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Abstract

Learning to program can be a challenging task for novice learners. Considering
educational games for acquiring coding skills, educators and game developers need
to identify students’ course progress and analyze their game-related data to provide
timely assistance to students in need and improve course content and game design.
Analyzing the programming solutions submitted by students who are learning coding
skills could help educators understand how students learn and plan and improve
course content to enhance learning.

This thesis describes the development and introduction of a learning analytics
tool for the mobile learning game sCool. The mobile learning game sCool is an
educational game for learning programming or computational skills, providing an
immersive and engaging experience to its players. The introduction of additional
capabilities of learning analytics for educators and sCool game developers aims to
provide them with various insights about student’s course progress, performance,
strategies undertaken for course completion, the effectiveness of course content for
teaching programming concepts, and engagement with the game. The information
could assist in analyzing student’s performance and improve the course content to
meet the needs of students. The information could further assist game developers
with insights into student’s in-game behavior, engagement, and details of interactions
with the game.

An evaluation of the sCool learning analytics application was conducted where
the application prototype was tested by 22 participants who tried to gain insights
into student’s performance and game-related data using the application. The eval-
uation showed that the participants could analyze student’s progress in courses and
identify poorly performing students. The participants also were able to identify the
effectiveness of course content for teaching programming concepts. It can be con-
cluded that the learning analytics application for coding learning game sCool helps
users to gain insights into student’s course progress, performance, understanding or

use of programming concepts, and in-game behavior.
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Kurzfassung

Programmieren zu lernen kann fiir AnfdngerInnen eine schwierige Aufgabe sein.
Um das spielerische Erlernen von Programmierfihigkeiten mithilfe von Lernspielen
zu ermoglichen, miissen Padagoglnnen und SpieleentwicklerInnen den Lernfortschritt
verfolgen und die spielbezogenen Daten analysieren konnen, um SchiilerInnen, die
Hilfe bendtigen, rechtzeitig unterstiitzen zu koénnen, sowie Kursinhalte und Spield-
esign zu verbessern. Durch die Analyse des Codes der SchiilerInnen, kénnen Péda-
goglnnen die Lernenden untersiitzen, Kursinhalte planen und verbessern, um somit
das Lernergebnis zu verbessern.

Diese Arbeit beschreibt die Entwicklung und Einfiithrung eines Lernanalysetools
fiir das mobile Lernspiel sCool. sCool ist ein Spiel zum Erlernen von Programmier-
fahigkeiten, das seinen SpielerInnen eine immersive und fesselnde Erfahrung bietet.
Die Einfithrung zusétzlicher Moglichkeiten der Lernanalyse fiir PddagogInnen und
SpielentwicklerInnen soll Einblicke in den Lernfortschritt, die Leistung, das Engage-
ment und die Strategien der SpielerInnen fiir den Kursabschluss bieten. Die In-
formationen kénnten dabei helfen, die Leistungen der Schiilerlnnen zu analysieren
und den Kursinhalt zu verbessern, um den Bediirfnissen der SchiilerInnen gerecht zu
werden. Die Informationen konnen auferdem den SpieleentwicklerInnen helfen, Ein-
blicke in das Verhalten der SpielerInnen im Spiel, das Engagement und die Details
der Interaktionen mit dem Spiel zu erhalten.

Es wurde eine Evaluierung der neu entwickelten Lernanalyseplattform durchge-
fiihrt, bei der der Prototyp von 22 Teilnehmerlnnen getestet wurde, die versuchten,
mithilfe der Anwendung Einblicke in die Leistung der SchiilerInnen und spielbezo-
gene Daten zu gewinnen. Die Auswertung zeigte, dass die TeilnehmerInnen den
Fortschritt der SchiilerInnen in den Kursen analysieren und leistungsschwache Schii-
lerInnen identifizieren konnten. Die TeilnehmerIlnnen waren auch in der Lage, die
Effektivitdat von Kursinhalten fiir die Vermittlung von Programmierkonzepten zu
identifizieren. Es kann gefolgert werden, dass die Analyseplattform den BenutzerIn-
nen hilft Einblicke in den Kursfortschritt, die Leistung, das Verstdndnis oder die

Anwendung von Programmierkonzepten und das Verhalten im Spiel zu gewinnen.

11






Contents

Acronyms

1

Introduction

1.1 Aims and Objectives . . . . . . . . . .. ... .
1.2 Methodology and Contribution . . . . . . ... ... ... ... ...
1.3 Structure . . . . . . ..

Background and Related Work

2.1 Serious Games . . . . . ...

2.2

2.1.1
2.1.2
2.1.3
214

2.1.5

Learning Mechanics and Game Mechanics . . . . .. .. ...
Game Metrics . . . . . . ...
Coding Constructs . . . . . . . . . ... ... .. .. .....
Serious Games in Computer Science education . . . . . . . ..
2.1.41 CodeMonkey . . . ... .. ... ... .. ... ...
2142 Ogzaria . . . . ...
2143 sCool . . .. ..

OVerview . . . . .

Learning Analytics . . . . . . . .. .. L

2.2.1
2.2.2
2.2.3
224

Learning Analytics for Serious Games Architecture . . . . . .
Learning Analytics Information Model . . . . . . .. ... ..
Code Analysis . . . . . . . ...
Learning Analytics Tools and Dashboards . . . ... ... ..
2241 CodeMonkey . . . ... .. ... oL

v

XV

N o ot N



CONTENTS

2242 Ogzaria . . . . . .. .. 31

2243 sCool . . . ... 34

225 Overview . . .. ... 35
2.3 Data Visualization . . . .. . ... ... ... .. ... ... ... 36
2.3.1 Visualization techniques . . . . . . . .. .. ... ... .... 37
2.3.2 Visualization Tools and Frameworks . . . . .. ... ... .. 40
2.3.2.1 Tableau . . . . ... ... ... .. ... ... 41

2.3.22 Infogram . . . ... ... ... oL 41

2323 RAW Graphs . . . . .. . ... 42

2324 D3js. .. 43

2325 Chart.js . . . . . .. oo 44

2326 Plotly . ... ... 45

2.3.3 Overview . . . . ... 46
24 Summary ... ..o 47
3 sCool 48
3.1 Game Design . . . .. ... 48
3.2 System Architecture . . . . . .. ... L 49
3.3 Mobile Game . . . . . ... ... 50
3.4 Web Platform . . . . . ... .. .. ... .. 54
3.5 Summary .. o.o. .. o7
4 Requirements 58
4.1 Additional Features . . . . . . . ... .. .. ... 58
4.2 User Groups . . . . . . v v v v v e 59
4.3 Requirements . . . . . . .. ..o 59
4.3.1 Functional Requirements . . . . . .. .. ... ... ... ... 60
4.3.2 Non-Functional Requirements . . . . . . ... ... ... ... 62
433 Data . .. ... . 63
4.4 Conceptual Architecture . . . . . . . .. ... 63
4.5 Summary ... .. e 64



CONTENTS

5 Development 66
5.1 Architecture . . . . . . . ... 66
5.2 Implementation . . . . .. . ... 68

5.2.1 Connecting with Database . . . . . . .. ... ... ... ... 69
5.2.2  Python Code Parser for Code Concepts Used . . . ... ... 69
523 JSON Parser . . . .. ... ... ... ... 71
5.24 Data Processing . . . . . .. ... 0oL 72
5.2.5 Login Redirect and User Session Management . . . . . . . .. 75
5.2.6  Model-View-Controller . . . . . . ... .. ... ... ..... 7
5.2.7 Data Visualization Techniques . . . . . . . . .. .. ... ... 79

5.3 User Interface . . . . . . . . ... 81
5.4 Features . . . . . .. 83
5.4.1 Educator User Group . . . . . . . . . . .. ... ... ... 83
5.4.1.1 Learning Activity/Class Details Section . . . . . .. 83

5.4.1.2 Student Details Section . . . . ... ... ... ... 84

5.4.1.3 Custom Details Section . . . . . .. ... ... ... 89

5.4.2  Administrator User Group . . . . . . .. . .. .. ... .... 95
5421 GameData . .. .. ... .o 95

5.4.2.2 Learning activities comparison . . . . . .. .. . .. 95

5.5 Summary . o.o.o. .. 99

6 Evaluation 101
6.1 Scope . . ... 101
6.2 Instruments and Setup . . . . . ... Lo 102

6.2.1 System Usability Scale (SUS) . . ... ... ... ... .... 104
6.2.2 NASA Task Load Index (NASA-TLX) . ... ......... 106
6.2.3 Application-related questions . . . . . ... ... ... 108
6.3 Participants . . . . . . . .. 108
6.4 Evaluation and Results . . . . . .. ... ... ... L. 112
6.4.1 Task Completion and Scores . . . . . . ... .. ... ..... 112

vi



CONTENTS

6.4.2 Evaluation Responses of Participants for Application Specific
Question . . . . . . . L 117
6.4.2.1 Educator Participants . . . . .. ... ... ... .. 117
6.4.2.2 Participants Excluding Educators . . . . . . .. . .. 123
6.4.3 System Usability Scale (SUS) . . ... ... ... ... ... .. 123
6.4.4 NASA-TLX . . . . . . . . 127
6.4.5 Suggestions and Feedback . . . . . . ... ... ... ... 129
6.4.5.1 Educator Participants . . . . . ... ... ... ... 129
6.4.5.2  Participants Excluding Educators . . . . . . .. . .. 129
6.5 Discussion and Limitations . . . . . . . .. ... ... 131
7 Lesson Learned 133
7.1 Literature . . . . . . . . . .. 133
7.2 Development . . . .. . ... 134
7.3 Outcome . . . . . .. 135
8 Conclusion 137
81 Conclusion . . . . . . . ... 137
8.2 Future Work . . . . . . . . ... 138
Bibliography 140
A Questionnaire 151
Al Intro . . . . . . e 151
A2 Tasks . . . .. 153
A3 Application Specific Questions . . . . . . ... ... 157
A4 NASA-TLX . . . . . 160
A5 System Usability Scale . . . . ... ... ... ... ... ... 161

vii






List of Figures

2.1
2.2

2.3

2.4

2.5

2.6

2.7
2.8

2.9
2.10

2.11

CodeMonkey block coding course . . . . . . .. .. ... ... .... 17
CodeCombat Ozaria players game view: players control an avatar
using code . . ... 18
sCool mobile game: view of practical mode where players control robot
to support the crew in repairs of their space shuttle (sCool version 3,
year 2020; Mosquera et al., 2020; Steinmaurer et al., 2020; Steinmau-
reret al., 2019) . . ... 19
sCool Web application: overview of existing courses and new course

create button (sCool version 3, year 2020; Steinmaurer et al., 2020;

Steinmaurer et al., 2019; Mosquera et al., 2020;) . . . . . ... .. .. 20
Overview of learning analytics for serious games architecture (after
Alonso-Fernandez et al., 2017; Freire et al., 2016) . . . . . . ... .. 22
Model of users processing information from learning analytics appli-
cations (after Verbert et al., 2013; Li et al., 2010) . . . . ... .. .. 24
Structure of AST tree generated of code statement from listing 2.1 . 27

CodeMonkey dashboard for teachers showing students progress in the
COUTSE .+ v v v v e e e e e e e e e e e 29
CodeMonkey dashboard for teachers showing students overall grades . 29
CodeMonkey dashboard for teachers showing students proficiency in
computer science topics . . . . . . ... ..o 30
CodeMonkey dashboard for students showing progress in current course

and available courses . . . . . ... 31

viil



LIST OF FIGURES

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21
2.22

3.1

3.2

3.3

3.4

3.5

3.6

Ozaria dashboard for teachers class view depicting students progress
in the course and other features . . . . . .. ... ... ... ... ..
Ozaria dashboard for teachers class view depicting code submissions
of students . . . . . ...
Ozaria dashboard for students depicting joined classes and progress in
current class . . . . . Lo
Rock paintings from the Cave of Beasts (Gilf Kebir, Libyan Desert)
Estimated 7000 BP (Schmillen, 2014) . . . . . ... ... ... .. ..
Data visualization techniques . . . . . . . . .. .. ... ... .. ..
Tableau Covid-19 global tracker dashboard (tableau, 2021a) . . . . .
Infogram template of a sample dashboard (Infogram, 2021b) . . . . .
RAW Graph movie visualization of production budget vs box office
(graph, 2021) . . . . ...
D3.js example bubble map : county population in USA (Bostock,
2014) .o
Chart.js example bubble chart (Bostock, 2021) . . ... ... .. ..
Plotly example mixed subplots from documentations (Plotly, 2021)

sCool - System Architecture (adapted after Steinmaurer et al., 2020;
Steinmaurer, 2019) . . . . ...
sCool Concept learning. Players find disks guarded by enemies. (sCool
version 3, year 2020.) . . . . ..o
sCool Concept learning. When Players retrieve disks they are intro-
duced to new programming concepts. (sCool version 3, year 2020.) . .
sCool Concept learning. Introduction to new programming concepts
is followed by related questions. (sCool version 3, year 2020.) . . . . .
sCool Practical learning. Robot in a 2-dimensional grid with a disk
to reach. (sCool version 3, year 2020.) . . . . . . .. ... ... ...
sCool Practical learning. Code interface with code blocks and other

options. (sCool version 3, year 2020.) . . . . . . . ... ... ... ..

1X



LIST OF FIGURES

3.7

3.8

3.9

3.10

4.1

5.1
5.2
2.3
5.4
2.5
2.6
5.7

2.8

2.9

5.10

5.11

5.12

5.13
0.14

sCool Hierarchical Course Tree (redrawn after Steinmaurer, 2019;
Steinmaurer et al., 2020) . . ...
sCool Web application: overview of existing courses and new course
create button (sCool version 3, year 2020.) . . . . . . . ... ... ..
sCool Web application: Overview of Concept learning mode tasks of
a course-skill (sCool version 3, year 2020.) . . . . . . ... ... ...
sCool Web application: Overview of Practice mode tasks of a course-
skill (sCool version 3, year 2020.) . . . . . . ... . ... ... .. ..

sCool - system architecture with the integration of the sCool learning
analytics application. (adapted after Steinmaurer et al., 2019; Stein-

maurer et al., 2020; Steinmaurer, 2019) . . . . . .. ...

Simplified Architecture . . . . . . . . . ... L
Steps of data processing . . . . . ... .. Lo
Overview of user interface . . . . . .. ... ... ... ... .....
Overview of details section . . . . . . . . .. ... ... ... .....
Overview of students section . . . . . . . . . ... ... ... ...
Overview of students game interactions . . . . . . . . ... ... ...
Overview of students game timeline chart with mouseover user inter-
action . . . .. L
Overview of Custom section form . . . . . ... ... ... ... ...
Example of a custom plot . . . . . .. ... ... L.
A custom plot of the number of errors that occurred in program so-
lutions submitted by students for course tasks showing that students
had many errors in a particular practice task . . . . . . . ... .. ..
A custom plot of the number of errors that occurred in players code
submissions . . . ... L.
A custom plot of the number of times players switched to read de-
scription for each of the tasks in a sampleclass. . . . . . .. .. ...
Overview of students section . . . . . . . .. ... ... ... ... ..

Overview of game data section . . . . . . . . ... ... ... .....



LIST OF FIGURES

5.15 Overview of learning activities comparison section . . . . . . . . . .. 98
6.1 Gender of participants . . . . . .. .. 0oL 110
6.2 Age of participants (in years) . . . .. ... ... ... .. ... 110
6.3 Profession of participants . . . . . . .. ..o 111
6.4 Highest educational degree of participants . . . . . . ... ... ... 111
6.5 Familiarity of participants with e-learning tools or learning software . 112
6.6 Distribution of evaluation scores of all participants for task completion 113
6.7 Evaluation scores of participants for task completion . . . .. .. .. 114
6.8 Able to identify course progress of students . . . . . ... ... ... 118
6.9 Able to identify students performing poorly . . . . .. ... ... .. 118
6.10 Able to identify tasks which were hard oreasy . . . . . .. .. . ... 119
6.11 Would recommend application to a colleague . . . . . . . . .. .. .. 119
6.12 (Educators) Found the tool meaningful . . . . .. .. ... ... ... 121
6.13 (Educators) Found the data collected and analyzed relevant for Edu-
cation purpose or useful for analyzing students progress . . . . . . . . 122
6.14 (Educators) Would like to use the application for analyzing students . 122
6.15 Results of SUS scores of each participants in the evaluation . . . . . 124
A.1 Participantsintro . . . . . . . . . .. ... 151
A.2 Participants familiarity with e-learning tools . . . . . . . .. .. . .. 152
A.3 Intro pre-recorded audio-video . . . . . . . ... ... ... 152
A4 Task 1 .. .o 0 153
Ab Task 2 . . . . . 153
A6 Task 3 . . . . o 153
A7 Task 4 .. .. 154
A8 Task b . . . . o 154
A9 Task 6 . . . . . . 155
AT0Task 7 . . . o o 155
A1l Task 8 . . . o o o 155
Ad12Task 9 . . . . . o 156
A13Task 10 . . . . . . . 156

x1



LIST OF FIGURES

Al4Task 11 . . . oo o 156
A.15 Participants educators I . . . . . . . .. ... 157
A.16 Participants educators II . . . . . . . ... ... 158
A.17 Participants except educators . . . . . . ... ... L. 159
AI8 NASA-TLX . . . . e 160

xii






List of Tables

2.1
2.2

6.1
6.2

6.3
6.4
6.5
6.6
6.7

Al

Overview of serious games for computational skill learning . . . . . . 20
Overview of learning analytics tools and dashboards for educational

GAMES .« o v e e e e e e e 36

Overview of the evaluation tasks and task subgroups . . . .. .. .. 104
Overview of the complete curved grading scale with range of SUS

scores and corresponding grade and percentile range (based on Lewis

and Sauro, 2018) . . . ... 106
Application-related questions . . . . . . . .. ... ... ... ... 108
Overview of the task wise answers . . . . . . . .. ... .. ... ... 116
Overview of the responses of application-specific questions . . . . . . 120
Overview of the responseson SUS . . . . . . . .. ... ... .. ... 126
NASA-RTLX results . . . . . . . .. . .. .. ... . ... .. .... 128
System Usability Scale . . . . . .. ... ... ... ... ... ... 161

xiil






Listings

2.1
5.1
5.2

2.3
0.4
2.5
2.6
5.7
2.8
5.9

A simple python program with an assignment statement . . . . . ..
Connecting to database using pyodbe . . . . . . .. ...
Parsing a python program to create AST for examining coding con-
ceptsused . . . ..
Parsing a JSON string . . . . . .. ... ... ... L.
Players game-related data processing step . . . . . . ... ... ...
User redirect form . . . . . . . . . ... ..
User login POST request handler . . . . . .. ... ... ... ....
Model-View-Controller . . . . . . . . . ... ... ... ...
Data visualization highlighting key numbers . . . . . . . ... .. ..

Data visualization showing players data using a horizontal bar chart .

Xiv






Acronyms

API Application Programming Interface. 49

AST Abstract Syntax Tree. xiv, 26, 69, 71

COVID-19 Coronavirus disease 2019. 2, 102, 108, 137
CSS Cascading Style Sheets. 43, 44, 79, 139

CSTA Computer Science Teachers Association. 17
DAU Daily Active Users. 11, 12
GCP Google Cloud Platform. 135

HTML HyperText Markus Language. 79
HTML5 HyperText Markup Language. 43, 44

HTTP Hypertext Transfer Protocol. 75
ISTE International Society for Technology in Education. 17
JSON JavaScript Object Notation. xiv, 49, 71

MAU Monthly Active Users. 11, 12

MAUU Monthly Average Unique Users. 12

XV



MCQ Multiple Choice Question. 103
MMOG Massively multiplayer online game. 12

MVC Model-view—controller. 67, 77

NASA National Aeronautics and Space Administration. 104
NASA-RTLX NASA Raw Task Load Index. 107, 132
NASA-TLX NASA Task Load Index. 106, 107, 132, 138

NETP National Education Technology Plan. 3

ODBC Open Database Connectivity. 69

OS Operating System. 68
PCU Peak Concurrent Users. 12
REST Representational State Transfer. 49, 134

SUS System Usability Scale. xiii, 104-106, 123-125, 138

SVG Scalable Vector Graphics. 43

UI User Interface. 66, 67, 81, 83, 99, 135, 138






Chapter 1
Introduction

The recent Coronavirus disease 2019 (COVID-19) pandemic has highlighted the
importance of distance learning. The pandemic has caused widespread school clo-
sures in 185 countries, and up to 89.4% of learners were forced to stay home at a
certain point in time (UNESCO, 2021). The pandemic forcing students to learn from
home has emphasized the importance of effective distance learning. Learning games
or serious games are one of the mediums of distance learning (Bates, 1997; Bidarra,
2009). This thesis will focus on learning analytics for educational games or serious
games.

