addressing the integrability challenge discussed in the literature review, we made
the decision to use a web component to encapsulate the interactive video functionality,
allowing it to be integrated onto other websites. However, this decision led to some
challenges. Specifically, when the component was integrated on external websites, it still
needed to communicate with our prototype to retrieve flashcard contents, among other
things. CORS (Cross-Origin Resource Sharing) [12] restrictions posed a significant
obstacle to this communication. Allowing any cross-origin communication to access the
HFP and its API to read and write from the database (by using the ’origin-all’ option)
would have been a bad idea, as it could have resulted in a DoS (Denial of Service) or
other security attack. To overcome this challenge, we decided to embed parts of our
front-end as an iframe [27] that handles the communication between the component
and the prototype. This solution also had the added benefit of keeping users logged in
across multiple tabs and different websites which use the web component of our tool.
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4.5 Considerations for Evaluation

During the development of the LFP, we had several additional ideas about implementa-
tion details based on the initial guidelines presented in Table 2.2 and 2.3. However, we
could not implement these ideas for the LFP without adding unnecessary complexity
to the code, which would have hindered the evaluation of the LFP. As a result, these
details could not be confirmed during the evaluation of the LFP. We will refer to these
details as 'unconfirmed implementation details’. These details primarily focus on the
web component, for two reasons. First, the web component was not a part of the LFP,
and thus these details could not be confirmed during the LFP evaluation. Second, the
web component is what ultimately provides the interactive functionality to the video.
As a result, even small changes to the web component can have a significant impact on
how users perceive and interact with the video.

No Relevant HFP | Unconfirmed Implementation De- | Motivated by

Component tail
1 Web component | The web component stops the video | FG_3, DG_4
when a flashcard is triggered.
2 Web component | The web component prevents the | FG_3, DG 4

video from being continued when
a flashcard is triggered.

3 Web component | The web component automatically | FG_3
resumes the video when a flashcard
has been answered.

4 Web component | The web component automatically | FG_3, DG_4
scrolls to the flashcard interface
when it needs to be reviewed, and
back to the video after the flashcard
has been answered.

Table 4.1: Unconfirmed implementation details of the high-fidelity prototype
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High-Fidelity Prototype Evaluation

At this stage of the project, we conducted two evaluation studies using the HFP. Firstly,
a usability study which addresses the second research question: ‘How should our tool
be designed to integrate spaced repetition and flashcards with RLVs to meet students’
needs?’ Secondly, a study about the learning experience with the HFP which addresses
the first research question: ‘How does our tool affect students’ learning experience with
RLVs?

The chapter first provides an overview of the participants selected for the studies, and
then presents the usability study in Section 5.2 and the learning experience study in
Section 5.3. We conclude this chapter with a discussion of our findings.

5.1 Participants

For both studies, we used the same group of participants. This simplified the admin-
istrative process of running the studies without being expected to have a considerable
effect on the results. Table 5.1 provides an overview of the participants and their details.

Participant Background Age | Previous Ex- | Previous Ex-
perience with | perience with
Flashcards RLVs
1 Undergraduate student, | 22 Yes Yes
Biomedical sciences
2 Undergraduate student, | 23 Yes Yes
Music
3 Graduate student, Bio- | 24 Yes Yes
chemistry

Table 5.1: Details of the high-fidelity prototype evaluation participants

This specific convenience sample of participants was found to be suitable for the
studies as they were all students from different academic backgrounds, and therefore a

29
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reasonable representation of the target demographic of our tool [17].

5.2 Usability Evaluation

The aim of the usability study was to validate that the HFP meets the design and
functional guidelines that we established in Chapter 2. Although a similar evaluation
was conducted for the LFP in Chapter 3, this was important to re-assess at this stage
due to the alterations we made to both the functionality and the design of the prototype
during the implementation of the HFP.

5.2.1 Materials

We used the following materials to conduct the study: high-fidelity prototype; par-
ticipant’s information sheet and consent form (Appendix H); user documentation for
our tool (Appendix A); detailed study protocols; System-Usability-Scale (SUS) [6]
feedback form (Appendix G); laptop (password-protected); audio recording device
(smartphone, password-protected). The SUS form was slightly adapted to make the
questions easier to understand in the context of our tool.

5.2.2 Procedure

The study was conducted in-person over three sessions, one with each participant. We
audio-recorded each session. After each session, we copied the recording from the
smartphone to the laptop to create a backup of the feedback data.

At the start of each session, we let the participant read the participant information sheet
and fill out the consent form. Then, we asked about the background of each participant,
to obtain Table 5.1. We then presented them with the detailed study information sheet
and the user documentation to deepen their understanding of the concept of the tool,
and how to use it.

Presenting a potential user with documentation beforehand follows suggestion 1 from
the LFP evaluation (see Table 3.2).

At this point, we proceeded with a task-based evaluation, following each of the inter-
action protocols. During the evaluation, the participant was asked to rate the tool’s
usability using the SUS form. The SUS is an industry-standard survey that measures
the usability of a system through ten questions assessed on a 5-point Likert scale [29].
Given our small sample size of participants, the SUS was deemed appropriate for our
purposes. However, it should be noted that the SUS may not be suitable for all contexts
and research questions, and its limitations should be carefully considered. The SUS
evaluation focuses on the overall usability of a system and does not provide detailed
information on specific usability issues [14]. However, this limitation is not relevant for
us as our main objective was to obtain a general assessment of the tool’s usability.
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Figure 5.1: Calculated SUS scores from the participant feedback

5.2.3 Data Collection and Analysis

After the sessions had been completed, we transferred the answers submitted via the
feedback form to a Jupyter Notebook [30] and evaluated them by calculating the SUS
score for each participant.

