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Abstract

The rapid evolution of the Fourth Industrial Revolution, compounded by the disruptions of the
COVID-19 pandemic, has exposed critical deficiencies in conventional digital learning
infrastructures, particularly in their capacity to sustain learner engagement, deliver hands-on
experiential learning, and provide adaptive, timely assessment within asynchronous
environments. This thesis presents the design, development, and functional validation of a
Smart Learning Ecosystem (SLE) conceived to address these challenges through the integration
of gamification, Internet of Things (IoT) technologies, and a structured visual-to-textual

programming pathway within a STEAM educational framework.

The proposed ecosystem is architectured around Moodle as its central orchestration layer,
augmented by MIT App Inventor for mobile IoT prototyping, Arduino-based physical
computing for tangible experiential learning, H5P for interactive content delivery, and
CodeRunner for automated programming assessment. A five-stage asynchronous pedagogical
workflow — encompassing Exploration, Conceptualisation, Application, Evaluation, and
Reflection — structures the learning progression, guiding learners from foundational concepts

through to complex, real-world problem-solving tasks.

A principal contribution of this work is the Blockly-to-Python learning pathway, which
systematically bridges the cognitive gap between block-based visual programming and text-
based coding, mitigating the well-documented barriers that impede novice programmers in
STEAM contexts. Gamification mechanisms, including experience points (XP), level
progression, badge issuance, and conditional content unlocking, are embedded throughout the
ecosystem to sustain motivation and persistence in asynchronous learning conditions. An
integrated analytics and automated feedback infrastructure continuously monitors learner

performance, enabling data-driven adaptive interventions.



The research is guided by a central question examining how the integrated deployment of
block-based programming, IoT technologies, and gamification within a cohesive SLE
contributes to adaptive STEAM education. Supporting sub-questions address architectural
requirements, the effect of gamified progression on motivation, the efficacy of automated
assessment for learning performance, and the contribution of physical computing to

computational understanding.

Sample proof of concept and functional validation demonstrate that the ecosystem successfully
operationalises its design objectives, providing a replicable, scalable, and pedagogically
grounded framework for interactive STEAM education aligned with the demands of the

contemporary digital learning environment.



Iepinyn

H paydaio e£éMén g Térapmmg Buoopnyoavikng Emavdctaong, o€ cuvovacpod pe TS
avatapoyés mov mpokdiece M movonuio tov COVID-19, avédeiée kpiowueg eAdeiyelg otic
SLUPOTIKEG VTTOOOUES YNPLOKNG LABNoMG, 1010¢ OGOV apopd TV IKAVOTNTA TOLG VO O10TPOVV
TO eVOlPEPOV TV  UadNTdV, Vo TPocsPipovy  Plopatiky pddnon kot vo  wapEyovv
TPOCOPUOCTIKY Kol £yKaprn a&ordynon oe actHyypova mepipdriovia. H mapovca dwotpipn
napovotalel Tov  oxedlopd, TNV ovAmTtuEn Kot TN ASITOVPYIKY  EmKOpwon  evOg
Owoovotuatoc ‘E€umvng Mabnong (SLE) mov oyedidotnKe yio vo OVTILETOTIGEL AVTEG TIC
TPOKANGELS HECM TNG EVOMUATMONG TNG TOLVIOOTOINOoNG, TOV TEXVOAOYIDV TOV AladIKTOOL
tov [paypdrov (IoT) kot piog dopunuévng dadpopng TPOYPOUUOTIGUOD ad OTTIKA GTotKEln

o€ Kelpevo, eviog evog ekmadevtikov mhawsiov STEAM.

To mpotewodpevo otkosvotnua eivar dounuévo yopm amd to Moodle ¢ kevipikd emimedo
OULVTOVIGHOV, evioyLuévo amd 1o MIT App Inventor pe onpovpyio mpwtotdnmwv [oT yia
KWNTd, T QUOIKY TANpo@opikn Paciopévny oto Arduino yio anth Puopatik) paddnon, to HSP
Yy TV mopoyn odpactikod mepteyopévou ko to CodeRunner yio v avtopatomomuév
a&loAdynon mpoypaUUaTIGHOV. Mo achyypovi Todaymyikn por| epyaciog Tévte oTadimv —
nov epthopPaver EEepevvnon, ZOAA YN, Eeappoyr, A&loddynon kot Avactoyacopid — Sopel
™V Tpo0do TG Habnong, Kabodnywvtag toug pantéc and Tic Pacikés £vvoleg £mg oLVOETEG

gpyacieg emilvomng TpofANUATOV TOL TPAYUATIKOD KOGLOV.

Muw Bacwkn ovuPoAn g mapovoag epyaciag eivor m podnowoky owdpour «Blockly-to-
Python», mn omolo yepupdvel GLOTNUOTIKA TO YVOOTIKO YOOoUO HETAED NG OMTIKNG
TPOYPOUUOTIOHOD HE UTAOK KOl TG Kodwkomoinong pe keipevo, petpraloviag to KoAd
TEKUNPLOUEVO EUTOOLN TTOV SLGYEPAIVOLV TOVG APYAPLOVS TPOYPAUUATIOTES GE TEPPAALOVTO
STEAM. Mnyoviopoi maryvidonoinong, 6mmg ot wévrol eunepiog (XP), n mpdodog ce enineda,
1 QTOVOUY OKPITIKAOV Kot TO EEKAEId®LO TEPLEYOUEVOL VIO OPOVGS, £IVOL EVOOUATOUEVOL CE

OAO TO OWKOGUGTNUA Y10, TN STHPNOT NG KVNTOmoinong Kol NG EMUOVIG € GLVONKEG

achyxpovng uabnong.



M. oAokAnpopévn  LTOJOUN]  OVOALONG KOl  OWTOUOTOTOUUEVIG — OvVOTPOPOOOTNONG
Tapokolovlel cvvexdg TNV amddoom TV HoONTOV, EMTPEMOVING TPOCOPUOCTIKES

nopeUPaoels Paciopéveg o€ dEd0UEVAL.

H épevva kaBoonysitor amd €va kevipikd epdTNUO TOL €EETALEL TMOG 1 OAOKANPOUEVT|
eQOpUOY ] ™S TPOYpappatiopod mov Pacileton o pmAok, tov teXVoAoyiwv loT kot g
moryvidonoinong evtog evog ocvvektikov SLE cupPdiiel omnv TPOocOpUOCTIKY €KTAIOELOT
STEAM. To vmootnpikTikd dELTEPEVOVTIO EPMTIUATO APOPOVV TIG OPYLTEKTOVIKES OTOLTIGELS,
NV EMOPACT] TNG TOYVISOTOMUEVNS TPOOOOV GTNV TOPAKIVIOY|, TNV OTOTEAEGLOTIKOTNTO TNG
OVTOUATOTOMUEVNS a&loAdynong ™S HoBNnolokng amddoong Kot T GLUPBOAT| TG (QULGIKNG

TANPOPOPIKNG GTNV VITOAOYIGTIKT KOTOVONON..

Agtypoto  omdoeléng g 1060G KOl AETOVPYIKNG  EMKOLPOONG  KOTASEIKVOOLV OTL TO
OIKOGVUOTNUO VAOTOlElL HE EMTUYIOL TOLG OYESNOTIKOVS TOV OTOYOVG, TOPEYOVTIAG £Vl
OVOTOPOYDYIHO, EMEKTAGIHO KOl Todoywywkd OepeMopévo mAoiclo Yo SlodpacTIKY|
exmaidoevon STEAM, evBuypoppicgévo pHe TIG ONOUTIOEL TOV  GLYYPOVOL  YNOLKOV

padnclokod tepPaAiovtog.
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Chapter 1 - Introduction

1.1 Background and Motivation

The world’s education systems are in the midst of a paradigm shift owing to the pace of
technological advancements in society and the needs of the modern workforce [1]. Conventional
approaches to learning that involve passive knowledge transfer and structured curriculums are no
longer effective in preparing learners to thrive in today’s complex and technologically driven
world. In this context, digital learning environments that are highly interactive, personalized, and
focused on real-world relevance have become the new priority in modern education [2]. This
research work is situated in this context and stems from the challenge of conceptualizing and
validating the design of a Smart Learning Ecosystem (SLE) that can enable interactive, inclusive,
and future-driven STEAM education by integrating gamification approaches with the Internet of

Things (I0T) and visual-to-textual pathways of programming [3].

The proposed ecosystem addresses some of the most important gaps existing within the digital
learning processes practiced today, especially within the asynchronous learning environment, where
the ability to retain the engagement of the students, offer effective hands-on learning experiences,
and assess the learning process efficiently is still a challenge [4]. This research will attempt to
show how leveraging the combination of platforms such as Moodle, MIT App Inventor, Arduino-
based physical computing, block-based visual programming, and automated assessment tools with
the proper pedagogical design will improve learning outcomes while promoting the development of

computational thinking, creativity, and problem-solving skills [5].

1.1.1 The Fourth Industrial Revolution, Pandemic, and the Digital Learning Imperative

The Fourth Industrial Revolution, or 4IR, is defined by the fusion of digital, physical, and
biological spheres, and is led by innovations like artificial intelligence, 10T, robotics, cloud
computing, and data analytics. In such an environment, education faces a reality in which learning
is not merely a result of acquiring static knowledge, but must instead produce adaptable, tech-
Traditional pedagogies designed for an industrial-age economy requiring standardization, rote
learning, and a certain degree of homogenization, are no longer sufficient for imparting skills

required to thrive in a world that celebrates innovation, integration, and disruption [7].

19



The need for computational thinking, digital literacy, creativity, and adaptive problem-solving skills
has never been more paramount. Students will need to not only know how to use the technology,
but how to program and integrate intelligent systems [8].

The COVID-19 pandemic served as an acceleration factor for this process, revealing and
highlighting the potential and limitations of current digital learning infrastructure. The remote
learning experience during the pandemic showed that traditional e-learning enables some critical
shortcomings, such as limited interactivity, ineffective feedback, the absence of hands-on
laboratory work, and poor learner engagement. However, it also highlighted the need for high-
quality, dynamic, and scalable learning infrastructure that guarantees high-quality autonomous

learning [9].

Together, these developments have set a clear digital learning imperative: that educational systems
must go beyond simple content delivery platforms to intelligent, interactive ecosystems supporting
experiential learning, continuous assessment, and learner-centered engagement. A promising
response to this imperative is Smart Learning Ecosystems, integrating learning management
systems with interactive content, analytics, and intelligent feedback. However, most of the existing
solutions remain fragmented, tool-centric, or limited to theoretical learning without meaningful

integration with physical computing and real-world problem contexts [10].

1.1.2 The Critical Need for Progressive STEAM Education

STEAM Education or Science, Technology, Engineering, Arts, and Mathematics has increasingly
made its presence felt as a comprehensive tool to equip learners with skills to thrive in the 21st
century. Progressive STEAM Education encourages inquiry, creativity, collaboration, and
application of knowledge to practical problems. The backbone of progressive STEAM Education is
the development of computational skills which helps learners progress from being consumers of
technology to its creators [2]. Notwithstanding its proven significance, several issues are being
encountered in the effective implementation of STEAM education.

Many learning individuals face difficulties in learning text-based programming languages right
from the beginning, which results in cognitive overload and makes them reluctant toward

participation.
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Block-based programming tools, although making it relatively easy for everyone, fall short in
facilitating learning for advanced text-based programming, which generates an implementation gap.
STEAM education encompasses the extensive usage of physical computing and IoT, which
overlooks bridging abstract notions with tangible and practical systems [3].
This thesis was inspired by a challenge to create a progressive and scaleable model of learning
within STEAM because of a concern that a model of learning in arts education:
¢ Enables effortless transition from block-based programming to text-based
programming
e Combines IoT and physical computing capabilities for experiential learning
e Uses gamification concepts to maintain motivation and engagement in
asynchronous settings
e Leverages learning analytics and automated assessment tools for timely
feedback and adaptive support
Through the fulfillment of the above needs, the proposed Smart Learning Ecosystem is intended to
offer a contribution to a valid and applicable framework for an interactive STEAM learning
environment, matching the required 4IR, as well as the new digital post-pandemic learning
environment. The above forms the basis for the research questions, design, and validations to

follow in the later chapters of this thesis [6].

1.2 Research Questions
The design, development, and validation of the Smart Learning Ecosystem described in this thesis

are guided by a central Research Question (RQ) and several supporting sub-questions that address

specific dimensions of the system's functionality and impact.

RQ: How does the integration of block-based programming, IoT technologies, and
gamification in a Smart Learning Ecosystem contribute to adaptive STEAM education?

To support this investigation, the following sub-questions are considered:

e What are the essential architectural components required for an effective Smart Learning
Ecosystem supporting asynchronous STEAM education?

e How does gamified progression affect learner motivation and persistence in asynchronous

STEAM activities?
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e Can integrated analytics and automated assessment provide timely feedback that improves

learning performance?

e How effectively does loT-based physical computing enhance learners’ understanding of

computational concepts and their ability to apply these concepts to real-world contexts?

e To what extent does the Blockly-to-Python pathway reduce barriers to text-based

programming?
1.3 Aim and Objectives

1.3.1 Overall Aim

The overarching aim of this thesis is to design, implement, and validate a Smart Learning
Ecosystem that enhances interactive and progressive STEAM education by integrating
gamification, IoT technologies, and automated assessment within an asynchronous learning
framework [1].

This aim reflects the dual focus of the work: first, on the systematic integration of multiple
technological and pedagogical components into a functional ecosystem; and second, on
empirical validation of the ecosystem's effectiveness in addressing the documented challenges

facing contemporary STEAM education.

1.3.2 Specific Objectives

To achieve this aim, the study pursues the following objectives:

1. Design an integrated Smart Learning Ecosystem combining Moodle, App Inventor,
Arduino, H5P, and CodeRunner.

2. Develop a structured pedagogical workflow that bridges block-based and text-based
programming.

3. Embed gamification mechanisms to promote engagement, motivation, and sustained

participation.

Incorporate IoT-based physical computing activities aligned with STEAM learning goals.

Implement automated assessment and analytics to support adaptive learning and feedback.

Conduct functional validation through pilot implementation and system testing.

N R

Evaluate the ecosystem’s effectiveness in improving engagement and learning outcomes.

22



1.4 Thesis Structure

This thesis is organized into six main chapters:

e Chapter 1 — Introduction: Presents the background, motivation, research questions, aims,
and overall structure.

e Chapter 2 — Related Technologies and Work: Reviews foundational technologies, prior
research, and identified gaps.

e Chapter 3 — System Design and Architecture: Describes the ecosystem architecture,
workflow, gamification engine, and analytics framework.

e Chapter 4 — Educational Platform Setup, Configuration, and Pedagogical Implementation:
Details platform configuration, integration processes, and pilot refinements.

e Chapter 5 — HS5P-Based Interactive Learning, explores digital learning approaches,
focusing on content creation tools, adaptive learning activities, branching lesson design,
and engaging educational experiences.

e Chapter 6 — Integration and Code Base Programming of CodeRunner, explores the
Blockly visual programming environment, CodeRunner assessment interfaces,
programming exercise architecture, and representative coding exercises using Arduino and
IoT applications.

e Chapter 7 — Gamification and Analytics Reporting in our SLE, explores gamification
mechanisms, including XP, levels, badges, and conditional content unlocking, alongside
analytics, assessment infrastructure, data collection processes, and proof-of-concept
validation within the Smart Learning Ecosystem.

e Chapter 8 — Discussion and conclusions, summarizes the thesis findings and key
achievements, discusses theoretical and practical implications, examines research

limitations, and presents conclusions alongside directions for future work.
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Chapter 2 - Related technologies and Literature review
2.1 Related Technologies: The Building Blocks of the Ecosystem

The Smart Learning Ecosystem proposed in this thesis is built upon a set of mature yet
complementary technologies that collectively support asynchronous learning, interactive
content delivery, physical computing, and automated assessment. This section presents the core
technological components and justifies their selection within the context of progressive
STEAM education. It is divided into two main sections: Section 2.1 examines the specific
technologies that serve as building blocks for the ecosystem, while Section 2.2 reviews relevant
academic research, identifying precedents for this work and gaps in existing literature that this

thesis addresses [2].

2.1.1 Learning Management Systems (LMS): The Role of Moodle

Learning Management Systems (LMS) form the backbone of most digital education
environments, providing tools for content delivery, assessment, user management, and learning
analytics. Moodle (Modular Object-Oriented Dynamic Learning Environment) is one of the
most widely adopted open-source LMS platforms globally,in academic institutions,
corporations, and government organizations. Due to its modular architecture, extensibility, and
strong community support. Its plugin-based design enables the integration of advanced
functionalities such as automated code assessment, interactive content, gamification elements,
and analytics dashboards [11].

Moodle's architecture is built on several core principles that make it particularly suitable for the
Smart Learning Ecosystem. First, its modular design allows extensive customization through
plugins and extensions, enabling the integration of specialized tools like automated assessment
engines and gamification systems [12]. Second, its open-source nature provides transparency,
community support, and the ability to modify core functionality when necessary. Third, its
comprehensive API enables data exchange with external applications, facilitating the
integration of tools like App Inventor and Arduino IDE into cohesive learning workflows [5].
In this research, Moodle serves as the central orchestration layer of the Smart Learning

Ecosystem.
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It coordinates learning activities, manages asynchronous workflows, consolidates learner data,
and provides a unified interface for students and instructors. Moodle’s support for standards-
compliant plugins and external tool integration makes it particularly suitable for connecting

visual programming environments, [oT activities, and intelligent assessment systems [13].

2.1.2 Visual Programming and IoT Prototyping: MIT App Inventor

MIT App Inventor is a block-based visual programming environment designed to lower the
entry barrier to mobile application development and IoT prototyping. Developed at MIT's
Center for Mobile Learning and maintained by the MIT Computer Science and Artificial
Intelligence Laboratory (CSAIL), App Inventor embodies constructionist learning principles
derived from Seymour Papert's work. The platform's educational philosophy centers on
"democratizing app development" by removing syntactic barriers that traditionally impede
programming novices. By representing programming constructs as interlocking visual blocks
rather than text requiring precise syntax, App Inventor allows learners to focus on
computational logic, problem-solving strategies, and creative expression rather than
memorizing language-specific syntax rules. By using drag-and-drop components and logic
blocks, learners can focus on computational thinking and system behavior rather than syntax
[5]. In IoT education, App Inventor is particularly effective for rapidly prototyping mobile
interfaces that interact with sensors, microcontrollers, and cloud services via Bluetooth, Wi-Fi,
or web APIs. Its visual nature supports novice learners, encourages experimentation, and
provides immediate feedback, making it suitable for introductory loT and interdisciplinary
learning contexts [14]. This makes it an ideal bridge between introductory programming
concepts and physical computing, allowing students to quickly create smartphone interfaces to

control and monitor real-world devices.

2.1.3 Physical Computing Foundation: Arduino Microcontrollers

Arduino microcontrollers form the physical computing backbone of many IoT learning
environments.

They provide an accessible, open-source hardware and software platform consisting of
programmable microcontroller boards and an integrated development environment (IDE) for

interfacing with sensors, actuators, communication modules and writing and uploading code.
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Arduino boards enable students to understand low-level interactions between hardware and
software, including digital and analog input/output, timing, and power management [15]. Their
extensive ecosystem, large community support, and compatibility with multiple programming
languages make Arduino microcontrollers an ideal foundation for hands-on IoT
experimentation and system-level understanding. There are specific benefits of using Arduino

in terms of STEAM learning, including [16].

Tangible Computing: Programs produce instant physical feedback, for example, LEDs turning
on, motors whirring, and even the angle of a servo changing, reinforcing the direct impact of
writing code to the physical world. Debugging Through Observation: Physical behavior
provides additional debugging information beyond error messages. A motor not spinning might
indicate a wiring problem, incorrect pin assignment, or insufficient power—debugging
becomes multifaceted problem-solving. Interdisciplinary Projects: Arduino projects combine
disciplines by virtue of requiring programming knowledge for logic codes, electronics for
design, physics for sensor or mechanical arm work, and mathematical calculations. Real-World
Relevance: Students work with the same platform used in professional prototyping, hobbyist
projects, and even some commercial products, understanding their developing marketable
skills. Community and Resources: Arduino's massive global community provides extensive
tutorials, project examples, and support forums, enabling self-directed learning beyond formal

instruction [17].

2.1.4 Sensing and Acting: Sensors and Actuators

Sensors and actuators are the fundamental components that allow IoT systems to perceive and
influence their environment. Sensors collect physical data such as temperature, light, motion,
humidity, or pressure, converting real-world phenomena into digital signals. Actuators,
including LEDs, motors, relays, and displays, enable systems to respond to processed data
through physical actions.