Games provide engaging and motivational content that connects with players
more deeply than linear forms of media, and that presents scenarios where players
are challenged (rather than forced) to perform better. Video gaming is a prevalent
activity among adults as 43% of adults say they play video games on a computer,
TV, console, or cellphone (Pew Research Center, 2018). Puzzle and strategy games
are the most popular genre among the players as around 62% of players play them.
The amount of time spent playing video games by people has also increased over the
years as, on average, people played games for 8.45 hours per week in 2021 (State of
Online Gaming 2021, 2021) compared to an average of 6.20 hours per week in 2020
and 5.96 hours each week in 2018 (The State of Online Gaming — 2020, 2020; The
State Of Online Gaming — 2018, 2018).

Players spend time in games because of the engaging and motivational content
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in a virtual environment that players can relate to more deeply than a linear form of
media, and that has scenarios where players feel challenged to perform better rather
than being forced. This motivated interest in learning games or games for educa-
tional purposes. A good game design is closely aligned with an excellent educational
experience, and games can serve as fundamental and powerful learning tools (Koster,
2004). It is one thing to read about city management and another to be a mayor of a
virtual city, managing it and learning necessary finance and management concepts in
a game, which can be considered a type of learning strategy within the experiential
learning approach (Patino et al., 2016).

As described in the U.S. Department of Education’s National Education Tech-
nology Plan (NETP) (Department of Education, 2010a), increasing use of online

learning offers opportunities to integrate learning and assessment:

"The same technology that supports learning activities gathers data in the
course of learning that can be used for assessment. [...] An online sys-
tem can collect much more and much more detailed information about how
students are learning than manual methods. As students work, the sys-
tem can capture their inputs and collect evidence of their problem-solving
sequences, knowledge, and strategy use, as reflected by the information
each student selects or inputs, the number of attempts the student makes,
the number of hints and feedback given, and the time allocation across

parts of the problem” (Department of Education, 2010a, p. 30).

Learning dashboards integrate information from learning tools and other relevant
sources to provide a comprehensive visual representation of student’s progress. One of
the recommendations from the U.S. Department of Education’s National Education
Technology Plan (NETP) (Department of Education, 2017) is:

"States, districts, and others should design, develop, and implement
learning dashboards, response systems, and communication pathways that
give students, educators, families, and other stakeholders timely and ac-
tionable feedback about student learning to improve achievement and in-

structional practices” (Department of Education, 2017, p. 67).
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The feedback based on learning dashboard insights ensures that relevant data
inform decisions about learning and course content. This process relies on learning
systems collecting, aggregating, and analyzing large amounts of data. The learning
dashboard, providing learning analytics capabilities, helps discover student’s interac-
tions and performance, gain feedback, and improve course content to achieve effec-
tive learning (Long and Siemens, 2011). For educators, the availability of insight into
learner’s performance and interactions with the learning system can significantly help
plan and improve course content and activities. The insights from learning analytics
could also assist educators to identify students who are performing poorly and may
require assistance or other approaches to enhance learning (Dietz-Uhler and Hurn,
2013; Khalil and Ebner, 2015). Overall, learning analytics can help to improve the
quality and value of the learning experience (Long and Siemens, 2011).

This thesis focuses on educational tools for acquiring programming or computa-
tional skills. The mobile learning game sCool is an educational game for acquiring
coding or computational skills. sCool was initially developed in 2017 in a coopera-
tion between Graz University of Technology and Westminster University (A. Kojic,
2017; Steinmaurer, 2019). sCool is also continuously improved with new features
and improvements in usability and learning effectiveness by various collaborators.
sCool provides an immersive and engaging experience to its players, which follows
the storyline of an escape of a space shuttle and its crew members, finding themselves
lost in space and crashed on an alien planet. To escape the alien planet, the players
must learn programming concepts and collect items to repair their space shuttle by
controlling and moving a robot using code.

The sCool system consists of two components: a mobile video game for students
to play and learn and a web application to create course content for educators. The
learning approach of sCool is divided into two parts: an initial concept-learning part
and a practical programming learning part. In the concept learning part of the game,
the students learn programming concepts, and in the practical part, they apply the
theoretical concepts using the Python programming language where they control a
robot avatar using Python code to collect disks and items for their space shuttle

(Steinmaurer, 2019). There are draggable code blocks that get converted to editable
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Python commands, which the robot can execute. A virtual keyboard is available to
write or modify code (Steinmaurer, 2019).

A novice programming learner, regardless of age, could face many difficulties while
attempting to understand and learn programming concepts such as classes, objects,
variables, arrays, and loops (Lahtinen et al., 2005). These difficulties have to be
acknowledged and recognized in order to be able to assist the students. Analyzing
programming solutions submitted by students could also help educators understand
how novice programmers learn and how to teach them best (Albluwi and Salter,
2020). Additionally, it is critical to bring young children in contact with basic pro-
gramming concepts in a developmentally appropriate manner and provide timely

assistance to students in need (Kanaki and Kalogiannakis, 2018).

1.1 Aims and Objectives

The primary purpose of this thesis is to provide learning analytics capabilities
to key users involving educators and game developers of the mobile learning game
sCool. The project intends to create an informative tool providing various insights
about student’s course progress, performance, and interactions in the game extracted
from the collected game-related data of students. The thesis focuses on providing an
informative tool rather than a decision-making tool (Dillenbourg et al., 2011).

This thesis can be divided into theoretical and practical parts. The theoretical
part investigates various concepts related to educational games for learning coding
or computational skills and concepts related to learning analytics on players data
of such educational games. This investigation is conducted through three stages

comprising of:

e Background and exploration of educational games for learning coding or com-

putational skills and related concepts.

e Learning analytics for educational games for learning coding or computational

skills and related concepts.
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e Data visualization techniques, tools, and related concepts for communicating

knowledge effectively.

Creating a web-based application is considered to provide educators and game de-
velopers learning analytics capabilities with the tool providing platform-independent
multi-user support. The application should extract meaningful information from
player’s game-related data and present it in an understandable format. The infor-
mation presented must be meaningful and easy to comprehend.

A sCool learning analytics tool was developed in order to fulfill these goals. The
practical part of the thesis is divided into two main phases where this process is

presented:
e Development of sCool learning analytics tool.
e Evaluation of the sCool learning analytics tool.

The sCool learning analytics tool should assist educators and game developers
with information such as students’ progress in courses, strategies undertaken by stu-
dents for course completion, the effectiveness of tasks and course content in teaching
programming concepts to students, and students’ engagement with the game. Such
information should assist users in identifying any students who are performing poorly
and requires assistance or incentives for performance improvement. The information
should assist educators and game developers in improving course content to meet

the needs of students. Furthermore, the usability of the tool should be analyzed.

1.2 Methodology and Contribution

This research is based on the previous work of sCool developers who developed
the application and have kept releasing new features to support the vibrant and
engaging learning platform and improving its usability (A. Kojic, 2017; M. Kojic,
2017; Steinmaurer, 2019). The sCool system consists of a mobile coding learning
game and a web application. The web application provides the functionality of

course content creation for educators and game developers. The sCool game currently
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provides an overview of course progress to students within the mobile game. Further
requirements of providing learning analytics capabilities to educators and sCool game
developers were considered for this project.

The result of the project should be a creation of an informative tool provid-
ing critical insights regarding the performance of students in courses on the sCool
platform to its users, rather than a decision-making tool. The introduced applica-
tion should assist educators and game developers with information such as students’
progress in courses, various strategies undertaken by students for course completion,
the effectiveness of tasks in courses for teaching programming concepts, and students’
engagement with the game. Such information should assist the users to identify any
students who are performing poorly and may require assistance or incentives for per-
formance improvement and further improve the course content. The programming
solutions submitted, various in-game actions of students, game strategies undertaken
to complete the courses on sCool, progress in courses, effectiveness and completion
rate of tasks, and recurring programming errors faced by students should also be
considered for analysis. A platform-independent application with multi-user support
such as a web application and its availability, usability, and ease of communicating

information using various data visualization techniques should be considered.

1.3 Structure

This thesis consists of eight chapters that describe different phases of the project.
Chapter 2 represents the theoretical part of the thesis. In this chapter, educational
games and related concepts are described using educational games for learning pro-
gramming or computational skills. The chapter also describes learning analytics and
related concepts followed by examples of learning analytics tools for various educa-
tional games for learning programming or computational skills. Additionally, the
chapter introduces data visualization techniques followed by examples of data visu-
alization tools and frameworks. Chapter 3 is regarding the mobile video game sCool.
It describes the mobile game and its environment, explaining the architecture, com-

ponents, and game types in sCool. In chapter 4, the requirements and concepts for
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a learning analytics tool for sCool are introduced. Chapter 5 covers technical spec-
ifications and the implementation of the sCool learning analytics tool. In chapter
6, the evaluation of the tool is presented, and the related research questions for the
thesis are analyzed. Chapters 7 and 8 summarize the learning lessons and provide

suggestions for future development of learning analytics capabilities on sCool.






Chapter 2

Background and Related Work

In this chapter, the background and related scope of the thesis is established.
Important concepts are introduced and described. The chapter describes concepts
related to educational games followed by educational games for teaching coding or
computation skills. The chapter also describes learning analytics and related con-
cepts followed by examples of learning analytics tools for various educational games
for learning programming or computational skills. Additionally, the chapter intro-
duces data visualization techniques followed by examples of data visualization tools

and frameworks.

2.1 Serious Games

The term serious games refer to "games that do not have entertainment, enjoy-
ment or fun as their primary purpose” (Michael and Chen, 2006). Games have been
used for educational purposes for quite some time. These games also include non-
digital games. However, by the term serious games, most academics refer to the use
of digital games for educational purposes (Djaouti et al., 2011; Abt, 1981).

Serious games also produce a tremendous amount of player’s game-related data,
which is collected and stored for further analysis. Meaningful information can be

extracted from the collected data and could be used to improve the game itself and
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to provide better learning experiences or learning process to players in the future.
Serious game research fields also include learning science, psychology, and computer

sciences (Patino et al., 2016).

2.1.1 Learning Mechanics and Game Mechanics

The serious game mechanics are the game elements/aspects which link a pedagog-
ical practice to game mechanics. Various game mechanism can be mapped to human
learning mechanism providing an understanding concerning which game mechanics
complement learning (Arnab et al., 2014). The pedagogical and game elements in a
serious game can identify learning and entertainment features and their interrelations
in a game.

Some of the learning mechanics and game mechanics characteristics are (Arnab
et al., 2014; Lim et al., 2013):

e Learning Mechanics

— Action/Task: learners perform tasks in order to get rewards.

— Instructional: learners follow instructions to learn concepts or perform

tasks.
— Plan: learners have to make a strategic plan in order to solve problems.
— Simulation: learners gain role playing experiences.

— Feedback: oral or written development advice to learners on their per-

formance.

— Explore: encouraging learners to explore and experiment for teaching

generalised thinking and problem solving skills.
— Experimentation: involving laboratory or practical learning.
— Analyse: analysis and diagnostics to identify weakness or strengths.

— Competition: competitive learning to foster creativity and problem-

solving skills and reaching an optimal position.

10
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— Motivation: using marks or grades to motivate students to achieve their

best potential.
o (Game Mechanics

— Resource Management: players make decisions based on resource and

time constraints.

— Rewards: rewards are designed as incentives to keep players motivated

and engaged.

— Capture/Eliminate: players gain points by capturing or eliminating

targets.

— Questions and Answers: as means of engaging and interacting with

players.
— Role Playing: players play to develop their role as virtual characters.

— Collecting: players collect elements of knowledge, skill, competencies or

rewards represented as virtual objects.

— Cascading Information: information available in minimum chunks rel-

ative to an appropriate level of understanding.

2.1.2 Game Metrics

Game Metrics are various interpretable performance measures, such as the num-
ber of daily active users, the average completion time of users over multiple game
levels, revenue per day, and average session duration of users (Drachen et al., 2013a).
Metrics can be individual features, complex aggregate or calculated values from mul-
tiple features. These performance measures are important to gain knowledge of the
player’s accomplishments after performing several game tasks. Game metrics such
as Daily Active Users (DAU) and Monthly Active Users (MAU) are used as a way of
measuring user engagement (Junaidi et al., 2018; Hui, 2013). The DAU and MAU
data can also provide retention rates as a game’s ability to retain its users (Hui,
2013).

11
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Game metrics can be classified into following categories (Mellon, 2009; Junaidi

et al., 2018; Drachen et al., 2013b):

e User metrics: User metrics are the metrics related to the users who play

games. Some of the user metrics are:

— Daily Active Users (DAU): Daily Active Users (DAU) is the number
of unique users per day (Fields, 2013). It is usually calculated over a
period of the last seven days. Actions such as the user’s brief visit to the

game could also count towards DAU.

— Monthly Active Users (MAU): Monthly Active Users (MAU) is the
number of users in a given calendar month (Fields, 2013). MAU is usually
calculated from the first to the last day of a month. The game developers
should clarify if they are attempting to include unique users only or not.

Measuring unique users can be termed as Monthly Average Unique Users

(MAUU).

— Engagement: Engagement or user engagement is a measure of how in-
vested the users are in playing a game. Time spent playing the game by
users provides a measure of user engagement. Most of the games measure
engagement in minutes and seconds. Since players can also wait idle, the
total number of user inputs such as keystrokes, inputs, or clicks could also

provide a measure of engagement in a given session.

— Peak Concurrent Users (PCU): For games such as Massively multi-
player online game (MMOG), it is essential to plan for peak simultaneous
users. This metric of concurrent users at the peak is referred to as the
game’s Peak Concurrent Users (PCU) (Fields, 2013). Poor planning for

PCU could result in long wait times for users in queue or server crashes.

— Retention Rate: Retention rate is a measure of the number of play-
ers who are returning to play the game after a certain period from their
first experience with the game. Day 1 retention rate provides informa-

tion about how many players played the game again after one day from

12
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their first experience with the game. Similarly, the retention rate can
be measured for other time periods. The retention rate can be increased
with solutions such as the release of new features, innovations, and regular

updates.

e Process metrics: Process metrics are the metrics related to the actual pro-
cess of developing games. These include game development methodology and
employee’s effectivity and efficiency. Game development is a creative process.
The methodologies such as agile methodology, waterfall, or scrum must be an-
alyzed. As a creative process, it has necessitated the use of agile development
methods. The composition of the game’s developer team is also essential. The

measure of the team having the right people in the correct position must be
checked.

e Performance metrics: Performance metrics are the metrics related to the
performance of the technical and software infrastructure behind the game. The
number of bugs found per hour, day, week, or another time frame, is an example
of performance metrics. Performance metrics are used in quality assurance to

monitor the health of the game.

One of the vital pieces of information is to find if some of the game levels are
incredibly challenging or remarkably easy (Junaidi et al., 2018; Freire et al., 2016).
An incredible challenging task or game level could act as a stumbling point, which
hinders a player’s progress from furthering game levels. This knowledge could help
game developers and content creators in order to improve game design and content.
Another focus is on identifying popular game levels where players spend more time
and unreachable game areas that players never visit.

The metric of time taken to solve game tasks or game levels could also provide an
assessment of player’s cognitive flexibility (Plass et al., 2013). Players with higher
cognitive flexibility for a task are likely to solve a game task faster and use diverse
solutions. The time logs of various operations performed by the players also pro-
vide information about their game strategies. Different players could use different

strategies in order to achieve the highest scores in a learning environment.

13
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Game metrics also support learning assessment by providing essential indications
of a training’s success (Kiili et al., 2018). The game data could be used to demon-
strated achievement of learning goals and objectives of the serious game (Bellotti
et al., 2013). Evaluating learning in the game involves measuring the increase in
knowledge before and after playing the game (Bachvarova et al., 2012). Completion
and grades are key measures in educational contexts (Freire et al., 2016). Some of
the learning and performance indicators for educational objectives are (Plass et al.,

2013):
e Total score

Number of tasks solved

Number of levels completed

Number of game resources accessed

Success and failures within a certain time frame

2.1.3 Coding Constructs

Computational thinking is increasingly expected to be considered as a funda-
mental skill for everyone in 21st century (Wing, 2006; Grover and Pea, 2013; Barr
and Stephenson, 2011; Kanaki and Kalogiannakis, 2018). Students also develop
computational and critical thinking during the process of learning to code. A novice
programming learner, regardless of age, could face many difficulties while attempting
to understand and learn programming concepts such as classes, objects, variables,
arrays, and loops (Lahtinen et al., 2005). These difficulties have to be acknowledged
and recognized in order to be able to assist the students. Some of the most difficult
programming concepts could be a recursion, pointers and references, error handling,
and using the language libraries (Lahtinen et al., 2005). In addition to program-
ming concepts, tasks such as finding bugs in one’s own programs and designing a

new program are also perceived as complex and difficult (Lahtinen et al., 2005).

14
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Hence, it is critical to bring young children in contact with basic programming con-
cepts in a developmentally appropriate manner for future development (Kanaki and
Kalogiannakis, 2018).

Objects are everywhere. Children start to recognize objects around them from a
young age. Children also learn to associate real-world objects with their respective
attributes and properties. The basis of object-oriented programming is real-world ob-
jects (Cox, 1986; Stefik and Bobrow, 1985). The children could gradually be exposed
to object-oriented programming’s fundamental principles and made acquainted with
programming concepts such as classes, objects, attributes, and variables. Educa-
tional games could provide structured training exercises for various coding concepts
and separate the training exercises into levels. Once a student completes a level as
proof of having gained a basic understanding of the intended concept, the student
could learn additional coding constructs in subsequent game levels or practice the
learned concepts further. Besides, procedural programming concepts could also be
taught.

An understanding of various programming concepts such as variables, loops, ar-
rays, classes, objects, functions, and conditional statements, could be gradually pro-
vided to students. Rogozhkina and Kushnirenko (2011) evaluated an open source
environment, PiktoMir!, for teaching programming to children where children in-
struct a robot to perform various tasks. In their achievement test, where partici-
pants completed various programming tasks, results identified that 80% of the 35
children participants aged between 6.5 to 7 years were able to pass the test about
loops successfully, whereas almost all of the 41-42 participants aged seven years or
less were able to understand how to write simple linear programs where students
moved a robot guided with programming instructions.

Besides teaching programming concepts, it is equally important to monitor and
identify the student’s progress in learning the programming concepts. This vital
knowledge helps teachers assist the students who are facing difficulties grasping pro-
gramming concepts. Teacher’s assistance could help the student who may have low

motivation to complete tasks by providing incentives towards course progress (Borah,

thttps://piktomir.ru/
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2013; Muppudathi, 2014) and to be able to successfully understand the programming

concepts eventually.

2.1.4 Serious Games in Computer Science education

There are many serious games for learning computational skills. They could be

classified into three main categories based on their goals as (Combéfis et al., 2016):

e Learning to Code: This category is of games whose goal is to make users learn
to code. Some of the main coding activities include writing code to complete
tasks and fixing broken code. Once the code is submitted, the system provides

feedback with passed or failed results.

e Learning Algorithmic thinking: In this category of games, the focus is not
on learning a particular programming language but rather algorithmic thinking

through interactive problems and programming concepts.

e Learning to Create Games: In this category of games, the users have the
possibility to create their own games. The focus is on creativity and design

skills.

Below some example of serious games for teaching coding or computational skills

are discussed. Their key features are also presented.

2.1.4.1 CodeMonkey

CodeMonkey? is a apps and web-based educational game where kids learn to
code (CodeMonkey, 2021). CodeMonkey offers various courses for students of vary-
ing experience levels where kids without any prior coding experience could also learn
to code. CodeMonkey has pre-created, and ready-to-use courses. The majority of
CodeMonkey’s courses also do not require any prior coding experience to teach. The
courses are designed for school, extra-curricular, and home use. CodeMonkey cov-

ers text-based coding languages of CoffeeScript and Python. CodeMonkey also has

2https://app.codemonkey.com/
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code-block-based courses, where players can drag-and-drop blocks of code to control
an avatar. CodeMonkey’s courses cover concepts such as objects, function calls, ar-
guments, variables, arrays, for loops, function definitions, and loops (CodeMonkey,
2021). Figure 2.1 shows CodeMonkey’s block coding course where the players can
drag-and-drop block of code instructions to move the avatar to collect items or to
reach a goal location. CodeMonkey also has a dashboard for students where they see

available courses and progress in respective courses.