5.2.4 Results

Overall, the participants were confident with using the tool and did not encounter major
usability issues. All tasks stated in the protocols were successfully completed by each
participant without the need of additional help.

System-Usability-Score

As shown in Figure 5.1, the HFP achieved a mean SUS score of 88.33. The lowest
score was 70 (P3), and the highest score was 100 (P2). These results are discussed in
the discussion section of this chapter.

5.3 Learning Experience Evaluation

The goal of this study was to determine how students respond to the tool in terms of their
learning experience. We were interested in two aspects: first, the learning experience
with the interactive RLV and integrated flashcards. Second, the learning experience
with the flashcard reviewing process and spaced repetition scheduling.

5.3.1 Materials

The following materials were used for the study: high-fidelity prototype; example RLV
(5min long, about image processing); detailed study guide, including an interview guide;
laptop (password-protected); audio recording device (smartphone, password-protected).
The choice of the topic of the RLV was found to cause issues due to the varied academic
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backgrounds of the participants; this was not expected as we estimated the content to be
suitable for any high-school graduate. This is further discussed in the Section 5.4.

5.3.2 Procedure

This study was conducted with the same group of participants as the usability study.
Since the previously-presented participant information sheet and its corresponding
consent form also covered this study, we could skip this step. The study was carried out
in person, with a separate session for each participant. We audio-recorded the sessions.

Each session was structured into four phases:
1. Explanatory phase: explanation of the idea of our tool and how to use it.
2. Video watching interaction phase: interaction with the interactive video.
3. Flashcard reviewing interaction phase: interaction with the reviewing page.
4. Final feedback phase: gathering of final feedback on the learning experience.

The explanatory phase could be omitted for two of the three participants as they still
remembered the explanations from when they participated in the usability study.

During the phases, we used a debriefing rather than think-aloud method to gather
feedback. This was to decrease the risk of the participants being distracted from the
actual learning experience as they were interacting with the prototype. Except for the
explanatory phase, each phase also entailed a semi-structured interview to allow for an
open-ended discussion about the participant’s learning experience.

During the evaluation, we purposefully left the definition of learning experience open-
ended, only providing some pointers to give the participants an idea of what was meant.
This was to account for aspects of a participant’s learning experience that we could
not anticipate and might have been omitted in a participant’s answer given a too-rigid
definition of the term.

5.3.3 Data Collection and Analysis

Like the usability study for the HFP, we transcribed the audio recordings using an
automatic transcription tool. We manually corrected the parts of the transcripts that
were relevant but wrongly transcribed by the transcription tool.

We carried out reflexive thematic analysis [7] to interpret the data. We chose a recursive
bottom-up approach because we did not have a clear idea of what themes to expect,
due to the open-question design of the semi-structured interviews. Similarly, for the
coding process of the data we chose a deductive approach, as outlined in [7]. Initially,
there was an unusually large number of codes, but a few of them could be merged or
eliminated at a later stage of the analysis.

As guidance throughout the analysis, we created a mind map with an overview of
established themes, sub-themes, and their relations (shown in Appendix B). The estab-



Chapter 5. High-Fidelity Prototype Evaluation 33

lished top-level themes were: subject learning outcome, subjective learning productivity,
impact of the interface, concerns, and external factors.

5.3.4 Results

Overall, all participants attributed a positive learning experience to using the tool, and
could imagine using it in a real-world setting to increase their learning outcome when
learning with RLVs.

Subjective Learning Outcome

This theme explores how much participants believed they were learning from the RLV
when watching the video interactively with the prototype. This was subjective and not
evaluated against a formal test of the participants’ knowledge of the lecture. This theme
also covers the perceived learning outcome when using the reviewing page of the tool.

Two out of three participants (P1, P2) experienced an increased subjective learning
outcome. Both commented that the contents of the RLV addressed by the flashcards
stood out more and were better remembered than the rest of the lecture. When asked
whether this meant that things not covered by flashcards were harder to remember than
they usually would have been, P2 responded that they ‘maybe would have remembered
other things but the overall memory of contents is definitely better [when using the
tool]’.

P1 stated that lecture contents were easier to remember when answering the inserted
flashcards incorrectly (‘learning from mistakes’), and they also felt that reviewing
flashcards repeatedly increased the learning outcome. P1 concluded their feedback
on their subjective learning outcome by comparing it to attending in-person lectures:
‘It reminds me of live lectures where lecturers put in little quizzes or little summaries
in between topics within a long 1-hour lecture. And I find that when they do that, 1
remember things better.’

P2 perceived their learning outcome to be increased because of the review feature of
the tool: ‘Recalling what I've done in terms of flashcards or looking back to parts of the
lecture to explore what I've forgotten, to then fill in smaller gaps ... I feel I definitely
learn more with lecture videos this way.’

P3 reported an insufficient subjective learning outcome and commented: ‘I felt like I still
did not understand the lecture content.” They also added that they were not confident
with the mathematical complexity of the lecture content.

Subjective Learning Productivity
This theme explores how productive the learning process felt to the participants as they
were interacting with the HFP.

All participants stated that they experienced increased motivation, attention, or en-
gagement when watching the interactive video. Especially interacting with flashcards
during the RLV was found to increase the focus on the lecture content, as reported by
all participants. P2 summarised this experience by saying: 'To be presented with the
flashcards made me focus because if [ was |...] drifting off for a few seconds, I might
miss something important and then I wouldn’t be able to answer that flashcard. I would
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have to go back. I was compelled to focus.” P3 also reported: ’If you get the flashcard
wrong, I would definitely want to go back and rewatch rather than just keep on going.’