They transform abstract programming concepts into tangible outcomes. Understanding the
principles of sensing and acting helps learners grasp data acquisition, signal processing, and

feedback loops, which are core concepts in [oT system design [18].
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2.1.5 IoT Communication Protocols and Components

The Internet of Things fundamentally involves networked communication between physical
devices and digital systems. Understanding communication protocols and networking
components is essential for creating functional IoT applications within the Smart Learning
Ecosystem, [oT communication protocols and components enable data exchange between
devices, gateways, and cloud platforms. Common messaging protocols such as HTTP , MQTT,
and the GATT profile used in Bluetooth Low Energy (BLE) differ in complexity, latency,
power consumption, and typical use cases. Supporting components—such as Wi-Fi modules,
Bluetooth modules, and IoT gateways—facilitate connectivity and scalability. Introducing
these protocols in an educational setting allows learners to understand trade-offs in network
design, reliability, and security, which are critical for real-world IoT deployments. These topics
provide opportunities for interdisciplinary discussion connecting technical implementation with

social responsibility and ethical considerations [19].

2.1.6 Automated Assessment Tools: The CodeRunner Plugin

CodeRunner is an open-source Moodle question type plugin specifically designed for
automated assessment of programming code. Developed originally at the University of
Canterbury, New Zealand, CodeRunner has been widely adopted in computer science
education worldwide [20]. It allows instructors to create customizable coding questions with
predefined test cases, enabling immediate and objective feedback for learners. In this SLE, its
primary innovation is the extension to Blockly-based code. A custom question type can be
developed where students solve problems using Blockly blocks, and CodeRunner translates
this block code into Python (or another language) in the background, executing it against pre-
defined tests [21]. This enables automated, formative assessment of visual programming logic
(Stage 4), providing immediate feedback without requiring manual code inspection, a critical
feature for scaling and supporting the block-to-text transition.

In IoT and programming education, CodeRunner supports formative and summative
assessment by reducing grading workload while promoting consistent evaluation standards.

Its integration with text-based languages such as Python makes it particularly suitable for

assessing algorithmic logic and data processing skills.
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2.1.7 Interactive Content Creation: HSP

HS5P is an open-source framework for creating interactive learning content, including quizzes,
simulations, videos, drag-and-drop activities, branching scenarios and presentations. It
enhances learner engagement by embedding interactivity directly into digital learning materials
[22]. In the SLE, H5P is instrumental in Stage 1: Concept Introduction & Formative Check. It
is used to create engaging, multimedia-rich tutorials that introduce STEAM and [oT concepts,
immediately followed by embedded formative quizzes to reinforce understanding and provide
early, low-stakes assessment [1]. In the SLE, HS5P is instrumental in Stage 1: Concept
Introduction & Formative Check. It is used to create engaging, multimedia-rich tutorials that
introduce STEAM and [oT concepts, immediately followed by embedded formative quizzes to

reinforce understanding and provide early, low-stakes assessment [2].

2.1.8 The Target Text-Based Language: Python

Python is selected as the target text-based programming language due to its readability,
simplicity, and widespread use in IoT, data processing, and automation [23]. Python bridges
the gap between beginner-friendly learning environments and professional development
practices. Its extensive libraries support sensor data analysis, network communication, and
integration with microcontrollers and cloud services. The Blockly-to-Python translation
framework within CodeRunner is designed to map visual programming constructs to their

Python equivalents, explicitly scaffolding the syntactic and conceptual leap for learners [24].
The Blockly-to-Python translation framework within CodeRunner is designed to map visual
programming constructs to their Python equivalents, explicitly scaffolding the syntactic and

conceptual leap for learners.
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2.2 Literature review

2.2.1 Introduction

In order to systematically investigate the emerging field of Smart Learning Ecosystems for
interactive STEAM education, this study will adopt a rigorous systematic literature review
(SLR) approach guided by the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) framework [25].

The PRISMA methodology ensures transparency, reproducibility, and methodological
robustness by structuring the review process into clearly defined stages identification,
screening, eligibility, and inclusion—thereby minimizing bias and enabling a comprehensive
synthesis of current evidence [26]. The planned review will focus on identifying, evaluating,
and synthesizing recent scholarly contributions that explore the integration of gamification,
Internet of Things (IoT) technologies, and block-based programming environments within
Smart Learning Ecosystems. This methodological approach is particularly suitable given the
interdisciplinary nature of the topic, which spans educational technology, computer science

education, and learning sciences.

By applying PRISMA guidelines, the review will systematically map how these
technological and pedagogical components converge to support adaptive, engaging, and
scalable STEAM learning experiences [25]. The review is underpinned by a set of clearly
defined research questions that guide the exploration of this domain. These questions address
key dimensions such as the pedagogical impact of integrating block-based programming with
IoT and gamification, the architectural requirements of effective Smart Learning Ecosystems,
the role of gamified progression in learner motivation, and the effectiveness of analytics-

driven feedback mechanisms.
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Additionally, particular emphasis is placed on understanding how IoT-based physical
computing enhances conceptual understanding and how structured learning pathways can

support the transition from visual (block-based) to text-based programming paradigms.

To ensure comprehensive coverage of the literature, the review will employ well-defined
search strategies across major academic databases, including Google Scholar, ERIC, Scopus,
and IEEE Xplore, using carefully constructed keyword combinations related to Smart
Learning Ecosystems, STEAM education, IoT, gamification, and visual programming.
Inclusion and exclusion criteria will be applied to focus on recent (2022-2026), peer-
reviewed empirical studies and systematic reviews that examine integrated learning
environments combining these components, while excluding studies that lack educational

context or system-level evaluation.

Through this PRISMA-guided process, the study aims to build a coherent evidence base that
not only synthesizes existing research but also identifies gaps and opportunities for
innovation [70].

Ultimately, this systematic review will provide the theoretical and empirical foundation for
the design and development of a Smart Learning Ecosystem that leverages gamification, IoT
technologies, and block-based programming transitions to enhance interactive and adaptive

STEAM education.

2.2.2 Research Questions
This systematic review is guided by the following research questions, which underpin the
exploration of a Smart Learning Ecosystem for interactive STEAM education integrating

gamification, [oT technologies, and block-based programming transitions.
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To be more precise, Table 1 exhibits the research questions (RQ) as follows:

Table 1. Research questions (RQ)

No. Research Question (RQ)

RQ1 | How does the integration of block-based programming, loT technologies, and
gamification in a Smart Learning Ecosystem contribute to adaptive STEAM
education?

RQ2 | What are the essential architectural components required for an effective Smart
Learning Ecosystem supporting asynchronous STEAM education?

RQ3 | How does gamified progression affect learner motivation and persistence in
asynchronous STEAM activities?

RQ4 | Can integrated analytics and automated assessment provide timely feedback that
improves learning performance?

RQ5 | How effectively does loT-based physical computing enhance learners'
understanding of computational concepts and their ability to apply these concepts
to real-world contexts?

RQ6 | How can a structured Blockly-to-Python learning pathway be designed within a
Smart Learning Ecosystem to support learners' transition from block-based to
text-based programming?

2.2.3 Guide to Systematic Review

This systematic review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to identify, screen, and synthesize evidence on Smart
Learning Ecosystems for STEAM education. The methodology section includes the databases
searched (Google Scholar, ERIC, Scopus, IEEE Xplore), the search strategies using Boolean

terms and filters, the keywords and their combinations, the inclusion and exclusion criteria, and

the PRISMA flow diagram [25].
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Search Strategy

To ensure comprehensive coverage of relevant literature, the following keywords and search

terms were selected, reflecting core elements of the Smart Learning Ecosystem. Two distinct

search strings were applied in Google Scholar to capture complementary aspects: the first

focused on LMS-based implementations (e.g., Moodle), while the second emphasized visual

and block-based programming environments, as shown in the below Table 2.

Table 2. Search strategy for selected databases

Database

Search Terms

Document Type

Google Scholar

— Query 1

("Intelligent Tutoring Systems" OR "Smart
Learning Ecosystems") AND education AND
STEAM AND loT AND gamification AND
Moodle AND (secondary school OR secondary
OR high school)

Peer-reviewed journal
article,
Thesis/dissertation,

Conference paper, Book

Google Scholar

("Intelligent Tutoring Systems" OR "Smart

Peer-reviewed journal

Learning Ecosystems") AND STEAM AND loT
AND gamification AND Moodle AND Blockly
AND ("secondary school" OR "high school")

— Query 2 Learning Ecosystems") AND education AND article
STEAM AND loT AND gamification AND
("Visual programming" OR "block-based
programming")
ERIC (Intelligent Tutoring Systems OR Smart Peer-reviewed journal
Learning Ecosystems) AND education AND loT | article
Scopus TITLE-ABS-KEY ("Intelligent Tutoring Systems" | Peer-reviewed journal
OR "Smart Learning Ecosystems") AND TITLE- | article
ABS-KEY (education) AND TITLE-ABS-KEY
(STEAM) AND TITLE-ABS-KEY (loT) AND
TITLE-ABS-KEY (gamification)
IEEE Xplore ("Intelligent Tutoring Systems" OR "Smart Peer-reviewed journal

article, Book
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Inclusion and Exclusion Criteria

The following eligibility criteria were established to determine which papers were included for

review. This study adheres to the PRISMA 2020 guidelines to ensure a rigorous and unbiased

selection of relevant literature [70], illustrated in the following Table 3.

Table 3. Inclusion and exclusion criteria

Criteria

Inclusion

Exclusion

Type of articles

Empirical articles and

systematic reviews

Non-peer-reviewed articles, opinion

pieces, and conference abstracts

5 years (2022-2026)

Content Studies examining Smart Technology- or construct-focused
Learning Environments (SLEs) studies without learning system
describing system-level evaluation; domain or learner-context
architectures combining multiple | misalignment; ethics, wellbeing, equity,
instructional components such or policy focus without instructional
as visual/block-based systems; descriptive, bibliometric,
programming, analytics, editorial, or administrative studies; loT
gamification, and loT studies without educational integration

Language English Other than English

Timeframe Studies published within the last | Studies published before 2022

PRISMA Flow and Selected Studies

The methodology follows a four-stage process: Identification (searching databases using

predefined keywords), Screening (removing duplicates and evaluating titles and abstracts

against inclusion and exclusion criteria), Eligibility (full-text assessment of articles), and

Inclusion (final selection of studies providing empirical evidence or architectural frameworks

relevant to the research questions).
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Figure 1, presents the PRISMA 2020 flow diagram illustrating the complete selection process.
Records were identified from Google Scholar (n = 189), ERIC (n = 3), Scopus (n = 2), and
IEEE Xplore (n = 13), totalling 207 records. After removing duplicates (n = 3) and records
excluded for other reasons (n = 3), 55 records were screened, with 146 excluded at the
title/abstract stage. All 55 remaining reports were sought for retrieval and assessed for

eligibility. A further 29 were excluded based on the criteria above, yielding a final corpus of 26

selectdpapers.
Identification of studies via databases and registers
—
Records removed before
= screening.
-E Records identified from™: Duplicate records removed
Google Scholar (n =189 ) (n=3)
= ——— . .
= ERIC (n=3) Scopus (n = 2) Records marked as ineligible
5 leeexplore (n=13) by automation tools (n = 0)
= Records removed for other
reasons (n=3)
Y
Records screened Records excluded™
—>
(n = 55) (n = 146)

4

Reports sought for retrieval o | Reports not retrieved

2 (n=55) (n=0)

‘s

; I

o

(7]

N Reports excluded:
(Rnefcgg assessed for eligibility —  » Non_—empiric_al / conceptual / agenda-
setting studies (n =7)
Technology- or construct-focused
without learning system evaluation (n =
4)
Domain or learner-context
misalignment (n =7)
v Ethics, wellbeing, equity, or policy

focus without instructional systems (n

o =38)

S Sel_eoted papers Descriptive, bibliometric, editorial, or

2 (n =26) administrative studies (n =5)

= loT studies without educational
integration (n=1)

Figure 1. Flow diagram of the systematic review according to PRISMA 2020 guidelines
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Within the section, Table 4. presents the 26 articles that met the inclusion criteria and were

ultimately evaluated. For each study, the table includes the author(s), full title, and year of

publication.

Table 4. Selected Studies

No. Ref. Title Author(s) & Year

1 [27] Effects of Psychological Capital and Cognition on STEM | Sie & Lin (2025)
Learning in loT Smart Energy-Saving Projects

2 [28] Smart biotech learning media: A STEAM-loT based to Fitriasih et al.
improve students’ problem-solving abilities and (2025)
collaboration skills

3 [29] Innovative Practices in Education Systems Using Vinutha et al.
Artificial Intelligence for Advanced Society (2022)

4 [30] Personalized Auto-Grading and Feedback System for Lee et al. (2026)
Constructive Geometry Tasks Using Large Language
Models on an Online Math Platform

5 [31] The role of smart education platforms in enhancing Patil et al. (2025)
community engagement: a systematic review

6 [32] Gamification and Artificial Intelligence in Education: A Kassenkhan et al.
Review of Innovative Approaches to Fostering Critical (2025)
Thinking

7 [33] Emerging Technologies in Education Swargiary (2024)

8 [34] Intelligent educational technologies in individual learning: | Kerimbayev et al.
a systematic literature review (2025)

9 [35] Enhancing Educational Adaptability: A Review and Dutta et al. (2024)
Analysis of Al-Driven Adaptive Learning Platforms
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10 [36] Level up your coding: a systematic review of Ishaq et al. (2024)
personalized, cognitive, and gamified learning in
programming education

11 [37] Personalized learning systems in smart education: A Edula et al. (2023)
review of the literature & pilot feasibility discussion

12 [38] Technology—Enhanced Pedagogical Practices in English | Gurusamy (2025)
Language Teaching: A Contemporary Analysis

13 [39] Personalized Learning in STEAM: A Comprehensive Son (2025)
Overview

14 [40] From Structured Labs to Agile Teams: A Curriculum- Ruberg et al.
Based Approach to Active Learning in First-Year (2025)
Computer Engineering

15 [41] Digital Transformation in Nursing Education: A Dicheva et al.
Systematic Review on Computer-Aided Nursing (2023)
Education Pedagogies, Recent Advancements and
Outlook on the Post-COVID-19 Era

16 [42] Mapping Research Trends in Al-Driven Personalized Al Battashi et al.
Learning Pathways: A Scoping Review (2026)

17 [43] A Systematic Review on Assessment in Adaptive Ihichr et al. (2024)
Learning: Theories, Algorithms and Techniques

18 [44] Machine Learning and Generative Al in Learning Rodriguez-Ortiz et
Analytics for Higher Education: A Systematic Review of al. (2025)
Models, Trends, and Challenges

19 [45] Trends in Publications on Al Tools and Applications in Munar-Garau et al.

Learning Design to Personalization of Learning—A

Scoping Review

(2025)
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20 [46] Generative Artificial Intelligence and the Future of Silva et al. (2025)
Education: A Systematic Review of Trends,
Trustworthiness and Technological Evaluation

21 [47] Emerging Technologies in K-12 Education: A Future HCI | Van Mechelen et
Research Agenda al. (2022)

22 [48] Navigating the Future of Education: A Review on Koukaras et al.
Telecommunications and Al Technologies, Ethical (2026)
Implications, and Equity Challenges

23 [49] Integrating Atrtificial Intelligence and Computational Weng et al. (2024)
Thinking in Educational Contexts: A Systematic Review
of Instructional Design and Student Learning Outcomes

24 [50] A review of Al teaching and learning from 2000 to 2020 Ng et al. (2022)

25 [51] The Future of Education: A Systematic Literature Review | Navas Bonilla et
of Self-Directed Learning with Al al. (2025)

26 [52] Exploring the Integration of Artificial Intelligence in Revenaya et al.
Primary Education: A Systematic Literature Review (2025)
(2020-2024)

Following the PRISMA selection process, the 26 included studies span systematic literature

reviews, scoping reviews, conference papers, empirical studies, and book chapters published

between 2022 and 2026, with distribution by year as shown in Table 5.

2.3 Results

2.3.1 Summary of findings

The following section presents the most relevant findings derived from the systematic literature

review conducted using the PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) framework [25].
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A total of 26 papers were selected and analyzed. Their contributions are mapped below against
each of the six research questions (RQ1-RQ6) formulated for this study.
Each subsection identifies the supporting references, summarizes key findings, and discusses

their relevance to the proposed Smart Learning Ecosystem (SLE).

Table 5. List of 26 articles by year (2022-2026)

Year Title Total

2022 [[29], [47], [50] 3

2023 |[37], [41] 2

2024  |[33], [35], [36], [43], [49] 5

2025  [27],[28], [31], [32], [34], [38], [39], [40], [44], 13

[45], [46], [51], [52]

2026 [30], [42], [48] 3

Total 26

2.3.2 Overview of Selected Studies

The following section presents the most relevant findings derived from the systematic literature
review. The contributions of all 26 papers are mapped below against each of the six research
questions (RQI1-RQ6) formulated for this study. Each subsection identifies the supporting
references, summarizes key findings, and discusses their relevance to the proposed Smart

Learning Ecosystem (SLE).

2.3.3 RQ1 — Block-Based Programming, IoT, and Gamification Integration
RQ1: How does the integration of block-based programming, IoT technologies, and
gamification in a Smart Learning Ecosystem contribute to adaptive STEAM education?
The integration of block-based programming, [oT, and gamification forms the technological
and pedagogical backbone of the proposed SLE. The reviewed literature consistently
demonstrates that combining these elements enhances learner engagement, adaptability, and

the depth of STEAM learning experiences.
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Key Findings

The following Table 6 contains all the corresponding contributions for RQ1.

Table 6. Contributions corresponding to RQ1

Reference(s)

Key Finding / Contribution

[27] Sie & Lin (2025)

Demonstrated that psychological capital and cognition are
significantly strengthened in loT-integrated STEM projects.
Students engaged with smart energy-saving loT tasks showed
improved persistence and higher-order thinking, reinforcing that

IoT contexts make abstract STEM concepts tangible.

[28] Fitriasih et al.
(2025)

A STEAM-loT-based learning media prototype improved both
problem-solving abilities and collaboration skills in biotechnology
education. The physical, hands-on nature of loT devices fostered
experiential learning that text-based approaches alone cannot

replicate.

[36] Ishaq et al.
(2024)

A systematic review on gamified and personalized programming
education confirmed that gamification mechanisms (points,
badges, leaderboards, adaptive challenges) increase learner
motivation and persistence in coding activities, directly supporting

the use of Blockly-based gamified pathways.

[32] Kassenkhan et
al. (2025)

Gamification combined with Al-driven personalization fosters
critical thinking. Badge systems, adaptive quest paths, and
immediate feedback loops maintain cognitive engagement and

prevent dropout in asynchronous settings.

[49] Weng et al.
(2024)

Integrating computational thinking with Al/technology tools in
educational contexts consistently yielded improved student
outcomes. Block-based tools like Blockly that scaffold
computational thinking were especially effective for novice

learners in STEAM disciplines.
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[47] Van Mechelen Identified emerging technologies—including loT, programmable
et al. (2022) environments, and tangible interfaces—as pivotal for K-12
STEAM education, advocating for future HCI research that

explores their synergistic application in learning ecosystems.

[33] Swargiary Surveyed emerging technologies in education and highlighted
(2024) that the combined deployment of loT sensors, gamified platforms,
and coding environments supports personalized STEAM
pathways, with Blockly-type tools cited as accessible entry points

for learners.

Synthesis for RQ1

Collectively, these studies confirm that the three pillars of the proposed SLE—block-based
programming (Blockly), IoT (App Inventor), and gamification (Moodle/CodeRunner)—are not
merely additive but synergistically reinforce each other. IoT provides authentic real-world
contexts, block-based tools lower the entry barrier to programming, and gamification sustains
motivation [54]. The SLE's architecture, which combines all three, is therefore well-supported

by current evidence as a valid approach to adaptive STEAM education.

2.3.4 RQ2 — Architectural Components of a Smart Learning Ecosystem

RQ2: What are the essential architectural components required for an effective Smart Learning
Ecosystem supporting asynchronous STEAM education?

Identifying the architectural components of an SLE is fundamental to ensuring that the system
supports flexible, asynchronous, and scalable STEAM instruction. The literature review reveals

several recurring structural elements that effective SLEs share.
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Key Findings

The following Table 7 contains all the corresponding contributions for RQ?2.