CODEMONKEY JR. - SEQUENCING: CHALLENGE #2

Figure 2.1: CodeMonkey block coding course

2.1.4.2 Ozaria

3 is a web-based serious game for learning to code. Ozaria is an immersive

Ozaria
story-based fantasy learning environment, where teachers with no coding experi-
ence can also teach a full Computer Science curriculum (Ozaria, 2021). Ozaria is
aligned to meet CSTA (Computer Science Teachers Association, 2021) and ISTE
(International Society for Technology in Education, 2021) K-12 middle school Com-
puter Science education standards. The courses are taught in JavaScript and Python
programming languages. Ozaria is designed for both in-person and remote learning

settings (Ozaria, 2021). In Ozaria, the players control an avatar using code to fulfill

3https:/ /www.ozaria.com /
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tasks. Figure 2.2 shows Ozaria’s game view where the players control an avatar using
code. The players are provided audio and textual hints to help them understand,
learn, and complete the tasks on various levels. Ozaria also provides a dashboard for

students where they can see their courses and progress in the respective courses.

B Following the Signs 4 2

Figure 2.2: CodeCombat Ozaria players game view: players control an avatar using
code

2.1.4.3 sCool

The mobile learning game sCool was initially developed in 2017 in a cooperation
between Graz University of Technology and Westminster University (A. Kojic, 2017;
M. Kojic, 2017; A. Kojic et al., 2018; Steinmaurer et al., 2019; Mosquera et al., 2020).
It is a game-based learning tool for computational skills (Steinmaurer et al., 2020).
The game narrates the story of a space mission where the shuttle crashed on a foreign
planet. The players in a space team member’s role must support the crew in repairs
and escape from the planet. The sCool environment consists of two components: a)
sCool mobile game and b) web application (Steinmaurer et al., 2020).

The sCool mobile game consists of two game modes: i) concept-learning mode
and ii) practical mode. In the first concept-learning mode, the players have to find

and collect disks that represent concepts. Alien enemies guard the disks. Players
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must avoid or defeat the alien guards to collect disks. On successfully collecting
disks, players are presented with concept information followed by a related question.
In the practical mode, the players apply previously learned theoretical concepts. The
players control a robot remotely. The goal is to collect a disk using the robot and
solve other assigned tasks. The robot is controlled by instructions that represent
commands in the Python programming language. There are draggable code blocks
that get converted to editable Python commands, which the robot can execute (Stein-
maurer, 2019; Mosquera et al., 2020). A virtual keyboard is available to write or
modify code. Figure 2.3 shows sCool’s practical game mode where players control
the robot with code to collect disks and fulfill task requirements.

The web application supports the adaptive learning content. Educators can cre-
ate new learning content for their courses as well as modify and update them when
required. Educators can define learning content for both concept-learning and prac-
tical missions (Steinmaurer, 2019). Figure 2.4 shows sCool’s web application showing

an overview of existing courses and a new course create button.

PlayerName

uu" 1 robot.Up()
2 :irobot.Right() A"E;‘PTS:

E 3 robot.Down()

S 4

)

o

?

Figure 2.3: sCool mobile game: view of practical mode where players control robot
to support the crew in repairs of their space shuttle (sCool version 3, year 2020;
Mosquera et al., 2020; Steinmaurer et al., 2020; Steinmaurer et al., 2019)
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Course Management @

Title Description

Programming Programming course Eﬂ
Basic Coding Einflihrungskurs Programmieren E ﬂ
Mini Coding Coding Course for Primary School Eﬂ

Figure 2.4: sCool Web application: overview of existing courses and new course
create button (sCool version 3, year 2020; Steinmaurer et al., 2020; Steinmaurer
et al., 2019; Mosquera et al., 2020;)

2.1.5 Overview

Each of the previously considered serious games has a particular focus on learning.
Table 2.1 shows an overview of the previously discussed games and their features.
In most games, the players attempt to solve tasks while controlling an avatar with
their code. As players progress to higher levels, the task complexity also increases,
and new concepts are introduced. Most of the games support novice players with no
prior experience in coding. Most of the games provide an engaging environment to

the players.

Table 2.1: Overview of serious games for computational skill learning

Game Platform Language Concepts Dashboard

Fund tals, Control F1
CodeMonkey | Android, web browser | Python, CoffeeScript HiGameRtas, Lontrot How, v

Algorithms, Objects

Fund tals, Control Flow,
Ozaria web browser Python, JavaScript HiGamentals, LOontror BIow v

Algorithms, Objects

Fund tals, Control F1
sCool Android, Windows Python HiGameRtals, LOontrot HIow, v

Algorithms, Objects
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2.2 Learning Analytics

The 1st International Conference on Learning Analytics and Knowledge defines

Learning Analytics as:

“Learning analytics 1s the measurement, collection, analysis and reporting
of data about learners and their contexts, for purposes of understanding
and optimizing learning and the environments in which it occurs” (Long
and Siemens, 2011).

The focus of learning analytics is exclusively on the learning process. The learners
and educators are the target beneficiaries. Learning analytics helps discover student’s
interactions and performance, gain feedback, and improve course content to achieve
effective learning. For educators, the availability of insight into learners’ performance
can be a significant help in planning and improving course activities. For students,
gaining information about their performance and progress compared to their peers
or their own goals can be motivating. Learning analytics can help to improve the
quality and value of the learning experience (Long and Siemens, 2011). Learning
analytics is truly multidisciplinary with deeply connected roots to research areas such
as statistics, text mining, big data, machine learning, human computer interaction,
learning science and educational, cognitive and social psychology (Gasevic et al.,
2016).

In the previous sections, some of the educational games for learning to code
were discussed. Educational games generate humongous quantities of players game-
related data. Tracking and storing this data is a straightforward task; however,
making meaningful interpretations of the collected data is much more difficult (Seif
El-Nasr and Canossa, 2013). Learning analytics tools and frameworks play a focal
role in extracting meaningful information from the player’s collected game-related
data. The collected data can be processed to extract meaningful information such as
player’s progress and gain insights into their learning strategies. The extracted infor-
mation can be made available to all interested stakeholders, where the stakeholders

could be teachers, parents, students, and game developers. This information could
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help teachers evaluate the progress of their students. The teachers could also help
any student who may need assistance in understanding game courses. The infor-
mation could also help game developers improve course content and identify various

strategies used by the players.

2.2.1 Learning Analytics for Serious Games Architecture

Learning Analytics for Serious Game architecture comprises several modules. In-
dividual modules interact with relevant stakeholders such as educators and students
(Alonso-Fernandez et al., 2017; Freire et al., 2016). Figure 2.5 shows an overview of
serious game learning analytics architecture based on Alonso-Fernandez et al. (2017)
and Freire et al. (2016).

\ Educators | | Developers |

_J’ Real T
{ Game Design ‘ eal fime

; Analysis
J Learning -L v J i i :
A v v
o Game — —
—_—
Learning Goals |_> E} Analysis Learning Analytics
Learning Design > Dashboard
i ]
S
Batch Analysis %

Course Content
Course Design

4+

Improve by Feedback and Actions:

< Feedback Loop |

Figure 2.5: Overview of learning analytics for serious games architecture (after
Alonso-Fernandez et al., 2017; Freire et al., 2016)

The steps in the process of learning analytics for serious games architecture can

be described as:

4https://app.creately.com/
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e The student’s data is collected, and the tracker (or a game data communication

service) sends this data to be stored in a database.

e The relevant data in the database is processed and used for analysis. Specific

live data can also be collected directly from the game.

e The data is processed to be used in the learning analytics dashboard and dis-
played in understandable formats to users using various visualization tech-

niques.

e The educators can then gain insights from the learning analytics dashboard
application and use these newfound insights to modify course content, assist
students, or influence game design. This process runs as a feedback loop such

that the course content and game keep evolving based on students’ needs.

2.2.2 Learning Analytics Information Model

Dashboards (Few, 2006) can provide a unique and powerful means to present
important information to people. This information, when presented effectively, can
provide them with an overview of data. Learning dashboards provide the present and
historical information about a learner using various visualization techniques (Verbert
et al., 2013).

Learning dashboards are also a specific subclass of personal informatics applica-
tions (Li et al., 2010). Adapted from the stage-based model of personal informatics
(Li et al., 2010) and process model focused on learning analytics applications (Ver-
bert et al., 2013), below stages of a model of how users process learning analytics

application can be distinguished:

1. Awareness: Users view visuals of collected data as tabular overviews, graph

plots, or other visualizations.

2. Reflection: Users reflect on the information by asking questions and assessing

how useful and relevant the data is. This step involves looking at information
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and exploring visualizations. Users reflect on information immediately (short-
term information) or after several days (long-term information). For example,
users looking at the course learning data every day or over a period, leading

them to questions.

3. Sense making: Users answering the questions identified in the reflection pro-
cess leads to the creation of new insights. Users explore and understand infor-
mation. For example, users answering their course learning-related questions

after further exploration.

4. Action: Users choose necessary actions based on newfound insights. For ex-
ample, users taking necessary action such as adjusting course content, course
topics, or their daily course schedule, and assisting a student with poor perfor-

mance.

This framework presents a possible model of how users process information from
learning analytics applications. It is a recursive flow, such that users follow the steps

for improvements recursively. Figure 2.6° shows an overview of the model discussed.

A

Iterative Process

Figure 2.6: Model of users processing information from learning analytics applica-
tions (after Verbert et al., 2013; Li et al., 2010)

Shttps://lucid.app/
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The learning analytics applications support teachers to gain insights into their re-
spective courses (Step 1 - Awareness). They can then reflect on their course teaching
and content (Step 2 - Reflection) and gain insights into their students who may re-
quire assistance, or regarding improvements and modifications in the course content
(Stage 3 - Sensemaking). Following this, they can support these students respectively
and update the course content (Stage 4 - Action) (Verbert et al., 2013). The course
content could be too easy for students, or it could be too challenging. The educa-
tors gain insights from the learning analytics applications, and this process results

in actions for their current course or future courses.

2.2.3 Code Analysis

The focus of this thesis is on learning analytics for educational games teaching
programming or computational skills. Hence it is essential to analyze the program-
ming solutions submitted by students. Analyzing programming solutions submitted
by students could help educators understand how novice programmers learn and how
to teach them best (Albluwi and Salter, 2020).

Many software engineering methods could be used to analyze code, which captures
syntactic and semantic information embedded in the source code. Methods such as
code clone detection (Kamiya et al., 2002; Sajnani et al., 2015), and bug localization
(Zhou et al., 2012) utilize token sequences for representing programs (Zhang et al.,
2019). These methods have been proposed to improve software development and
maintenance.

The code clone detection tools (Kamiya et al., 2002; Sajnani et al., 2015) repre-
sents source code as a token sequence and this enables them to detect clones of code
with a different line structures (Kamiya et al., 2002; Sajnani et al., 2015). The bug
localization tool also performs lexical analysis of source code and generates a vector
of lexical tokens (Zhou et al., 2012). However, these approaches may have a common
problem of assuming the source code as being composed of natural language texts
(Zhang et al., 2019). Even though the source codes are similar to plain texts, they

contain richer and more explicit structural information. Panichella et al., 2013 also
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discusses the findings that text in source code has different properties to natural lan-
guage text and hence must be processed differently for better performance. Hence,
recent works suggest that syntactic knowledge can obtain better representation than
traditional token-based methods.

An Abstract Syntax Tree (AST) captures both the lexical and syntactical infor-
mation of a source code (Zhang et al., 2019). AST serves as intermediate repre-
sentation of program language and stores the syntax information of the source code
(Baojiang Cui et al., 2010; S. Liu et al., 2020). The leaf nodes of AST usually rep-
resent identifiers and literals in the code. The non-leaf nodes con represent some
syntactic structures.

Listing 2.1 shows a simple python program with an assignment statement where
a constant is assigned to a variable a. Figure 2.7 visualizes AST generated of the
Python program. The module is the base class, and the assign is the child node
with other child nodes of variable and constant. AST could also provide information
about the code constructs used in the program. Such as a variable, a constant, and

an assignment was used in this program.

a = 2

Listing 2.1: A simple python program with an assignment statement
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Figure 2.7: Structure of AST tree generated of code statement from listing 2.1

As an AST is a high abstraction of source code, it could help analyze submitted
code solutions by students. It could provide an overview of the various code concepts
learned and eventually used by students in solving coding tasks as part of the courses

teaching programming or computational skills.

2.2.4 Learning Analytics Tools and Dashboards

In this section, an analysis of some of the learning analytics tools and their
supported features are presented. Learning analytics tools and dashboards are de-
signed for stakeholders such as educators, learners, parents, and game developers.
Various learning analytics tools track information such as the track of time spent,
social interactions, activities students participated in, and learning content usage.
The game-specific tools provide learning analytics about players of their respective
games. The learning analytics information is being made available to stakeholders

using web applications in many of the tools.
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2.2.4.1 CodeMonkey

CodeMonkey® is an apps and web-based educational game where kids learn to
code (CodeMonkey, 2021).

CodeMonkey provides a teacher’s dashboard where teacher’s can keep track of
student’s progress and see the actual code student’s submitted. Teacher’s also have
access to the task solutions so they can compare student’s solutions. It supports
an entire classroom management system with features such as creating a curriculum
and automatic grading. The student’s can be assigned to a classroom and managed
by teachers. Teacher’s can also add or remove additional teacher’s to their courses.

Figure 2.8 shows CodeMonkey’s teacher’s dashboard. The teachers can see the
progress of each of the participant students in their course. The teachers can see
completed exercises by the students. Teachers can also see a list of all students who
have currently joined their course and remove unwanted students. Teachers can also
export results and progress, or receive a more detailed analysis. Figure 2.9 depicts
CodeMonkey’s dashboard for teachers showing the overall grades of students. In the
grades section, the teachers can see each participant’s grades and a class overview
with information such as the number of students in the class who have completed
the course successfully. Figure 2.10 shows students’ proficiency in computer science
topics based on completed course and course exercises. The teachers can see all the
computer science concepts such as for loops, functions, simple loops, and objects and

students proficiency in each of them respectively.

Shttps://app.codemonkey.com/
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Example Clas_ v

Progress Lessons Students Courses Gradebook Showroom

Student Progress
o

See your students' progress in the different courses.
Learn more about Coding Adventure’s super hints.
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Figure 2.8: CodeMonkey dashboard for teachers showing students progress in the
course

Progress Lessons Students Courses Gradebook Showroom
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Grades by subjects
o

See your students grades in the different courses.
To learn how grades are calculated. read more here.

Game Creation Course: Hour Of Code
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COURSE
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Figure 2.9: CodeMonkey dashboard for teachers showing students overall grades
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Example Classroom

By Course Proficiency
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Students' proficiency in Computer Science topics. Progress in every CodeMonkey course is taken into
account.
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Figure 2.10: CodeMonkey dashboard for teachers showing students proficiency in
computer science topics

CodeMonkey also provides a dashboard for students where students can see avail-

able courses and progress in the respective courses. Figure 2.11 shows CodeMonkey’s
student’s dashboard.
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elcome, testingcodeme

Example Classroom

’ CONTINUE CODING

Figure 2.11: CodeMonkey dashboard for students showing progress in current course
and available courses

2.2.4.2 Ozaria

Ozaria’

is a web-based serious game for learning coding skills, as discussed previ-
ously. Ozaria provides a comprehensive and intuitive dashboard for teachers, as well
as students. The teachers have access to student lesson plans, pacing guides, and
progress tracking. Through progress tracking, teachers can quickly identify students
who are struggling and see their submitted solution. Ozaria also provides a student
dashboard where students can see their classes and progress in each class.

Figure 2.12 shows Ozaria dashboard for teachers showing a class view with stu-
dents and their progress. The teachers see all the levels completed by the students
and the currently in-progress and assigned levels. The teachers can also add or re-
move students from their class. The teachers can also sort students by last name,
first name, progress high to low, and progress low to high. The teachers also have
access to a Ozaria course curriculum guide, with information about all the course

levels and the coding concepts covered in the course curriculum. Figure 2.13 shows

"https://www.ozaria.com /
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the feature options where teachers can view code submitted by students. However,
during testing, some of the information was not accessible or was static content. The
tool may be a work in progress, and the features may be available in future releases.

In summary, some of the main information which Ozaria teacher’s dashboard

provides are as:

e List of all classes

Students lesson plans

Progress tracking: educators can see individual progress made by students.
Educators can identify struggling students with less course progress and in

need of assistance for improvements with course progress.

Modify courses

e Submitted code solutions by students
HOME ABOUT FAQ ENGLISH (US)-
:ég MY CLASSES~ @ STUDENT PROJECTS ~ . MY LICENSES E RESOURCE HUB
JSClass1 U vavascript i 2 students [F] Feb 24, 2021 =l g
Story Intro
Color Code . ‘. 70@“ ) g:?dt:m b ‘ > ®
complete . Assigned  Locked 0 Cinematics  concep Checks
View Options anage Assign Content

Module 1: Introduction to Coding ")

2P O0OO0ROOOOODL VS 000L00000000SOIDPOOSOSOE O
[ All Students o0 @
O studentHerb M o0 e

O AniLTilanthe

Figure 2.12: Ozaria dashboard for teachers class view depicting students progress in
the course and other features
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HOME ABOUT FAQ ENGLISH (US)- MY CLASSES MY ACCOUNT~

T mv Licenses £ REsouRcE KB

Anil Tilanthe

StudentHerb M

Figure 2.13: Ogzaria dashboard for teachers class view depicting code submissions of
students

Ozaria also provides a dashboard for students to see the classes they have joined

and progress in respective courses. Figure 2.14 shows Ozaria student’s dashboard.
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Student Dashboard

Current Classes

JSClassl (JavaScript)
Teacher: Anil Tilanthe

Chapter 1: Sky Mountain view map view my classmates’ projects

Join a Class

Figure 2.14: Ozaria dashboard for students depicting joined classes and progress in
current class

2.2.4.3 sCool

sCool is a serious game-based educational tool for learning coding or computa-
tional skills (Steinmaurer et al., 2020; A. Kojic, 2017; Steinmaurer, 2019; Mosquera
et al., 2020; Steinmaurer et al., 2019). The gaming environment consists of two
components: a) sCool mobile game and b) web application.

The sCool web application supports the adaptive learning content. Educators
can create new learning content for their courses as well as modify and update them
when required. Educators can define learning content for both concept-learning and
practical missions. Educators also have access to analysis of participating students
where educators can see the course progress of the students (Steinmaurer, 2019).

sCool does not provide a separate dashboard for student’s, however, progress can

34



CHAPTER 2. BACKGROUND AND RELATED WORK

be seen by students within the game itself.

2.2.5 Overview

A simplified architecture of a serious game learning analytics tool consists of
the serious game and a tracker. The tracker sends information such as player’s
game-based data to be stored in the database. The player’s game-based data is
then processed for analysis and displayed in understandable formats using various
visualization and exploration techniques. Educators gain insights from the learning
analytics tool and could use the knowledge gained to improve course content or assist
students in need.

Users process information from learning analytics tools such that they gain aware-
ness by viewing visuals of collected data. They reflect on the information by asking
questions and assessing how valuable and relevant the data is. Users then start an-
swering the question and making sense of the data, which leads to newfound insights.
Users then choose suitable actions based on newfound insights such as updating
course content, assisting students in need, or updating schedules.

Various learning analytics tools have features and capabilities to explore and gain
insights from student’s data. Educators can view student’s grades, student’s progress,
and code submitted, among other features. Most of the tools are web-based tools for
teachers.

Table 2.2 provides an overview of learning analytics tools and dashboards for
educational games for learning coding or computational skills. Each of them pro-
vides various features and varying degrees of information to the users. The tools are
listed with their features and availability for teachers and students. The teacher’s
dashboard provides information about the student participants and their progress
in the courses. Teachers have access to various features such as viewing students’
submitted code, students’ grades, student’s scores, and adding or removing students
from the courses. Some of the learning analytics tools also provide code analysis
of the submitted code and concepts used or learned by students. All the student’s

dashboards provide information to students about their course progress. sCool pro-
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vides an overview of course progress within the mobile game itself, and there is no
separate dashboard available. There is a lack of features of sCool’s learning analytics
dashboard. Additionally, it could be concluded that sCool’s learning analytics dash-
board could be further developed, providing more information to the stakeholders.
Providing additional learning analytics information to sCool’s stakeholders, such as
educators and game developers, could enable them to improve the game content and

identify students in need of assistance.