All participants felt more motivated to try and understand the content of the RLV. P2
said: ‘It definitely felt like it kept me engaged and |[...] [the tool] made sure of that
because if I had not been able to answer the flashcard, I would have gone back.” Indeed,
P1 reported a similar experience: ‘[There is] less risk of just watching the lecture and
[...] not understanding the content.’

P3 commented on the general feeling of productive learning by saying that ‘If I get it
[i.e., answer correctly], then I feel more confident and then I feel like that boosts my
learning experience.’

P1 noticed a more productive learning process as they felt that they could omit taking
notes whilst watching the RLV without a negative impact on their subjective learning
outcome. In the end, they found: ‘I find myself not having to take as many notes to
explain a topic to myself in my notes.’

The reviewing process of the flashcards after watching a lecture was generally met with
positive feelings. Both P1 and P3 mentioned they can see reviewing flashcards with
spaced repetition being a good way of learning with RLVs, ‘without having to watch a
video over and over again’ (P3). P2 mentioned they ‘would need to see how learning
with such a tool and reviewing is like over a longer period of time.’

Impact of the Interface

This theme is about features of the user interface of the HFP, and how participants
thought they affected the learning process. It consists of two sub-themes: positive
effects on the learning experience, and negative effects on the learning experience.

P2 commented directly on how the interface positively affected the learning experience
for them: ‘The learning experience was quite visual and I think it’s good to see
the question, see the answer and making the connection between them.” They also
commented about the flashcard design: ‘I like the colour orange. I think it’s warm and
it draws my attention.’

P1 had mixed feelings about the interface. They said: ‘I like the fact that [the tool]
stops the video and then automatically displays the flashcard that corresponds to
the information that I've just covered, in front of me.” However, they also displayed
confusion when interacting with the review page interface and then jumping back to the
RLV: ‘I think it was [...] confusing to have the option to answer the flashcard both on
the review page as well as here [on the video watching page].’

P3 found the interface overall sufficient for their learning experience but they said that
they would prefer if clicking the ‘Jump back’ button on the review page would not link
to the part of the RLV where the flashcard is triggered but rather a few moments earlier
when the content of the flashcard was explained.

Concerns and Improvements

This theme consisted of three sub-themes: overall conceptual concerns, potential
improvements for the tool, and additional requirements or needs from the student
perspective.
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One conceptual concern of using the tool for learning was brought up by P3 when they
mentioned that the only things that they learned were the parts covered by the flashcards.
They concluded: ‘I can’t really remember anything else he [the lecturer] said.’

In terms of potential improvements, P2 mentioned they could imagine that it would
be helpful to have additional supporting content located on the video watching page:
‘On [Microsoft] Teams, you have access to files that have been shared and comments
made throughout the lecture, which could be useful to have here as well.” P3 provided a
suggestion for the interface when jumping back to an RLV from the reviewing page:
‘It would be nice if it had come up with both the flashcard and the video in full view.
They also suggested improving the spacing algorithm by adding an additional input
parameter, namely, whether parts of an RLV had to be rewatched to answer a flashcard.

Additional requirements included a request for notifications when flashcards are due to
be reviewed (P1, P3) and an optional format for providing an answer to the flashcard
question (P2). P2 provided the example of being able to write or draw an answer as
they try to think of it, enabled by the interface, and then revealing the answer page of
the flashcard.

External Factors
This theme is about mentioned external factors and how they affected the perceived
learning experience of the participants.

All participants mentioned that their learning experience was most likely positively
influenced by the teaching skills of the lecturer from the example RLV. Additionally, P2
commented that their learning experience might have been negatively impacted if the
content covered by the flashcards had not been as straightforward.

Implementation Considerations
At the end of Chapter 4, we mentioned certain implementation details of the tool which
should be considered during the evaluation of the HFP (Table 4.1).

Detail 1 (automatic stopping) did not receive any negative or positive feedback from any
of the participants. Detail 2 (forced answering) was positively received (3/3 participants),
with the same argument across the board that they would otherwise feel tempted to skip
a question, and that it increased the attention. Detail 3 (automatic resuming) did not get
any negative feedback but was also not otherwise mentioned in the feedback. Detail 4
(automatic scrolling) received positive feedback from all participants, but P2 suggested
to leave some space at the top of the video player when scrolling back to it after having
answered the flashcard, so that they would not need to fear about parts of the video
being cut off at the top.

5.4 Discussion

We ran two different types of studies to evaluate the HFP: one to assess usability, and
one to assess the learning experience. The participants did not encounter any major
usability issues and were able to complete all tasks from the usability evaluation without
any additional help. For the learning experience evaluation, the consensus was that the
tool improved learning with RLVs.
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The SUS scores indicate good usability of the HFP: two scores were above 85 which
corresponds to excellent usability levels [3]. The third score was 70, which indicates
good usability with few issues [3]. The mean score of 88.33 is above the average for
educational technology [52]. This might have to do with the fact that the HFP has a
low number of elements to interact with, and is, hence, of decreased complexity in
comparison to other educational tools.

We identified that the perceived learning experience of participants consisted of two
crucial elements: the subjective learning outcome, i.e., how much of the RLV content
participants thought that they learned, and the subjective learning productivity, i.e., how
effective the process of learning the lecture content felt. The fact that all participants
commented on their perceived learning outcome without directly being asked any
questions on this topic suggests that the feeling of how much students learn affects their
learning experience, a result which correlates with previous research [26].

Two out of three participants (P1, P2) experienced a feeling of increased learning
outcome during the evaluation. Only P3 felt that their learning outcome was insufficient;
their unease with the mathematical complexity of the example RLV suggests that this
might have to do more with the choice of RLV than with the HFP itself. This would
also address the conceptual concern presented in the results.