Table 7. Contributions corresponding to RQ2

Reference(s)

Key Finding / Contribution

[34] Kerimbayev et al.
2025)

A systematic literature review on intelligent educational
technologies identified the core architectural layers of a smart
learning environment: adaptive content delivery, learner analytics,
intelligent tutoring, and responsive feedback mechanisms. All four

layers are essential for asynchronous operation.

[37] Edula et al. (2023)

Identified learner profiling, content repositories, adaptive engines,
and communication interfaces as the four indispensable pillars of
personalized smart education systems. Emphasized the

importance of modular, interoperable architectures.

[38] Gurusamy (2025)

Smart classroom technology relies on Al-driven dashboards,
sensor-based monitoring, content management systems, and
feedback modules. The paper stresses that asynchronous
environments must embed automated assessment and self-

paced content navigation.

[43] Ihichr et al. (2024)

A systematic review on adaptive learning assessment catalogued
the theoretical and technical components needed: knowledge
models, learner models, assessment engines, and adaptation
algorithms—all of which must be integrated within a unified

platform architecture.

[31] Patil et al. (2025)

Smart education platforms that enhance community engagement
require robust communication layers, real-time analytics, and
content personalization APIs. Community features such as

discussion boards and peer assessment are

identified as essential asynchronous components.
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[40] Ruberg et al.
2025)

Curriculum-based active learning in computer engineering
demonstrated that structured lab modules, peer interaction
features, and progressive assessment tools must be tightly

coupled in an SLE to support competency-based progression.

[29] Vinutha et al.
2022)

Outlined how Al-enhanced education systems must integrate NLP
interfaces, automated graders, adaptive content sequencers, and
learner dashboards to form a cohesive ecosystem capable of

supporting diverse asynchronous learners.

[46] Silva et al. (2025)

A systematic review of generative Al and the future of education
identified that effective SLE architectures must combine content
management, learner monitoring, and adaptive feedback within a
unified platform infrastructure, and emphasized the importance of
technical interoperability and data integrity for scalable

deployment.

Synthesis for RQ2

The evidence converges on a common architectural blueprint for an effective asynchronous

SLE comprising: (1) a Content Management Layer (Moodle LMS with Blockly-integrated

exercises); (2) an Assessment and Feedback Layer (CodeRunner automated grading);

(3) a Gamification and Motivation Layer (badges, progress tracking, leaderboards); (4) a
Physical Computing and IoT Layer (App Inventor projects); and (5) a Learning Analytics
Layer (performance dashboards). The proposed SLE aligns precisely with this evidence-based

architecture.

2.3.5 RQ3 — Gamified Progression and Learner Motivation

RQ3: How does gamified progression affect learner motivation and persistence in

asynchronous STEAM activities?
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Gamification is a central design principle of the proposed SLE [69]. Understanding how

gamified progression mechanisms influence learner motivation and persistence—particularly in

self-paced, asynchronous contexts—is critical for validating the system's pedagogical model.

Key Findings

The following Table 8 contains all the corresponding contributions for RQ3.

Table 8. Contributions corresponding to RQ3

Reference(s) Key Finding / Contribution
[36] Ishaq et al. A comprehensive systematic review found that gamified programming
(2024) courses with adaptive progression (leveled challenges, XP points,

personalized feedback) significantly increased course completion rates

and reduced cognitive overload compared to non-gamified equivalents.

[32] Kassenkhan
et al. (2025)

Gamification and Al integration in education showed that quest-based
progression and social recognition features enhance intrinsic motivation.
Critically, adaptive difficulty adjustment prevents both frustration and

boredom—the two primary dropout triggers in asynchronous settings.

[39] Son (2025)

Personalized learning in STEAM education demonstrated that when
progression is tied to learner-specific milestones rather than calendar
time, persistence improves significantly. Mastery-based advancement

supports deeper conceptual understanding.

[51] Navas Bonilla
et al. (2025)

Systematic literature review on self-directed learning with Al confirmed
that gamified goal-setting and progress visualization tools are among
the most effective motivational scaffolds in asynchronous digital

education.

[35] Dutta et al.
(2024)

Al-driven adaptive learning platforms that incorporate gamification show
statistically significant improvements in learner engagement time, task
completion, and self-reported motivation scores across STEM

disciplines.
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[52] Revenaya et In primary education contexts, Al-integrated gamification led to
al. (2025) measurable improvements in sustained engagement with STEAM tasks.
The study highlights that reward mechanisms must be aligned with

learning objectives—not just engagement—for genuine motivation

enhancement.
[48] Koukaras et Reviewing the future of education through telecommunications and Al,
al. (2026) the study noted that equity-aware gamification (ensuring all learners can

access rewards) is essential for sustaining motivation across diverse

learner populations in asynchronous ecosystems.

Synthesis for RQ3

The literature robustly supports gamified progression as a motivational driver in asynchronous
STEAM learning. The proposed SLE's use of Moodle-based badges, completion certificates,
incremental exercise difficulty in CodeRunner, and tiered [oT project challenges directly
implements the evidence-based gamification mechanics identified across multiple reviews [12].
The key design implication is that gamification must be adaptive—responsive to individual
learner pace—rather than fixed, a principle that the SLE's CodeRunner grading and Moodle

quiz logic accommodates [53].

2.3.6 RQ4 — Integrated Analytics and Automated Assessment

RQ4: Can integrated analytics and automated assessment provide timely feedback that

improves learning performance?

Automated assessment and learning analytics are the feedback engine of the proposed SLE.
The PRISMA review examined whether these technologies can replace or supplement

instructor feedback in ways that meaningfully improve learning outcomes.
Key Findings

The following Table 9 contains all the corresponding contributions for RQ4.
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Table 9. Contributions corresponding to RQ4

Reference(s)

Key Finding / Contribution

[30] Lee et al. (2026)

A personalized auto-grading and feedback system using Large
Language Models for geometry tasks demonstrated that LLM-
generated feedback closely matched expert human feedback in
quality, while delivering it instantaneously. Learners who
received immediate automated feedback improved test scores

by 18% compared to delayed feedback groups.

[43] Ihichr et al. (2024)

A comprehensive review of assessment in adaptive learning
identified automated formative assessment as the most effective
feedback mechanism in self-paced systems. Knowledge tracing
algorithms that update learner models in real time allow the
system to redirect learners to prerequisite content before they

experience failure.

[44] Rodriguez-Ortiz et
al. (2025)

Machine learning and generative Al in learning analytics
revealed that predictive models trained on interaction logs (time-
on-task, error rates, attempt counts) can identify at-risk learners
with over 80% accuracy, enabling proactive intervention—a

capability directly relevant to CodeRunner analytics in Moodle.

[35] Dutta et al. (2024)

Al-driven adaptive platforms that provide immediate, context-
specific feedback loops show consistent improvements in both
learning performance and metacognitive awareness. Automated
hints and error-specific explanations were more effective than

generic feedback messages.

[34] Kerimbayev et al.
(2025)

Intelligent educational technologies that incorporate real-time
analytics dashboards enable both learners (self-monitoring) and
instructors (cohort-level oversight) to make evidence-based
adjustments. Dashboards must surface actionable metrics

rather than raw data.
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[41] Dicheva et al. Automated competency-based assessment systems in digital
(2023) education reduced grading turnaround from days to seconds,
allowing learners to iterate faster through practice exercises—a
direct analog to CodeRunner's automated Python code

checking.

[45] Munar-Garau et al. | A scoping review on Al tools in learning design confirmed that
(2025) Al-generated formative feedback, when embedded in the
learning workflow rather than administered separately, produces

the strongest gains in learner performance and self-regulation.

[46] Silva et al. (2025) A systematic review on generative Al and education found that
automated assessment systems integrated within adaptive
platforms significantly improve learning efficiency, particularly
when feedback is granular, immediate, and tied to learning

objectives rather than generic performance scores.

Synthesis for RQ4

The evidence strongly affirms that integrated automated assessment and analytics can provide
timely, high-quality feedback that measurably improves learning performance. For the
proposed SLE, CodeRunner's automated checking of Blockly-to-Python translations, combined
with Moodle's gradebook and activity completion logs, constitutes precisely the feedback
infrastructure the literature identifies as most effective. The critical design requirement—that
feedback be immediate, specific to the error, and actionable—is achievable within the

Moodle/CodeRunner ecosystem described in this thesis [54].

2.3.7 RQS5 — IoT- Based Physical Computing and Computational Understanding

RQ5: How effectively does IoT-based physical computing enhance learners' understanding of

computational concepts and their ability to apply these concepts to real-world contexts?

The inclusion of App Inventor-based IoT projects in the SLE is designed to bridge the gap

between abstract programming concepts and tangible real-world applications. The reviewed
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literature provides substantial evidence regarding the effectiveness of physical computing and

IoT in developing computational understanding.

Key Findings

The following Table 10 contains all the corresponding contributions for RQS5.

Table 10. Contributions corresponding to RQ5

Reference(s)

Key Finding / Contribution

[27] Sie & Lin (2025)

loT smart energy-saving projects significantly enhanced learners'
cognitive engagement with STEM concepts. Students reported a
stronger perceived connection between classroom knowledge and
real-world utility, and demonstrated higher transfer of computational

concepts to new contexts compared to simulation-only groups.

[28] Fitriasih et al.
(2025)

STEAM-IoT learning media demonstrated that hands-on loT
experiences improve not just knowledge retention but also problem-
solving dispositions. When learners physically observe the
consequences of their code on sensors and actuators, abstract
concepts (variables, conditionals, loops) become concretely

grounded.

[47] Van Mechelen
et al. (2022)

Emerging technologies in K-12 education review highlighted that
programmable physical artefacts (including loT devices) provide
uniquely rich contexts for computational thinking development that
digital-only environments cannot replicate, advocating for maker-

centred, physical-digital learning ecosystems.

[49] Weng et al.
(2024)

Integrating computational thinking with technology tools showed that
students who engaged with physical computing tasks demonstrated
stronger ability to decompose problems, identify patterns, and
abstract solutions—the four pillars of computational thinking—than

those using screen-based simulation only.
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[40] Ruberg et al. First-year computer engineering students who engaged in lab-based
(2025) (physical) learning activities alongside digital content developed
stronger systems thinking and debugging skills. The physical-digital

coupling mirrors the App Inventor loT project model.

[33] Swargiary Emerging technologies in education confirmed that loT-based
(2024) learning activities provide authentic STEAM contexts that motivate
learners intrinsically, as the immediate feedback from physical
devices (LEDs, sensors, motors) creates direct causal

understanding that reinforces computational concepts.

[50] Ng et al. (2022) | A review of Al teaching and learning from 2000 to 2020 identified
physical-digital integration as a consistent predictor of deeper
computational concept acquisition, with particularly strong effects for
learners who had previously struggled with purely abstract

programming instruction.

Synthesis for RQS

The literature unanimously supports the pedagogical value of IoT-based physical computing
for deepening computational understanding and enabling real-world application. App Inventor,
as the IoT platform in the proposed SLE, is well-positioned to provide this physical-digital
bridge. The evidence suggests that learners who build functional IoT applications (rather than
purely simulating them) develop stronger conceptual understanding, better debugging skills,
and greater motivation to persist through challenging programming tasks. This validates the
App Inventor component as not merely a motivational add-on but a core pedagogical

instrument of the SLE.

2.3.8 RQ6 — Blockly-to-Python Learning Pathway

RQ6: How can a structured Blockly-to-Python learning pathway be designed within a Smart
Learning Ecosystem to support learners' transition from block-based to text-based

programming?
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This research question addresses what is, within the scope of this study, the most novel and
underexplored dimension of the proposed SLE. The systematic review does not identify any
study that directly examines a Moodle/CodeRunner/Blockly configuration for structured
visual-to-textual programming transitions [66]. What the literature does offer is a set of
foundational principles—drawn from research on scaffolded programming education, dual
representation, and adaptive pathway design—that collectively inform the theoretical rationale
for the proposed approach. The findings below are therefore reported as an identification of

relevant supporting evidence rather than as a direct validation of the specific pathway design.

Key Findings

The following Table 11 contains all the corresponding contributions for RQ6.

Table 11. Contributions corresponding to RQ6

Reference(s) Key Finding / Contribution

[36] Ishaq et al. (2024) A systematic review on personalized and cognitive approaches to
programming education identified dual-representation learning
(simultaneous visual block and text code views) as an effective
scaffolding strategy for transitioning novice learners to text-based
programming. Gradual removal of block scaffolding (fading) was

identified as a promising sequencing approach.

[39] Son (2025) Personalized STEAM learning pathways that adapt to
demonstrated competency enable learners to advance from
visual to textual coding at individually appropriate rates,
potentially reducing anxiety associated with the block-to-text
transition. Mastery-gating is recommended as a pathway

progression mechanism.

[42] Al Battashi et al. A scoping review on Al-driven personalized learning pathways
(2026) noted that structured transition pathways—uwith explicit
milestones, competency checks, and curated resource

sequences—may outperform unstructured self-discovery




approaches for learners acquiring new programming paradigms,
though direct evidence specific to block-to-text transitions remains

limited.

[49] Weng et al. (2024)

Computational thinking integration research showed that block-
based programming tools generating readable text-code
equivalents (as Blockly does with Python) provide a potential
bridge, as learners can observe structural mapping between

visual and textual representations.

[51] Navas Bonilla et al.

(2025)

Self-directed learning with Al confirmed that learners benefit from
explicit pathway signposting—knowing what they are learning,
why, and what comes next—which may reduce cognitive load
during paradigm transitions and improve self-regulation during

programming language shifts.

[34] Kerimbayeyv et al.
(2025)

An intelligent educational technologies review recommended that
programming learning paths include a visual/conceptual phase, a
dual-mode phase, a transitional phase, and an independent text
phase. This four-stage model broadly maps onto the proposed
SLE pathway, though no empirical validation of this specific

structure in block-to-text contexts is provided.

[45] Munar-Garau et al.

(2025)

Al tools in learning design confirmed that automated pathway
recommendation systems adapting sequencing based on learner
error patterns show promise in programming education.
CodeRunner's error data could theoretically serve this adaptive
sequencing function within Moodle, though this remains to be

validated empirically.

[35] Dutta et al. (2024)

Al-driven adaptive learning platforms provide conceptual support
for scaffolded fading as a strategy for transitioning learners
across programming representation levels. The direct application
to Blockly-to-Python transitions remains largely untested in the

literature.
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Synthesis for RQ6

The literature, while not studying this precise system configuration, provides a coherent and
converging theoretical and empirical foundation for the proposed Blockly-to-Python pathway
[68]. The four-stage model identified in Kerimbayev et al. (2025)—visual, dual-mode,
transitional, and independent text phases—directly maps onto the SLE's course design in
Moodle. CodeRunner's capacity to assess both the semantic correctness and structural quality
of Python code generated from (or inspired by) Blockly diagrams enables automated, stage-
sensitive feedback. The proposed pathway is therefore both theoretically grounded and

technically feasible within the described ecosystem.

2.3.9 Cross-Reference Summary: Papers to Research Questions

Table 12 provides a consolidated mapping of all 26 selected papers to the research questions

they most directly support, enabling rapid identification of the evidence base for each RQ.

Table 12. Cross-reference matrix of all 26 PRISMA-selected papers mapped to primary research
questions (RQ1-RQ6)

Ref. Author(s) & Year Primary RQ(s)
[27] Sie & Lin (2025) RQ1, RQ5

[28] Fitriasih et al. (2025) RQ1, RQ5

[29] Vinutha et al. (2022) RQ2, RQ4

[30] Lee et al. (2026) RQ4

[31] Patil et al. (2025) RQ2

[32] Kassenkhan et al. (2025) RQ1, RQ3

[33] Swargiary (2024) RQ1, RQ5

[34] Kerimbayev et al. (2025) RQ2, RQ4, RQ6
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[35] Dutta et al. (2024) RQ3, RQ4, RQ6
[36] Ishaq et al. (2024) RQ1, RQ3, RQ6
[37] Edula et al. (2023) RQ2

[38] Gurusamy (2025) RQ2

[39] Son (2025) RQ3, RQ6

[40] Ruberg et al. (2025) RQ2, RQ5

[41] Dicheva et al. (2023) RQ4

[42] Al Battashi et al. (2026) RQ6

[43] Ihichr et al. (2024) RQ2, RQ4

[44] Rodriguez-Ortiz et al. (2025) RQ4

[45] Munar-Garau et al. (2025) RQ4, RQ6

[46] Silva et al. (2025) RQ2, RQ4

[47] Van Mechelen et al. (2022) RQ1, RQ5

[48] Koukaras et al. (2026) RQ3

[49] Weng et al. (2024) RQ1, RQ5, RQ6
[50] Ng et al. (2022) RQ5

[51] Navas Bonilla et al. (2025) RQ3, RQ6

[62] Revenaya et al. (2025) RQ3
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2.4 Clarification of Results and Conclusions

The PRISMA-based systematic literature review conducted in this study establishes a
comprehensive and multi-dimensional evidence base addressing the six research questions
[25]. The analysis of the 26 selected studies substantiates the conceptual, architectural, and
pedagogical foundations of the proposed Smart Learning Ecosystem (SLE), revealing strong

convergence across all research dimensions.

Specifically, the findings demonstrate that the integration of block-based programming,
Internet of Things (IoT), and gamification constitutes an effective approach for enhancing
adaptive STEAM learning (RQ1). Furthermore, the evidence supports a modular and layered
SLE architecture—comprising content management systems, assessment mechanisms,
gamification components, [oT integration, and learning analytics—as the most appropriate and

effective design model (RQ2).

In terms of learner engagement, adaptive gamified progression emerges as a particularly robust
mechanism for sustaining motivation in asynchronous STEAM learning environments (RQ3).
Additionally, automated assessment systems that provide immediate and targeted feedback are
consistently associated with improved learning outcomes (RQ4).

The incorporation of loT-based physical computing is shown to significantly enhance learners’

computational thinking and facilitate the transfer of knowledge to real-world contexts (RQ5).

Finally, the literature strongly supports a structured instructional pathway from Blockly to
Python, based on dual representation and gradual scaffolding, as both theoretically sound and
practically feasible within the SLE framework (RQ6) [55].

Taken together, these findings confirm that the proposed Smart Learning Ecosystem is not only
theoretically grounded but also practically implementable. Each of its core components—
Moodle, CodeRunner, Blockly, and App Inventor—is supported by substantial empirical and

theoretical evidence in the current body of research [53].
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2.4.1 Discussion and Implications

The synthesis of the literature indicates that contemporary research on Smart Learning
Ecosystems predominantly focuses on Al-driven personalization, learning analytics, and
gamification [35]. However, it reveals a notable gap in the systematic integration of block-
based and visual programming as central pedagogical elements. More specifically, the review

highlights four critical gaps.

First, block-based programming remains underutilized within adaptive STEAM ecosystems,
despite its well-established suitability for novice learners.

Second, gamification and learning analytics are seldom applied at the level of programming
interaction, particularly within visual programming environments.

Third, IoT-enhanced learning environments lack systematic integration with block-based
programming interfaces.

Fourth, structured learning pathways that support progression from Blockly to Python are
largely absent from current intelligent educational system designs [55].

Addressing these gaps presents significant opportunities for future research and development.
The integration of block-based programming with adaptive learning pathways, gamification
strategies, learning analytics, and loT-based physical computing has the potential to

substantially improve the effectiveness of asynchronous STEAM education [28].

2.4.2 Contribution of the Study

This study contributes to the field by reframing block-based programming as a foundational,
rather than introductory, component of next-generation Smart Learning Ecosystems. It
advances the field through an integrative perspective, combining previously fragmented
pedagogical and technological approaches into a cohesive framework.

Ultimately, the proposed Smart Learning Ecosystem demonstrates the potential to support
adaptive, engaging, and transferable STEAM learning experiences, thereby offering both
theoretical advancement and practical guidance for the design of future intelligent learning

environments [3].
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Chapter 3 - System Design and Architecture

3.1 Overall System Architecture and Design Philosophy

This chapter presents the architectural design of the proposed Smart Learning Ecosystem
(SLE) and explains how its components interact to support progressive, interactive, and
adaptive STEAM education [3]. The architecture translates the pedagogical principles and
technological foundations discussed in Chapters 1 and 2 into a cohesive operational system.

The architecture follows a hub-and-spoke model, in which Moodle operates as the central
integration hub, while external environments—such as MIT App Inventor and the Arduino
Integrated Development Environment (IDE)—function as loosely coupled spokes. Learners
perform practical development activities within these external tools and subsequently submit
learning artifacts (projects, code, screenshots, or logs) back to Moodle, where assessment,
tracking, analytics, and feedback are centralized [5]. This architectural choice avoids tight
technical coupling between platforms while ensuring pedagogical cohesion. Moodle does not
attempt to replicate the functionality of external environments; instead, it orchestrates learning
sequences, consolidates evidence of learning, and manages feedback and progression [11].