Table 2.2: Overview of learning analytics tools and dashboards for educational games

Name Teachers | Students | Features (for teachers) Features (for Student)

Progress of students.

Code submitted by students.

Students Grades. Available courses.
CodeMonkey v v

Code submitted by students. | Progress in each course.

Analysis of submitted code.

Code concepts used.

Progress of students.

Code submitted by students. | Current classes.
Ozaria v v Y

Student’s lesson plans. Progress in each class.

Code submitted by students.

Progress of students.
sCool v v & In game course progress

List of students.

2.3 Data Visualization

Pictures have been used for communication since before written languages. Pic-
tures depicting stories from neolithic humans have been found in caves and other
places. Figure 2.15 shows an rock painting from the Cave of Beasts (Gilf Kebir,
Libyan Desert) which is Estimated 7000 BP old. Pictures can also be processed
more quickly compared to a page of words (Ward et al., 2010).

“Visualization is the communication of information using graphical rep-
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resentations” (Ward et al., 2010).

Visualization helps us gain insights into data through interactive graphics. In-
sights into a piece of complex information, data, or process can be conveyed using
one or several graphics (Telea, 2014). Data visualization breaks down complex data
into something which human minds could process easily. Data visualization is an ex-
tensive field and includes mathematics, computer science, cognitive and perception
science, and engineering (Telea, 2014). Visual analytics combines visualization with
analytics, and has become a key area of interest in the field of data visualization (J.
Liu et al., 2018).

Figure 2.15: Rock paintings from the Cave of Beasts (Gilf Kebir, Libyan Desert)
Estimated 7000 BP (Schmillen, 2014)

2.3.1 Visualization techniques

Some of the common visualization techniques are as (Sadiku et al., 2016; Kosara,
2016; Jarrell, 1994 ):
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e Bar chart: Bar charts present categorical data with rectangular or cylindrical
bars with heights or lengths proportional to the values they represent (Bar
chart, 2021). The graphs can be plotted vertically or horizontally. The bar
chart shows a comparison for discreet categories where one axis is the category
and another axis the value. Figure 2.16a shows a simple bar chart depicting

number of animals in a household.

e Scatter plot: Scatter plot display values for typically two variables of a data
set (Jarrell, 1994; Scatter plot, 2021). The points on the scatter plot can be
coded with colors, size, or shape to represent an additional third variable. Each
of the points has variables determining position on the horizontal and vertical

axis. Figure 2.16b shows a simple scatter plot.

e Pie chart: A pie chart is a statistical chart displaying slices with size propor-
tional to the values represented (Siirtola, 2014). Figure 2.16¢ shows a simple

pie chart.

e Line chart: Line graphs display information as a series of data points con-
nected by line segments. It is similar to the scatter plot, except that the data
points are ordered and connected by line segments. It is used to visualize

changes or a trend over a time period. Figure 2.16d shows a simple line chart.

e Tables: Tables show values of a data set in rows and columns. The table could
be either column-based or row-based. In a column-based table, the column
header or the first value of a column contains the feature label, followed by
the data set’s feature values, for example, columns of name, height, and weight
of students of a school. Tables could also have multiple dimensions, such as

representing a 2-dimension matrix as a table.

e Maps: Maps could be used to represent spatial relationships between data
by representing the data points on a geographical map. Even the size of data
points could also contain additional information. For example, a map chart
representing the spread of Covid-19 virus around the world. The size of data

points could represent the number of cases in past seven days.
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e Gantt Chart: Gantt Chart shows the schedule of a project or its timeline,
and it was named after its inventor, Henry Gantt (Gantt, 1910). It is a type
of bar chart displaying project schedules (Klein, 2001).

Data to visualize can be lower-dimensional data or higher-dimensional data
(Keim, 2002). Many complex visualization techniques could be used to display
complex data as higher-dimensional data may require more complex visualization
techniques to depict the data. The focus should be on lower-dimensional plots such
as one-dimensional, two-dimensional, or three-dimensional plots to keep the visual-
izations easier to understand for the stakeholders of our educational games (Keim,
2002). The visualization tools and frameworks enable users to create visualization

charts with simple configurations.

Scatter plot

.
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(a) Bar chart (b) Scatter plot
oA Line graph
@B 20 — Linet
C
@D 15
(c) Pie chart (d) Line chart

Figure 2.16: Data visualization techniques
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2.3.2 Visualization Tools and Frameworks

Modern visualization tools have integrated useful functions such as data pre-
possessing and visualization into libraries, plugins, or configurable settings (J. Liu
et al., 2018). The analytics dashboards give the ability to create highly interactive
dashboards and content with visual exploration (Richardson et al., 2018). Interac-
tive visual exploration enables data exploration with interactive visualization options
such as scatter plots, heat and tree maps, time series plots, and geographic maps
(Richardson et al., 2018). Modern visualization tools not only convert raw data into
visual graphics but also make the data easily human-understandable. Modern visu-
alization tools and frameworks provide an essential mechanism to transform complex
information from learning analytics tools into easy-to-understand graphs and visuals
for essential stakeholders such as teachers, students, and parents.

Many of the visualization tools and frameworks are interactive. Modern visual-
ization tools and frameworks enable users to interact with the visualizations in ways
such as hover over the information, zoom in and out of the visualizations and select
a subset of the data (Ali et al., 2016).

Below some of the modern visualization tools and frameworks are discussed. A
broad classification based on the requirement of programming knowledge is consid-
ered as: a) Tools and Frameworks with No Programming and b) Tools and Frame-
works with Programming (J. Liu et al., 2018). These are presented in the following

subsections.
Tools and Frameworks with no Programming

Visualization tools without programming provide easy to use interface to users.
They enable users to create standard charts or graphical visualizations. Users can

import data to these tools. Below some of the visualization tools and frameworks

with no programming, and their features are discussed.
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2.3.2.1 Tableau

Tableau® is a visual analytics platform for business intelligence and analytics. It
was founded in 2003 due to a computer science project at Stanford to make data more
accessible using visualizations (tableau, 2021b). It supports various data import
options such as .csv, .txt, .xls files, and importing from external servers, such as
salesforce data and MySQL. Users can easily establish a secure connection to a data
source from Tableau. The columns from data source are shown as fields. Users can
then use drag and drop to select these fields and choose the visualization type to
generate the final visualization. Figure 2.17 shows an example Tableau COVID-19

global tracker dashboard showing cumulative cases worldwide.

142,973,078
Cumwlative Deat

3,043,553

s
i

Figure 2.17: Tableau Covid-19 global tracker dashboard (tableau, 2021a)

LAl

2.3.2.2 Infogram

9

Infogram” is a web-based application for data visualization. Users can register on

the web platform. Users can then upload data and select the type of chart to create

8https://www.tableau.com/
9https://infogram.com/
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quick data visualization (Infogram, 2021a). Infogram supports reusable templates,
which results in reduced configuration time. Figure 2.18 shows an example Infogram

template dashboard from example templates of the application.

‘Dash board
c
CHART TITLE CHART TITLE CHART TITLE
P01 €0P2005 fFuresia 36.2%
, f Area
4 000
¢ )
e &
2y £
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£ ’ “J' g CHARTTITLE
4 b?\c Y “‘~ v 1950 1960 1970 1980
> 'c}’ R R DD DD R R R DR DD DD DD DR
g W d & &R R R DR E DR E DD DR DD DD DD DD DD DR
e d .
0 1 2 3 4 5 6 7 8 9 10 @ UsA Japan @ Germany @ Brezil @ United Kingdom

Figure 2.18: Infogram template of a sample dashboard (Infogram, 2021b)

2.3.2.3 RAW Graphs

RAW Graphs!® is an open-source data visualization framework. RAW Graph is
"built with the goal of making visual representation of complex data easy for everyone”
(RAWGraphs, 2021). It can be used directly without registration. It supports various
data formats such as .csv, .xls files. It processes data in the web browser itself. It
allows users to choose chart type and map dimensions by dragging features into
variable attributes. Generated charts can also be exported as an image, a vector
(SVG), or embed into web pages using generated code. Figure 2.19 shows an example
RAW graph visualization of movies dataset where the x-axis is production budget,

and the y-axis is box office performance.

DOhttps://rawgraphs.io/
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Figure 2.19: RAW Graph movie visualization of production budget vs box office
(graph, 2021)

Tools and Frameworks with Programming

Visualization tools without programming are easy to use for any user. Using
customizable properties, they enable all users to create standard charts or graph
visualization. However, they may have limitations such as limited customization and
integration possibilities. Some visualization tools have Application Programming
Interface (API) to enable developers to integrate them and create custom-enhanced
visualizations based on requirements. Below some of the visualization frameworks

with programming which provides high customization are discussed.

2.3.2.4 D3.js

D3.js!! is an open-source JavaScript graphics library using Scalable Vector Graph-
ics (SVG), HyperText Markup Language (HTML5), and Cascading Style Sheets

Hhttps://d3js.org/
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(CSS) standards for producing dynamic, interactive data visualizations for web
browsers (Fan Bao and Jia Chen, 2014; Comparision of JavaScript Charting Li-
braries, 2021). D3.js has plenty of documentation support, tutorials, and examples
on its website for learners. Figure 2.20 shows an example map of the d3.js library

depicting county population in the USA from documentations('?).

Figure 2.20: D3.js example bubble map : county population in USA (Bostock, 2014)

2.3.2.5 Chart.js

Chart.js'® is an open-source JavaScript graphics library. It uses Canvas on
HTMLS5 for great rendering performance across all modern browsers. It also sup-
ports responsiveness on windows resizes for perfect scale granularity. It supports
different chart types, which can be used to visualize data in different ways and each

of them is animated and customizable. Figure 2.21 shows an example chart type of

2https:/ /bost.ocks.org/mike/bubble-map/
3https://chartjs.org/
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Chart.js library depicting sample bubble chart from documentations(*).

Bubble

Chart.js Bubble Chart

Dataset 1 Dataset 2

50
40
30

20
0 10 20 30 40 50 60 70 a0 90 100

Figure 2.21: Chart.js example bubble chart (Bostock, 2021)

2.3.2.6 Plotly

Plotly!'® has open-source graphing libraries in Python, JavaScript, and R to create
dynamic, interactive charts and visuals. It uses plotly.js JavaScript graphics library
internally, which is based on D3.js and WebGL (Mease, 2018). Using Python and R
languages enables users to process complex data and models and then use the Plotly
libraries to create interactive visuals. Plotly can also integrate with the Dash frame-
work for building web-based analytic applications. Figure 2.22 shows an example of

Plotly mixed subplots from documentations(9).

Mhttps: //www.chartjs.org/docs /latest /samples /other-charts /bubble.html
https://plotly.com/
https://plotly.com/python /mixed-subplots/

45


https://www.chartjs.org/docs/latest/samples/other-charts/bubble.html
https://plotly.com/
https://plotly.com/python/mixed-subplots/

CHAPTER 2. BACKGROUND AND RELATED WORK

Source: NOAA

Figure 2.22: Plotly example mixed subplots from documentations (Plotly, 2021)

2.3.3 Overview

Data visualization tools and frameworks could convey knowledge gained from
learning analytics to essential stakeholders such as teachers, students, and parents
in easy to interpret ways. Graphs such as time series plots could even show stu-
dent’s interaction timelines with the games. The time series plots could also provide
information about the student’s strategies by describing their route undertaken to
complete the course.

In Table ?7? lists data visualization tools and frameworks and their features re-
spectively. Each of data visualization tools and framework provides various features
and varying degrees of usability. Some of them are open source, and others are
commercially licensed. Each of the visualization tools and frameworks has its merits
and demerits, and a suitable one would be the one that matches the use case and

available resources of money, knowledge, and time.
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2.4 Summary

Various educational games for learning to code provide immersive stories and
content to keep students motivated and engaged while learning programming con-
cepts. The educational games are available for various platforms such as Windows or
mobile devices. The educational games also generate and collect a massive amount
of learner data. This data can be used to gain further insights and improve the learn-
ing experience of learners. With game metrics, among other information, developers
and educators can gain insights into their users and improve the learning experi-
ence accordingly. Various educational games offer learning analytics dashboards for
stakeholders such as teachers, parents, and students.

The chapter also discussed learning analytics tools for educational games for
learning coding or computational skills, and their features. Some of the learning
analytics tools provide information such as code submitted by students and analysis
of the submitted code to the teachers in a web application. The code learning game
sCool could provide additional learning analytics features to its stakeholders such as
educators, and game developers. The additional learning analytics features of sCool
could enable the stakeholders to improve game content and help students in need.

The chapter further discussed the features of various data visualization frame-
works and tools. All of the tools have merits and demerits. Some of the visualization
tools and frameworks have benefits such as being open source and free to use, and
other tools offer ease of use and development for users. It could be conclude that
the best data visualization tool or framework would be the one that matches our
requirements and available resources.

The next chapter describes the sCool learning game system in detail. Various
components of the sCool learning game system are described further to surmise the
possibilities of additional learning analytics capabilities for the various stakeholders
of the sCool learning environment. Such capabilities could assist various stakeholders
of the sCool learning system to improve game content and gain insights into students’

performance.
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sCool

In this chapter, the description of the mobile learning game sCool and its envi-
ronment is given. The chapter describes the game design and system architecture of
sCool. The game’s main components comprising of the sCool mobile game and web

application are further described.

3.1 Game Design

The mobile learning game sCool was initially developed in 2017 in cooperation
with Graz University of Technology and Westminster University (A. Kojic, 2017;
Steinmaurer, 2019; Steinmaurer et al., 2020; Mosquera et al., 2020; Steinmaurer
et al., 2019). It is a game-based learning tool for computational skills. The game’s
engaging story seamlessly links various game modes within the game.

The game follows the theme of space and exploration of a foreign planet. The
players are part of a space shuttle that crashed on a foreign planet (A. Kojic, 2017,
Steinmaurer, 2019). Some of the space shuttle parts are lost. The players play a
crew member’s role and need to repair the shuttle by exploring the planet and col-
lecting pieces of information. Each piece of information represents a learning content
that helps players understand a particular programming concept. The information

about programming concepts is followed by a question regarding the learned concept.
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After successfully passing concept-learning missions and understanding the concept,
they apply their knowledge in the practical missions of controlling a robot using the
programming language Python and understand computational thinking skills while

collecting lost parts of their space shuttle (Steinmaurer, 2019).

3.2 System Architecture

sCool gaming environment consists of two components: a) sCool mobile game
and b) web application. The sCool mobile game consists of two game modes: 1)
concept-learning mode and ii) practical mode.

Figure 3.1 visualizes the architecture of sCool environment. The web application
plays a vital role since it provides the game with learning content. Educators can
create learning content for their courses using the web application. The Player’s
game-related data collected by the mobile game is transferred to the server and
stored in the sCool database. All communication between the web application and
mobile game is done using Representational State Transfer (REST) APIs, and data
is transmitted in JavaScript Object Notation (JSON) format. After each level, all
game data is synchronized with the server (Steinmaurer, 2019).

Learning content in sCool is highly adaptive as educators can create and modify
individual courses for their classes. The web platform displays courses in a hierarchi-
cal skill tree. Educators can define content for both concept-learning and practical
parts, which is then accessible to their students in the sCool game. With this ap-
proach, educators can provide an individual learning experience and update course

content based on feedback loops (Steinmaurer, 2019).
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Mobile Game

Concept Learning
s )
Web Platform

[ ] [ ] [ ] Educator
. Platform
Analytics

Content
Analytics
Content Ve Creation
Tﬂ % \

Educators/Teacher

|
=

Learner

Figure 3.1: sCool - System Architecture (adapted after Steinmaurer et al., 2020;
Steinmaurer, 2019)

3.3 Mobile Game

The sCool mobile game is currently available for Microsoft Windows and Android
devices. The game combines two different modes with different objectives. The first
mode is a concept-learning mode that introduces players to new programming con-
cepts. In a procedurally generated game world, players have to find disks representing
concepts while defeating alien enemies who are guarding these disks. After collecting
disks, the concepts are presented in textual form followed by a related question. The
mobile game also provides an in-game overview of course progress to students. The
in-game overview of course progress helps the students keep track of their progress
for course completion and make various strategic decisions. Figure 3.2 shows the

concept of learning game mode where players have to find and collect disks guarded
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by enemies. Figure 3.3 shows the concept learning game mode where players retrieve
the disks, and then they are introduced to new programming concepts. Figure 3.4
shows the concept learning game mode where related questions follow an introduction

to a new programming concept.

Figure 3.2: sCool Concept learning. Players find disks guarded by enemies. (sCool
version 3, year 2020.)
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Repair the disks (5)

Variables are used to store information in a program, like a
container storing something. They can be seen as descriptive
names or labels that refer to a value, which can be varied or
changed. Example: my variable = 100

Figure 3.3: sCool Concept learning. When Players retrieve disks they are introduced
to new programming concepts. (sCool version 3, year 2020.)

Repair the disks

@ A label that refers to a value
B A sequence of statements

@ The name of a function

Figure 3.4: sCool Concept learning. Introduction to new programming concepts is
followed by related questions. (sCool version 3, year 2020.)
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The second mode is the practical missions, where players complete tasks with
a practical application of previously learned programming concepts. The second
part playground is a 2-dimensional grid where players control and move a robot
using code. The goal in each level is to reach a disk while solving various tasks.
The robot can be controlled by specific instructions that represent commands in
the Python programming language. There are draggable code blocks in the user
interface that get converted to Python commands that the robot can execute. There
is also a virtual keyboard to edit or write code (Steinmaurer et al., 2019). Figure 3.5
shows the practical learning game mode where players utilize the previously learned
concepts and control a robot using programming instructions to collect disks for their
space shuttle.

Various programming concepts (Mitchell and Apt, 2003; Strachey, 2000) can be
taught using tasks in sCool game for a basic course under K-12 education (Stein-
maurer, 2019). For example, conditions, arrays, variables, loops, constants, classes,

and objects can be taught using tasks in sCool mobile game (Steinmaurer, 2019).

Figure 3.5: sCool Practical learning. Robot in a 2-dimensional grid with a disk to
reach. (sCool version 3, year 2020.)
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PlayerName
ATTEMPTS:

robot.Up()

robot.Right() 7

robot.Down()

Figure 3.6: sCool Practical learning. Code interface with code blocks and other
options. (sCool version 3, year 2020.)

3.4 Web Platform

The web application is a .NET based platform for educators (A. Kojic et al.,

2018; Steinmaurer, 2019). It consists of the following components:
e Content creation for adaptive learning
e Adaptive learning mechanism with editable and adaptable course content

e Web APIs for providing learning content and receiving analytics data from the

mobile game
e Overview of course students

Educators can use the web platform to create new courses, or to edit and update
content of their existing courses. Courses are represented as in a hierarchical skill-

tree. Figure 3.7 visualizes the hierarchical tree. Skills are the superior elements for
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all tasks in concept learning mode and practical mode. Each task is a subset of a

skill. Various concepts can be mapped to a skill tree.

Concept
Learning

Practical

Figure 3.7: sCool Hierarchical Course Tree (redrawn after Steinmaurer, 2019; Stein-
maurer et al., 2020)

The web application lets educators declare the content and the degree of diffi-
culty as well. This information is then used in the game to generate maps based
on provided course parameters. The web platform also distinguishes between the
concept learning mode and the practical mode. In the concept learning mode, edu-
cators can define the learning content and related questions. The choice of difficulty
level for the exploration mode is also available on the web platform. This difficulty
level value is then used to generate the map accordingly. For the practical tasks,
educators can define the task goal and output solution. This output solution repre-
sents the expected output of the Python code in order to complete the task. It is
also possible to configure the availability of command blocks to enable or to disable
them (Steinmaurer, 2019). Figure 3.8 depicts sCool web application showing existing
courses with a button to create new course. Figure 3.9 presents a view of the sCool

web application showing an overview of concept learning mode tasks and an action
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to create new concept-learning tasks. Figure 3.10 portrays sCool web application
showing an overview of practical learning mode tasks and an action to create new

practical tasks.