All participants reported an increased feeling of learning productivity and increased
attention compared to their previous experience when learning with RLVs. This result
might be skewed since we were only able to let participants watch and interact with a
Smin-long RLYV, rather than an RLV of typical length. This is a potential compounding
factor which we were unable to circumvent during the design of the study (e.g., by using
a longer RLV) due to administrative limitations and the availability of the participants.
We identified that the presenting skills of the lecturer and their teaching style could also
be a compounding factor.

The participants made several suggestions for improving the tool, including a more
sophisticated spacing algorithm, and further interface improvements. We think that all
the suggestions are valid and should be addressed in future versions of the prototype.

None of the implementation details from Table 4.1 received negative feedback, and a
few were explicitly mentioned in a positive context. This suggests that these details can
be maintained for future versions of the tool.

To conclude, the HFP was found to be sufficiently usable and to improve students’
learning experience when learning with RLVs. This corresponds to the projected results
from Chapter 2, except for the improved objective learning outcome for which we
did not obtain any results. We also identified that the results were subject to several
compounding factors (choice of RLV content and its complexity, presenting skills of
the lecturer and their teaching style, the length of the RLV, etc.), some of which were
classified as external, i.e., not possible to circumvent using our evaluation methods.



Chapter 6

Discussion, Conclusion, and Future

Work

This project investigated how we can build a spaced repetition tool for recorded lecture
videos that suits the needs of students. For this purpose, we posed three research
questions which were addressed at various stages of the development of the tool. In this
chapter, we reflect on the research questions, discuss the limitations we encountered,
and provide an outlook on possible future work. The chapter ends with a conclusion.

6.1

l.

Reflecting on the Research Questions

How does our tool affect students’ learning experience with RLVs?
This question was addressed during the evaluation of the HFP with three partici-
pants who were sampled from the target audience of the tool (Chapter 5).

Thematic analysis of the evaluation feedback data yielded results on the following
aspects of the learning experience of the participants: subjective learning outcome,
subjective learning productivity, impact of the interface, concerns, and external
factors.

The subjective learning outcome was reported to be improved, in comparison to
passively learning from RLV's (two out of three participants). There were reports
of an increased ability to remember the content covered by flashcards that the
participants interacted with. One participant reported an insufficient subjective
learning outcome which we attributed to the specific choice of RLV and the
mathematical complexity of its content, rather than being a consequence of using
the tool. All participants reported an increased feeling of learning productivity
compared to their previous experience when learning with RLVs.

The user interface of the tool was found to be beneficial for the learning experience
of the participants; they made a few suggestions how it could be improved, e.g.
by changing where the *Jump back’ button on the review page leads to. Further
improvements where participants thought that they would improve their learning
experience included supporting content for the RLV on the video watching page,

37
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a more sophisticated spacing algorithm, and a notification system for flashcards
due to be reviewed. Unconfirmed implementation details from Table 4.1 did
not affect the learning experience negatively; some of them were attributed to a
positive learning experience.

Overall, we found that the learning experience of students when using the tool
was perceived improved compared to learning with RLVs without the tool. This
correlates with the projected results from Chapter 2. However, the learning expe-
rience evaluation was subject to a number of compounding factors, as mentioned
in the discussion from Chapter 5. Thus, any final conclusions drawn from our
results should be applied with caution.

2. How should our tool be designed to integrate spaced repetition and flashcards
with RLVs to meet students’ needs?
This question was addressed by reviewing the relevant literature during the
background chapter (Chapter 2), during the design of the LFP and its formative
evaluation (Chapter 3), and during the final usability evaluation of the HFP
(Chapter 5).

In Chapter 2, we identified four problems relevant to the design of the tool: the
problem of RLVs inherently being a passive learning resource (Section 2.2.1),
of RLVs being a single-use learning resource (Section 2.2.2), of the seemingly
incompatible nature of spaced repetition and RLVs (Section 2.3.1), and the
integrability problem (Section 2.4.1).

Based on these problems, we established an initial set of design guidelines (Table
2.2). We followed these guidelines closely during the design of the LFP (Chapter
3). Then, we conducted a formative evaluation of the LFP design with an HCI
expert and three students who work on projects related to this one. The design of
the LFP was generally well received during the evaluation and suitable for the
goal of this project. We documented any further suggestions that came up during
the evaluation (Table 3.2) and ranked them by priority. Finally, we adapted the
LFP accordingly to meet the updated design requirements.

We then developed an HFP (Chapter 4) based on the design of the LFP. We
evaluated the design and usability of the HFP using the System-Usability-Scale
with a convenience sample from the target audience (students or recent graduates
with previous RLV learning experience). The HFP received two excellent scores
and one good score, with a mean of 83.33. This indicates that the final prototype
is a good representation of how technology should be designed around our project
goal, with a mean usability score that is above the average of educational tools

[52].