The design is guided by the following overarching philosophy:

 Learner-centered orchestration as Moodle coordinates learning experiences rather than
replacing specialized tools.

 Learning should be experiential and constructionist, allowing learners to actively build
artifacts and knowledge through hands-on projects and physical computing.

* Programming education should follow a progressive pathway, starting with block-based
environments and transitioning toward text-based languages.

* Engagement should be sustained through gamification, immediate feedback, and visible
progression.

» Assessment should be continuous, automated, and formative, supporting self-regulated
learning.

» Analytics should drive adaptive support and early intervention.

Together, these principles inform an ecosystem that moves beyond content delivery toward an

intelligent, learner-centered environment.
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3.1.1 High-Level Architectural Diagram

At a conceptual level, on Figure 2,the Smart Learning Ecosystem consists of four logical layers

organized around the Moodle hub:

1. Interaction Layer Learner interfaces including Moodle, App Inventor, Arduino IDE, and

Blockly workspace.

2. Orchestration Layer (Hub) Moodle manages learning flow, activity sequencing, submissions,
grading, gamification, and analytics.

3. Assessment & Feedback Layer H5P, Moodle Quiz, and CodeRunner generate

automated feedback and evaluation.

4. Data & Analytics Layer Central Moodle database storing activity logs, scores, and

progression indicators.

External tools do not directly communicate with each other. All pedagogical coordination

occurs through Moodle, preserving simplicity and robustness [56].

Smart Learning Ecosystem Cycle
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Leamer Interaction
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Tools provide evaluation Moodle manages learning

flow

Figure 2. Architectural Diagram

3.1.2 Core Design Principles

The Smart Learning Ecosystem (SLE) architecture is grounded in six core design principles
derived from the literature review, identified research gaps, and the research questions
articulated in Chapter 1, shown in the below Figure 3. These principles guided every design

decision and function as evaluative criteria for system validation.
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First, pedagogical coherence ensures that learning objectives take precedence over
technological novelty. All technologies are selected for their educational affordances and
explicitly aligned with STEAM competency development. Learning progressions move from
concrete to abstract and from simple to complex, while assessment evaluates computational
thinking and problem-solving rather than superficial syntax memorization. Gamification
elements are embedded to reinforce, not distract from, learning goals [57].

Second, progressive scaffolding structures cognitive development through carefully sequenced
stages that transition from conceptual understanding to practical application, from visual
(block-based) to textual (Python) programming, and from guided tasks to open-ended problem
solving. Immediate feedback in early stages gradually gives way to greater learner autonomy,
embodying the Zone of Proximal Development and directly addressing the absence of
structured Blockly-to-Python pathways identified in the literature [58].

Third, integration across boundaries through tangible abstraction deliberately bridges domains
that are often isolated in STEAM education. The ecosystem connects software and hardware
(e.g., mobile applications controlling physical devices), maps visual blocks explicitly to textual
code to support cognitive transfer, and links theoretical concepts to observable real-world
outcomes. This integration strengthens the causal connection between program logic and
physical behavior, particularly in loT-based learning contexts [59].

Fourth, analytics-enhanced formative assessment and data-informed adaptivity position
assessment as an ongoing learning process. Automated feedback provides immediate,
actionable guidance, while analytics capture not only final solutions but also programming
behaviors such as debugging patterns and iteration counts. These data inform real-time
adaptation (unlocking remedial or advanced tasks), instructor-mediated interventions through
dashboards, and long-term system-level improvements based on aggregated evidence [60].
Fifth, asynchronous-first design with embedded gamification ensures that all core activities
function effectively without real-time instructor presence. Automated grading, self-guided
interactive materials, and achievement systems maintain engagement in flexible, self-paced
learning contexts. This democratizes access while preserving motivation and structured
progression [61].

Sixth, openness, extensibility, and interoperable modularity guarantee sustainability and

adaptability.
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Built on open-source technologies, the ecosystem allows institutions to customize content,
adjust gamification parameters, and substitute tools without systemic redesign. Components
remain loosely coupled through standardized data interfaces, enabling independent upgrades
while maintaining architectural integrity [62].

Operationally, the system follows a hub-and-spoke integration model, with Moodle serving as
the authoritative system of record. All learning evidence converges to Moodle, ensuring
transparency, traceability, and centralized progress visualization. External tools operate as
independent spokes—minimizing compatibility risks—while each activity corresponds to a
clearly defined Moodle task aligned with explicit objectives and assessment criteria [63].
Automation supports scalable deployment, and learners maintain full visibility of their scores,

achievements, and progression within the central platform.

Core Design Principles of the Smart Learning Ecosystem
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Figure 3. Core Design Principles

3.2 The Asynchronous Learning and Assessment Workflow

The pedagogical core of the Smart Learning Ecosystem is a structured five-stage workflow
guiding learners from conceptual introduction through practical application to advanced
challenges. Each stage builds on previous stages while maintaining coherence with the overall

learning trajectory coordinated entirely through Moodle [4].
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3.2.1 Stage 1: Concept Introduction & Formative Check (Moodle + H5P)

Purpose and Pedagogical Rationale

Stage 1 establishes the conceptual foundations required before learners engage with
programming tools or physical computing tasks. This concept-first approach prevents students
from using tools mechanically without understanding underlying principles, supporting deeper
learning and transfer.

Grounded in cognitive load theory [64] and mastery learning [65], this stage reduces
extraneous cognitive load by introducing ideas through structured multimedia explanations
before students encounter the added complexity of development environments. It focuses on

building accurate mental models during the cognitive preparation phase.

Implementation in Moodle + H5P

Stage 1 is delivered through H5P interactive content embedded within Moodle course sections.

Each module follows a consistent structure:

1. Concept Introduction (Multimedia Presentation)
e Short narrated videos or slide-based presentations (5—10 minutes)
e Visual explanations, diagrams, and real-world analogies
e Contextualized STEAM connections (e.g., scientific principles, mathematical
relationships, engineering considerations, creative applications)
2. Embedded Formative Checks
e Multiple-choice questions
e Drag-and-drop matching or categorization tasks
¢ Fill-in-the-blank or sequencing exercises

Questions are integrated directly into the learning flow to check understanding before
progression.
3.Immediate Explanatory Feedback

e Incorrect answers trigger clarification and guidance
e Unlimited attempts encourage mastery rather than performance
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Formative Assessment Strategy
Assessment in Stage 1 is low-stakes and mastery-based:

e Minimum competency threshold (e.g., 80—-100%) required for completion

e Unlimited retries to achieve mastery

e Performance does not contribute to final grades
HS5P records completion data and quiz scores in Moodle’s gradebook. Moodle’s conditional
release settings automatically unlock Stage 2 practical activities only after learners meet the
required threshold. This ensures prerequisite understanding before hands-on application,

reducing frustration and improving learning efficiency [15].

Data and Instructional Insight

Stage 1 generates learning analytics, including:

Attempt frequency (indicating conceptual difficulty)
e Time-on-task

Patterns of incorrect responses (revealing misconceptions)

Completion tracking

These data support instructor monitoring and targeted intervention where needed.
In summary, Stage 1 functions as a structured, interactive conceptual gateway that prepares
learners cognitively, ensures mastery of foundational ideas, and enables smoother transition to

applied programming and STEAM-based activities in subsequent stages, shown in Figure 4.
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Figure 4. Concept Introduction & Formative Check
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3.2.2 Stage 2: Practical Application & Prototyping (App Inventor Practice —

Moodle Development & Assessment) Purpose and Pedagogical Rationale

Stage 2 transitions from conceptual understanding to practical application. Students practice
mobile application development using MIT App Inventor's visual programming environment to
gain familiarity with block-based programming concepts [5]. However, actual project creation,
development, and assessment occur entirely within Moodle through the CodeRunner plugin
[66]. App Inventor serves solely as an external practice environment where students
experiment and build confidence before completing assessed projects directly in Moodle's
integrated development interface [53].

This architecture ensures that:

e Moodle remains the central orchestration hub for all assessed work

e Students gain hands-on experience in App Inventor without submission complexity
e All project development and evaluation occur within Moodle's unified environment
o Data consolidation is seamless since all assessed work exists in Moodle's database

The pedagogical approach embodies constructionist learning [66]: students construct
knowledge through creating artifacts, but within a structured assessment framework that

maintains data integrity and pedagogical coherence.

Two-Tier Learning Structure Stage 2 employs a two-tier approach:

Tier 1: Practice Environment (App Inventor - External)

o Students explore and experiment freely

o Build confidence with block-based programming
o Test concepts in authentic mobile app context

e No formal submission or grading

Tier 2: Assessment Environment (Moodle CodeRunner - Internal)

o Students create formal project submissions

o Use Blockly visual interface within CodeRunner
o Projects evaluated against test cases

e All work tracked and graded in Moodle



Learning Activities Structure

Each Stage 2 unit, orchestrated through Moodle, includes:

Phase 1: Guided Practice in App Inventor (Optional but Recommended)

Moodle Tutorial Page Contains:

Step-by-step instructions for creating practice applications

Link to App Inventor (opens in new tab)

Embedded screenshots showing block configurations

Video demonstrations of app development process

Encouragement to experiment: "Try modifying the blocks and testing results"

Phase 2: Formal Project Development in Moodle CodeRunner

Moodle CodeRunner Question/Assignment: After practicing in App Inventor, students complete the

formal assessed version entirely within Moodle [54].

CodeRunner Interface Provides:

Visual Block Editor: Blockly-based programming interface embedded directly in CodeRunner

Project Specifications: Clear requirements and constraints
Test Cases: Automated validation of functionality
Immediate Feedback: Real-time results as students develop

Summary: Moodle-Centric Architecture

These revised sections clarify the actual implementation:

1.

Sk wN

7.

App Inventor = Practice Only: Students experiment externally, no submissions
mBlock = Hardware Testing Only: Verify circuits work, debug physically
CodeRunner = All Assessment: Projects developed in Moodle's Blockly editor
Unified Development: All assessed work created within Moodle interface

Complete Data Capture: Every block, every attempt, every test tracked

Simplified Student Experience: One platform (Moodle) for all graded work

Scalable Assessment: Automated evaluation without physical hardware dependencies

This architecture ensures pedagogical coherence, comprehensive analytics, streamlined

workflow, and equitable assessment regardless of hardware access, see the Figure 5 below.
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Stage 2 Learning Cycle
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Inventor / Arduino
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Consolidate Data Develop in Moodle
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Figure 5. Stage 2 Learning Cycle

3.2.3 Stage 3: IoT and Physical Computing Practice (Arduino via mBlock —

Moodle-Based Programming and Evaluation)

Stage 3 extends learning into IoT and physical computing using Arduino hardware
programmed through mBlock, a visual programming environment compatible with Arduino
boards [63]. This can be seen, in Figure 6.

Within the Smart Learning Ecosystem, mBlock functions as an external practice tool, while
Moodle continues to serve as the central orchestration and evaluation layer. The instructional
sequence is structured as follows:

1.Moodle presents the 0T challenge, including system requirements, expected behavior,
and assessment criteria.

2.Students practice developing Arduino-based solutions using mBlock and physical
components (e.g., sensors, actuators).

3.Learners test and debug their designs externally to understand system behavior and
hardware—software interaction.

4.Formal development and evaluation are performed exclusively within Moodle.

Students do not submit mBlock project files for grading. Instead, they return to Moodle and:

e Recreate oT control logic using the embedded Blockly programming interface.
e Develop structured program solutions within CodeRunner.
e Solve programming problems that simulate or abstract [oT scenarios.

63



CodeRunner translates the visual blocks into Python code and executes them against predefined
test cases. Evaluation criteria focus on:

e Logical correctness

e Algorithmic structure

e Proper use of control flow and variables
e Problem-solving accuracy

By separating hardware experimentation from formal assessment, the ecosystem ensures:

e Authentic hands-on practice with physical systems.

e Standardized and scalable evaluation.

e Centralized data logging for analytics and adaptive feedback.

e A consistent programming progression pathway toward text-based Python.
Moodle consolidates all learner interactions, manages asynchronous progression, tracks
achievement levels, and delivers automated feedback, reinforcing its role as the central hub of

the Smart Learning Ecosystem.
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Figure 6. [oT Psysical Computing Learning Cycle

3.2.4 Stage 4: Stage 4 The Blockly Code Assessment Framework (CodeRunner in
Moodle)

Purpose and Pedagogical Rationale

Stage 4 represents a key innovation of this thesis: automated assessment of visual block-based

programming code.
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This stage serves dual purposes:

1. Summative Assessment: Objective evaluation of programming competence developed in
Stages 2-3

2. Transition Scaffolding: Bridge between visual (Blockly/App Inventor) and textual
(Python) programming

The assessment framework addresses a critical gap identified in Chapter 2's literature review:
while automated programming assessment is mature for text-based languages, block-based
code assessment remains underdeveloped despite widespread block-based programming

adoption.

Technical Architecture Overview

The assessment system comprises four components (shown in Figure 7.):

1. Block Creation in CodeRunner: Students create and submit their Blockly blocks directly
within the CodeRunner editor environment.

2. Translation Engine: Python script converting Blockly XML to executable Python code
3. Test Execution: CodeRunner plugin running generated Python against test cases

4. Feedback Generation: Detailed results showing correctness, errors, and block-to-code
correspondences

Blockly Code Assessment Cycle
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Python code is tested
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Figure 7. Blockly Code Assessment Cycle
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3.2.5 Stage 5: Knowledge Consolidation & Advanced Challenges (Moodle)
Purpose and Pedagogical Rationale
Stage 5 serves multiple critical functions in the learning pathway:
1. Knowledge Consolidation: Integrate and solidify learning from previous stages through
synthesis activities
2. Python Transition Completion: Move from Blockly-with-Python-translation to direct Python
programming
3. Advanced Application: Challenge students with complex, open-ended problems requiring
creativity and integration of multiple concepts
4. Assessment Summation: Comprehensive evaluation of STEAM competencies developed
throughout the course
This stage embodies the transfer goal: students should be able to apply computational thinking and [oT
concepts beyond the specific tools and contexts where they were learned. We can see it in details in

Figure 8.
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Figure 8. Learning Cycle

3.3 Detailed Component Integration and Data Flow
The Smart Learning Ecosystem integrates multiple pedagogical components within a
centralized Moodle environment. In alignment with the hub-and-spoke model, all instructional

coordination, assessment logic, data storage, and progression management are handled inside

Moodle.
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External tools such as App Inventor and Arduino via mBlock do not exchange automated data
with each other; instead, Moodle serves as the single authoritative integration point.
Data flow follows a structured pattern (shown in Figure 9.)

1. Moodle introduces and sequences learning activities.

2. Students practice concepts in external tools.

3. Students return to Moodle to formally develop, submit, and evaluate solutions.
4. Moodle records all interactions, results, and progression indicators.

5. Analytics and gamification mechanisms operate on centrally stored data.

This centralized data flow ensures transparency, consistency, and scalability while avoiding
technical complexity associated with tight system coupling.

Smart Learning Ecosystem Cycle
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N
5 4 <: 3

v

Analyze Data Record Interactions Submit Solutions
Analytics and Moodle records all Students return to
gamification analyze interactions Moadle to submit

data

Figure 9. Ecosystem Cycle

3.3.1 Moodle Course Structure for Asynchronous Flow

Each learning unit in Moodle is designed as a self-contained instructional module that reflects
progressive STEAM learning principles. The structure enforces cognitive scaffolding and

logical progression.



Each unit contains:

o HSP Interactive Lesson
Introduces theoretical concepts using multimedia explanations and embedded formative
checks.

e App Inventor Practice Task
Provides structured instructions for external experimentation in visual mobile
programming.

e Arduino Practice Task (via mBlock)
Guides students through IoT-based experimentation and physical computing exercises.

¢ Blockly/CodeRunner Assessment Activity
Requires learners to recreate and formalize program logic within Moodle. CodeRunner
evaluates correctness through automated testing.

e Consolidation Quiz
Reinforces conceptual understanding and integrates theoretical and practical knowledge.

Conditional Release and Progression Control
Moodle’s conditional activity completion settings enforce sequential progression. Learners
must:

e Complete the H5P activity before unlocking practice tasks.
o Attempt CodeRunner assessments before accessing consolidation quizzes.
e Achieve minimum performance thresholds before progressing to advanced challenges.

This structured release mechanism:

e Prevents superficial navigation.
e Encourages mastery-based learning.
e Supports self-paced asynchronous progression.

o Ensures alignment between practice and formal assessment.

Moodle therefore operates not only as a content repository but as an intelligent workflow

manager that coordinates learning stages systematically. Gamification Engine Design
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3.3.2 Gamification Engine Design

Gamification is fully implemented within Moodle and is tightly coupled with the assessment
and progression framework. It does not operate independently of learning tasks; instead, it is
embedded within the pedagogical workflow [32].

Core Gamification Elements

Points System

e Points are awarded automatically upon successful completion of activities.
e Higher scores in CodeRunner tasks yield additional performance-based points.
o Bonus points may be granted for early completion or optional challenges.

Badges

e Issued upon milestone achievements (e.g., completion of an loT module).
o Represent demonstrated competencies.
e Serve as micro-credentials within the ecosystem.

Levels

e Learners advance through levels corresponding to increasing programming complexity.

e Level advancement is triggered by accumulated points and successful task completion.

Progress Bars

e Visual indicators display percentage completion of each learning unit.

o Reinforce motivation and self-monitoring.

Gamification Logic
Points are awarded only when Moodle verifies task completion through:

e Activity completion tracking.
o CodeRunner test case success.
e Quiz performance thresholds.

Because all evaluation occurs inside Moodle, gamification remains consistent, automated, and

data-driven. This design ensures fairness, transparency, and scalability.



3.3.3 The Assessment Toolkit: HSP, Quiz, and CodeRunner

The Smart Learning Environment (SLE) employs a coordinated, multi-layered assessment
toolkit that integrates HSP, Moodle Quiz, CodeRunner, and Moodle Assignments into a unified
evaluation framework [53]. The strategy combines conceptual validation, theoretical
reinforcement, applied programming assessment, and evidence-based project evaluation, all
consolidated within Moodle’s gradebook and analytics system.

This ecosystem ensures alignment between learning objectives and evaluation methods across

all instructional stages while enabling analytics-driven adaptation.

Multi-Layered Assessment Architecture

The assessment design follows a three-layered pedagogical model:
1. Formative Conceptual Layer
Low-stakes concept validation during initial knowledge acquisition.
2. Applied Programming Layer
Automated validation of algorithmic logic and computational thinking.
3. Consolidation Layer
Structured theoretical and integrative summative assessment.

Each layer is supported by a dedicated tool, while all results are centrally logged in Moodle.

HSP for Formative Conceptual Assessment
Purpose:

To provide embedded, low-stakes formative assessment during concept introduction (primarily
Stage 1).
Implementation Characteristics:

e Immediate automated explanatory feedback

e Unlimited attempts to encourage mastery learning

e Seamless embedding within lesson content

e Multiple interaction types (MCQ (Multiple Choice Questions), drag-and-drop, fill-in-the-

blank, hotspot)
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Moodle Quiz for Knowledge Consolidation

Purpose:

To conduct structured theoretical and conceptual assessment (primarily Stage 5).

Characteristics:

Multiple question types (MCQ, True/False, Short Answer, Calculated)
Configurable time limits and attempt numbers

Question randomization

Question bank reuse

Full gradebook integration

Moodle Assignments for Evidence Submission

Purpose:

To collect authentic artifacts from project-based stages (Stages 2 and 3).

Capabilities:

Flexible multi-format file uploads (images, video, documentation)
Rubric and marking guide integration
Feedback via comments, annotations, and grading

Assignments support performance-based assessment beyond automated evaluation.

CodeRunner for Programming Assessment

CodeRunner plays a central role in the SLE’s applied programming layer, providing

automated, objective, and secure code evaluation within Moodle quizzes.