Course Management e

Title Description

Progr’ammmg Programmlng course Eﬂ
Basic Coding Einfiihrungskurs Programmieren Eﬂ
Mini Coding Coding Course for Primary School Eﬂ

Figure 3.8: sCool Web application: overview of existing courses and new course
create button (sCool version 3, year 2020.)

© Theoretical Tasks

New Theoretical Task 4

Title Description Difficulty (%)

Commands A command is a single instructiona... 10 E n
Rob's Storage Rob has an integrated memory wh_.. 30 E n
Talk with Rob In many cases it would be veryuse... 55 E n

Figure 3.9: sCool Web application: Overview of Concept learning mode tasks of a
course-skill (sCool version 3, year 2020.)
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© Practical Tasks

New Practical Task 4+

Title Description Difficulty (%)

Collect the disk In the first task simply collectthe ... 10 E ﬂ
Hello Rob Your mission is to reach the disk ... 55 B n
Simple Calculation Help Rob doing a calculation. He ... 60 E n

Figure 3.10: sCool Web application: Overview of Practice mode tasks of a course-skill
(sCool version 3, year 2020.)

3.5 Summary

sCool consists of a mobile video game and a web platform. The mobile video
game has concept-learning and practical parts. In the concept-learning part, players
explore and gain new information related to programming concepts, followed by
related questions. In the practical part, players use previously learned theoretical
concepts to control a robot using Python instructions and collect disks.

The web platform is used to modify the highly adaptive learning content. It
includes a course management tool using which learning content, and corresponding
tasks, can be created and modified. It could be concluded that sCool lacks addi-
tional learning analytics abilities which could help various stakeholders make timely
decisions for assisting students in need, or improving course content.

sCool architecture uses REST API to communicate between the mobile video

game and server using HTTP methods and JSON objects to send and receive data.
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Chapter 4
Requirements

This chapter discusses requirements for developing a learning analytics tool for
the coding learning game sCool. The chapter also describes the requirements of
various visualization techniques to assist users in simplifying information gathering

from the tool.

4.1 Additional Features

sCool provides an immersive storyline of a space shuttle crashed on an unknown
planet to keep its student players engaged. The mobile video game has concept-
learning and practical parts which are seamlessly integrated. Students utilize the
theoretical concepts learned in the concept-learning part in the practice mode, where
they control a robot with programming instructions to collect disks for their space
shuttle. The educators can create new courses using the web application and also
modify their courses.

We also find that sCool could additionally provide learning analytics features
to assist educators and game developers. Although the students can view an in-
game overview of their course progress in the mobile game, which helps them keep
track of their progress and make various strategic decisions for course completion, the

educators lack a holistic view of their respective student’s progress. This information
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could help educators make timely decisions for assisting students in need or improving
course content. Information such as coding concepts learned by students, student’s
game strategies for course completion, game interactions, points collected, and time
spent completing game tasks could provide critical insights to the educators. As
learning to program can be a daunting task for learners of any age (Lahtinen et al.,
2005), timely assistance must be provided to any students in need.

With the sCool learning analytics application, we focus on providing an applica-
tion that empowers educators and game developers with insights about the student’s
activities and analysis of courses, rather than making a decision tool for them (Dillen-
bourg et al., 2011). The empowered educators and game developers can then utilize
their newfound knowledge to improve game content or assist students in need. We

would further discuss the additional feature requirements in subsequent sections.

4.2 User Groups

Different stakeholders have various information needs based on their use cases
(Borner et al., 2019). These needs must be understood to design compelling visual-
izations for communication and exploration.

We identify two types of stakeholder user groups who have supervisor roles as
educators and sCool game developers or simply sCool game administrators. These
user groups can be differentiated and classified into user groups of educators and
administrators, respectively. An administrator can access all the data across all
classes/learning activities happening on the sCool platform, whereas an educator has
access to only their classes/learning activities. An administrator can gain additional
insights by comparing various classes/learning activities, whereas an educator can

only compare within their classes/learning activities.

4.3 Requirements

In this section, we discuss the functional and non-functional requirements of the

sCool learning analytics application. We can group the requirements into functional
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and non-functional requirements, about the system’s functionality and behavior, and

the system’s constraints, respectively (Sommerville, 2010).

4.3.1 Functional Requirements

This subsection describes the services as functional requirements that the sCool
learning analytics application must offer. Below is a list of the functional require-
ments to enable continuous improvement of the courses and learn through timely
information that enhances decision making. The application should enable the edu-
cators to become proactive by delivering insights into learning experience of students

in their classes/learning activities.

e Class/Learning Activity Overview: The application should provide edu-

cators with an overview of their classes/learning activities.

— The application should enable educators to identify the practical and
concept-learning tasks that students of their classes/learning activity

solved.

— The application should enable educators to identify the number of stu-

dents who could acquire individual skills.

— The educators should be able to view the code submitted by students of

their class/learning activity.

— The educators should also be able to identify the students who perform
poorly and hence may need assistance with information such as course
progress, tasks completed, points collected, code submissions, and errors

in submitted code.

e Programming Concepts learnt by the class: The application should en-
able educators to identify the programming concepts learned by the class during
the course/learning activity. The application should enable educators to iden-

tify the programming concepts learned during each of the tasks and, hence,
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differentiate and ascertain the completion of each task’s target goal for learn-
ing.

e Student’s overview: The application should provide educators with an
overview of student’s game interactions and learning progress. The applica-
tion should enable educators to view the students’ final code submission and

the coding concept learned by them in the course.

— The educators should be able to gain insights into the student’s interac-
tion with the sCool game environment and game strategies undertaken to

complete the courses.

— The educators should be able to identify the coding concepts learned by
the student.

— The application should enable educators to identify students’ progress,
with information such as the time spent playing the game, tasks com-

pleted, skills acquired, and courses completed by the student.

— The educators should be able to identify the type of errors in code sub-

missions made by the student.

e Analysis across classes/learning activities: The application should en-
able educators to compare various classes/learning activities to identify any
differences that require their attention. Some of the classes may be performing
poorly compared to their peers. By identifying such discrepancies, educators
could take timely actions to incentivize students for performance improvement

or assist any students in need.

— The application should enable educators to compare which classes per-

formed better or worse compared to their peers.

— The application should enable educators to identify the coding concepts

learned by various classes through various task completion.
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e Statistical Data Analysis: The application should also provide basic meth-
ods for statistical data analysis such as mean, standard deviation, and statis-

tical distributions wherever necessary.

In addition to the above features, an administrator user profile could explore all
the data across various courses, tasks, skills, and learning activities. An adminis-
trator could also compare the data across various courses, tasks, skills, and learning

activities to gain insights.

4.3.2 Non-Functional Requirements

Below is a list of non-functional requirements which sCool learning analytics

application should meet:

e Usability: A well-designed user interface should support educators and ad-
ministrators in identifying and exploring data to find critical insights. An
understandable and straightforward user interface enhances user’s satisfaction

with the system and motivates them to use it.

e Reliability: The application must be reliable and available all the time when

needed.

e Security: The sCool environment contains student’s data, and it is crucial to
keep the system secure. A secure environment involves securing the game, web

application, learning analytics application, and communications.

e Modularity: The codebase should be modular and clean. The modular struc-

ture should enable further development, maintenance, and collaboration easier.

¢ Platform independent: The application should be platform-independent to

support users across various devices.
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4.3.3 Data

The application must provide the information in simplistic ways such that an
educator can gain knowledge with ease. Interactive data visualization tools could be
used to make information easily available to the educators.

For simple statistics, bar charts, or scatter plots could be used to display game
metrics of students game-related data. Graphs such as time series charts, or Gantt
charts (Gantt, 1910) could be used to visualize student’s game timeline and strategies
undertaken for course completion. The focus of sCool learning analytics tool should
be on lower-dimensional plots such as one-dimensional, two-dimensional, or three-
dimensional plots to make the visualizations easy to understand for the stakeholders
(Keim, 2002).

4.4 Conceptual Architecture

Based on the requirements discussed, a conceptual architecture model is designed.
This conceptual architecture is a simplified representation of the sCool environment
and the components involved. Figure 4.1 displays sCool system architecture with
the integration of the sCool learning analytics application.

The sCool environment already consists of sCool mobile game and web appli-
cation. The students play and learn using sCool mobile game, and the student’s
game-related data is sent to the web application to be stored in the database for fur-
ther analysis. The web application provides the course content to the sCool mobile
game.

The sCool learning analytics application connects to the database to access stu-
dent’s data. The sCool learning analytics application processes the player’s game-
related data from the database and provides meaningful information to the educators
and sCool game developers (administrators). The learning analytics application also
has a single sign-on redirect from the sCool web application to improve usability. The
application examines game-related data of only those students who have explicitly

agreed to allow their data for further analysis.
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Students Play E L g ﬂ&’_f_a__t_?f_s__________j Eu..l?f.\{.e.l.c.]f.e.r.s....j

and Learn ) - - ~

) Web Platform )
Mobile Game Analytics

Data—» Application
Concept Practical
Learning

Content
Creation /

Figure 4.1: sCool - system architecture with the integration of the sCool learning
analytics application. (adapted after Steinmaurer et al., 2019; Steinmaurer et al.,
2020; Steinmaurer, 2019)

<—Content—

4.5 Summary

This chapter gives an overview of the requirements for developing a learning
analytics application for the coding learning game sCool. The requirements are
based on analysis and pre-evaluation of the coding learning game sCool, similar
coding learning applications, and learning analytics tools. The application should
empower educators and sCool game developers with insights about the students
activities and progress in the courses on sCool game, rather than making a decision
tool for them.

The focus is on supervisory stakeholders comprising of educators and sCool game
developers. The users are classified as educator or administrator user groups. Educa-
tors have access to data of their own classes/learning activity, whereas administrators

have access to data across all the classes/learning activities on sCool platform.
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Significant functional requirements are of a platform-independent system, which
provides insights about classes/learning activities and the included students to ed-
ucators. This overview should enable educators to identify any students who may
require assistance and improvement of course content.

The learning analytics application should have an easy-to-use and understandable
user interface which is both reliable and secure. Usability is a central non-functional
requirement. The codebase should be modular to enable further development and
minimize maintenance efforts. It should also make collaboration work easier. The

application should also be reliable and available whenever needed.
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Chapter 5
Development

This chapter describes the development and implementation of a learning ana-
lytics application for the coding or computational skills learning game sCool. The
concepts are based on the previously discussed requirements. The sCool system ar-
chitecture with integration of the sCool learning analytics application is discussed.
Additionally, the application’s development framework is also discussed. The chapter
also shows key code listings and features that explain the development and function-
ing of the sCool learning analytics application. The chapter also describes the User

Interface (UI) and related features of the sCool learning analytics application.

5.1 Architecture

Plotly’s Dash! is used as the application framework as it is an open-source full-
stack framework for building web-based analytics application and it full-fills previ-
ously discussed requirements (Dash, 2021). Plotly’s Dash enables the creation of full-
stack web applications with interactive visualizations combined with data analysis
capabilities of Python? (Hossain et al., 2019). Since the framework enables creating
a web application, it fulfills the requirements of being platform-independent, and

hence users require only a browser to access the application from any device with

thttps://plotly.com/dash/
2https://www.python.org/
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a web browser. Dash application uses Flask® web server and React.js* for creating
interactive Ul components.

Plotly® has open-source graphing libraries in Python, JavaScript, and R to create
dynamic, interactive charts and visuals. Using Python and R languages enables
users to process complex data and models and then use the Plotly libraries to create
interactive visuals. Plotly can also integrate with the Dash framework for building
web-based analytic applications.

The framework provides dash-html-components® and dash-core-components’ in
addition to the main dash library. The dash-core-components provide a core set of
components, written and maintaned by the Dash team. The dash-html-components
library provides components which mimic HTML elements.

Figure 5.1 displays a simplified application architecture depicting the various in-
teracting components and libraries used in the application. The index.py defines
the application’s layout and defines the URL layout structure of the application.
The main.py interacts with the sCool database. It establishes a connection with
the sCool MySQL database to query player’s game-related data. The queried data
is then processed and a pandas® DataFrame, which is a 2-dimensional data struc-
ture containing labeled axes (rows and columns), is used to store the data (Pandas
DataFrame, 2021). The login.py handles user login POST? requests and the applica-
tion uses the Flask-Login module for user session management (Flask login, 2021).
The details.py provides Ul content to the main application layout. The components
follow the Model-view—controller (MVC) pattern (Leff and Rayfield, 2001). When a
user interacts with the components, the controller handles the user inputs manipu-
lating information of the Model and updates the View.

The application uses Docker!® for packaging the application and its dependencies

3https://fask.palletsprojects.com /en/1.1.x/

4https:/ /reactjs.org/

Shttps://plotly.com/

Shttps://dash.plotly.com /dash-html-components
"https://dash.plotly.com /dash-core-components
8https://pandas.pydata.org/docs/index.html

9https:/ /www.w3.org/Protocols/rfc2616 /rfc2616-sec9.html
Ohttps://www.docker.com/
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in a virtual Docker container'!. The Docker container image packages code and

all the related dependencies so the application runs reliably on different computing
environment. The Docker container image could then be run on any Windows, or
Linux OS.

Full Stack Framework - Dash (Python)

Libraries
Query: .
Database Result main pandas
numpy
¢ T pyodbc
studentsGrouped ~Cetdaa Json
ast
DataFrame Plotly
dash
dash-auth
: . . Details flask .
—Login POST request login  [login successs flask_login
- dash-html-components
dash—core—comgonents
User Inputs @ dash-bootstrap-components

index

app.layout =
html.Div(content)

Results (Content) Ul layout

Figure 5.1: Simplified Architecture

5.2 Implementation

This section covers the implementation details of the sCool learning analytics

application using the Dash open source framework as discussed in previous sections.

Hhttps://www.docker.com /resources/what-container
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5.2.1 Connecting with Database

The sCool learning analytics application connects with the sCool Database to get
students game-based data stored in the database. pyodbc!? is an open-source Python
module and is used for establishing a connection to sCool’s MySQL database. pyodbc
is an open-source Python module that makes accessing ODBC (ODBC overview,
2021) databases simple.

Listing 5.1 shows a simple python program to enable connecting to a server and

database.

import pyodbc

3l conn = pyodbc.connect ('Driver={<AddDriverNameHere>}; '

'Server=<AddServerNameHere >; '

'Database=<AddDatabaseNameHere >;'
'Uid=<AddUserNameIdHere >;'
'Pwd=<AddPasswordHere>; "'
'"Port=<AddPortHere>;"'
'Trusted_Connection=<

AddIsTrustedConnectionHere>; ')

Listing 5.1: Connecting to database using pyodbc

5.2.2 Python Code Parser for Code Concepts Used

Listing 5.2 shows a simple python class PythonCodeParser to parse Python code
submitted by students using Python ast module (Python ast, 2021). The class
PythonCodeParser creates an AST from a submitted python program and finds the
programming concepts used by the students. The class PythonCodeParser analyzes
code solutions submitted by players and finds coding concepts used/learned by the
students. Python’s in-built function getattr!® can be used to get the named attribute

of an object. The application uses a similar class with additional properties as

2https:/ /pypi.org/project /pyodbe/
Bhttps://docs.python.org/3/library/functions.html#getattr
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PythonCodeParser to analyze programming solutions submitted by students and

find coding constructs used by students in the submitted programming solutions.

import ast

class PythonCodeParser:

def __init__(self, expr):

self .expr expr

self.tree ast.parse(self.expr, mode="exec"

# programming concepts used in the code - does program has
arithematic expressions (Example: addition, subtraction, division
)

def hasExpressionsArithematic(self):

for node in [n for n in ast.walk(self.tree)l]:
if isinstance(node, ( ast.Add, ast.Sub, ast.Mult,
ast.Div, ast.FloorDiv, ast.Mod, ast.Pow )):
return True

return False

# programming concepts used in the code - does program has
Boolean expressions (Example: Boolean And, Boolean or)
def hasExpressionsBool (self):
for node in [n for n in ast.walk(self.tree)l]:
if isinstance(node, ( ast.And, ast.Or )):
return True

return False

# programming concepts used in the code - does program has Loops
(Example: for and while loop)
def hasLoop(self):
for node in [n for n in ast.walk(self.tree)]:
if isinstance(node, (ast.For, ast.While)):
return True

return False

codeConcepts = PythonCodeParser (
'print ("a simple python program") \n'
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+ 'a =1+ 2"')

print ('Does the python code has a arithematic expressions?', int(

codeConcepts.hasExpressionsArithematic () ))

5| codeConceptsParsedFunctionlLoop = getattr (codeConcepts, 'hasLoop',

None)

36| print ('Does the python code has a loop?', int(

codeConceptsParsedFunctionLoop () ))

Listing 5.2: Parsing a python program to create AST for examining coding concepts

used

5.2.3 JSON Parser

Listing 5.3 shows a simple python code to parse JSON as a string using Python
gson module (Python json, 2021). Some of the player’s game-related data, such as all
the code executed by players before the final submission, dragged code block options,
deleted code, and tabs switched, are collected and stored as JSON as a string on the
database. Hence, it is important to extract relevant features from the JSON stored
as a string for further analysis. Before the final submission, the code executed by
players provides information about the various errors that occurred when students

attempted programming tasks.

import json
def read_json(json_data):
if (type(json_data) == str): # For strings

return json.loads(json_data)

Listing 5.3: Parsing a JSON string
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5.2.4 Data Processing

Figure 5.2 displays a diagrammatic representation of steps for generation of out-
put in the application. The application uses pandas'* open source library as it
provides high-performance, easy-to-use data structures, and data analysis tools for
the Python programming language (Pandas, 2021). The application connects with
the sCool MySQL database to receive player’s game-related data. The player’s game-
related data is stored in a pandas DataFrame which is a 2-dimensional data structure
containing labeled axes (rows and columns) (Pandas DataFrame, 2021). The JSON
as string features are processed, and the features within them are extracted since the
JSON as string features contain information such as code runs and tabs switched
by players. The programming solutions of players are analyzed to find the coding
concepts used. The resultant features are merged with the DataFrame. The data
is cleaned by removing duplicate features and replacing NaN (Not a Number) val-
ues with zeros (NaN, 2021). The data is grouped by LearningActivityld (Pandas
groupby, 2021). Group by LearningActivityld makes it easier to get information
relating to a selected Learning Activity. When a user action provides a selected
Learning Activity, the related data is selected from the grouped data and displayed
to an end-user with relevant data visualization techniques. Listing 5.4 shows a simple

python code with the above discussed steps.

https:/ /pandas.pydata.org/docs/index.html

72


https://pandas.pydata.org/docs/index.html

CHAPTER 5. DEVELOPMENT
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Figure 5.2: Steps of data processing
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#Query Practice data for Student's who have given consent for data
processing

dfPractice = pd.read_sql_query (<MySQL query string:
SELECT Students Practice Data WHERE students.IsConsentGiven IS
True> , conn)

#Extract data from JSON as string Features, e.g. feature 'Runs'

dfRuns = getDataframeFromJsonFeature('Runs', dfPractice)

#Number of times code executions ('Run') had errors
runsErrorCount = dfRuns[dfRuns.RunsError == Truel].
PracticeStatisticsId.value_counts ()

countDict = runsErrorCount.to_dict ()

#Create feature for number of time errors occurred in code
executions
dfPlayerStrategyPractice['runsErrorCount'] =

dfPlayerStrategyPractice['PracticeStatisticsId'].map(countDict)

#Code concepts used
conceptFeaturesLines = extractConceptFeaturesFromCodeLines (
dfPractice, 'Code')

| #Merge extracted features

dfPractice = dfPractice.merge(conceptFeaturesLines, how='left')

#remove all features which have no meaning

dfPractice.drop ([ '<listOfFeature2Drop>' ], inplace=True, axis=1)

#Replace NaN with zero

dfPractice.fillna (0, inplace=True)
#Group data by LearningActivityId - to make it easier for selection

by LearningActivityId
dfGrouped = dfPractice.groupby( [df['LearningActivityId']] )
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20| #Get Learning Activity data

learningActivityData = dfGrouped.get_group('<
SelectedLearningActivityId>"')

2|#Display data to users using relevant techniques (such as a table)

sl createTable (learningActivityData)

Listing 5.4: Players game-related data processing step

5.2.5 Login Redirect and User Session Management

Listing 5.5 shows a HT'ML5 code to redirect user to the sCool learning analytics
application eliminating requirement of an additional manual login. A HTML5 form?®®
is submitted with POST'® method using logged in users security stamp. The POST
method is a common HTTP!7 method where the form data is sent as the request body.