3. What technologies should we use to implement our tool so that it can be
integrated with existing software?
This question was addressed during the background chapter (Chapter 2) and the
implementation of the HFP (Chapter 4).

a) What existing technological infrastructure does the tool need to be
integrated with?
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This sub-question was answered in Section 2.4.1 by reviewing preliminary
results of an ongoing research project which investigates the differences
in technological stack used for various OpenCourseWare platforms [51].
We found that there was no common demoninator, and the most plausible
solution would be to integrate with native web technologies (HTML, CSS,
JavaScript).

b) What technologies are compatible with the required infrastructure?
Based on our findings for 3a), we deduced in Section 4.1 that web compo-
nents [11] would be a suitable type of technology to involve in the imple-
mentation of our tool due to the possibility of integrating it with any natively
built website, and the forward-compatibility with various other frameworks.

c) Based on the previous questions, what technologies should be used for
implementing our tool?
This sub-question was addressed in Section 4.1 of the HFP implementation
chapter by considering the previous parts of this research question. Addition-
ally to web components, we found that the following resources were suitable
for implementing the tool: Next.js for front-end development, Vercel for
hosting the tool, Cloud Firestore for hosting a database, and OAuth for
authentication and user management. Web-applications as target platform
were found to be suitable for our project due to their projected ability to
reach a large part of the target audience, and due to avoiding cross-platform
development issues this way.

6.2 Limitations

Due to the limited time available to carry out the project, we only developed an HFP
of the tool. While we progressed with the development of the prototype as far as
possible, there were requirements and suggestions that were not implemented in the
end (flagged as ‘partially implemented’ and ‘future work’ in Table 3.2). The limited
time also affected the choice of research questions and evaluation strategy. Insights into
students’ objective learning outcome achieved with the tool, rather than only into their
learning experience, would have been a useful result to obtain. However, due to the
nature of the spaced repetition learning technique, this would have likely needed to be a
quantitative long-term study, such as seen for [32]. Such an evaluation would have been
unfeasible given the time limit.

The limited time also prevented us from testing the integrability of our tool with the
existing technological infrastructure in praxis. We had to rely on theory-based findings
from the literature review for this aspect.

Lastly, the learning experience evaluation study was limited to showing a single RLV
of a short length only. Given more time and participants with schedules that were less
busy, we could have used RLVs of various length and about different topics to obviate
the risk of compounding factors impacting the significance of our results. Furthermore,
the study was limited to participants who had previous experience with both flashcards
and learning with RLVs.



Chapter 6. Discussion, Conclusion, and Future Work 40

However, despite these limitations, we managed to show qualitatively that the tool we
developed for this project has the potential to guide future work in this field.

6.3 Future Work

For the second year of this project, the plan is to approach the challenges and suggestions
described below with similar methods as we employed this year. This especially refers to
an iterative prototyping approach which is informed by evaluation results. A suggested
timeline is presented in Appendix F.

The limitations of this project suggest several avenues for future work. First, we recom-
mend implementing the suggestions flagged as ’partially implemented’ or ’future work’
in Table 3.2. Future versions of the tool could incorporate features that capture partici-
pants’ perceived learning outcome, allowing for a more comprehensive understanding
of the relationship between learning outcome and learning experience. As outlined in
the description of the flashcard component in Chapter 4, the tool could also support
other types of media to be rendered by flashcards, e.g. images and audio.

Second, we suggest analysing intructors’ needs for using our tool in a real-world setting
for teaching purposes. The HFP should be adapted accordingly.

Furthermore, we recommend conducting an additional evaluation study that measures
learning outcome quantitatively, potentially by employing the tool for use by a university
course for a semester. This would also test the integrability of the tool with existing
technological infrastructure in praxis. It would also allow for a final learning experience
study, with more room to obviate previously discussed compounding factors.

Finally, we suggest conceptual work in this field, exploring different ways of integrating
spaced repetition and video beyond what was investigated in this project. Our tool could
inspire other researchers to investigate novel ways of integrating these techniques to
further enhance learning with videos.

6.4 Conclusion

This project presented a unique approach to improving the learning experience with
RLVs through the use of a spaced repetition tool. We used a participatory design process
to develop a design prototype that was evaluated by an HCI expert and peers. Based on
the feedback received, a high-fidelity prototype was implemented and evaluated with
students. In summary, the research contributions are the identification and development
of a unique approach to integrating spaced repetition and RLVs, the design and formative
evaluation of a low-fidelity prototype, the implementation of a high-fidelity prototype,
and the usability and learning experience evaluation of the high-fidelity prototype. Our
tool was found to be both usable and effective in enhancing the learning experience
of students when learning with RLVs. As educational videos become increasingly
prevalent in teaching, the significance of this research lies in providing a potential
solution to improve learning with RLVs, and to guide future research in this field.
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Appendix A

High-Fidelity Prototype — User
Documentation

The purpose of this documentation is to be brief and cover most relevant aspects of our
tool for participants of potential studies. As such, it aims to be informal, friendly, and
easy to understand. It is not exhaustive. Some of the terminology may differ from what
is used in the strictly academic context of our dissertation report. In the documentation
and during the studies, we called our tool ‘RemWatch’.

Concept of a flashcard
A flashcard is a card bearing information on both sides. The way it is often used is that
it contains a question or prompt on its front and the answer on its back.

When you encounter a flashcard, the idea is that you try to think of the answer, mentally,
before revealing the answer. This is called “answering” a flashcard. If it’s not the first
time you answer that flashcard, we call that “reviewing” it.

The digital version of a flashcard often has a button to reveal the content of its back
side, shown in Figure A.1.

Flashcard system
A flashcard system tries to predict the best time to review a flashcard next. Ideally, this
is the day you are predicted to forget the answer of a flashcard.

It uses feedback from you to determine this. Such feedback usually comes in the form
of “were you able to answer the question? yes/no”.

What is RemWatch?

RemWatch is a tool I built for my dissertation. It helps me to investigate certain research
questions around how to improve learning with lecture recordings by making them
interactive.

RemWatch does two things: 1. It integrates flashcards into lecture recordings. If you
watch such a recording, you will have to answer any encountered flashcards. 2. It
collects any encountered flashcard and shows it on its review page when it thinks it’s
the best time to review it again.
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When was the University of
Edinburgh established? In 1583.