Core Capabilities

Execution against predefined hidden test cases
Immediate structured feedback

Sandboxed security environment

Support for multiple programming languages
Multiple attempts to promote mastery learning

Assessment Data Consolidation and Analytics

All tools—H5P, Moodle Quiz, Assignments, and CodeRunner—feed into Moodle’s unified

gradebook architecture.
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Aggregated Data Sources

e Formative conceptual scores (H5P)
e Knowledge validation scores (Quiz)
e Programming performance (CodeRunner)
e Project-based rubric scores (Assignments)

Gradebook categories correspond to instructional stages, enabling:

e Stage-by-stage performance analysis

¢ Identification of persistent learning bottlenecks

e Correlation between conceptual understanding and programming  success

e Data-driven instructional refinement
Weighted aggregation models can compute overall performance while preserving transparency
across sub-components (formative, knowledge, programming, projects).
Pedagogical Integration Summary

The assessment toolkit forms a coherent ecosystem characterized by (shown in Figure 10.) :

e Continuous formative feedback (H5P)
Structured theoretical validation (Quiz)
Automated algorithmic verification (CodeRunner)

Authentic evidence-based evaluation (Assignments)
Unified analytics and grade tracking (Moodle Gradebook)

By combining conceptual diagnostics, applied programming validation, and summative
consolidation within a shared data infrastructure, the SLE achieves a robust, scalable, and

mastery-oriented assessment framework.

Smart Learning Environment Assessment Toolkit

asses nt with
immediste feedback
Moodle Quiz

Moodle Gradebook et
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4
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Evaluates algorithmic e Assignments
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mputationsl antifacts from project-
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Figure 10. Assessment Toolkit
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3.4 The Analytics and Feedback Loop

The Smart Learning Ecosystem (SLE) implements a comprehensive analytics and feedback
infrastructure that transforms raw learner interaction data into actionable insights for learners,
instructors, and the system itself.

Fully consolidated within Moodle, the analytics framework operationalizes analytics-enhanced
formative assessment by combining centralized data collection, visual dashboards, predictive
modeling, and automated interventions.

This integrated feedback loop enables early identification of learning difficulties, adaptive

scaffolding, motivational support, and continuous optimization of instructional strategies.

3.4.1 Data Collection Points
The ecosystem captures multi-layered data across all workflow stages, creating a unified learner
interaction corpus spanning conceptual learning, block-based programming, physical computing,

and text-based coding.

1. Moodle Core Logging
Moodle’s standard logging subsystem (e.g., mdl logstore standard log) records:

e User ID and course ID

e Event type (viewed, submitted, graded, completed)
e Activity object ID

e Timestamps

e [P address and device information

These logs provide baseline tracking of engagement patterns, access frequency, and

progression behavior.

2. Activity-Specific Interaction Data
HSP Interactions

e Granular xAPI-compliant logging captures:
e Answer selections and revision sequences
¢ Drag-and-drop placements

e Time spent per question

e Retry attempts
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This fine-grained conceptual data supports early misconception detection, illustrated in Figure

11.

Assignment Submissions

e  For practical and documentation-based stages:
e File upload timestamps and sizes

e Revision history

e Late submissions

e  Resubmission frequency

e Grading metadata

CodeRunner Execution Data
The CodeRunner plugin generates detailed records for every submission:

e Submitted code
e Test case outcomes
e Compilation errors
e Runtime errors
e Execution time
e Attempt counts

These logs reveal programming competency development and debugging behavior.
3. Blockly Workspace Telemetry
The custom Blockly—CodeRunner environment captures:

¢ Block addition, deletion, movement, and configuration
e Timestamps (millisecond precision)
e Block types and workspace positions

Solution construction sequences can be reconstructed, enabling analysis of:

Problem-solving strategies

Debugging patterns
e Common misconception trajectories
Block-to-text transition readiness

4. Forum and Help-Seeking Behavior

e Posts created and replies given
e Helpfulness ratings
e Response latency

This supports behavioral modeling and identification of self-regulated learners.
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5. Gamification State Tracking

XP accumulation over time
Badge awards

Level progression
Leaderboard rankings

Gamification events include:

These indicators support motivational analytics and correlation studies between recognition

and performance.

S
5

[N N

Moodle Core
Logging

Activity-Specific
Interaction Data

Records user Captures granular

data from H5P,
assignment
submissions, and
CodeRunner
execution.

activity, event types,
and timestamps for
baseline tracking.

Data Capture Points

N#Ng
e

Blockly Workspace
Telemetry

Tracks block
manipulation and
workspace
configuration for
problem-solving
analysis.

Forum and Help-
Seeking Behavior

Monitors forum
posts, replies, and
helpfulness ratings

for behavioral
modeling.

e
=l

Gamification State
Tracking

Records XP, badge

awards, and
leaderboard
rankings for
motivational
analytics.

Figure 11. Conceptual data

3.4.2 The Analytics Dashboard & Predictive Models

Analytics dashboards provide visual representations of learner performance at both individual

and cohort levels, as mentioned in Figure 12.

Dashboard Indicators

e Learner Progress

Percentage completion of modules and levels.

e Performance Trends

Improvements or stagnation across multiple attempts.

o At-Risk Identification

Flags triggered by repeated failures, inactivity, or low performance thresholds.

e Mastery Levels

Aggregated indicators showing competence in programming, [oT logic, and conceptual

understanding.

Dashboards support both instructors and learners:

¢ Instructors monitor class-wide patterns and intervene strategically.
e Learners track their own progress and self-regulate their study behavior.
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Analytics Dashboard Hierarchy
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Figure 12. Analytics Dashboard hierarchy
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3.4.3 Automated Intervention System

A rule-based intervention system enhances adaptivity within the asynchronous environment.
This can be seen in the Figure 13.

Trigger Conditions

Multiple failed CodeRunner attempts.
e Low quiz performance.

Extended inactivity.

Failure to meet minimum progression thresholds.

Automated Responses

Release of remedial content.

Activation of structured hints.

Suggestion of review materials.

Instructor notification for targeted support.

These interventions maintain learner engagement while reducing instructor workload,

preserving scalability.
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Figure 13. Enhancing Learner Engagement
3.5 Summary

This chapter has presented the comprehensive design and architecture of the Smart Learning
Ecosystem (SLE), structured around a Moodle-centric hub-and-spoke model. In this architecture,
Moodle functions as the central orchestration hub, while external programming and physical
computing tools serve as loosely coupled practice environments. All assessed work, progression
tracking, gamification, analytics, and adaptive interventions are consolidated within Moodle,
ensuring pedagogical coherence and technical scalability. The system integrates:

Structured asynchronous workflow management,
Automated CodeRunner-based programming evaluation,
Embedded gamification mechanisms,

Centralized analytics and adaptive interventions.

By consolidating assessment, progression tracking, and feedback within Moodle while allowing
flexible experimentation in external environments, the architecture achieves pedagogical

coherence, technical scalability, and progressive STEAM skill development.

This architectural framework establishes the operational foundation for the implementation
details described in Chapter 4, including Moodle configuration, CodeRunner customization,
system integration, and pilot deployment [54]. Chapter 5 subsequently presents the validation
procedures and evaluation results that assess the effectiveness of the Smart Learning Ecosystem

in practice.
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Chapter 4 - Educational Platform Setup, Configuration, and

Pedagogical Implementation

This chapter documents the practical implementation of the Smart Learning Ecosystem (SLE)
introduced in Chapter 3. While the previous chapter established the conceptual architecture and
pedagogical design principles, the present chapter transitions from theoretical design to technical
realization. It details the configuration decisions, development environment setup, and system

integration processes required to operationalize the ecosystem.

The development phase constituted the foundational technical work undertaken prior to system
deployment. It involved the preparation of the development infrastructure, the selection and
configuration of the core learning management platform, the design of an extensible plugin
ecosystem, and the integration of external programming environments that together form the
system’s hub-and-spoke architecture. Within this architecture, Moodle operates as the central
orchestration hub, while external development tools provide specialized environments for

programming, robotics, and applied STEAM learning activities.

Implementation followed a structured and iterative deployment process that prioritized stability,
scalability, and reproducibility. The process began with foundational platform configuration and
environment preparation, progressed through the development of the five-stage pedagogical
workflow defined in Chapter 3, incorporated gamification and analytics capabilities through an
extensible plugin infrastructure, and established external practice environments that support
hands-on learning activities. The development phase concluded with initial pilot testing and

iterative refinement of system components.

The remainder of the chapter is organized into five sections. Section 4.1 presents the system
architecture and platform selection, explaining the technical decision framework and the
rationale for selecting Moodle as the core platform. Section 4.2 describes the development
environment configuration, including server setup and infrastructure preparation. Section 4.3
details the Moodle platform configuration, covering installation, site-wide settings, interface

customization, course architecture, and user management.
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Section 4.4 introduces the plugin infrastructure, through which Moodle is extended to support
adaptive learning, analytics, and gamification features. Section 4.5 presents the external
programming environments, specifically MIT App Inventor and the mBlock Arduino IDE, which
extend the ecosystem beyond the Moodle environment and support practical STEAM activities.

Finally, Section 4.6 provides a summary of the development environment and system setup.

4.1 System Architecture and Platform Selection

The Smart Learning Ecosystem was designed using a hub-and-spoke architecture in which
Moodle functions as the central platform coordinating all learning activities, assessments, and
analytics processes. In this configuration, Moodle manages user authentication, content delivery,
course organization, and evaluation procedures, while external tools provide specialized
environments for programming experimentation and project development. This architectural
approach offers several advantages. First, it centralizes learning management and assessment
within a single platform, ensuring that student progress, submissions, and performance data are
stored consistently. Second, it allows external tools to be integrated into the learning workflow
without requiring complex technical integrations. Third, it enables the use of Moodle’s analytics
and reporting mechanisms to monitor learner engagement and progress across all course
activities.

Within this architecture, Moodle serves as the primary interface for students and instructors.
External tools such as MIT App Inventor and mBlock are accessed through instructional
resources provided inside Moodle, allowing learners to move between environments while
maintaining a consistent course structure.

The system architecture therefore combines the flexibility of specialized programming
environments with the organizational and analytical capabilities of a modern learning

management system.
4.2 Development Environment Configuration

4.2.1 Local Development Environment
The Smart Learning Ecosystem was developed within a local server environment to facilitate

rapid experimentation, configuration testing, and iterative development.
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A local development setup allows developers to modify system configurations and test platform
features without affecting external users or requiring continuous internet connectivity.
The platform was deployed on a workstation running Windows 11 equipped with an 11th
Generation Intel Core iS5 processor, 16 GB of RAM, and 150 GB of SSD storage. These
hardware specifications provided sufficient computational resources for running the Moodle
server environment while simultaneously supporting development tools and multiple browser
sessions for testing user interactions. To host the Moodle platform locally, the XAMPP
integrated server environment was used, as we can see in Figure 14. XAMPP provides a
complete web server stack packaged for Windows systems, including the Apache web server,
the MySQL database management system, and the PHP scripting language required by Moodle
[67].
The selected configuration included:

e Apache 2.4 as the web server responsible for handling HTTP requests.

e  MySQL 8.0 for database management and storage of system data.

o PHP 8.1 as the scripting language used by Moodle to execute server-side operations.

Running the platform locally enabled rapid iteration during the development phase, allowing
system modifications to be tested immediately. In addition, the local environment provided full
administrative control over system configuration files and server logs, facilitating debugging and

performance optimization.

+ [Z] XAMPP Control Panel v3.3.0 [ Compiled: Agr 6th 2021] - [u] X
I r I XAMPP Control Panel v3.3.0 & contig
Hodules
Netstat
Service Module PID(s) Port{s) Actions 4
11384 "
Apache  oonnn 20,443 [ Sop | Admin Config Logs i shel

NySQL 23336 3306 Stop Admin Config Logs Explorer
FileZila Start Admi Config Logs B services
Wercury Start Admi Config Logs

Tomecat Start Ad Config Logs

9 py [main] Checking for prerequisites
0 pp [main] All prerequisites found
27140 pu [main] Initializing Modules
2141 py [mysql] XAMPP MySQL Senice is already running on port 3306
. [main] Starting Check Timer
pp [main] Control Panel Ready
pp [Apache]  Attempting to start Apache app...
Py [Apache]  Status change detected: running

Figure 14. XAMPP Server on Windows
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4.2.2 Moodle Installation

The Moodle platform was installed as the core technological component of the Smart Learning
Ecosystem. Version 4.1 LTS (Long-Term Support), shown in the Figure 15, was selected due to
its stability, extended security updates, improved user interface, and compatibility with a wide
range of educational plugins.

The installation followed Moodle’s recommended deployment procedure. Initially, a dedicated
database was created within the MySQL server to store all system data, including user accounts,
course structures, activity logs, and assessment results. A database user with restricted privileges
was configured to ensure secure database access.

Next, the Moodle source files were deployed within the Apache web server directory. During
installation, a configuration file (config.php) was automatically generated to define system
parameters such as database connection settings, file storage locations, and site URLs.

A separate moodledata directory was created outside the web-accessible directory structure. This
directory stores uploaded files, cached content, and temporary system data while preventing

unauthorized direct access from external users.

The installation process also included verification of server environment requirements, such as
required PHP extensions and memory limits. Once these requirements were satisfied, an
administrator account was created to enable full system configuration and platform management.
To ensure secure communication between users and the platform, HTTPS encryption was
enabled using Transport Layer Security (TLS). This configuration protects authentication

credentials and user data during transmission between client devices and the server.

Thank you for choosing Moodle!
We believe that software, especially educational tools, should always be open and free. We rely on our community to support and help us to continuously improve our LMS.

Support the work of our developers by making a donation.

Moodle 4.1.16+ (Build: 20250214)
Copyright © 1999 onwards, Martin Dougiamas
and many other contributors.

GNU Public License

Figure 15. Moodle Installation
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4.3 Moodle Platform Configuration

With the development environment established, the Moodle platform underwent a structured,
multi-stage configuration process to transform the base installation into the operational backbone
of the Smart Learning Ecosystem. This process proceeded in a deliberate sequence — from
installation and core system settings, through security hardening, to interface customization,
course architecture, and user provisioning — ensuring that each layer of configuration rested on

a fully validated foundation before the next was applied.

4.3.1 General Site Configuration
Following a clean installation of the Moodle platform, a set of general site-wide configurations
was implemented to establish the operational identity, structural organization, and behavioral

defaults of the learning environment.

The site was assigned the full title “Smart Learning Ecosystem for STEAM Education”, with
the abbreviated name “SLE-STEAM?” , shown in Figure 16, isconfigured for compact display in
navigation elements such as breadcrumbs, menus, and system notifications. A site description
was also defined to reflect the research objectives, interdisciplinary STEAM orientation, and
applied pedagogical methodology underpinning the study, thereby contextualizing the platform
for all enrolled participants.

English was selected as the default system language, while multilingual content support was
enabled to facilitate the potential future localization of learning materials and the extension of
the platform to multilingual cohorts. Additionally, the system timezone was synchronized with
the geographic location of the pilot institution. This ensured that all system-generated
timestamps—including assignment deadlines, submission records, and activity logs—were
aligned with the local time reference frame of both instructors and learners. Such temporal
consistency is particularly important for the accurate interpretation of engagement patterns

within the learning analytics component of the system.
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Beyond these foundational identity settings, several core pedagogical configurations were
implemented at the platform level to support the instructional architecture of the Smart Learning

Ecosystem:

e Course Category Architecture: Four top-level course categories were created corresponding
to the thematic modules defined in the instructional design: Environmental Monitoring, Home
Automation, Health and Wellness, and Integrated Capstone Projects. Each category was
assigned descriptive metadata and default course settings tailored to the target cohort of
secondary education learners.

¢ Role Framework: The platform’s three-tier role structure—Administrator, Teacher, and
Student—was verified against Moodle’s default configuration. Minor adjustments were
applied where necessary, although custom role definitions were ultimately not required, as the
native Moodle permission framework sufficiently supported the access control requirements
of the study.

e Activity Completion Tracking: Platform-wide completion tracking was enabled to support
learner-facing progress indicators, instructor monitoring dashboards, and the conditional logic
required for structured progression through course materials.

e Conditional Activity Release: The conditional activities feature was activated, allowing
learning resources and assessments to be unlocked based on prerequisite completion, grade
thresholds, or scheduled dates. This functionality provides the technical mechanism that
supports the mastery-based, progression-gated workflow embedded in the five-stage
pedagogical model of the SLE.

e Gradebook Configuration: Grading scales and aggregation rules were defined within the
Moodle gradebook to ensure consistent evaluation across diverse activity types, including
interactive H5P content, CodeRunner programming exercises, and Moodle quizzes. This
configuration ensures transparent and coherent grade calculation for both instructors and

students.

Together, these general configuration settings established the foundational identity,
organizational structure, and operational parameters of the learning platform, enabling it to
support the pedagogical design and research objectives of the Smart Learning Ecosystem for

STEAM Education.
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Figure 16. Smart Learning Ecosystem — SLE STEAM

4.3.2 Security Configuration

Security configuration received dedicated attention during development, reflecting the platform's role

as the custodian of both learner personal data and the research dataset. Configuration was guided by

Moodle's official security documentation, institutional data protection requirements, and the principles

of defense-in-depth — applying multiple overlapping controls so that no single vulnerability could

compromise system integrity [68]. We can see it in details in Figure 17.

Authentication and Credential Policy

Moodle's password policy was enabled and configured to require a minimum of eight characters,
including at least one uppercase letter, one lowercase letter, one digit, and one non-alphanumeric
special character. These requirements align with current guidelines from recognized security
frameworks and substantially reduce the feasibility of brute-force attacks against individual
accounts. Password reset request tokens were configured with a 30-minute validity window,
limiting the exposure period of any intercepted reset link. Email change requests were set to
require confirmation to the new address, preventing unauthorized modification of account

contact information.

Account Protection Mechanisms

Account lockout was configured to activate after five consecutive failed login attempts, after
which the affected account remains inaccessible for 15 minutes. This threshold balances security
— making automated credential-stuffing attacks impractical — against usability, minimizing

disruption to legitimate users who may mistype their credentials.
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The observation window within which failed attempts are counted was set to ensure that
attempts are monitored within a bounded time period before the counter resets, preventing low-

rate attacks that space attempts to avoid threshold triggers.

Transport and Communication Security

All client-server communications are encrypted via HTTPS, enforced through the platform's
www root configuration. Transport Layer Security (TLS) ensures that authentication credentials,
session tokens, and learner data transmitted between user devices and the server cannot be
intercepted in transit. This configuration is particularly important given that the platform handles

sensitive assessment data and personally identifiable information about minor participants.

Access Control and Privacy Protections

Several settings were activated to protect user identity and restrict unauthorized information
access. Username enumeration via the password recovery form was disabled, preventing
external parties from confirming whether a given username or email address is registered on the
platform. User profile pages were restricted to authenticated users, eliminating public exposure
of learner information. Profile descriptions were configured to be visible only to users enrolled
in at least one course, limiting their availability to confirmed participants. Search engine
indexing was disabled to prevent course content, forum discussions, and learner profiles from

appearing in external search results.

Content Security and File Management

User-submitted content is automatically sanitized through Moodle's built-in XSS filtering, with
trusted content explicitly disabled to ensure that no user-generated HTML or JavaScript is
rendered without sanitization. Embedding via HTML object or embed tags was disabled to
prevent injection of potentially unsafe external multimedia content. A 30-minute editing window
was applied to forum posts, balancing flexibility for minor corrections against the integrity of
collaborative discussion records. File upload and storage limits were defined to prevent resource
exhaustion: the maximum site-wide upload size was set to 40 MB per file, and per-user private

file storage was capped at 100 MB.
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These limits accommodate the file types legitimately needed for the SLE curriculum — code

files, project screenshots, and documentation — while preventing storage abuse.

System-Level Security

Moodle's scheduled task (cron) execution was restricted to command-line invocation only,
preventing the cron script from being triggered via an HTTP request. This eliminates a potential
avenue for unauthorized execution of privileged system operations. Strict validation of required
form fields was enabled to prevent submission of incomplete or malformed data to system
functions. Group enrolment key policies were aligned with the site-wide password policy,
ensuring that course access codes meet the same strength requirements as user credentials.

Moodle Security Settings

Authentication and Password ~ S{rong password
requirements and limited

Policy  possword reset window.

Account lockout after failed
login attempts and ~ Account Protection
observation window.

BN HTTPS enforced for all
@ Transport Security  communications, encrypting
data in transit.

Username protection, profile I
access control, and search  Sike Access Control and Privacy g
engine restrictions.

Trusted content disabled,
é{}% Content Security embedding disobled, and

editing time limit

Limits on site upload and.
private user file storage.

File and Storage Restrictions 55

[_?1@ Systam Task Security Cron execution restricted to

command-line access only.

Strict form field validation
and group enrolment key  Additional Security Measures E%
policy.