The login redirect form can be integrated into the existing sCool web-application for

-

10

11

content creation.

<!DOCTYPE html>
<html>
<head>
<title>Login Redirect</title>
</head>
<body>
<form action="<applicationURL>/login?securityStamp=<
userSecurityStamp>" method="post">
<input type="submit" value="Go to sCool learning
analytics application">
</form>
</body>
</html>

Listing 5.5: User redirect form

5https: //developer.mozilla.org/en-US /docs/Web /HTML /Element /form
https:/ /www.w3.org/Protocols/rfc2616 /rfc2616-sec9.html
Thttps: / /www.w3.org/Protocols /rfc2616 /rfc2616.html
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The sCool learning analytics application uses the Flask-Login module for user
session management (Flask login, 2021). Flask-Login provides user session man-
agement for Flask with functions such as logging in, logging out, and retaining or
remembering a user’s session over some time (Flask login, 2021). The Flask-Login
module stores the active user ID in the session and enables restricting the views to
logged-in or logged-out users. The Flask-Login module enables redirect from the
sCool web application to the sCool learning analytics application without requiring
users to provide username and password again.

The sCool learning analytics application processes the form information, and the
user’s session is created and managed using the Flask-login module. Listing 5.6 shows

the Python code for processing the login request and creating a user session.

from flask import Flask, request, redirect
from flask_login import logout_user, current_user, LoginManager,
UserMixin

from dash.dependencies import Input,Output,State

class User (UserMixin):

def __init__(self, name, Id, active=True, isAdmin=False,
securityStamp='"', isAuthenticated=False):

self .name = name

self.id = Id

self .active = active

self.isAdmin = isAdmin

self .securityStamp = securityStamp

self .authenticated = isAuthenticated

def is_active(self):

return self.active
def is_authenticated(self):
"""Return True if the user is authenticated."""

return self.authenticated

def is_admin(self):

return self.isAdmin
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# login POST method request handler
@server .route('/login', methods=['POST'])
def login():
if request.method == 'POST':
# verify the security stamp with additional checks
if request.args.get('securityStamp'):
user = User ('<UserName>', '<UserId>', active='<isActive>
', isAdmin='<IsAdmin>', securityStamp='<SecurityStamp>',
isAuthenticated=True )

login_user (user)

# to find if user is logged in
def isAUserLoggedIn ():
if current_user and current_user.is_authenticated:
return true
else:
return false

isAUserLoggedIn ()

Listing 5.6: User login POST request handler

5.2.6 Model-View-Controller

Listing 5.7 shows a simple dash application Python code for dash components
following Model-view—controller (MVC) design pattern (Leff and Rayfield, 2001).
The users see the View, which contains the layout. The Model only contains the
data and does not define any logic or user behavior. The controller contains the
logic, handles various user interactions with the components, and manipulates the

Model and View information.

import dash_core_components as dcc
import dash_html_components as html
from dash.dependencies import Input, Output

import pandas as pd

7
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# Model

data = {
"main": [111, 3333, 8888],
"details": [50, 40, 45]

}

df = pd.DataFrame (data)

# View

layout = html.Div ([
html.H1("This is a View"),
html.Div(dcc.Input(id="'input-from-user', type='text'))
html.Button('SubmitUserInput', id='buttonSubmit'),

html.Div(id='output-user-action',
children= 'user action results' )
html.Div(id='output -user -action-result',
children= df['main'][0] )
D

# Controller handling user actions

Q@app.callback(

B

dash.dependencies.Output ('output -user-action', 'children'),

[dash.dependencies.Input ('buttonSubmit', 'm_clicks')],
[dash.dependencies.State('input-from-user', 'value')])
def on_user_interaction(n_clicks, value):

return 'The User performed an action'

# Controller handling user actions
Q@app.callback(
dash.dependencies.Output ('output -user-action-result',
J s
[dash.dependencies.Input ('buttonSubmit', 'm_clicks')],
[dash.dependencies.State('input-from-user', 'value')])
def on_user_interaction(n_clicks, value):

return df ['details'][int(n_clicks)]

'children'

Listing 5.7: Model-View-Controller
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5.2.7 Data Visualization Techniques

The sCool learning analytics application uses various visualization techniques for
communicating data to users. Listing 5.8 shows the Python code for generating a
HTML div'® with label and value. The label and value are highlighted using CSS

styles. The dash-html-components!® library is used to compose layout using Python

structures which gets converted to HTML in the application.

import pandas as pd
import dash_html_components as html
e
CSS styles in appStyle.css
.c-card.c-card-small {
margin: O.5rem;
padding: O.5rem;
}
.c-card.c-card-small .card_label {
font-size: 1lrem;
}
.c-card.c-card-small .card_value {
font-weight: bold;

font-size: 1.3rem;

def generateCardBase(label, value, classes = ""):
return html.Div(
[

html . Span(
children = [ value ],
className="card_value"

) o

html.P(
label,

className="card_label"

Bhttps://developer.mozilla.org/en-US /docs/Web/HTML /Element /div
Yhttps://dash.plotly.com /dash-html-components
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),
1,

className="c-card " + classes,

generateCardBase ( [ <Featurelabel> ],
playersDataFrame [<FeatureName >].sum() ,

classes = "c-card-small" )

Listing 5.8: Data visualization highlighting key numbers

Listing 5.9 shows the Python code for generating a horizontal bar charts®* using
the Plotly express?’ module. The values are sorted in descending order before dis-
playing using pandas dataframe sort values* function. Horizontal bar charts are

used to show information as a simple visualization technique for easy interpretation.

import pandas as pd
import plotly.express as px

import dash_core_components as dcc

s|def getSimpleFeaturePlot (df, featureX, featureY, title, hoverData):

graphs = []

# sort values in descending order

df = df.sort_values( by = [ featureX ] )
fig = px.bar( df

, X = featureX

, ¥ = featureY

, title = title

, orientation = 'h'

, hover_data = hoverData
)

graphs . append(

2Ohttps://plotly.com/python/bar-charts/
2 https:/ /plotly.com /python /plotly-express/
2Zhttps:/ /pandas.pydata.org/docs /reference/api/pandas.DataFrame.sort _values.html
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dcc.Graph(
figure= fig

5| simpleHorizontalBarPlots = getSimpleFeaturePlot('<playersDataFrame>'

, '<featureXaxis>', '<featureYaxis>',
'<This is the title>',
['<list of features in the playersDataFrame to show

on mouseover interaction - hover data>'])

Listing 5.9: Data visualization showing players data using a horizontal bar chart

5.3 User Interface

Figure 5.3 depicts the application’s User Interface (UI) which is divided into the
following central regions:

e Left section (1)
— Navigation section (5)
e Main section (2)

— Selection of Learning Activity/Class section (3)
— Content and details section (4)
The left region contains the navigation bar, application logo, and settings action.
The right region contains all the content and details. The right region contains a

selection of learning activities/classes, followed by their content and details. The

user interface follows material design guidelines.
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Figure 5.3: Overview of user interface

The user interface is designed to be responsive and adaptive to various screen
sizes. The user interface should be intuitive and straightforward as it should be easy
to understand the features provided by the application and learn to use them.

The application has various sections as described below, with access for an Edu-

cator (referenced with E below) and Administrator (referenced with A below):

e Details (A, E): detailed overview of a learning activity/class. Users can gain
an overview of a learning activity/class with information such as the num-
ber of student participants, total game time spent, task-wise completion rate,
student-wise tasks completed, concepts used by students of the class, and points

collected.

e Students (A, E): detailed overview of a student of a learning activity/class.
Users can overview a student’s game interactions with information such as
game time, time spent completing practical and concept-learning tasks, coding

concepts learned, course progress, and student’s timeline.

e Custom (A, E): users can create custom visualization by selecting features,

graph type, and other information.
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e Game Data (A): users can explore sCool’s entire game data by creating custom

visualizations.

e Groups (A): users can compare the overall performance of various classes/learn-

ing activities compared to one another.

5.4 Features

The sCool learning analytics application strives to present users with an interac-
tive, informative and straightforward UL In the following subsections, we describe
features accessible to both the user groups of educators and administrators (sCool

game developers). An administrator has access to all features of an educator.

5.4.1 Educator User Group

The educator user group has access to student’s game-related data of their class-
es/learning activities. The educators can select a class/learning activity from a list of
their classes/learning activities. The educators can also gain insights into individual
student’s game-related data by selecting them from a list of students. This subsection
describes the information and features available to an educator user. This subsec-
tion describes the application sections and the data within these sections, which an

educator user can access.

5.4.1.1 Learning Activity/Class Details Section

Figure 5.4 provides an overview of the Ul for an educator user group. In the
left region, the user can navigate various sections using the navigation bar (A). At
first, the user selects their learning activity/class in the central region, which they
would like to gain insights about (B). This provides the user with an overview of the

learning activity/class in the content section (C).
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5.4.1.2 Student Details Section

An educator can navigate to the Students section to gain insights about a student.
Figure 5.5 displays the Students details section. An educator can select students by
their game username in a dropdown (D). This results in an overview of the selected
student in the content section (C), displaying information like game time, time spent
in practical and concept-learning sections, points earned, and the number of coins
collected. The course progress card of the selected student is also depicted (E).
The educator can also see completed tasks and courses by the student in the course
progress card (E).

Figure 5.6 displays Students game interaction details. The student’s game inter-
action depicts the tasks performed by the student in the game with respect to time
(F). On mouseover (mouseover event, 2021) user interaction, additional details can
be seen about the specific task performed and the time.

Figure 5.7 displays an overview of student’s game timeline chart with mouseover
(mouseover event, 2021) user interaction providing additional details concerning stu-
dent’s activities at a particular time. The student’s timeline shows the tasks over-
taken by the student in a time series Gantt chart (G). Users can observe the various
strategies taken by students for course completion. With mouseover interaction’s

users can find information such as the task attempted and result.
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5.4.1.3 Custom Details Section

An educator can navigate to the Custom section to gain any additional insights
besides the Details and Student section, such as errors in code, syntax errors in code,
average lines of code, and coins collected. Users can explore data by creating simple
visualizations, data tables, or distribution plots. The custom section consists of a
plot generation form and content section. Figure 5.8 displays the Custom section.
Users can select the primary data they would like to gain insights about, for example,
students, tasks, skills, course, and task type (H). Users can then select the x-axis
(I), and y-axis (J) features for various visualization chart types (K). Currently, the
users can generate visualization charts like bar, scatter, bubble, line, or data tables
(K). Users can also select sub-grouping in the data (M). Finally, the users can click
the Add Plot action to generate a new visualization. Figure 5.9 displays the newly
generated plot showing details of the student’s session duration. Every new visual-
ization is appended at the top of the content section. Hence the users can also see
the previously generated plots and compare them to the newly generated plots or
use them together for analysis.

Figure 5.10 displays a plot of number of errors that occurred in code submitted by
students for completion of course tasks on the sCool learning game. The figure shows
that most of the errors occurred by students in a specific practice task. Educators or
game developers could then analyze the task and identify why students face many
errors in the task. The task could be player’s first python program, difficult for
students, or have unclear instructions. On further investigations, the educators or
game developers could come up with improvements if required.

Figure 5.11 displays a plot of errors in player’s code submissions providing infor-
mation such as the students who faced errors in completing coding tasks.

Figure 5.12 depicts the custom plot of the number of times players switched to
read a task description for each of the tasks in a sample class/learning activity. The
task descriptions may be unclear and hard to understand for players. The task
descriptions where players had to read them multiple times could be rechecked to

ensure that the instructions are detailed and novice learners could also follow them.
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5.4.2 Administrator User Group

In addition to access to all features available to an educator user, an administrator
user can also access complete game data. An administrator can explore data from all
the classes/learning activities on sCool and also compare them for further analysis.

Figure 5.13 displays the Details section for administrator user.

5.4.2.1 Game Data

This section of the application enables an administrator to explore data of all
the learning activities conducted on sCool. An administrator can create simple
visualizations consisting of all explorable data. Figure 5.14 displays the game data
section with overall game metrics such as number of students on sCool, total amount
of time spent by students in the game, points collect, and a custom plot creation

form using which administrators can gain additional insights.

5.4.2.2 Learning activities comparison

An administrator can compare learning activities conducted on sCool. An admin-
istrator can compare learning activities for various parameters like session duration,
points earned, number of items collected. Figure 5.15 displays the learning activity
comparison section where users can compare various learning activities. The learn-
ing activity with the lowest performance among the selected learning activities is
highlighted.
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5.5 Summary

The sCool learning analytics application was developed based on the requirements
analysis. Modular implementation was performed to keep the application upgrade-
able and extendable. The sCool learning analytics application strives to presents
users with an interactive, informative and straightforward UI. The sCool learning
analytics application strives to empower educators and sCool game developers with
insights about the student’s activities and progress in the courses on sCool game,
rather than making a decision tool for them.

The sCool learning analytics application is developed using Plotly’s Dash, which
is an open-source and full-stack framework. A single sign-on redirect from the sCool
web application takes users to the sCool learning analytics application. The sCool
learning analytics application connects with the sCool database to gain access to stu-
dent’s game-related data. Data of only those players are analyzed in the application,
who had provided explicit permission in the sCool mobile game to permit processing
of their game-related data.

The sCool learning analytics application is currently enabled for two stakeholders
comprising educators and sCool game developers (administrators), represented by
user groups of educators and administrators. Educators can view students’ data of
their classes/learning activities, whereas administrators (sCool game developers) can
view all students’ data from all the classes/learning activities on the sCool platform.

The sCool learning analytics application provides its users with details of a
class/learning activity with information such as the number of students, an overview
of students in the class/learning activity and their scores, tasks completed by stu-
dents, and coding concepts learned by the students of the class/learning activity.
The sCool learning analytics application also provides details of a student with in-
formation such as time spent in the game, number of points collected, progress in the
course, tasks completed, and game strategies that students undertook to complete
the course. In addition to the pre-created information sections, users can also use the
custom details section to gain further information such as coding errors by students,

syntax error by students, task-wise points earned by students, and skill-wise points
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earned by students in the class/learning activity. The sCool learning analytics ap-
plication provides a sCool game developer or simply administrator with additional
features to compare various classes/learning activities and analyze game-related data

of all classes/learning activities on the sCool platform.
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Chapter 6
Evaluation

In this chapter, evaluation of the learning analytics tool for the coding learning
game sCool is described. The first section describes the general scope of the evalua-
tion with an introduction to the research questions. The subsequent sections describe
the target groups and participants. The collected information from the evaluation is

considered in terms of the research questions.

6.1 Scope

The evaluation consisted of tasks to be performed by participants who try to gain
information regarding the performance of a class and involved students, followed by
feedback. The participants used the sCool learning analytics application to complete
the evaluation. In general, the participants took approximately 10-30 minutes to
complete the evaluation.

Three research questions should be answered for the evaluation of the sCool

learning analytics application described as:

e RQ1: How does the user interface of sCool learning analytics application affect

its usability and acceptability?

e RQ2: How does sCool learning analytics application assist educators in im-

proving course content based on student’s performance?
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e RQ3: How does sCool learning analytics application assist educators to gain

an overview of students performance?

6.2 Instruments and Setup

The evaluation was conducted online since physical interviews are not possible
with the COVID-19 pandemic ravaging the entire world. The evaluation has been
conducted using Google Form'. Google Form enables users to create online evalu-
ations and analyze results. The evaluation results were downloaded as a .csv file
and analysed using Google Sheets®. Google Sheets provides functions such as built-in
formulas, pivot tables, conditional formatting, with the possibility to create colorful
charts and graphs using the data.

An evaluation link was shared with all participants. The participants could com-
plete the evaluation remotely with internet access. The evaluation contained de-
tailed instructions regarding the application and tasks to be performed. Some gen-
eral questions regarding participant’s current profession, education, and familiarity
with learning software or e-learning tools were asked in the evaluation. Besides, the
participants could provide open-ended feedback about their overall user experience.
Additional feedback was collected from the educators regarding whether they would
use the application to analyze their students and whether the data collected and
analyzed is relevant for educational purposes or for analyzing students’ progress.

The sCool learning analytics application was introduced to the participants at
the beginning of the evaluation using a pre-recorded video® introducing the applica-
tion and its features. The video introduces various features of the application and
navigation within the application with textual descriptions. All of the application-
specific tasks involved in the evaluation were also briefly described in the video with

different examples. It was uploaded on YouTube* and is publicly accessible.

https:/ /www.google.com /forms/about/
2https://www.google.com /sheets /about /
3https://www.youtube.com /watch?v=atfOw7CoJm0
4https://www.youtube.com /
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The participants had to complete tasks to find information regarding students of
a class using the sCool learning analytics application. The evaluation comprised 11
tasks (numbered T'1 to T'11) to be completed overall, and the tasks were divided into
five subgroups, with each subgroup containing 1-3 questions. Successful completion
of each task results in 1 point, whereas failure results in 0 points for the task. A
maximum score of 11 could be reached, with a minimum of 0. The tasks were
Multiple Choice Question (MCQ), where the participants had to find information
using the sCool learning analytics application concerning students of a class and
select the correct answers from a list of choices. Table 6.1 provides an overview of
the task subgroups and the tasks involved.

All the participants logged in as test users conducting and administrating a class
on sCool learning environment. The participants then had to analyze student’s
performance of their class using sCool learning analytics application. In general, the

participants took approximately 10-30 minutes to complete the evaluation.
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Table 6.1: Overview of the evaluation tasks and task subgroups

# Task # | Group
T1 Which Practice task was completed by
least number of students in the entire class? a1 Tasks solved by
T9 Which Theory task was completed by students of the class?
least number of students in the entire class?
T3 | How many Theory tasks did student Claire solve?
Which of the below students spent least game time .
T4 Comparing students
(session duration) in the entire class? G2
of the class
T5 Which student completed least number of
Theory tasks in the entire class?
T6 | claire used which concepts (select all which were used)? a3 Coding concepts used
T7 | Thomas used which concepts (select all which were used) in the program submissions
T8 | Which skills did student Alexander complete? by students of the class?
T9 | Did Thomas complete the course? G4 | Finding student’s details
T10 | How many lines of code did Ashley write during the course?
To find which student has the most Syntax errors -
make a custom plot of .
T11 G5 | Plotting a custom plot

"Syntax Errors in runs (No. of times)’ vs ’Student’.

Which student has most syntax error in the entire class?

In the evaluation two standardised questionnaires were used: System Usability
Scale (SUS) (Brooke, 1995) and NASA® Task Load Index (NASA-TLX) (NASA,
1986; Colligan et al., 2015). The questionnaires are available in the Appendix section.

6.2.1 System Usability Scale (SUS)

System Usability Scale (SUS) has been designed to provide a simple and effective

evaluation system for usability measures (Brooke, 1995). The SUS comprises of

a ten-item scale providing subjective assessments of usability of the system being

evaluated. It is based on likert scale (Likert, 1932) where respondents indicate their

Shttps://www.nasa.gov/
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degree of agreement or disagreement on a 5 point scale with values of strongly agree,
agree, undecided, disagree, and strongly disagree.

The SUS results in a single number representing measure of overall usability of
the system being evaluated. In order to calculate the final result below steps can be

followed:

e Odd numbered questions: Value of the scores of each of the odd numbered

questions are subtracted by 1.

e Even numbered questions: Value of the scores of each of the even numbered

questions are subtracted by 5.

e (Calculate total score: Sum up the newly calculated values resulting in a total

score.

e (Calculate final score: Multiply the total score by 2.5 resulting in the final score
out of 100.

The scores can be positioned as percentiles for a more meaningful interpretation
of the score (Brooke, 1995; A. Bangor et al., 2009; Bangor et al., 2008). A SUS score
of 68 is at the center of the range with an average grade C, corresponding to 50th
percentile. Table 6.2 provides an overview of the complete curved grading scale with
range of SUS score and corresponding grade and percentile range (Lewis and Sauro,
2018).
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Table 6.2: Overview of the complete curved grading scale with range of SUS scores
and corresponding grade and percentile range (based on Lewis and Sauro, 2018)

Grade | SUS score | Percentile range
A+ 84.1 - 100 96 - 100
A 80.8 -84.0 |90-95
A- 78.9 - 80.7 | 85 -89
B+ 77.2-788 | 80- 84
B 74.1-771 | 70-79
B- 72.6 - 74.0 | 65-69
C+ 71.1-725 | 60 - 64
C 65.0 - 71.0 | 41 - 59
C- 62.7-64.9 | 35-40
D 51.7-62.6 | 15-34
F 0-51.6 0-14

Although, the SUS does not provide information about the specific issues a system
may have, however it provides a measure of usability of the system under consider-
ation. A grade below C could result in consideration of reevaluation of the system’s

usability as their may be some issues which hinders usability of the system.