Show Answer

Figure A.1: Concept of a digital flashcard

How to use RemWatch?
You will first have to watch a lecture recording which has embedded flashcards. If you
are a participant of a study, you will be provided with a link to such a recording.

When you encounter a flashcard, it will look like the screenshot in Figure A.2.
You will have to:
1. Read the question.
2. Try to think of an answer, in your mind.
3. Reveal the answer (“Show answer”), compare it to the one you thought of.
4. If you knew the answer, click “Remembered”. Otherwise, click “Forgotten”.

To review flashcards, go to the review page and log in (you will be provided with log-in
details). If you can’t remember an answer, you have the option of jumping back to the
specific part of a lecture where the flashcard was encountered.
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Convolutions and Image Processing

Vokibioll 1 /9

10 I

o

Review what you just saw in the video.

Show answer

Figure A.2: Screenshot of video watch page with flashcard



Appendix B

Thematic Analysis — Mind Map

Mind map created for the thematic analysis of the data collected during the learning
experience evaluation, to be found in Figure B.1.
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Appendix B. Thematic Analysis — Mind Map
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Appendix C

Testing — Requirements Analysis and
Approaches

Testing approaches for the requirements specified in Table C.1:
* R1: End-to-end testing using Functional Testing
* R2: Penetration testing using Combinatorial Testing
* R3: Manual accessibility testing using Functional Testing
* R4: Continuous Development Testing Pipeline
* R5: Top-Down Functional Combinatorial Testing
* R6: Performance Testing
* R7: Unit Testing using a combination of Structural and Functional Testing

* R8: Performance Testing
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ID | Requirement Type, Translation to Measurable
Level, Requirement
Property

R1 | The system should prevent | functional,
unauthorised access to and | system,
tempering with the database | safety
via its UL

R2 | The system should protect its | functional,

API against Denial-of-Service | system,
attacks. robustness

R3 | The system Ul should be acces- | qualitative, | The system UI should con-
sible to visually-impaired peo- | system, ac-| form to WCAG standards and
ple. cessibility | hence be possible to be navi-

gated via keyboard only.

R4 | The system should not have | qualitative, | The system should have a fea-
software fragments which en- | system, ture to prevent software frag-
danger the availability of the | availability | ments which cause compila-
system to the end-user. tion failure from being de-

ployed.

RS | The system’s API should inte- | functional,
grate correctly with commer- | integration,
cial off-the-shelf (COTS) com- | security
ponents provided by the au-
thentication provider so that
certain routes are auth pro-
tected.

R6 | The system’s API should have | qualitative, | Given a sufficient network
seamless integration with the | integration, | connection, the system should
database by using minimal la- | perfor- be able to transfer data to and
tency communication. mance from the database via its API

at the speed of 50kb/s, at min-
imum.

R7 | The spaced repetition schedul- | functional,
ing unit should predict the cor- | unit,  cor-
rect next due date based on | rectness
given review history and the
given user answer, conforming
to the Leitner-system specifica-
tion. This means that it should
double the previous review in-
terval x_new = 2 xx_preyv or re-
setting it to a single day.

R8 | The spaced repetition schedul- | qualitative, | The unit should calculate the
ing unit should be efficient. unit, perfor- | next due date in <100ms.

mance

Table C.1: Testing-specific requirements of our tool



Appendix D

Testing — Test Plan

This appendix provides a test plan specification for identified tasks [T], including tests
(Figure D.1).

To purposefully assign the tasks, we estimated how long the task will take, and what
is necessary for the task to be possible: resources, code, data, results from earlier

tasks. The test plan is specified in Table D.1, tasks associated with testing activities are
coloured .
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53

platform UI to test for R1

tion of T3, T16

Task | Description Needs Pass Condition
ID
T1 Perform an E2E-test on the review | prior comple- | no authorised access is

gained

ing unit to accept different date
formats for testing purposes

T2 Perform an E2E-test on the flash- | prior comple- | no authorised access is
card Ul to test for R1 tion of T3, T16 | gained
T3 Research basic concepts of E2E-
testing, and tools to realise them
T4 Find suitable tool which performs
mock DoS attacks to verify R2
TS5 Prepare means to analyse results
from simulated DoS attacks
T6 Perform manual human Ul acces- | prior comple- | the user can navigate
sibility testing tion of T8 all elements via key-
board
T7 Static code analysis (not carried
out as non-critical)
T8 Research testing framework for
human UI accessibility testing
T9 Analyse T6 results prior comple-
tion of T6
T10 | Test for compilation ability to ver- system compiles suc-
ify R4 cessfully
T11 | Integrate the compilation ability | prior comple-
test into a continuous testing envi- | tion of T10
ronment
T12 | Exhaustively test for authenti- | prior comple-| can only get authen-
cated access of API routes tion of T16 ticated API access if
user is authorised, oth-
erwise not
T13 | Create a synthetic data generator
T14 | Generate of relevant input values
T15 | Create relevant input data for the | prior comple- | unit returns expected
unit, unit testing tion of T14 result for relevant in-
put
T16 | Create scaffolding to programmat-
ically simulate registering and log-
ging in a user, so that a driver
or other part of a test program
achieves the needed authentica-
tion status
T17 | Instrument code to log how Ul in-
teractions are interpreted by the
system
T18 | Test performance of scheduling performs <100ms
unit to verify R8
T19 | Create scaffolding for the schedul-

Table D.1: Test plan consisting of a task specification, task needs, and a schedule




Appendix E

Testing — Omissions and Inspection

Omissions and deficiencies of the test plan from Appendix D are summarised in Table
E.1. Results of a classic checklist inspection [40] are found in Table E.2. The test plan
was updated accordingly. Overall, the checklist exposes a few weaknesses of the test
plan, including unclear fail conditions for testing tasks, unaddressed risks, and unclear
system level of tasks. As to the unaddressed risks, the test plan does not include them
since they were ranked as negligible for this system and the given tight time schedule.
However, this is a clear limitation of the test plan.
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Significant Comment Potential Reme- | Affected
omissions & dies Tests
deficiencies
Absence of ap- | The usage of the React frame- | More  research | T18
propriate tools | work made it extremely diffi- | into  appropriate
/ development | cult to compute test coverage | structural analysis

via traditional profiling tools | tools.
due to the interwoven struc-

ture of programmatic logic

and UI elements of the files.