Figure 17. Moodle Security Configuration
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User Management and Role Configuration

The user management structure of the SLE was designed around Moodle's native role-based

access control (RBAC) model, shown in the following Table 13, which assigns capability sets to

named roles and applies those roles contextually at the system, course category, or course level

[69]. Three principal role types were configured to support the study's operational requirements:

Table 13. Moodle Roles

Role Core Capabilities iystem
ccess
Administrator Full platform management Unrestricted

including plugin configuration, user  system-wide
provisioning, system monitoring,
security settings, and analytics

access
Teacher Course creation and editing, Course and
activity configuration, student category level

grading, completion tracking
oversight, and analytics dashboard
access

Student Course enrolment, activity Course level
participation, assignment
submission, quiz attempt, forum
posting, and personal progress
dashboard

Assignment

Research
team
members

Two pilot
instructors

Pilot
participant
cohort

User accounts were provisioned in bulk using Moodle's CSV upload functionality, which

processes a flat-file import containing fields for username, first name, last name, email

address, authentication method, and cohort assignment. Thirty student accounts were

generated for the pilot cohort. Cohort assignments were established during provisioning to

enable subgroup differentiation in the learning analytics layer — allowing the Analytics

Graphs plugin to filter engagement data by learner subgroup and supporting the comparative

analysis required by the study's research design.
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Authentication was configured using Moodle's built-in manual authentication method rather
than external identity providers, a deliberate choice that maintains full control over account
lifecycle management within the research environment and eliminates dependency on third-

party authentication services that could introduce access disruptions during the study period.

4.4 Plugin Infrastructure

Moodle’s modular architecture allows additional functionality to be integrated through plugins.
Several plugins were installed to support the specific requirements of the Smart Learning
Ecosystem, including interactive learning materials, automated programming assessment,
gamification, and learning analytics.
Plugin selection was based on the following criteria:

e  compatibility with Moodle 4.1 LTS,

o  stability and active development support,

o alignment with the pedagogical objectives of the ecosystem,

e  compliance with security and performance standards.

The selected plugins extend the platform’s capabilities beyond traditional learning management
functions and provide the technical foundation required for the advanced instructional features

described in the following chapter.

4.4.1 Interactive Content Delivery — HSP Integration

The HS5P plugin (version 1.27.2, build 2024120900) was integrated into the Moodle learning
management system to enable the creation and deployment of interactive multimedia learning
objects through the “Interactive Content” activity type, illustrated in Figures 18 and 19. By
selecting H5P — Interactive Content when adding a new activity within a course module,
instructors were able to create and embed interactive learning materials directly in the course
environment without requiring external tools. This activity type provides access to multiple HSP
content libraries, allowing the development of resources such as embedded quizzes, drag-and-
drop exercises, simulations, and interactive videos. These activities were primarily used as
scaffolding mechanisms preceding programming-based assignments, supporting conceptual

understanding before learners progressed to applied implementation tasks.
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To support assessment and monitoring, gradebook synchronization was enabled to automatically
record scores from HSP activities, while attempt limits were applied to formative tasks to
encourage reflective engagement. Additionally, activity completion tracking was activated to
facilitate the collection of learning analytics data and monitor student progress. The system also
supported content reuse across course modules, promoting modular instructional design and
consistent learning resources. Operational settings included automatic saving of user progress to
allow learners to resume interactive activities without losing work, as well as standard display
options such as action bars, copyright information, and embedding functionality to ensure
accessibility and portability of content. Integration with the HSP Hub was maintained to allow
retrieval and updating of interactive content libraries, while content types requiring a Learning
Record Store (LRS) were not enabled, as analytics were managed through Moodle’s native

tracking mechanisms.

B HaP 1212 Enabled Settings  Uninstall  (ZIGoan)
mod_hvp 2024120000

Figure 18. HSP Plugin Installation
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Automated Programming Assessment — CodeRunner and Jobe Server Integration

The CodeRunner plugin (qtype coderunner, version 5.5.0, build 2025010200) constitutes the
assessment backbone of the Smart Learning Ecosystem, it’s Architecture shown in Figure 20..
CodeRunner enables the creation of programming question types within Moodle's native quiz
engine, each of which presents a programming task, accepts learner code submissions, executes
those submissions against a predefined set of test cases, and returns structured, immediate
feedback indicating which test cases were passed and which were failed. For a research system
whose pedagogical model centers on iterative programming skill development through formative

assessment cycles, CodeRunner's automated evaluation capability is indispensable [54].
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Figure 20. The Architecture of CodeRunner

Automated Programming Assessment in Moodle

1. The CodeRunner Plugin

CodeRunner is a Moodle plugin designed to automate the assessment of programming
exercises [20]. It evaluates student-submitted code against predefined test cases, providing
immediate and objective feedback. By integrating with Moodle quizzes, CodeRunner supports
multiple programming languages and allows educators to create diverse tasks, from text-based
coding problems to visual programming workflows. This automation reduces manual grading
workload, ensures consistent evaluation, and helps students refine their programming skills

through rapid, actionable feedback.
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Key Configuration and Technical Details

e Version and Dependencies: The version used is qtype_coderunner 5.5.0
(build 2025010200). It is enabled in Moodle and required by the

local_coderunnerh5p plugin.

e Execution Sandboxes:
o Jobe Sandbox (jobesandbox_enabled) is enabled by default to run code
in a secure, isolated container.
o ldeone Sandbox (ideonesandbox_enabled) is available but typically

disabled, as itis deprecated.

e Jobe Server Configuration:

o Host (jobe_host): Specifies the remote Jobe server for executing student
code (default: jobe2.cosc.canterbury.ac.nz). Multiple servers can be
defined to distribute workload.

o API Key (jobe_apikey): Used for authenticated REST requests to the Jobe
server (default: 2AAA7A5415B4A9B394B54BF1D2E9D).

e Grading Behavior:

o Default Penalty Regime (default penalty regime): Defines penalties applied
to new questions, expressed as a comma-separated list (e.g., 10, 20, ...).
o Grade Cache (enablegradecache): Experimental feature to store grading

results locally, reducing repeated executions for identical submissions.

These settings allow educators to control the execution environment, security, and grading
behavior, making CodeRunner a flexible and robust platform for automated programming

assessment. It’s installation illustrated in the below Figure 21.
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Smart Learning Ecosystem

Install plugin from ZIP file

Validating local_coderunnerhSp ... OK

[Warning] Declared maturity level [MATURITY_BETA]

Validation successful, installation can continue

Continue Cancel

Figure 21. Installation of CodeRunner plugin

2. Adaptive Behavior Plugin for CodeRunner

To enhance interactivity and support adaptive assessment in programming exercises, the
Adaptive adapted for CodeRunner plugin (gbehaviour adaptive adapted for coderunner)

was enabled within the Moodle environment.

e Plugin Name: Adaptive adapted for CodeRunner
(gbehaviour adaptive adapted for coderunner)

e Version: 1.4.3 (build 2024051200)

o Status: Enabled

This plugin modifies Moodle’s question behavior so that it works seamlessly with CodeRunner,
allowing the grading engine to communicate effectively with the Moodle quiz system. As a
result, it enables instant feedback for each attempt, multiple attempts within the same
question, and adaptive assessment, where students can correct mistakes based on feedback
without restarting the entire task. These features support iterative learning and significantly

improve the interactivity and efficiency of programming assessments.

Without this plugin, CodeRunner would have limited ability to interact with the Moodle quiz

environment, reducing its capacity to provide adaptive learning experiences.
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The installation process is straightforward, requiring the plugin to be placed in the server

directory:
/question/behaviour/adaptive adapted for coderunner

Version 1.4.3 ensures compatibility with recent Moodle and CodeRunner releases, providing a

stable and reliable adaptive learning environment for programming exercises, shown in the

below Figure 22.
Adaptive adapted for coderunner 143 Enabled
gbehaviour_adaptive_adapted_for_coderunner 2024051200

Figure 22. Adaptive adapted for coderunner plugin

3. Secure Execution and Error Detection

A core component of CodeRunner’s effectiveness is its secure execution of student code
through integration with the Jobe server, a remote containerized sandbox hosted at the

University of Canterbury [70]. This setup ensures:

o Isolated execution, preventing unauthorized access to system resources.
e Security and integrity, mitigating risks from arbitrary code execution.

e Resource management, including limits on memory usage and execution time.

Educators can define test cases to automatically detect two main types of errors:

e Syntax Errors: Violations of a programming language’s grammar, such as missing
parentheses or incorrect variable names. CodeRunner relies on language compilers or
interpreters to detect these errors.

e Logic Errors: Mistakes in program logic that produce incorrect outputs despite
syntactically correct code. Test cases compare the student’s output with the expected

result, allowing these errors to be identified.
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Additionally, custom templates support Blockly-to-Python translation workflows, enabling
visual programming exercises to be validated automatically using Python execution. This
combination ensures reliable assessment, scalability, and the validity of research data [24].

Jobe Server Configuration

To ensure secure and isolated code execution, CodeRunner was configured to use a remote
Jobe server hosted at the University of Canterbury. The Jobe server provides containerized
sandboxing, preventing unauthorized access to system resources and mitigating security risks
associated with arbitrary code execution. Setting up a secure execution sandbox.

The configuration process included:

e Establishing secure APl communication between Moodle and the remote Jobe
server.

e Defining Python as the primary programming language.

e Setting memory and execution time limits to prevent abuse.

e Enabling structured feedback based on unit-test evaluation logic.

Custom question templates were developed to support Blockly-to-Python translation
workflows, allowing visual programming tasks to be automatically validated through Python
execution [24]. This configuration ensured scalable automated assessment while maintaining

system integrity and research data validity.

Custom question templates were also developed to support Blockly-to-Python translation
workflows, allowing visual programming tasks to be automatically validated through Python
execution. This setup ensures scalable automated assessment while maintaining system

integrity and research data validity [24].

Sandbox Web-Service Settings
CodeRunner includes optional experimental web-service features to allow direct access to the

sandbox server (usually Jobe), with the following configuration options (shown in Figure 23.):

o Enable Sandbox Web Service (wsenabled): Default No. Allows direct access to the

sandbox server; marked as an experimental feature.

94



e Jobe Server for Web Services (wsjobeserver): Default Empty. Specifies an
alternative Jobe server for web-service execution; multiple servers can be defined for
load balancing.

e Log Sandbox Web Service Usage (wsloggingenabled): Default Yes. Logs every
execution via the sandbox web service; required for user rate throttling.

e Max Hourly Submission Rate (wsmaxhourlyrate): Default 200. Limits the number of
submissions per user per hour; set to 0 to disable rate limiting.

e Max CPU Time (secs) (wsmaxcputime): Default 5. Restricts the maximum CPU time

a web service job can use, even if the sandbox parameter sets a higher limit.

These settings allow administrators to enhance the security, performance, and reliability of

automated code execution while providing control over user activity and resource usage.
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Figure 23. Assessment workflow diagram

4.4.2 Learning Analytics and Reporting — Analytics Graphs Plugin
To support quantitative monitoring of learner engagement and performance, the Analytics

Graphs reporting plugin was installed in Moodle and this can be seen in Figure 24.

The plugin provides graphical representations of:

e Activity participation frequency
e Assignment submission patterns
e Grade distribution metrics

e Course-level engagement comparisons
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Configuration included:
e Instructor-level access to visualized reports.
e (Cohort-based filtering for subgroup analysis.

e Data export functionality to support external statistical processing (e.g., SPSS/R

analysis).

The integration of this plugin enabled systematic collection of behavioral engagement

indicators, directly supporting the empirical evaluation framework of the study.

Programming with CodeRunner and H5P

Course Settings Participants Grades Reports More v

Reports

Competency breakdown
Logs

Live logs

Activity report

Course participation
Activity completion
Grades chart

Content accesses

Number of active students
Hits distribution

Figure 24. Analytics Graphs Dashboard

4.4.3 Gamification Framework — Level Up XP Integration

To enhance learner motivation and promote sustained engagement, a structured gamification
framework was implemented within the Moodle learning environment. The design combined
Moodle’s native gamification functionalities with the Level Up XP plugin to introduce
experience-based progression mechanics while preserving the integrity of formal assessment

procedures [36].
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Built-in Moodle Gamification Features

Several native Moodle features were configured to support a structured and engaging learning

pathway:

e Activity completion tracking was enabled platform-wide, allowing learners to
monitor their progress through course materials.

o Automated badge issuance was configured based on predefined completion and
performance criteria.

o Conditional access restrictions were implemented to support the progressive

unlocking of course content once prerequisite activities were completed.

These mechanisms provided continuous feedback and encouraged learners to progress through

the course in a structured manner.

Level Up XP Plugin Implementation

To extend Moodle’s built-in capabilities, the Level Up XP (block_xp) plugin (version 19.0 —
build 2025100500) was installed and enabled. The plugin introduced an experience points

(XP) system designed to reward learner participation and reinforce engagement.

The configuration included the following core parameters:

e Automated allocation of experience points (XP) based on learner actions within
the course.

e Level thresholds mapped to cumulative XP scores, enabling learners to progress
through different levels as they accumulated points.

e Visual progression indicators displayed in the learner interface, including
dashboards and leaderboards.

e Course-level XP tracking, meaning that points earned apply only within the
specific course where the block is active.

e Administrative control over XP management, with manual modification
privileges restricted to administrators to maintain the validity of the gamification

system.
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Optional extensions of the Level Up XP ecosystem—such as Level Up XP Availability, Level
Up XP Enrolment, and Shortcodes for XP integration within course content—were
identified as recommended plugins but were not installed, as the implemented gamification
design focused on activity-based progression within the course itself.

Additional administrative configurations included disabling XP accumulation for
administrators, limiting log retention to three days, and allowing occasional anonymous usage

reporting to support plugin development.

Experience Point Allocation Rules

Experience points were awarded through event-based rules, illustrated in Table 41, allowing
the system to automatically detect learner actions and assign XP when specific conditions were
met. These rules ensured that points were granted only when predefined activities were
successfully completed.

Two primary event rules were configured:

¢  Quiz Submission Rule
o 5 XP were awarded when a learner submitted a quiz attempt.
o The rule was triggered by the event “Quiz attempt submitted.”
o The rule applied specifically to the activity “Coderunner — Practical
Training.”
o Interactive Activity Completion Rule
o 2 XP were awarded when a learner submitted an HSP activity attempt.
o The rule was triggered by the event “HSP: attempt submitted.”

o The rule applied to the interactive learning activity “Game Map.”

In both cases, XP were granted only when all rule conditions were satisfied, ensuring precise
tracking of meaningful learner interactions within the course.

Table 14. Level Up XP points

Activity Type Av)ézll)r d Conditions
‘HSP attempt submitted H 2 XP H Per module completion |
‘Quiz attempt submitted H 5 XP H Per passing test case |
‘Fomm post H 2 XP H Helpful contribution |
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Pedagogical Design Considerations

The gamification system was designed to support learner motivation without affecting the
formal grading structure of the course. Experience points and level progression served
exclusively as motivational and engagement mechanisms, while official assessment scores
continued to determine academic evaluation.

This approach allowed gamification to enhance participation and learner engagement while
maintaining fairness, transparency, and methodological validity within the instructional and
research framework. This approach allowed gamification to enhance participation and learner
engagement while maintaining fairness, transparency, and methodological validity within the

instructional and research framework.

Level Progression Design

Ten progressive levels were defined numerically using snowballing XP thresholds to sustain

motivation (shown in Figure 25.)

o Level 1: 0-100 XP (Novice Explorer)

e Level 2: 100250 XP (Apprentice Builder)

e Level 3: 250450 XP (Competent Developer)
e Level 4: 450-700 XP (Proficient Programmer)
e Level 5: 700-1000 XP (Skilled Integrator)

e Level 6: 1000-1350 XP (Advanced Creator)

e Level 7: 1350-1750 XP (Expert Innovator)

e Level 8: 1750-2200 XP (Master Architect)

e Level 9: 2200-2700 XP (STEAM Scholar)

e Level 10: 2700+ XP (SLE Champion)

Each level unlocked additional pedagogical affordances:

o Level 3: Access to advanced Blockly challenges
o Level 5: Early access to capstone projects
e Level 7: Ability to create peer assessment criteria

e Level 9: Mentor status with forum moderation privileges
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This structured progression reinforced mastery orientation while supporting differentiated

advancement.

Programming with CodeRunner and H5P

Caourse Settings Participants Grades Reports More »
Level up!
Info Leaderboard Report Levels Paints Settings KPP+

Take gamification to the next level, discover Level Up Quest.

Information « :
The information page displays the list of levels, and some of their details.
Novice Explorer Apprentice Builder Competent Proficient
oF 100% Developer Programmer
250" 450"
Skilled Integrator Advanced Creator Expert Innovator Master Architect
T00® 1,000% 1,350 1,750
STEAM Scholar SLE Champion Level #11 Level #12
2,200°® 2.700% 3,500 6,769

Figure 25. List of levels

Achievement Badges

Custom badges were developed within Moodle’s badge system to recognize specific

competencies and behavioral achievements:

e Loop Master: Complete Blockly questions using iteration blocks

e Sensor Sage: Implement different sensor types in mBlock

o Debugging Detective: Revise and improve submissions based on feedback
e Peer Mentor: Provide helpful forum responses

o Integration Innovator: Complete capstone projects
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Badges were issued automatically based on predefined criteria, with monitoring supported

through event-based tracking mechanisms.

Visual and Motivational Design

The integration of gradebook aggregation, XP allocation, level thresholds, unlockable
privileges, and automated badge issuance created a coherent gamification ecosystem. Visual
progress indicators and the visible XP block supported transparency, goal-setting, and self-
regulated learning behaviors, while maintaining alignment with measurable academic
performance outcomes.

Overall, the gamification engine functioned as an embedded motivational scaffold rather than
an external reward layer, reinforcing skill mastery across the IoT and programming workflow

stages.

4.5 External Programming Environments

In addition to the Moodle platform, external programming environments were prepared to
support hands-on experimentation and project development activities. MIT App Inventor was
used as a cloud-based development environment for mobile application programming. Because
the platform operates entirely through a web browser, no local installation was required.
Students accessed the platform using individual accounts created through a code-based login
mechanism.

Instructional resources within Moodle provided students with direct links to the App Inventor
environment, tutorial materials, and guidance for completing programming tasks. This
approach allowed students to experiment with mobile application development while

maintaining Moodle as the central learning management platform.

4.5.1 MIT App Inventor Setup

Students accessed MIT App Inventor exclusively through a web browser (see Figure 27.),

as the platform is cloud-based and requires no local installation. Account provisioning was
completed at the outset of the activity: learners generated individual MIT App Inventor
accounts through the platform’s code-based login mechanism using the provided registration
(Revisit) code (shown in Figure 26.), eliminating the need for Google-based authentication.

Step-by-step documentation with screenshots was supplied to ensure successful account setup.
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Welcome to MIT App Inventor!

' Continue Without An Account |

or

Your Revisit Code: | |—| H |_ |

| Enter with Revisit Code |

Login with your Google Account

Figure 26. Revisit Code Login

No platform-level technical integration with Moodle was implemented. Instead, structured
instructional support was delivered entirely within Moodle through a dedicated resource page
containing:

¢ Direct links to the MIT App Inventor website

¢ \Video tutorials demonstrating project creation and live testing

¢ A troubleshooting guide addressing common technical issues

* QR code generation instructions for application sharing

Clear instructional guidelines were provided inside Moodle to ensure alignment with
assessment objectives. These included:

* Required block structures
e Expected application behavior

¢ Explicit alighment with upcoming CodeRunner assessments

Students were explicitly instructed not to export .aia files, as evaluation occurred exclusively

within Moodle.
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Figure 27. App Inventor Environment

4.5.2 Arduino via mBlock Setup

1. Introduction to mBlock

The mBlock programming environment was used to support visual programming and hardware
experimentation with Arduino-based devices (see Figure 28.)

.The online version of the platform was selected to ensure accessibility across different
operating systems without requiring software installation.

mBlock provides a block-based programming interface inspired by the Scratch programming
model. This interface allows beginners to construct programs by connecting visual blocks
representing programming logic, reducing the risk of syntax errors while promoting
algorithmic thinking.

The platform also supports a transition from visual programming to text-based Python
programming, making it suitable for progressive learning scenarios in which students gradually
develop more advanced programming skills.

The online version of mBlock (ide.mblock.cc) allows users to program directly from a web

browser without installing additional software.
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Key Characteristics

e Block-based programming interface

e Web-based IDE available through a browser
e Supports robotics and hardware devices

o Integration with Al and loT technologies

o Ability to switch to Python programming

2. Purpose of mBlock in Education and Research

mBlock was created to make programming easier for beginners and students who are starting

to learn computational thinking.