6.2.2 NASA Task Load Index (NASA-TLX)

NASA Task Load Index (NASA-TLX) is a subjective assessment tool which helps
in evaluation of cognitive impact or perceived workload of a task, or system’s per-
formance or effectiveness (NASA, 1986; Colligan et al., 2015; Hart, 2006). In NASA
Task Load Index (NASA-TLX) the total workload is divided into six subjective sub-
scales with their description as described below (NASA, 1986):

e Mental Demand: How much mental and perceptual activity was required? Was

the task easy or demanding, simple or complex?
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e Physical Demand: How much physical activity was required? Was the task

easy or demanding, slack or strenuous?

e Temporal Demand: How much time pressure did you feel due to the pace at

which the tasks or task elements occurred? Was the pace slow or rapid?

e Overall Performance: How successful were you in performing the task? How

satisfied were you with your performance?

e Effort: How hard did you have to work (mentally and physically) to accomplish

your level of performance?

e Frustration Level: How irritated, stressed, and annoyed versus content, relaxed,

and complacent did you feel during the task?

Participants could provide their ratings on a 5 points likert scale (Likert, 1932)
from 1 to 5 (or 0 to 4) with 1 representing very low to 5 representing very high.

Due to involvement of no physical tasks in the system under consideration and
its evaluation, the Physical Demand subscale was considered less relevant for the
evaluation and hence the subscale in consideration was removed from the evaluation
(Hart, 2006).

A downside to NASA-TLX is the more considerable time needed to complete the
test and weight calculations. A less demanding version called NASA Raw Task Load
Index (NASA-RTLX) could be used (Miller, 2001; Hart, 2006; Moroney et al., 1992).
The NASA-RTLX scoring has been found to be almost equivalent/similar to the
original TLX scores (Moroney et al., 1992; Miller, 2001). In NASA-RTLX, the score
can be computed by taking the sum of the NASA-TLX test ratings and dividing it by
six (Miller, 2001), corresponding to the six subscales. In NASA-RTLX, the various
components/subscales are not weighed concerning their weights or importance. The
NASA-RTLX was used for this study, and the ratings were summed up and divided
by 5 (corresponding to the use of only five subscales in this study while excluding

the subscale of Physical demand).
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6.2.3 Application-related questions

Application-related questions were also asked in every experiment regarding the
research question relating to the application. Additional questions were asked to the
educators regarding the importance of an analysis tool. The questions were rated
with options of yes, maybe, and no. Table 6.3 provides an overview of the various
application-related question which were asked to the two subgroups of educators and

participants excluding educators.

Table 6.3: Application-related questions

# | Question Educators | Others | Type

Q1 | Would you use the tool for analysis of your students? v yes/maybe/no

Were you able to identify the progress of a student
Q2 Y Y brog v v yes/maybe/no
in the course using the tool?

Were you able to identify students who are performin
Q3 Y Y P & v v yes/maybe/no
poorly and may need assistance using the tool?

Were you able to identify tasks that were easy or
hard for students?

Q4 v v yes/maybe/no
(For example, the most completed tasks or tasks which

no one completed.)

Q5 | Is this tool meaningful? v yes/maybe/no

Is all the data collected and analyzed relevant for
Q6 | Educational purpose or v yes/maybe/no

useful for analyzing students progress?

Q7 | Would you recommend this to a colleague? v v yes/maybe/no

6.3 Participants

The evaluation of the sCool learning analytics application was done with par-
ticipants from several educational and occupational groups. The evaluation was
conducted online due to COVID-19 restrictions. The evaluation was distributed

through social media channels. Overall, 22 volunteers participated and completed
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the evaluation. 36.4 % (8 participants) of the participants identified their gender as
female and the rest 63.6 % (14 participants) as male. Figure 6.1 shows an overview
of the gender of participants. Figure 6.2 shows an overview of the age of participants.
The participant’s ages ranged between 26-35 years. The average age was 29.64 years
(Median=29 years, SD=3.11).

The participants included students and researchers at TU Graz, software devel-
opers, data analysts, and school teachers in Vienna, India and Vietnam. 18.2 %
(4 participants) of the participants were professional teachers/educators, 54.5 % (12
participants) of the participants were expert professional users who have a master’s
or higher degree in Computer Science or closely related fields, 9.1 % (2 participants)
of the participants were current students, and 18.2 % (4 participants) were in other
fields of employment. Figure 6.3 depicts an overview of the profession of the par-
ticipants. The participants could be classified into two main subgroups of educators
and participants excluding educators based on their occupation as the two subgroups
members could have varying levels of experiences in using educational tools to an-
alyze students’ performance. The results of the evaluation are considered for these
subgroups in subsequent sections.

Figure 6.4 shows an overview of the highest educational degree of participants
depicting that 9.1 % (2 participants) of the users already had a Doctorate, 72.7 %
(16 participants) of the users had a Master’s degree, and 18.2 % (4 participants)
had a Bachelor’s degree. All the educators had a Master’s degree. Figure 6.5 shows
an overview of familiarity of participants with e-learning tools or learning software,
depicting that the majority of the participants, 68.2 % (15 participants), were familiar
with an e-learning tool. 27.3 % (6 participants) of the participants were somewhat
familiar, and 4.45 % (1 participant) of the participants responded with no familiarity

with an e-learning tool or learning software.
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Female
36.4% 8 (36.4%)

14 (63.6%)

Figure 6.1: Gender of participants
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Figure 6.2: Age of participants (in years)
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Figure 6.4: Highest educational degree of participants

111



CHAPTER 6. EVALUATION
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Figure 6.5: Familiarity of participants with e-learning tools or learning software

6.4 Evaluation and Results

This section discusses the evaluation results as 22 participants participated and
completed the evaluation and provided their feedback. The following subsections
describe the completion of the tasks by the participants and their scores. The sub-

sections also provide the evaluation results and feedback from the participants.

6.4.1 Task Completion and Scores

Figure 6.6 shows an overview of the distribution of evaluation scores of results of
tasks performed by participants during the evaluation. The evaluation comprised 11
tasks to be completed where successful completion of a task results in 1 point, whereas
failure results in 0 points for the task. A maximum score of 11 could be reached,
with a minimum of 0. The average score of participants was 9.68 points (Median=10
points, SD=1.36) from the maximum possible score of 11 points, with 36.36 % (8

participants) participants recording 11 points. A minimum score of 6 was recorded
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by 4.5 % (1 participant) of the participants. Figure 6.7 shows an overview of evalua-
tion scores of various participant occupational groups (Educators and other partici-
pants). The mean score of educators subgroup was 9.75 (Median=9.5, SD=0.96) and
the mean scores of other participants (excluding educators) was 9.67 (Median=10,
SD=1.46). The evaluation scores show that both participant subgroups could use
the application and gain information at similar levels despite varying occupational

experiences in using educational tools to analyze students’ performance.

Average Median Range
9.68/11 points 10/11 points 6-11 points

Total points distribution

=
T 6
H
(=]
g 4
S
g. 2
0 [
0 1 2 3 4 5 6 7
Paints scorad

Figure 6.6: Distribution of evaluation scores of all participants for task completion
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Figure 6.7: Evaluation scores of participants for task completion

Table 6.4 provides an overview of the various tasks (numbered T1 to T11) and
the success and fail percentage in the respective tasks. The task (T10) to find the
number of lines of code submitted by a student was successfully completed by all
of the attempting participants. The participants were also able to identify that
the student under consideration submitted zero lines of code, implying that the
student had not submitted any programming solutions in the entire course. The
majority of the participants, 81.81 % (18 participants), were able to identify the
student’s course progress (T9). All the participants were able to identify the number
of tasks completed by a student under consideration (T3). All the participants
successfully identified the student who spent the least amount of time completing
the course (T4). A majority, 86.36 % (19 participants), of the participants, were
able to identify the student who could complete only the least number of tasks (T5).
Such critical information has provided participants key insights about students who

may be lacking course progress by either being unable to write some lines of code,
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or unable to make sufficient progress in the course. Concerning RQ3, the insights
mentioned above could help educators gain an overview of students of their class and
even identify students who are performing poorly.

Almost all of the participants were able to identify the tasks (T1 and T2) com-
pleted by the least number of students in both concept-learning (100 %; 22 partic-
ipants) and practical (95.45 %; 21 participants) sections of the game, respectively.
All of the participants who attempted the tasks (T6 and T7) were able to complete
them and identify the programming concepts learned by students to solve the coding
course tasks on sCool. 95.45 % (21 participants) of the participants were also able to
identify the skills acquired by the student under consideration (T8). The informa-
tion gathered could provide educators and game developers key insights regarding
course content. The course tasks which students are unable to complete may either
be too difficult for them, not engaging to them, too easy to keep them motivated,
or unreachable in the course levels. Some of the tasks could also act as stumbling
points for students, which hinders their course progress. It is critically important to
be able to identify such stumbling tasks. The educators and game developers could
further utilize the newfound information to improve the course content further or
in creating new course content (RQ2). Similarly, when students have completed
all the course levels, the educators can further create course content with increased
difficulty. Additionally, educators and game developers can also identify individ-
ual student’s progress and create additional course content for fast learners with
increased difficulty levels (RQ2).

The majority of the tasks were completed successfully by the participants. The
task (T10) to find the number of lines of code submitted by student Ashley was suc-
cessfully completed by all participants who attempted it, 63.63% (14 participants),
however 36.36% (8 participants) of the participants skipped the task or missed to
submit their answers. However, the task (T11) to find the student with the most
syntax errors was successfully completed by 55% (11 participants) of the participants

who attempted it (overall 50% of the participants; 11 participants).
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6.4.2 Evaluation Responses of Participants for Application

Specific Question

The participants could be classified into two main subgroups of educators and
participants excluding educators. The following subsections provides the evaluation

responses of participants of the two subgroups.

6.4.2.1 Educator Participants

Figure 6.8 shows an overview of results of the evaluation by participants who are
educators who responded that 100 % of them were able to identify the progress of
a student in the course using the sCool learning analytics application (Q2). Figure
6.9 shows that all of the participating educators (100 %; 4 participants) were able to
identify students who are performing poorly and may require assistance (Q3) based
on various game metrics such as number of tasks completed, number of lines of code
written, and points collected using the sCool learning analytics application (RQ3).
Figure 6.10 shows that most participating educators (75 %; 3 participants) were able
to identify easy or complex tasks for students (Q4) as the most completed or least
completed tasks (RQ2). In contrast, 25 % (1 participant) of the participant educa-
tors reported that they were unable to identify easy or complex tasks for students
(Q4). Table 6.5 provides an overview of response to application-specific question by

the participants who provided responses to the questions.
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Figure 6.8: Able to identify course progress of students
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Figure 6.9: Able to identify students performing poorly
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Participants (Occupation Group)

Participants (Occupation Group)
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Figure 6.10: Able to identify tasks which were hard or easy
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Figure 6.11: Would recommend application to a colleague
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Figure 6.12 shows that the individual perspective of the application being mean-
ingful (Q5) was considered positively by half (50 %; 2 participants) of the partici-
pating educators. At the same time, half (50 %; 2 participants) of the participating
educators remained undecided about the application being meaningful and responded
with maybe. Figure 6.13 shows that half (50 %); 2 participants) of the participating
educators agreed that the data collected and analyzed is relevant for educational
purposes or analyzing student’s progress in a class (Q6). In comparison, the other
half (50 %; 2 participants) of the participating educators remained undecided re-
garding the data collected for educational purposes or analyzing students’ progress
in a class and responded with maybe. Figure 6.14 shows that the majority (50 %;
2 participants) of the educators remained undecided about using the application for
analyzing students (Q1), and amongst the remaining (25 %; 1 participant) would use
the application for analyzing students and remaining (25 %; 1 participant) could not
find the use of the information provided by the application. This also provides infor-
mation that the participants may be unclear about using information from players

game-related data for analyzing students.

B Yes Maybe W No

Educators 50%

Response

0%

0% 10% 20% 30% 40% 50%

% of respondents (Educators)

Figure 6.12: (Educators) Found the tool meaningful
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Figure 6.13: (Educators) Found the data collected and analyzed relevant for Educa-
tion purpose or useful for analyzing students progress
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Figure 6.14: (Educators) Would like to use the application for analyzing students
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6.4.2.2 Participants Excluding Educators

This subsection presents the evaluation results submitted by participants, ex-
cluding educators. Figure 6.8 shows that majority, 90.9 % (10 participants), of the
respondents who provided feedback for this question agreed that they were able
to identify student’s progress in the course (Q2) using the sCool learning analytics
application (RQ3). Figure 6.9 shows that majority, 77.8 % (14 participants), of
the respondents agreed that they were able to identify students who are performing
poorly and may require assistance using the sCool learning analytics application (Q3)
based on game metrics such as number of tasks completed, number of lines of code
submitted, and points collected (RQ3). 22.2 % (4 participants) of the respondents
responded with a maybe and remained undecided. Figure 6.10 shows that majority
(77.8 %; 14 participants) of the respondents, agreed that they were able to identify
tasks that were easy or hard for students (Q4) using the sCool learning analytics ap-
plication based on metrics such as most completed tasks or tasks which no student
could complete (RQ2). 22.2 % (4 participants) of the respondents responded with
a maybe and remained undecided. Figure 6.11 shows that the majority (77.8 %; 14
participants) agreed that they recommend the sCool learning analytics application
to their colleagues (Q5), and the positive recommendation feedback could be inter-
preted as acceptability concerning RQ1. 22.2 % (4 participants) of the respondents

responded with a maybe and remained undecided.

6.4.3 System Usability Scale (SUS)

Figure 6.15 shows an overview of the results of System Usability Scale (SUS)
scores of each of the participants. The average SUS score is 81.70 (Median=85,
SD=11.32), ranging from 52.5-97.5, with 52.5 being recorded as the lowest score
and 97.5 as the highest. A SUS score of 81.70 implies that the overall application
satisfies the usability criteria. Concerning RQ1, from the SUS score results, it can be
observed that the user interface of the sCool learning analytics application satisfies

usability criteria.
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Figure 6.15: Results of SUS scores of each participants in the evaluation

Table 6.6 provides an overview of SUS scores per questions of the SUS scale. It
could be seen that the participants rated the application as easy to use. However,
9.09 % (2 participants) of the participants responded that they would not like to
use the application frequently with a strong disagreement, 13.63 % (3 participants)
responded that they would like to use the application frequently with a strong agree-
ment, and 45.45 % (10 participants) responded with an agreement.

Most of the participants strongly disagreed (31.81 %; 7 participants) or disagreed
(59.09%; 13 participants) that the application was unnecessary complex. 9.09 % of
the participants found the application unnecessarily complex, with agreement (4.45
%; 1 participant) and strong agreement (4.45 %; 1 participant) equally amongst
them. Most of the participants strongly agreed (40.09 %; 9 participants) or agreed
(40.09 %; 9 participants) that the application was easy to use. The remaining partic-
ipants were undecided (9.09 %; 2 participants) or disagreed (9.09 %; 2 participants)

with the statement that the application was easy to use.
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The majority of the participants (54.54 %; 12 participants) strongly disagreed
that they need the help of a technical person to use the application. The remaining
participants either disagreed (27.27 %; 6 participants) or remained undecided (18.18
%; 4 participants). The majority of the participants (72.72 %; 16 participants)
agreed to have found the various functions in the application to be well integrated,
and 13.63 % (3 participants) strongly agreed to the same.

The majority (63.63 %; 14 participants) of the participants responded that they
strongly disagreed that there was too much inconsistency in the application. Among
the remaining, 22.72 % (5 participants) were in disagreement, and 9.09 % (2) re-
mained undecided. However, 4.45 % (1 participant) of the participants strongly
agreed that there was inconsistency in the application. Most of the users were in
strong agreement (36.36 %; 8 participants) and agreement (45.45 %; 10 partici-
pants) with the statement that most people would learn to use this application very
quickly. The remaining 18.18 % (4 participants) users remained undecided. The
majority (81.81 %; 18 participants) of the participants did not find the application
awkward to use. Most of the participants responded that they felt confident using
the application with a strong agreement (45.45 %; 10 participants) and an agreement
(40.09 %; 9 participants) , respectively. The majority (86.36 %; 19 participants) of
the participants responded that they did not need to learn many things before they
could get going with the application.

One of the participants reported a SUS score of 52.5, which is below the average
SUS score (refer table 6.2), implying usability issues for first-time users. Future work

could therefore be an onboarding tutorial for new users.
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6.4.4 NASA-TLX

Table 6.7 provides the NASA-RTLX rating results and scores concerning per-
ceived workload regarding solving the tasks within the task subgroups. Participants
provided their perceived workload ratings on 5 points likert scale (Likert, 1932) from
1 to 5 with one representing very low to five representing very high. From these
results, it can be observed that the tasks about creating a custom plot (G5) have the
highest perceived workload (Mean=2.51, Median=2.3, SD=0.75) among the tasks as
the participants stated feelings of higher mental activity, temporal demand, effort,
and frustration level compared to other tasks subgroups while reporting lower perfor-
mance. This indicates that tasks related to creating a custom plot require a (slightly)
higher workload compared to performing other tasks using the application. The task
subgroup comparing students of the class (G2) has the second-highest workload
(Mean = 2.49, Median=2.4, SD=0.56) from participant ratings. The task subgroup
about identifying coding concepts used in the program submissions by students (G3)
has the lowest mental demand (Mean = 2.24, Median=2, SD=0.57) among the task
subgroups. Overall, creating custom plots (G5) and comparing students of a class
(G2) require a higher workload. From the RTLX scores, it can be observed that none
of the tasks were perceived as tasks requiring an intense workload, nearing scores of
5 (on a scale of 1 to 5), with a maximum rating of 2.51 (Median=2.3, SD=0.75) only

(RQ1).

127



CHAPTER 6. EVALUATION

(¢L'0=as (9z'1=as (Fe'1=as (z1=as (9¢'1=as (z1'1=as
‘¢ g—ueIpay ) ‘T=uwepely) | ‘g—=ueIpo[y) ‘p=uerpo]y) | ‘g=URIPOIN) | ‘G=UeIpPOIN) 1L )
16°C = uedly 6'T = Ued]\ | $g¢ = UBON | GOF = WedIN | GO'C = UBOIN | 8¢'T = WS\
(99°0=as (L8°0=as (co'1=as (L6:0—as (c0'1=as (1=as
‘CTuRIPOIN) | ‘GT=URIPOIN) | ‘Z=UBIPIIN) ‘p=uerpo]y) | ‘g=URIPOIN) | ‘Z=UeIpoIy) 0L ‘6L 7O
9¢'g = ued\ LLUT = UedN | [6T = UWedIN | €ZF — UROIN | [6'T = WedIN | G6'T — UROIN
(L8°0=As (e8°0=As (88°0=As (96'0=As (¢6:0=as (96:0—as
‘T—UurIpaIN) ‘G T=ueIpoly) | ‘G T—UurIpoJy) ‘G=ueIpol) | ‘T=uepdly) | ‘T=uwepdlN) | T, ‘LL ‘9L 9]
72T = wedly €LT = Wedl\ | gL'T = ueoy Gp = UeON | 9'T = WS\ | PG = UBOI\
(96°0=as (e1'1=as (¢L'0=as (86:0—as (9L°0=as (06'0—as
Pg=uerpoly) | ‘G'I=UeIpoly) | ‘G=URIPS]N) | ‘GH=URIPOIN) | ‘G=URIPOY) | ‘G=URIPI\) oL TI 49)
67 = wedly 98°'T = UBOIN | €g°C = WedI\ | LTy = UBOIN ¢ = wedly | G0'g = UBON
(750=as (98°0=as (16:0—as (¢6:0—as (86:0—as (¢L'0—=as
‘1 g=ueIpay) ‘T=uerpoly) | ‘g=URIPOIN) | ‘GF=URIPOIN) | ‘G=UIPAN) | ‘G I=UeIpolN) | ¢, ‘GL ‘T.L 1)
9¢°'C — Q@@E GT = Qdoz R'1 = Q@@E NM% = dez ¢ = Qdoz ﬂ@ﬁ = Q@@E

~®>®~H @UENE.HOM.MQAH —UQ«NEOQ ﬂuﬂﬁswm
91098 vmﬂﬁ\m Qomuwhumaﬂ.ﬂm H.uo.wm :.mhwxro MNhOQEQrHL MNHQQE w&m.ﬁH QSO.HU

SHNSOL X'TLH-VSVN L9 9l98L

128



CHAPTER 6. EVALUATION

6.4.5 Suggestions and Feedback

Some of the participants also provided suggestions and feedback to improve the
application. In general, participants suggested providing a help feature for beginners
to shorten the learning curve. The participants also provided suggestions to improve
the usability further.