Test coverage | The chosen test cases show- | More time bud-
cased for this portfolio do | geted towards
not cover much of the system. | A&V processes.
This is due to limited time
available, and having the goal
of planning and implementing
arange of different tests rather
than tests with high coverage.

Use of inade- | The use of Jest was not ap- | Use a different

quate tool propriate for calculating the | testing framework
test coverage as it could not | or different system
deal with transpiled code for | setup which al-
calculating the test coverage, | lows for coverage
which was a specific require- | calculation.
ment stated in the coursework
specification. There are Ba-
bel plugins for solving this,
but I did not have the time to
make them work for my sys-
tem setup.

Lack of data The API robustness tests (e.g. | Long-term: add | T4, T12

the DoS mock attacks) are
only somewhat indicative of
the system meeting the respec-
tive requirement. If we had
real-world data of how likely
the system is to experience
such attacks, and at what scale,
this would be invaluable train-
ing data and would lead to
more sophisticated and useful
test cases.

API-use monitor-
ing functionality
to the system for
recording  such
kind of data

Table E.1: Significant omissions, deficiencies, and potential remedies in the testing

process
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| Feature | How to check | Property to check | yes | no |

REQUIREMENTS| For each requirement R, | a priority rating (high /| v

TO BE TESTED | does the plan include moderate / low)

a justification for the pri- | v/
ority rating

a comment on A&T | vV
needs (even if “no
needs”)

A&T NEEDS For each item in each | a reference to an associ- | v’
A&T needs section, | ated task [T_N] OR direct
does it include resolving of the need

TASK SPECIFI- | For each task, does it in- | a description of what the | v

CATIONS clude task involves

stated needs to complete | v

the task

an estimated completion | v

time (ECT)

an indication of which v
level it is tailored towards

a justified assignment | v

into a software lifecycle

phase

RISK AS- | Are the following risks | personnel risks v

SESSMENT & | addressed

EVALUATION

technology risks v
schedule risks v
development risks v
execution risks v
risks from critical re-| v
quirements

RISK MITIGA- | Do the following risks | personnel risks v

TION have a mitigation plan
associated with them

technology risks v
schedule risks v
development risks v
execution risks v
risks from critical re-| v
quirements

PASS/FAIL CRI- | For each task associated | a clearly stated criterion | v/

TERIA with testing, does it in- | stating the pass condition
clude

a pass condition which v
implies when the test
fails

Table E.2: Classic checklist inspection for our test plan and system. A&T refers to
Analysis and Testing processes



Appendix F

Timeline for Next Year
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Appendix F. Timeline for Next Year
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Appendix G

System-Usability-Scale Feedback Form
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4/5/23,11:13 AM Usability Feedback

Usability Feedback

1.1 think I would like to use this system frequently

system = integrated flashcards in lecture recordings, how you just tested them

Strongly disagree Strongly agree

2.1 found the system unnecessarily complex

Strongly disagree Strongly agree

3.1 thought the system was easy to use

Strongly disagree Strongly agree

I think that I would need the support of a technical person to be able to use
“this system

https://forms .office.com/pages/responsepage.aspx ?id=s AafLmkWiUWHiRCgaTTcY VtqrOxJ3iBInkmrWNTr-axUMkZGUkKORMzRMSjIxUEtXRURDMjRCQU...

1/3



4/5/23,11:13 AM Usability Feedback

Strongly disagree Strongly agree

5.1 found the various functions in this system were well integrated

"functions" are any things that make the system work, such as the answer button, or the
automatic stopping of the video when a flashcard needs to be answered.

Strongly disagree Strongly agree

6.1 thought there was too much inconsistency in this system
Inconsistency regarding the usability

Strongly disagree Strongly agree

7.1 would imagine that most people would learn to use this system very quickly

Strongly disagree Strongly agree

8.1 found the system very cumbersome to use

Strongly disagree Strongly agree

https://forms .office.com/pages/responsepage.aspx ?id=s AafLmkWiUWHiRCgaTTcY VtqrOxJ3iBInkmrWNTr-axUMkZGUkKORMzRMSjIxUEtXRURDMjRCQU...

2/3



4/5/23,11:13 AM Usability Feedback

9.1 felt very confident using the system

Strongly disagree Strongly agree

10.1 needed to learn a lot of things before I could get going with this system

Strongly disagree Strongly agree

Never give out your password. Report abuse

This content is created by the owner of the form. The data you submit will be sent to the form owner. Microsoft is
not responsible for the privacy or security practices of its customers, including those of this form owner. Never give
out your password.

Powered by Microsoft Forms | Privacy and cookies | Terms of use

https://forms .office.com/pages/responsepage.aspx ?id=s AafLmkWiUWHiRCgaTTcY VtqrOxJ3iBInkmrWNTr-axUMkZGUkKORMzRMSjIxUEtXRURDMjRCQU...