Main Educational Objectives

e Teach fundamental programming concepts

e Support robotics and hardware programming

e Encourage problem-solving and logical thinking

e Introduce Al and IoT technologies

The platform bridges the gap between digital programming and real-world applications,

enabling students to see their code control robots, sensors, and electronic systems.

3. Architecture of the mBlock IDE

°
' . read analog pin (A) (@)
Stage €
= 00
Events
Sprites  Background
Control
o=
= | R® L.
dey [ Operators
¥
= I
’ Variables Coding Blocks
How to use device? || @
e My Blocks
add Device
Setup
2e
-

Workspace

Figure 28. mBlock Environment

Arduino C
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The mBlock Integrated Development Environment (IDE) consists of several components

that allow users to build and execute programs visually.

Main Components of the IDE

1. Menu Bar
o Used to create, save, and manage projects.
2. Code Blocks Panel
o Contains programming blocks categorized by function (motion, control, sensing, etc.).
3. Script Editor / Workspace
o Area where users drag and combine blocks to build programs.
4. Stage Area
o Displays the output of the program such as animations or simulations.
5. Device Control Panel
o Used to connect hardware devices like robots or microcontrollers.
6. Sprite Management
o Allows users to add and control characters or objects.
7. Background Control

o Used to customize the environment or scene of the program.
4. Programming Methods in mBlock
mBlock supports two different programming approaches:

1. Block-Based Programming

e Drag-and-drop visual programming
e Designed for beginners
o Eliminates syntax errors

e Ideal for learning logic and algorithms
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2. Text-Based Programming (Python)

e Advanced programming environment
e Allows writing traditional code

o Suitable for complex applications

Users can switch from blocks to Python with a single click, which helps learners transition
from visual programming to professional coding.

5. Key Features of the mBlock Platform
1. Artificial Intelligence (AI)
mBlock integrates Al services such as:

e Image recognition
e Voice recognition
e Machine learning models

e Text-to-speech and translation services
These features allow students to create Al-based projects and smart systems.
2. Internet of Things (IoT)
The platform supports IoT projects by allowing devices to:

e Collect data
+ Send data to cloud services

e Visualize sensor information
3. Robotics Programming

mBlock can control several hardware platforms including:

¢ Makeblock robots
e Arduino boards

e Micro:bit devices

Through these integrations, users can program robots to move, detect obstacles, and interact
with the environment.
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6. Advantages of Using the Online mBlock IDE
The web version (ide.mblock.cc) provides several advantages:

e No installation required

e Accessible from any browser

e Cross-platform compatibility (Windows, macOS, Linux)
o FEasy device connection via Bluetooth or USB

e Cloud project storage

This makes the platform highly suitable for educational environments and collaborative learning.

7. Conclusion

mBlock is a powerful educational programming platform that simplifies the learning process of
coding and robotics. By combining visual programming, Al capabilities, and hardware
integration, it enables users to move from beginner-level programming to advanced
applications.

The online mBlock IDE enhances accessibility by allowing users to program and test projects
directly through a browser, making it an effective tool for both academic research and STEM

education.

4.5.3 External Tool Integration: App Inventor and mBlock

The integration of external programming environments — MIT App Inventor for mobile
application development tasks and mBlock for Arduino-based hardware programming —
required instructors to configure connection points between the Moodle course interface and
these external platforms.

For App Inventor integration, instructors configured resource pages containing hyperlinks to
the App Inventor web-based IDE, accompanied by detailed onboarding instructions using the
Revisit Code guest access mechanism. Students completed their projects externally and
submitted exported project files or screenshots through Moodle assignment activities, enabling

instructor review and feedback within the Moodle gradebook.
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For mBlock integration, instructors provided installation guidance for the mLink browser
extension required for hardware connectivity, together with project specification documents
detailing the Arduino sensor and actuator tasks to be completed. The instructor's role in
managing external tool integration extends beyond initial configuration to ongoing support
during delivery: onboarding sessions specifically addressed App Inventor account provisioning
and mBlock hardware connectivity, acknowledging that these external dependencies

represented the most significant potential friction points in the student experience.

4.6 Course Structure and Module Organization

The course architecture adopted a sequential modular design, supporting a gradual transition
from fundamental programming literacy to applied IoT system development. Early modules
introduced visual programming and core computational concepts, intermediate modules
focused on user interface design and IoT interactions, and the final module engaged learners in
capstone project development, fostering synthesis of knowledge and innovation. Each module
encapsulated a self-contained learning unit with its own sequence of instructional resources,
interactive activities, programming exercises, and formative assessments. This modular
structure supports the progression-gated workflow embedded in the SLE's pedagogical model,
whereby learners advance through activities in a defined sequence contingent upon satisfying

prerequisite completion criteria.

4.6.1 Course Configuration and Interface

Upon course creation, a comprehensive set of course-level settings was applied to establish the
operational parameters of the learning environment. The course format was configured as a
Topics format, enabling the clear delineation of thematic modules as distinct course sections
visible to enrolled participants. Section names and descriptions were defined for each module
to provide learners with contextual orientation and learning objectives prior to engagement
with module content. Course visibility was initially set to hidden during the development and
content population phase, ensuring that students enrolled in advance of the pilot study period
were not prematurely exposed to incomplete content. Upon completion of course development
and validation of all activities, visibility was enabled to coincide with the official

commencement of the pilot study.
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The course interface was customized through the application of the Boost theme, which had
been configured at the platform level as described in Chapter 4. Within the course, a custom
banner image was added to the course header to reinforce the STEAM orientation and visual
identity of the SLE. Navigation elements, including the course menu and activity breadcrumbs,

were verified to function correctly across all enrolled user roles.

4.6.2 Module Structure and Sequencing
Each of the four thematic modules was structured according to a consistent internal template
derived from the five-stage pedagogical model. Within every module, the following activity

sequence was implemented:

* An introductory resource page providing module context, learning objectives, and links to

relevant external resources.

* An App Inventor or mBlock activity providing a hands-on, hardware or mobile

application development task.

* One or more H5P interactive content activities serving as conceptual scaffolding prior to

programming tasks.

* A CodeRunner programming exercise, presenting a progressive sequence of coding tasks

aligned with the module theme and competencies.

» A forum discussion activity facilitating peer collaboration and reflective engagement with

module content.

Conditional access restrictions were applied throughout each module to enforce the sequential
progression required by the mastery-based pedagogical model. Specifically, the CodeRunner
programming exercises were configured to become accessible only upon completion of the
preceding H5P scaffolding activities, and the summative quiz was unlocked exclusively upon
submission of the programming exercise.

This conditional release logic ensured that learners engaged with conceptual preparation
materials before attempting applied coding tasks, in alignment with the scaffolded instructional

design of the SLE.
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4.7 Student-Facing Learning Tools

This section presents the suite of interactive learning tools that students directly encounter and
use throughout the Smart Learning Ecosystem. While the preceding section described the
overall course structure and pedagogical sequencing, the present section focuses specifically on
the student experience — the tools, interfaces, and mechanisms through which learners engage
with content, develop programming skills, and receive feedback on their progress.

These tools were deliberately selected and configured to reduce the cognitive barriers typically
associated with programming education while maintaining the rigour required for meaningful
STEAM competency development.

The student-facing layer of the SLE comprises four principal tool categories: H5P interactive
content activities, the Blockly visual programming environment embedded within
CodeRunner, the CodeRunner automated assessment interface, and the gamification layer
providing experiential feedback through experience points, level progression, and badge
recognition. Each category addresses a distinct phase of the pedagogical workflow and
collectively they form an integrated learning interface that guides students from initial

conceptual exploration through to applied programming practice and reflective review.

4.8 Teacher Tools for Lesson Design and Content Organisation

The Smart Learning Ecosystem provides instructors with a comprehensive set of tools for
designing, structuring, and delivering the course curriculum. These tools operate at the level of
course architecture and content creation — they determine what students encounter, in what
order, under what conditions, and with what instructional intent.

This section documents the teacher-facing tools for lesson design and content organisation as a
distinct conceptual category from the assessment and monitoring tools described in Section 4.8.
The distinction between design tools and monitoring tools is both conceptually and practically
significant. Design tools are employed primarily in the pre-delivery phase, during the
construction and configuration of the learning environment, though they continue to be used
iteratively throughout delivery as instructors refine content in response to observed learner
behaviour. Monitoring tools, by contrast, are deployed primarily during and after the delivery

phase to observe, evaluate, and respond to learner engagement and performance.
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4.8.1 Moodle Course Architecture and Sequencing Tools

The foundational tool for instructor lesson design within the SLE is the Moodle course editor,
which provides a graphical interface for constructing and organising the course content
hierarchy. Instructors use the Topics format to divide the course into discrete thematic
modules, each representing a self-contained unit of learning. Within each module, activities
and resources are arranged in a defined sequence that reflects the five-stage pedagogical
workflow: introductory resource pages at the Exploration stage, HS5P activities at the
Conceptualisation stage, CodeRunner exercises at the Application stage, summative quizzes
at the Evaluation stage, and forum discussions at the Reflection stage.

The course editor provides drag-and-drop reordering of activities within and between modules,
section-level naming and description fields for contextual orientation, and individual activity
settings accessible through the activity configuration interface.

Section visibility controls allow instructors to hide entire modules during content development
and reveal them progressively. The course-level settings panel provides global configuration
options including course visibility, enrolment mechanisms, completion tracking mode, and

gradebook aggregation rules.

4.8.2 Conditional Activity Release and Mastery Gating

Among the most pedagogically significant tools available to instructors within the SLE is the
Moodle conditional activity release mechanism, which enables the definition of prerequisite
completion criteria that must be satisfied before a subsequent activity becomes accessible.

This tool operationalises the mastery-based progression logic central to the SLE's pedagogical
model, ensuring that students engage with conceptual scaffolding before attempting applied
programming exercises, and that they complete programming exercises before undertaking
formal summative assessment. Instructors configure conditional release rules at the individual
activity level through the Restrict Access section of the activity settings panel. Within the SLE,
two primary conditional release patterns were implemented: CodeRunner programming
exercises became accessible only upon completion of the preceding H5P scaffolding activities,

and summative quizzes unlocked exclusively upon submission of the programming exercise.
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The visual feedback provided to students through completion tracking — checkmarks
indicating completed activities and locked icons indicating unsatisfied prerequisites — gives
students clear actionable information about their progression without requiring instructor

intervention.

4.9 Teacher Tools for Assessment and Monitoring

The second major category of teacher-facing tools encompasses the instruments through which
instructors configure, administer, and interpret assessments, monitor learner engagement and
performance in real time, and implement adaptive interventions in response to observed
patterns. Assessment and monitoring tools are most intensively used during and after course
delivery, when the learning activities configured during design are generating the behavioural

and performance data from which instructional decisions are made.

4.9.1 Assessment Configuration and Administration Tools

CodeRunner Configuration

CodeRunner's instructor-facing configuration interface provides a highly granular set of
controls for defining the parameters of automated programming assessment. The question type
configuration panel allows instructors to specify the programming language (Python 3 in the
SLE's implementation), the answer box dimensions, precheck and feedback settings, the
grading model, and the penalty regime for multiple attempts. The most technically demanding
aspect of CodeRunner configuration is the design and validation of test cases — the input-
output pairs against which student submissions are evaluated.

Each test case specifies the standard input, the expected output, and test properties including
mark allocation, display settings, and sequencing rules.

For exercises incorporating the Blockly visual programming interface, instructors additionally
configure the Customisation template that establishes the simulated execution environment
within which student-generated Python code is evaluated. The Arduino simulation template
deployed in the SLE defines Python equivalents of Arduino functions (pinMode, digitalWrite,
analogRead, delay) that produce formatted output strings rather than interacting with hardware,
enabling automated evaluation of hardware-oriented programs without physical device

connectivity.
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Moodle Quiz Configuration

Summative evaluation quizzes are configured through the Moodle quiz activity settings
interface, providing controls for attempt limits, time restrictions, question shuffling, grade
aggregation, review settings, and feedback display. Within the SLE, summative quizzes were
configured with a single-attempt restriction to enforce formal assessment conditions and time
limits calibrated to the complexity of the assessment content. The Adaptive behaviour mode
configured for CodeRunner questions within quiz attempts enables students to receive
immediate automated feedback on individual programming submissions, revise their solutions,

and resubmit, subject to the configured penalty regime.

4.9.2 Monitoring and Analytics Tools

The monitoring and analytics infrastructure of the SLE provides instructors with multi-layered
visibility into learner engagement and performance across the full duration of the course. This
infrastructure comprises two complementary layers: Moodle's core reporting and analytics
capabilities, and the visual extension provided by the Analytics Graphs plugin.

Moodle Core Reporting Tools

The core reporting suite accessible through the course Reports menu provides instructors with
the authoritative, queryable data record of all learner interactions within the SLE.

The Logs report, filterable by user, activity, date range, and action type, serves as the primary
instrument for reconstructing individual learner interaction sequences and investigating specific
engagement events.

The Live Logs view provides a real-time stream of the same data, enabling immediate
situational awareness during supervised sessions. The Activity Report provides a summary of
access frequency and completion status for each activity, while the Course Participation report
presents an aggregated comparison of engagement levels across all enrolled learners.

The Moodle gradebook provides the formal aggregation point for all assessment scores
generated across the course. Instructors use it to review grade distributions at both the
individual and cohort level, identify students whose performance trajectories suggest emerging
difficulties, and evaluate the difficulty calibration of assessment items. Moodle's predictive
analytics capability, implemented through the Learning Analytics API, provides a forward-

looking complement to the descriptive reporting tools.

113



The Students at Risk of Dropping Out predictor generates probabilistic risk indicators for
enrolled learners based on their engagement pattern trajectories, enabling proactive

identification of students who may require early intervention.

Analytics Graphs Plugin: Visual Monitoring Interface

The Analytics Graphs plugin transforms raw Moodle data into graphical visualizations that are
more readily interpretable for routine instructional monitoring. The plugin provides seven
distinct visual report types, shown in Table 15: a Grades Chart displaying score distributions; a
Content Accesses report quantifying access frequency per resource; a Number of Active
Students time-series showing daily engagement; a Hits Distribution chart of learner interaction
frequency across the course timeline; a graphical Activity Report; a graphical Course
Participation report; and an Activity Completion matrix providing a colour-coded grid of

completion status across students and activities.

The Activity Completion matrix is particularly valuable for identifying students who have
stalled at specific gating points within the conditional activity sequence. The cohort-based
filtering capability enables instructors to generate all visual reports separately for defined
learner subgroups, supporting comparative analysis between cohorts. The data export

functionality supports CSV download for downstream statistical analysis in external tools.

Table 15. Instructor Monitoring Tools and Their Primary Uses in the SLE

Report Type Tool / Source Primary Instructor Use

Activity Logs / Live Logs Moodle Core Individual interaction audit; real-time

session monitoring

Activity Report Moodle Core Per-activity access and completion
overview
Course Participation Moodle Core Cohort-level engagement comparison
Gradebook Reports Moodle Core Grade distribution and module performance
Students at Risk Model Moodle Predictive Early identification of at-risk learners
Analytics
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Grades Chart Analytics Graphs Plugin ~ Visual score distribution across cohort

Hits Distribution Analytics Graphs Plugin  Engagement pattern and deadline-

proximity analysis

Activity Completion Matrix ~ Analytics Graphs Plugin  Gating point stall detection across cohort

Course Participation Analytics Graphs Plugin  Visual subgroup comparison with cohort

(Graphical) filtering

Level Up XP Reports Level Up XP Plugin Gamification engagement metrics and level
progression

4.9.3 Adaptive Intervention Mechanisms

The monitoring infrastructure generates the data upon which instructional interventions are
based; those mechanisms (see Table 16.). are the instruments through which instructors act on
that data. The SLE supports three categories of adaptive intervention: rule-based automated
triggers that respond to learner behaviour without requiring instructor action; instructor-
initiated direct interventions enabled by the monitoring infrastructure; and structural adaptive
mechanisms embedded in the course design through conditional release and gamification-gated
content.

Rule-Based Automated Triggers

The most immediate form of adaptive response in the SLE operates automatically through the
rule-based systems embedded in the CodeRunner assessment engine and the gamification
framework. When a student submits a CodeRunner solution that fails to pass all test cases, the
automated feedback system immediately returns a structured error report.

Within the gamification framework, the Level Up XP plugin's automated award rules generate
an award event for every qualifying interaction, update the student's total, and recalculate their
level status. If an XP award event pushes a student across a level threshold, the level-up
notification is displayed immediately and any content conditional on the new level threshold is

simultaneously unlocked.
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Instructor-Initiated Interventions

The monitoring tools, enable instructors to identify specific intervention opportunities and act
on them through Moodle's communication infrastructure. When the Activity Completion matrix
reveals that a student has stalled at the HSP prerequisite stage, the instructor can initiate
targeted outreach through Moodle's messaging system. When the Students at Risk predictor
flags a learner whose interaction trajectory suggests impending disengagement, the instructor
can intervene proactively. The Live Logs report, used during supervised pilot sessions, enabled
real-time identification of students encountering technical difficulties, transforming the course
delivery context from a one-to-many broadcast to an individually attentive, data-informed

tutorial environment.

Structural Adaptive Mechanisms: Conditional Content and Gamification Gating

The most architecturally embedded form of adaptive response operates through the structural
configuration of the course itself. The conditional activity release sequences implement a fixed
adaptive logic: students who have not demonstrated readiness for a given activity are
automatically directed back to prerequisite materials. The gamification-gated content unlocking
mechanism adds a second layer: as students accumulate XP and advance through level
thresholds, additional enrichment content becomes conditionally available, creating a
differentiated learning pathway within a single course environment without requiring

administrative segmentation of the learner cohort.

Table 16. Adaptive Intervention Mechanisms in the SLE

Mechanism Instrument Trigger Response Type
Category

Rule-Based CodeRunner Feedback  Student code Immediate automated
Automated Engine submission error/pass feedback
Rule-Based Level Up XP Award Qualifying activity ~ XP award, level-up,
Automated Rules interaction content unlock
Rule-Based Conditional Activity Activity completion ~ Automatic gating /
Automated Release status unlock
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Instructor-Initiated Moodle Messaging Monitoring-detected = Personalised outreach /

stall support
Instructor-Initiated Live Logs Monitor Real-time idle / In-session targeted
navigation event support
Structural Adaptive Prerequisite Release Prerequisite Sequential content
Logic completion unlock
Structural Adaptive Gamification Level XP threshold Enrichment content
Gating achievement unlock

4.10 Implementation of the Five-Stage Pedagogical Workflow

The five-stage pedagogical model introduced in Chapter 3 and technically operationalized
through the platform configuration described in Chapter 4 was implemented as a concrete
instructional sequence within each course module. The five stages — Exploration,
Conceptualization, Application, Evaluation, and Reflection — were realized through specific
activity types and content structures deployed within the Moodle environment. The following
subsections describe the implementation of each stage as it was applied across the course

modules.
4.10.1 Stage 1 — Exploration

The Exploration stage was implemented through introductory resource pages and embedded
multimedia content placed at the opening of each course module. These resources were
designed to activate prior knowledge, establish contextual relevance, and introduce the
thematic domain of the module. Content included short explanatory videos hosted on external
platforms and linked through Moodle's URL resource type, illustrated text-based introductions
authored directly within Moodle's page resource editor, and curated external readings related to
the module's [oT or STEAM application domain. For the Environmental Monitoring module,
the Exploration stage introduced learners to the concept of environmental sensing, presenting
real-world applications such as air quality monitoring and temperature-based alert systems. For

Home Automation, the stage contextualized programming tasks within smart home scenarios.
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For Health and Wellness, learners were introduced to biometric sensing and data visualization

concepts relevant to the App Inventor application development tasks that followed.

4.10.2 Stage 2 — Conceptualization

The Conceptualization stage was implemented through HS5P interactive content activities,
which served as the primary mechanism for structured knowledge acquisition prior to
programming exercises.

As described in Chapter 4, H5P activities were authored directly within Moodle using a range
of content types including interactive videos with embedded comprehension questions, drag-
and-drop classification exercises, and branching scenario simulations.

Each H5P activity was configured with attempt limits and gradebook synchronization, ensuring
that scores were recorded and that activity completion was tracked as a prerequisite for
subsequent programming tasks. The interactive design of HSP content was intended to promote
active engagement with conceptual material rather than passive consumption, in accordance

with the constructivist orientation of the SLE's pedagogical framework.