6.4.5.1 Educator Participants

The participants who were educators responded positively and also provided sug-
gestions for improvement with open-text feedback. One of the participants who were
educators showed interest in the sCool project and would like to learn more about
sCool. The participant would also like to implement and use sCool for teaching
students of their school. An additional suggestion was to improve the interface by
improving its visual appeal and providing information about the purpose of the tabs.

Two of the participants responded with textual feedback as:

o "Im interested in learning more about the project and potentially get informa-

tion"

o "I think the interface can be made better, more visually appealing, the tabs can
probably give some information about their purpose. Querall brilliant visualiza-

tion and analysis from a teachers/ organizational point of view"

6.4.5.2 Participants Excluding Educators

The participants, excluding educators, also provided positive feedback and sug-
gestions for improving the application and user interface. In general, the participants
provided a suggestion for implementing a help feature for beginners. Since the appli-
cation could be overwhelming for a new user, the participants provided suggestions
also to minimize the displayed data points or game metrics for a quick overview of
students. The participants also suggested improving the filter options in the data

table. The participants also emphasized that currently, the custom plots printed
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only every second name of a student due to less screen space available or many stu-

dents, which confuses the users. The participants also suggested providing a message

informing users that they must select a class(learning activity) to see details of the

selected class. An additional suggestion was to highlight the tasks with a high and

low success and fail number to provide quick information. The participants also sug-

gested reducing the evaluation itself since it seemed very long. Some of the textual

feedback are listed below as:

"some minor UX issues but it is still useful for visualizing the data.”
"Great!"

"The system seems user friendly and good to use, but please improve this survey

it 1s really long xD"

"All panels in a single page, confusing to view graphs. Also, when each student
is selected the font needs to highlight the important features. After selecting a
student name and want to try another student cursor didn’t move to right most

position. Had to just click on delete with cursor before first character.”

"As an end user, The number of variables that a teacher has to skim through
per student, in order to understand where the student’s strengths and weakness
shall be minimized. If the app displayed these minimum set of variables for
the student, and in the end can also have a graph or something like that which
would inform the teacher how well the student performed in different tasks/-
concepts/games.. and also, amongst the peers all in a single page.. this would
help minimize the amount of time the teacher has to spend navigating through

the app to study about the student performance.”

"Under Details->Quverview->Show overview data: It would be useful if the fil-
tering in the table worked better, e.g. support wild cards, match also entries

that don’t match case, etc.”

"I really like the overall concept and the flexibility of the tool. It gives a lot of

insight from different perspectives and would be very useful in a class setting for
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wdentifying what concepts students have issues with and which students might
need some additional help. I especially loved that I can create custom charts
based on custom features I select. The only aspect which needs improvement is
the overall user experience. The tool is currently too overwhelming when you
start using it. Maybe adding some Ul guide and also further segmenting the

tasks into sub groups / tabs would lower the initial mental burden for a user.”

e " -) Custom plot features in drop-down not alphabetical! -) Maybe mark with
colors which tasks have a high and a low success/fail ratio -) The expand buttons
for the plots are not very well separated from the background. Make buttons

instead of just clickable strings.”

o "In a plot, I think it is pointless to print every second name beside the bar,
especially if you have a key on the side of the chart. FEither you print them
all or none of them. In the ’Students’ tab, when the learning activity is not
selected, you cannot search for a student. This is of course right, but a message
informing me that I should first select a learning activity could clear doubts in

certain situations.”

6.5 Discussion and Limitations

Based on the feedback from the participants, the application satisfies usability
criteria. The participants were, in general, satisfied with the functionalities and
visual appearance of the application. Most of the participants were successfully able
to complete most of the tasks involved in the evaluation.

There is still much space for improvement in usability and shortening the learn-
ing curve for new users as per the feedback and suggestion from participants. The
participants also suggested providing a UI guide and a help feature for new users
as the application can be overwhelming. The participants and users in general also
need more time to get familiar with the system. As most participants are not native

English speakers, this could have affected their experience and response. Some of
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the participants also suggested that the evaluation was very long and must be re-
duced. As most of the participants were professionals and had a limited time for the
evaluation, these circumstances could have influenced their overall experience. Also,
only 68 % (15) of the evaluation participants were familiar with an e-learning tool
or learning software. Participant’s prior experiences could have also affected their
response during the evaluation. Additionally, the participants are not too familiar
with the system and therefore are not aware of how informative specific learning
metrics could be.

The evaluation had 22 participants only, among whom there were only four profes-
sional educators, which could have also affected the evaluation results. Additionally,
the evaluation included NASA-RTLX on 5 points likert scale as a short version of
NASA-TLX, which could have affected the perceived workload evaluation.

Additionally, participant’s familiarity with the sCool learning platform could also
have affected their evaluation and experience. The participant’s usage of the appli-
cation over an entire course or a period would have been beneficial.

Factors such as evaluation topic, length of the evaluation, ordering of questions,
and using the English language for the survey could also have had an immense impact
on the participants (Fan and Yan, 2010). Additionally, the COVID-19 pandemic
has affected everyone around the world in multiple ways, ranging from personal
losses and other mental health issues (Kontoangelos et al., 2020; Gavin et al., 2020).
These issues could have also affected the participant’s overall experience with the

application and evaluation.
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Chapter 7
Lesson Learned

In this chapter, the experiences and issues encountered during the various project
phases are described. The conclusions about the literature, development, and out-

comes are also included.

7.1 Literature

One of the significant parts of further development of the sCool environment was
introducing additional learning analytics for the sCool system. Various game-based
applications are currently available for learning programming skills or computation
skills for students or novice learners of various age groups. However, regardless of
age, a novice programming learner could face many difficulties while attempting to
understand and learn coding concepts (Lahtinen et al., 2005). These difficulties have
to be acknowledged and recognized in order to be able to assist the students (Al-
bluwi and Salter, 2020). Hence, these applications also provide learning analytics
capabilities to their various stakeholders, comprising educators, parents, students,
and game developers. Related papers and studies were considered for a comprehen-
sive overview of these tools and their capabilities to end-users (Freire et al., 2016;
Owen and Baker, 2019). The relevant data searched was gathered, and the tools

were analyzed to perform an evaluation and identify their relevance for this work
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(CodeMonkey, 2021; Ozaria, 2021; Steinmaurer et al., 2020).

The features of these learning analytics tools may vary from one tool to another.
Different stakeholders may have different requirements and interests, such as students
being more interested in identifying their course progress. In contrast, educators may
want to analyze the learning progress of their entire class, and game developers may
want feedback to improve the game content or game design or finding strategies used
by students for course completion. Hence the tools also provide varying features
for the different stakeholders. Some of the tools focus on teachers and provide a
minimalist course progress dashboard for the students (CodeMonkey, 2021; Ozaria,
2021). These tools were analyzed and considered in the concept for developing a
learning analytics application for sCool.

For analysis of student’s game-related data concerning learning coding or com-
putation skills, literature in code analysis was considered (Albluwi and Salter, 2020).
It is also essential to find the effectiveness of course content in making students un-
derstand and learn the intended programming concepts. Analyzing the submitted
program solutions provides an overview of the programming concepts used by stu-
dents in completing a programming task and provides insights into whether students
were able to learn and use various programming concepts.

Various literature was also considered to understand data visualization techniques
to convey information in simple and understandable ways to end-users. Some case
studies also provide information about various data visualization tools and frame-
works and their advantages and disadvantages, respectively (J. Liu et al., 2018).
In the end, the tool and framework which would fit the system and available re-
sources were considered. Lower dimensional data visualization techniques such as
one-dimensional, two-dimensional, or three-dimensional plots were considered to con-

vey information understandably and simplistically.

7.2 Development

The sCool platform consisted of two components, a mobile video game and a web

application, which communicated with each other using REST APIs. The game has
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two game modes as the concept-learning theory mode and the programming-learning
practical mode. In the concept-learning theory mode, students learn programming
concepts, and they utilize these concepts to solve programming tasks in the practice
mode. The player’s game-related data is collected and stored in the sCool’s MySQL
database instance. The students can also see their course progress in the mobile
game itself.

The main focus of this thesis was to provide features of learning analytics to
stakeholders of educators and game developers of the sCool system. A sCool learn-
ing analytics application was proposed and developed to achieve this goal. The
application was developed using Plotly’s Dash framework, which is an open-source
full-stack framework. Plotly’s Dash framework also provides various data visualiza-
tion capabilities. Data analysis of student’s data is performed using Python. The
results are presented to the users using intuitive and straightforward UI. Docker?
image was used for a fast, easy, and portable application development and to deploy

the application on a server.

7.3 Outcome

The evaluation process considered various aspects of the application. For the
evaluation, it was necessary to make the application reliable and publicly available
for participants to participate in the evaluation and complete it. A docker image
of the application was deployed on Google Cloud Platform (GCP)? which currently
provides a three-month free usage plan for developers (with credits on GCP). The
application connects to the sCool database to access player’s game-related data.
Data of only those players are used in the application, who had provided explicit
permission in the sCool mobile game to permit processing of their game-related data.
The application was introduced using an audio-video recording, and the recording
was made available in the initial introductory steps of the evaluation.

The results of the evaluation showed that the participants well received the ap-

thttps://www.docker.com/
2https://cloud.google.com/
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plication. The participants were able to identify a player who is performing poorly
on game metrics such as the number of tasks completed, the number of lines of
code submitted, progress in the course, points collected, and tasks attempted. The
participants provided a positive usability rating which implies that the application
satisfies usability criteria. However, based on the feedback and suggestion provided,
further investigation and improvements in the user interface are required to improve
the application’s usability and shorten the learning curve experienced by new users.

A help UI guide could also be provided to lower the learning curve for new users.
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Chapter 8
Conclusion

In this chapter, the conclusion of the key elements and characteristics of the
project are described. An outlook for future improvements in learning analytics

capabilities for the coding learning game sCool is also discussed.

8.1 Conclusion

The current Coronavirus disease 2019 (COVID-19) pandemic has forced
widespread school closures, forcing students to learn from home. The pandemic
forcing students to learn from home has emphasized the importance of effective re-
mote learning. Learning games provide an engaging means of effective learning.
Many coding learning applications are available to all age groups in various modes
such as games and web applications. As learning programming or computational
skill can be a challenging task for novice learners of any age group, teachers and
game developers need to identify the progress made by students and analyze player’s
game-related data for providing timely assistance to students and making improve-
ments in course content and game design. The project aimed to introduce a learning
analytics application for the sCool coding learning platform.

In the first phase of the project, various coding learning applications, including

sCool, and their learning analytics applications, were analyzed. The requirements
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were considered, and concepts were developed. Key elements of the analysis were
developing a learning analytics application for sCool stakeholders comprising of ed-
ucators and game developers. The players on sCool could already view their course
progress in-game.

In the second phase of the project, the sCool learning analytics application was
evaluated by 22 volunteers, and their feedbacks were collected. The participants
were able to identify poor-performing students based on various game metrics such
as course progress, programming solutions submitted, coding concepts learned, and
tasks completed. Most of the participants were able to identify tasks that were
the most completed or least completed tasks and responded positively concerning
identifying challenging or easy tasks. The participants also responded positively
by providing positive usability ratings on SUS and perceived workload ratings on
NASA-TLX.

The sCool learning analytics application is a web-based full-stack application
developed using open-source frameworks. The learning analytics web application is
intended to be used by educators and sCool game developers to analyze students’
performance on the platform. The educators and game developers could utilize their
newfound insights from the learning analytics application to assist students in need

of support, improve course content, and improve game design.

8.2 Future Work

There is a need for additional improvements in the application’s usability and to
shorten the learning curve for new users. The future work could provide an onboard-
ing tutorial for new users. The evaluation results also showed some critical areas of
navigation, user interface, and a help UI guide. Most of the feedback suggested that
the application can be overwhelming for new users and has a learning curve of its
own. The navigation could be improved, and fewer and more relevant data could be
shown to educators to overview students of their class quickly.

The participants also suggested an improvement in filtering in the overview table.

The custom plots or plots, in general, have a short screen space and hence can
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have overlapping information or miss out on some essential information entirely.
The missing information results in confusion and frustration. Although this is a
device screen issue, possible improvements must be further analyzed. The tasks
with a high and low success and fail number can be highlighted to provide quick
information. The expand buttons could be a bit separated from the background
using CSS improvements.

The application should also be able to support further modification and improve-
ments in the sCool game environment. New features added in the database should
also either automatically be supported in the application or require minimal effort.

The future work could also provide learning analytics capabilities to players/s-
tudents about their performance. The players/students could also identify their

progress compared to their peers or their own learning goals.
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Appendix A

Questionnaire

Al Intro

Current Profession *

() Teacher

() Expert (Master's student or higher in Computer Seience or related field)
() student

() Other employment

What is the highest degree or level of school you have completed?

() some secondary education (high school)

() High sehool graduate, diploma or the equivalent

|'\'_'j trade/technical/vocational training

() some undergraduate education

'i ) completed undergraduate education (Bachelor's degree)
() ‘some postgraduate education

() Master's degree

() Dactorate

Figure A.1: Participants intro

151



APPENDIX A. QUESTIONNAIRE

Are you familiar with learning software Or e-learning tools 7

O o Yes
O %o
() P somewhat

Figure A.2: Participants familiarity with e-learning tools
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Figure A.3: Intro pre-recorded audio-video
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APPENDIX A. QUESTIONNAIRE

A2 Tasks

Which Practice task was completed by least number of students in the
entire class?

Hint: Details -> Task information - No. of students completing a Task - table or graphs

O Calculate the Fibonacci Sequence and check it with the storage
O The first task will be to move Rob!

O Collect the coins and print Rob's storage

Figure A.4: Task 1

Which Theory task was completed by least number of students in the
entire class?

Hint: Details -> Task information - No. of students completing a Task - table or graphs

O Which of the following is a python program broken down into?
O What is a list in Python?

O What is the definition of a function?

Figure A.5: Task 2

How many Theory tasks did student Claire solve

Hint: Students -> No. of tasks completed

Figure A.6: Task 3
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APPENDIX A. QUESTIONNAIRE

Which of the below students spent least game time (session duration) in 1 point
the entire class

Hint: Details -> Overview

(O pattt
O Thomas
O claire

O Alexander

Figure A.7: Task 4

Which student completed least number of Theory tasks in the entire class 1 point

Hint: Details -»> Task info -> (Theory) Count of tasks completed by students

O claire

3779710 VincentC

Thomas

O O O

Alexander

Figure A.8: Task 5
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APPENDIX A. QUESTIONNAIRE

claire used which concepts (select all which were used) 1 point
Hint: Students tab

Variable

Constant

Compare

O
O
(] Function call
O
O

Assignment

Figure A.9: Task 6

Thomas used which concepts (select all which were used) 1 point
Hint: Students tab

Variable
For loop
Function call

Compare

o000

Assignment

Figure A.10: Task 7

Which skills did student Alexander complete 1 point
Hint: Students tab

|:| Introduction

D Data Types

|:| Constructs and Logic

Figure A.11: Task 8
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APPENDIX A. QUESTIONNAIRE

Did Thomas complete the course 'RMIT 2020 ? 1 point
Hint: Students tab

O Yes
O No
O Maybe

Figure A.12: Task 9

How many lines of code did Ashley write during the course? 1 point
Hint: Students tab - Count of lines of Code

O 10
O o
O 27

Figure A.13: Task 10

To find which student has the most Syntax errors - make a custom plot of 1 point
'Syntax Errors in runs (No. of times)' vs 'Student’. Which student has most
syntax error in the entire class?

Hint: Custom -> group by Student; feature 1: Syntax Errors in runs (No. of times); feature 2 :
Student; Bar or Scatter plot

O son (son-677)
(O vidodi99 (vidodi99-733)

O Thomas (Thomas-699)

Figure A.14: Task 11
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APPENDIX A. QUESTIONNAIRE

A3 Application Specific Questions

Would you use the tool for analysis of your students?

O o Yes
() ¥ No
O P Mayhe

Were you able to identify the progress of a student in the course using the tocl?

For example Thomas completed 28% of the course RMIT_2020 and Alexander completed ~70% of the
course RMIT_2020

O o Yes
O *® Mo
O 2 Maybe

Were you able to identify students who are performing poorly and may need
assistance using the tool? *

For example No code written, less progress in the course, many wrong attempts, and few tasks
completad.

O o Yes
O ¥ No
() 9 Maybe

Were you able to identify tasks that were easy or hard for students? (For
example. the most completed tasks or tasks which no one completed.) *

This knowledge could be used to improve course content by improving them or creating new relevant
tasks.

o o Yes
O ¥ No
() 9 Maybe

Figure A.15: Participants educators I
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APPENDIX A. QUESTIONNAIRE

s this tool meaningful?

O o Yes
O ¥ o
O D Maybe

Rate the usability

1 2 3 4 5

@ Mot useable O D O O O @ Very useable

s all the data collected and analyzed relevant for Education purpese or useful for

analyzing students progress?

O o Yes
O ¥ No
() 9 Mayhe

Would you recommend this to a colleague?

O @ Yes
O No
@) Maybe

Feedback

Example: Usability or deta collected and analyzed or any other suggestions for improvement as 2 user

Your answer

Figure A.16: Participants educators II
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APPENDIX A.

QUESTIONNAIRE

Were you able to identify the progress of a student in the course using the tool?

For example Thomas completed 28% of the course RMIT_2020 and Alexander completed ~70% of the
course RMIT_2020

O " Yes
O ¥ Mo
() P Maybe

Were you able to identify students who are performing poerly and may need
assistance using the tool? *

For example No code written, less progress in the course, many wrong attempts, and few tasks
completed.

O " Yes
O *® Mo
() P Maybe

Were you able to identify tasks that were easy or hard for students? (For
example, the most completed tasks or tasks which no cne completed.) *

This knowledge could be vsed to improve course content by improving them or creating new relevant
tasks.

O W Yes
O *# Mo
() P Maybe

Would you recommend this to a colleague?

O @ Yes
O No
() @ Maybe

Feedback

Example: Usability or data collected and analyzed or any other suggestions for improvement as 2 user

Your answer

Figure A.17: Participants except educators
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APPENDIX A. QUESTIONNAIRE

A4 NASA-TLX

IMental Demand

How mentally demanding was the task? Was the task sasy or demanding, simple or complex?

1 s 3 4 3

@ very low O O O O O @ Very high

Temporal Demand

Haow much time pressure did you feel dus to the pace at which the tasks or task elements cccurred? Was
the pace slow or rapid?

1 2 3 4 B

@ very low O O O O O @ Very high

COverall Performance

How successful were you in perferming the task? How satisfied were you with your performance?

1 z 3 4 3

@& Very low O O O O O @ Very high

Effort

How hard did you have to work to accomplish your level of performance?

1 z 3 4 3

@ Very low O O O O O @ Very high

Frustration Level

How iritated, stressed, and annoyed veraus content, relaxed, and complacent did you feel during the
tazk?

1 s 3 4 3

@ very low O O O O O @ Very high

Figure A.18: NASA-TLX
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APPENDIX A. QUESTIONNAIRE

A5 System Usability Scale

Table A.1: System Usability Scale

St 1 St 1
rongy Disagree | Undecided | Agree rongly
Disagree Agree

I think I would like to use this application frequently 0 0 0 0 0
I think I found the application unnecessary complex 0 0 0 0 0
I thought this application was easy to use 0 0 0 0 0
I think that I would need the help of

0 0 0 0 0
a technical person to use this application
I found the various functions in this application

0 0 0 0 0
were well integrated
I thought there was too much inconsistency

0 0 0 0 0
in the application
I would imagine that most people would learn

0 0 0 0 0
to use this application very quickly
I found this application very awkward to use 0 0 0 0 0
I felt very confident using this application 0 0 0 0 0
I needed to learn a lot of things before

0 0 0 0 0

I could get going with this application
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