3/3
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Participants’ Information Sheet and
Consent Form
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Participant Information Sheet

Project title: Interactive streaming videos for educational use

Principal investigator: John Lee

Researcher collecting data: | Eric Janto

Funder (if applicable):

This study was certified according to the Informatics Research Ethics Process,
reference number 7235. Please take time to read the following information carefully.

You should keep this page for your records.
Who are the researchers?

Eric Janto (student)

John Lee (supervisor)

What is the purpose of the study?

There are two purposes of the study:

1. Identify the usability of my software.
2. Investigate whether the software improves students’ learning experience with

lecture recordings

Why have | been asked to take part?

The research target group includes anyone who is a University student. It is
preferred yet not necessary that students have any of the below backgrounds:

e Students who have used flashcard software before (such as Anki, Quizlet)

e Students with experience in User Interface design

e Students who have experience with using lecture recordings to study for a
subject

Do | have to take part?
No — participation in this study is entirely up to you. You can withdraw from the study
at any time, up until you submit one of the questionnaire forms associated with the

study without giving a reason. After this point, personal data will be deleted and

THE UNIVERSITY of EDINBURGH

informatics
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anonymised data will be combined such that it is impossible to remove individual
information from the analysis. Your rights will not be affected. If you wish to
withdraw, contact the PI. We will keep copies of your original consent, and of your

withdrawal request.

What will happen if | decide to take part?
If you decide to take part, these kinds of data are being collected:

e Your academic background (degree, year)

e Your prior experience with using flashcards

e Your answers to questions regarding specific user interface and usability of
software

e Your learning experience around using my system

The means of collection will be one or multiple questionnaire forms. You will be
asked to interact with the system whilst following along with it / them.

You might be asked to participate in an optional follow-up workshop. In the
workshop, you would be asked to use the flashcard system in various ways to
investigate the student’s learning experience with the system.

The study is expected to take 1-2h in total at most.
You will not be video recorded.

The study will happen at multiple occasions, in-person (for the first meeting and
potential workshop) and offline as a self-study (for follow-up questionnaire forms).
For in-person meetings, the location and time will be agreed on with the
participant (you) but should happen during semester 2 and at a University facility
or other public space.

Compensation.

There is no monetary compensation for your participation in this study (£0). You may

be provided with refreshments.

Are there any risks associated with taking part?
There are no significant risks associated with participation
Are there any benefits associated with taking part?

Potential refreshments may come in the form of a cup of tea, snack, or coffee.

THE UNIVERSITY of EDINBURGH

informatics
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What will happen to the results of this study?

The results of this study may be summarised in published articles, reports and
presentations. Quotes or key findings will be anonymized: We will remove any
information that could, in our assessment, allow anyone to identify you. With your
consent, information can also be used for future research. Your data may be
archived for a maximum of 4 years. All potentially identifiable data will be deleted

within this timeframe if it has not already been deleted as part of anonymization.

Data protection and confidentiality.

Your data will be processed in accordance with Data Protection Law. All information
collected about you will be kept strictly confidential. Your data will be referred to by a unique
participant number rather than by name. Your data will only be viewed by the researcher

(Eric Janto), principal investigator (John Lee), and secondary dissertation marker (Luo Mai).

All electronic data will be stored on a password-protected encrypted computer, on
the School of Informatics’ secure file servers, or on the University’s secure encrypted
cloud storage services (DataShare, ownCloud, or Sharepoint) and all paper records
will be stored in a locked filing cabinet in the PI’s office. Your consent information will

be kept separately from your responses in order to minimise risk.

What are my data protection rights?

The University of Edinburgh is a Data Controller for the information you provide. You
have the right to access information held about you. Your right of access can be
exercised in accordance Data Protection Law. You also have other rights including
rights of correction, erasure and objection. For more details, including the right to
lodge a complaint with the Information Commissioner’'s Office, please visit
www.ico.org.uk. Questions, comments and requests about your personal data can
also be sent to the University Data Protection Officer at dpo@ed.ac.uk.

Who can | contact?
If you have any further questions about the study, please contact the lead
researcher, Eric Janto via email: s1975761@ed.ac.uk.

If you wish to make a complaint about the study, please contact

THE UNIVERSITY of EDINBURGH

informatics
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inf-ethics@inf.ed.ac.uk. When you contact us, please provide the study title and

detail the nature of your complaint.
Updated information.
If the research project changes in any way, an updated Participant Information Sheet

will be made available on http://web.inf.ed.ac.uk/infweb/research/study-updates.

Alternative formats.

To request this document in an alternative format, such as large print or on coloured
paper, please contact Eric Janto via email: s1975761@ed.ac.uk.

General information.

For general information about how we use your data, go to: edin.ac/privacy-research

THE UNIVERSITY of EDINBURGH
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Participant number:

Participant Consent Form

Project title: Interactive Streaming Videos for educational use
Principal investigator (PI): John Lee

Researcher: Eric janto

Pl contact details: john.lee@ed.ac.uk

By participating in the study you agree that:

¢ | have read and understood the Participant Information Sheet for the above study,
that | have had the opportunity to ask questions, and that any questions | had were
answered to my satisfaction.

e My participation is voluntary, and that | can withdraw at any time without giving a
reason. Withdrawing will not affect any of my rights.

e | consentto my anonymised data being used in academic publications and
presentations.

¢ | understand that my anonymised data will be stored for the duration outlined in the
Participant Information Sheet.

Please tick yes or no for each of these statements.

1. |agree to being audio recorded.

Yes No
2. lallow my data to be used in future ethically approved research.

Yes No
3. | agree to take part in this study.

Yes No
Name of person giving consent Date Signature
Name of person taking consent Date Signature
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