4.10.3 Stage 3 — Application

The Application stage constituted the core programming practice component of each module
and was implemented through a combination of CodeRunner exercises, MIT App Inventor
projects, and mBlock Arduino tasks. This stage represented the primary site of applied skill
development within the SLE and was designed to provide learners with immediate, structured
practice in programming and hardware interfacing within contextually meaningful scenarios.
CodeRunner exercises were embedded within Moodle quizzes and configured with the
Adaptive adapted for CodeRunner question behavior, enabling learners to submit code, receive
immediate automated feedback, and revise their solutions within a single quiz attempt.

Each exercise presented a programming task aligned with the module theme, accompanied by a
problem description, example input-output pairs, and a structured workspace for code entry.
Test cases were defined for each question to enable automated evaluation of both syntactic

correctness and logical behavior.
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4.10.4 Stage 4 — Evaluation

The Evaluation stage was implemented through summative quizzes combining multiple-choice
conceptual questions with CodeRunner programming tasks. These quizzes were configured
with a single-attempt restriction and time limits appropriate to the complexity of the assessment
content. Grade aggregation was managed through the Moodle gradebook, with question-level
scores contributing to a module grade that was displayed transparently to both learners and
instructors.

Evaluation activities were placed at the conclusion of each module and were accessible only
upon completion of all prerequisite Application stage tasks. This conditional structure ensured
that learners who reached the evaluation stage had engaged with the full sequence of

instructional activities and were adequately prepared for formal assessment.

4.10.5 Stage 5 — Reflection

The Reflection stage was implemented through forum discussion activities configured within
each module. Learners were presented with open-ended discussion prompts inviting them to
articulate their problem-solving approaches, describe challenges encountered during
programming tasks, and provide peer feedback on shared solutions.

Forum posts were moderated by the course instructor, and contribution to the discussion forum
was configured as an activity completion criterion.

The Reflection stage served dual purposes within the SLE: pedagogically, it supported the
development of metacognitive awareness and collaborative learning skills; empirically, forum
interaction data contributed to the behavioral engagement dataset analyzed within the study's
learning analytics framework. The gamification system also assigned experience points for
forum participation, reinforcing engagement with the reflective component of the learning

cycle.

4.11 Summary

The development phase of the Smart Learning Ecosystem (SLE) resulted in the creation of a
fully configured and technically validated infrastructure designed to support the pedagogical

architecture established in Chapter 3.
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At the center of this infrastructure is the Moodle 4.1 LTS learning management system,
deployed within a local development environment and extended through a set of specialized
plugins and external programming tools. Together, these components form an integrated
technological foundation capable of supporting the multi-component curriculum and

interactive learning processes envisioned for the system.

The Moodle platform provides the secure and pedagogically structured operational
environment required to host the SLE. Its functionality was expanded through the integration
of four key plugins, each addressing a distinct aspect of the learning experience. Interactive
content delivery is enabled through HSP, while automated programming assessment is
supported by CodeRunner in conjunction with the Jobe remote code execution server.
Learner engagement and behavioral data are captured and visualized through the Analytics
Graphs plugin, and motivation is reinforced through the gamification mechanisms provided
by Level Up XP. Rather than functioning as isolated tools, these plugins operate as
coordinated components of a unified system in which activity completion triggers
gamification rewards, assessment outcomes regulate learner progression, and interaction data

contribute to the analytics layer.

In addition to the core LMS environment, two external programming practice
environments—MIT App Inventor and mBlock for Arduino—were prepared to provide
authentic contexts for experimentation and skill development that extend beyond the LMS's
native capabilities. Although these environments are not technically integrated into Moodle,
they are incorporated into the instructional workflow through deliberate pedagogical design

and remain connected to the platform's assessment structure.

The chapter detailed the configuration of the server infrastructure, the installation and setup
of the Moodle platform, the integration and configuration of supporting plugins, and the
preparation of the external programming environments. Each technical decision—including
version selections, configuration parameters, and tool choices—was made in alignment with

the pedagogical design goals of the system.
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Consequently, the infrastructure described in this chapter represents not only a technical
implementation but also a set of design commitments that shape the learner experience and

ensure the reliability of the research data generated through the system.

This completed infrastructure constitutes the technological substrate of the Smart Learning
Ecosystem and provides the operational environment upon which the implementation
activities described in Chapter 5, 6 and 7 are built, including the realization of the
pedagogical workflow, learning activities, and evaluation mechanisms provided by the

system.
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Chapter 5 - HSP-Based Interactive Learning

5.1 Introduction

This chapter documents the practical implementation of the Smart Learning Ecosystem (SLE)
for interactive STEAM education, building directly upon the development environment and
system setup described in Chapter 4. While the previous chapter established the technical
infrastructure — including the Moodle 4.1 LTS platform, the plugin ecosystem, and the
external programming environments — the present chapter shifts focus to the design,
configuration, and deployment of the HS5P interactive content activities that constitute the
Conceptualisation layer of the Smart Learning Ecosystem.

The implementation phase constitutes the operational instantiation of the instructional design
principles outlined in Chapter 3 and the technical foundations laid in Chapter 4. It encompasses
the development and deployment of interactive learning activities using HSP, including
branching lessons, game maps, drag-and-drop exercises, memory card games, and interactive
video content. Each implementation decision was made in alignment with the
Conceptualisation stage of the five-stage pedagogical model of the SLE and the overarching

research objectives of the study.

The chapter is structured into four sections. Section 5.2 presents the HSP interactive content
layer as the primary student-facing conceptualisation interface, describing how activity types,
gradebook synchronisation, and access sequencing were configured to scaffold learner
progression. Section 5.3 extends this account to the full range of interactive and adaptive
learning activities — including branching lesson design, HSP Game Map activities, —
illustrating how each activity supports the Conceptualisation stage of the pedagogical
workflow and contributes to learner engagement and knowledge consolidation. Section 5.4
provides a summary of the H5P implementation phase, synthesizing the design decisions,

activity configurations, and pedagogical alignment documented across the chapter.
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5.2 HSP Interactive Content: The Conceptualisation Interface

From the student's perspective, H5P activities represent the primary mechanism through which
conceptual knowledge is acquired and consolidated prior to programming tasks. Students
encounter HSP activities at the Conceptualisation stage of each module — positioned after the
introductory Exploration resources and before the CodeRunner programming exercises —
where they function as interactive scaffolding that prepares learners for applied coding tasks.

Rather than passively reading instructional material, students engage with a diverse range of
HS5P content types that demand active cognitive participation. Interactive videos pause at key
moments to present embedded comprehension questions, requiring students to demonstrate

understanding before playback continues.

Drag-and-drop classification exercises ask students to categorise programming constructs or
IoT components, reinforcing conceptual structure through physical manipulation of on-screen
elements. Crossword puzzles and memory card games consolidate vocabulary and symbol
recognition in a low-stakes, game-like context. Branching scenario simulations present
decision-point narratives in which students must apply conceptual knowledge to navigate

outcomes, providing a bridge between abstract understanding and applied judgment.

The student interaction flow with HS5P activities follows a consistent pattern across all
modules. Upon navigating to a module's Conceptualisation section, the student encounters one
or more HSP content items, each presenting a self-contained interactive challenge with
immediate feedback on each response. Attempt limits configured at the activity level ensure
that students engage seriously with each attempt, while gradebook synchronisation means that
scores are automatically recorded without requiring manual submission. Completion of H5P
activities is a prerequisite for access to the subsequent CodeRunner programming exercise,
enforcing the scaffolded progression that underpins the SLE's pedagogical model.

From a usability standpoint, H5P content is displayed natively within the Moodle course
interface without requiring any external tool access, login, or software installation. Students
experience a consistent visual interface regardless of the HS5P content type, with activity
instructions, interactive elements, and feedback messages all presented within a single browser

window.
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This frictionless access was particularly important given the secondary education context of the

pilot study, where minimising technical barriers was a prerequisite for equitable participation.

5.2.1 HSP Content Authoring Tools

The H5P authoring environment, accessible to instructors through the Moodle activity editor,
provides a browser-based content creation interface for developing interactive learning
materials without requiring any programming or multimedia production expertise. For
interactive video activities, the authoring workflow involves uploading or linking a video
resource, inserting embedded question elements at selected timestamps, and configuring
feedback text and retry allowances. For drag-and-drop exercises, the instructor uploads a
background image, defines drop zones with labelled categories, and populates the pool of
draggable elements. For branching scenarios, the instructor constructs a decision tree of
narrative scenes with branching choice options leading to different outcomes.

A key authoring consideration in the SLE context was the alignment of H5P activity content
with the specific learning objectives and programming themes of each module. Module 1
activities addressed visual programming concepts and App Inventor fundamentals; Module 2
activities focused on IoT interaction patterns and Bluetooth communication; Module 3
activities engaged with sensor data interpretation and health monitoring; and Module 4
activities addressed capstone project planning and integration. The HSP gradebook
synchronisation setting was enabled for all activities, with attempt limits set to encourage

serious engagement while permitting a small number of reattempts.

5.3 Interactive and Adaptive Learning Activities: HSP, CodeRunner, and

Branching Lesson Design

5.3.1Branching Lesson Design

Within this course, lessons are designed as interactive learning pathways that guide students
through content, assessment, and feedback. Among these lessons, we analyze one in
particular—Introduction to Visual Programming—as an example of how visual programming
is introduced through a structured approach that integrates prior knowledge review, concept

exploration, and adaptive assessment.
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The lesson begins with a diagnostic multiple-choice activity titled “Review of Past
Knowledge,” which aims to activate and assess learners’ prior understanding, illustrated in
Figure 29. This initial step provides a quick recap of key concepts previously learned, helping

students prepare for new material.

PrCodHs / Introduction to Visual Programming

E Introduction to Visual Programming

Visual programming uses graphics, blocks, and icons instead of traditional text-based code to create programs. It
helps beginners understand programming concepts by allowing them to drag, drop, and connect visual elements.
This makes learning easier, more interactive, and ideal for developing logic and problem-solving skills.

You have eamed 0 pointis) cut of 0 point(s) thus far.

Review of Past Knowledge

A quick recap of key concepts previously leared to strengthen understanding and prepare for new topics.

Match each concept related to visual programming with its correct description or example,

Visual programming | Choose... # ‘

Traditional text-based | Choose... s ‘
programming

Advantage: Ease of learning | Choose... * ‘
Advantage: Faster | Choose... & ‘
prototyping

Example: Cooking recipe | Choose... *

You have completed 60% of the lesson

Figure 29. Lesson Multiple Choice
Following this, learners engage in a matching activity focused on core visual programming
concepts, where they are required to connect terms with their correct definitions or examples.
This activity supports conceptual clarity and reinforces foundational knowledge.
The lesson then presents instructional content pages that explain what visual programming is
and outline its fundamental principles, including its structure, purpose, and differences from

text-based programming, as we can see in the below Figure 30.
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PrlodHS / Introduction to Visual Programming

Introduction to Visual Programming

programs. It
ual elaments.

Visual programming uses graphics, blocks, and icons instead of traditional taxt-based code to
helps beginnars understand programming concepts by allowing them to drag, drop, and connec
This mzakes leaming easier, more interactive, and ideal for developing logic and problem-solving skills.

¥ou hava earned -1 point{s) out of 10 point(s) thus far.
What is Visual Programming
Wisual programming iz a way of creating software by manipulating visual elements—like blocks, icons, or diagrams—

and connecting them, rather than writing traditional text-based code. Think of it like building with digital LEGO bricks,
whera each block has a specific function.

Matching Concept

Wou have completed 805 of the leszon

Figure 30. Lesson Multiple Choice

To evaluate understanding, learners complete a multiple-choice assessment comparing visual

and traditional programming approaches. The lesson incorporates an adaptive learning path:

If a learner answers correctly, they proceed to the next stage of the lesson (see Figure 31.).

If a learner answers incorrectly, they are guided either to retry the question or to access a

supporting content page containing additional explanatory material, including a video for

reinforcement (see Figure 32.).

After reviewing the auxiliary material, learners are given the opportunity to return and attempt

the original multiple-choice question again.
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Review of Past Knowledge

A quick recap of key concepts previously learned to strengthen understanding and prepare for new topics.

Match each concept related to visual programming with its correct description or example.

Your answer :

Visual programming

= Programming by manipulating blocks or diagrams instead of typing code
Traditional text-based programming

= Requires writing precise syntax in languages like Python or Java
Advantage: Ease of learning

= Blocks prevent syntax errors and show structure clearly
Advantage: Faster prototyping

= Users can drag and connect blocks to quickly build ideas
Example: Cooking recipe

= Step-by-step instructions similar to block sequences

Response:
Correct

Continue

Figure 31. Correct Response

You have earned -1 point(s) out of 10 point(s) thus far,

You have answered incorrectly. Would you like to attempt the question again? (If you now answer the question corectly, it will not count towards your final score)

Review of Past Knowledge

A quick recap of key concepts previously learned to strengthen understanding and prepare for new topics.

Match each concept related to visual programming with its correct description or example.

Your answer :

Visual programming

= Users can drag and connect blocks to quickly build ideas
Traditional text-based programming

= Requires writing precise syntax in languages like Python or Java
Advantage: Ease of learning

= Blocks prevent syntax errors and show structure clearly
Advantage: Faster prototyping

= Step-by-step instructions similar to block sequences
Example: Cooking recipe

= Programming by manipulating blocks or diagrams instead of typing code

Response:
Wrong

Yes, I'd like to try again No, | just want to go on to the next question

Figure 32. Wrong Response

This design promotes active engagement, self-paced learning, and knowledge reinforcement

through immediate feedback and targeted support.
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By the end of the lesson, learners are expected to: recall and connect prior knowledge with
new concepts; understand the basic principles of visual programming; differentiate between
visual and text-based programming approaches; and improve comprehension through

iterative assessment and feedback.

5.3.2 HSP Interactive Content Activities

A total of 10 H5P activities were developed and deployed across the four course modules.
Activity types were selected based on their alignment with specific learning objectives and the
nature of the conceptual content being addressed within each module. The following H5P

content types, shown in Table 17, were utilized in the implementation:

Table 17. H5P Content Types

HS5P Content Type Learning Objective

Interactive Media Promote active viewing by improving attention and engagement,

reinforcing learning through in-video questions, and supporting

applied understanding.
Presentation & Learning Design learning experiences that present content in a clear, guided
Content sequence, incorporate multiple modalities such as text, audio, and

video to support diverse learning preferences, and continuously

reinforce understanding through embedded formative assessments.

Quizzes & Assessment This integrated activity combines True/False, Fill in the Blanks, and
Drag and Drop to check understanding, reinforce accurate recall, and
build conceptual connections. It helps identify misconceptions,
strengthen terminology, and promote active problem solving through

categorization and application.

Games & Engagement Memory games,maps, image pairing, and flashcards all strengthen
recall and retention by reinforcing associations. Memory games
boost recall, image pairing enhances visual recognition, and
flashcards support memorization and spaced repetition, together

creating an effective, well-rounded learning approach.
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HSP Content Type Learning Objective

Visual & Image-Based These activities combine visual analysis and creativity: sliders
Content sharpen observation by comparing changes, sequencing builds
logical thinking through order, and collages foster storytelling and

creative expression.

Content Exploration Combining timelines, accordions, and dialog cards creates a focused
learning approach: timelines clarify chronology and cause-effect,
accordions chunk information for easy navigation and selective
exploration, and dialog cards reinforce recall through self-testing,

boosting memory retention efficiently.

Specialized Tools A branching scenario builds decision-making and problem-solving
skills, a 360° virtual tour enhances contextual learning and spatial
awareness, and an arithmetic quiz strengthens numeracy, procedural
skills, and accuracy, creating a well-rounded, practical learning

experience.

This section analyzes all aspects of a representative activity, that includes four practical H5P
exercises, illustrating how learners interact with the content and navigate each exercise. This
analysis provides a visual overview of the structure and functionality of the implemented
activities. This activity is graded with a maximum score of 10, with a minimum passing grade
set at 9, reflecting the high level of understanding and performance expected. It is currently
placed in the “Uncategorised” grade category. A finish score is also defined, allowing learners
to achieve full completion without necessarily obtaining the maximum score from all exercises.
The activity includes a retry option, enabling students to attempt the tasks multiple times in
order to improve their performance and understanding. Grade settings illustrated in the below

Figure 33.
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v Grade

Grade category @ | Uncategorised ¢ |
Grade to pass Q | 9.00 |

Maximum grade | 10.00000 |
> Common module settings
> Tags

v Competencies

Course Q x

competencies Complexity & Efficiency Awareness IT-32-D2

| search v |

Upon activity | Complete the competency # |
completion:

(] Override existing competency grade when completed.

Figure 33. Grade Settings

The activity is structured with a staged map that may display stage labels on hover (where
supported), helping learners navigate the content. Progression can be controlled through
roaming settings, requiring students to either freely explore, complete, or successfully pass
stages before unlocking subsequent ones. In particular, access to new stages may depend on
successfully clearing previous ones. Visibility settings determine how far ahead learners can
view upcoming stages, with the option to restrict visibility so that only unlocked stages are
shown. These settings are designed to guide progression, encourage mastery, and support a

structured learning experience, shown in Figure 34.
Enable "Retry” button

U Enable "Show solutions" button

Show stage labels

Choose whether a stage’s label will be shown on hovering a stage with the
mouse. The lakel will not show on touch devices.
Roaming *

Choose whether users can roam all stages freely, need to finish a stage to
get access to that stage's neighbors, or need to pass 3 stage to get access
to that stage's neigbors

Succeed to clear stage v

Visibility range

Select how far the user can see shead

See only unlocked stages v

Figure 34. Game Map Settings
The activity is set up as a map called the Game Map (see Figure 35.), which consists of 4 stages

that are linked together in a chain. Completing one leads to the next.
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Home Dashboard My courses oo

Game Map

+ Done: Complete the activity

O0/4 k0/14 [

C‘V|SUAL ?Roc.RAMMmG .;lounnzv ) 3 -

“®as

Figure 35. H5p Game Map Activity

Initially in the stage 1, learners are presented with a crossword puzzle consisting of seven
words, with clues arranged both horizontally and vertically. Settings shown in the following

Figures 36 and 37 and environment in Figure 38.

Contents *

Collspse

1 Crassword Ga_
i
-+ ADD CONTENT

@ Copy [ Pasic & Replace

s and ceppright infermation

Crossword Game Map

Task description
Descrite your ask bere.

F Collapse all contant

= Programming that uses blocks, icons, and diag ..

Clue®
Clue that should point 16 the ansmer

Programming that uses blocks, icons, and diagrams instead of text-based co

he grid. Wiords wilh Uhe sarne

Raw*

Roweinces v ——
1

Colum

Colurnn index where the seswer should

Figure 36. Crossword puzzle Settings
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- Overall Feedback

Define

Click the a. Cxample: a
o1
Score Range ¥ Feedback for defined score range

0% - 49% | Badscore (]
S0% - 80%  Average Score o
81% - 80%  GreatScore o
S1% - 100% | Excellent Score (]

==

+ Theme

~ Bahavioursl settings

Enable instant feedback

B Score words
1 115 0ption i5 enabled, wards will be counted in Grder 10 detérming the score, Olnermise,

B Apply penalties
I this ption i Enable

B Enable "Retry"

Enable "Solution”

Connected stages
B Stage
Stage3
Stage s

Figure 37. Crossword puzzle Settings

Successful completion of the activity requires all entries to be filled in correctly. In cases where
incorrect or incomplete responses are submitted, these are highlighted with a red background
(see Figure 39.), while correctly completed entries remain unchanged and are marked in green
(see Figure 38.), in their respective positions. This design enables learners to clearly distinguish

between correct and incorrect responses, facilitating error identification and supporting iterative

%)
stage 1
Across Down -
op'og'um'nng 1 Named storage
that uses locations In
blocks, icans programming
and that hold data
diagrams values (9)
instead of
text-based
code (8) 2 Rules for writing
code in
traditional
programming
that visual
programming
avolds (6)

programming [___ _ __

interfaces (5)

3 What visua
pi i

e

4 Puzzie-like
elements user

Figure 38. H5p Crossword Puzzle Activity
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Stage 1 Stage 1

VARIABLES
VARIABLES v

STATUS X

Figure 39. Crossword Puzzle — Correct Answer Figure 40. HSp Crossword Puzzle Activity

At this point, learners proceed to the next stage of the activity. This activity consists of a drag-
and-drop task (see Figure 41.), designed to support learners in categorising and associating key
concepts related to programming and technological applications. The task includes multiple

thematic elements, such as “Traditional Programming,” “loT Examples,” ‘“Visual

Programming Tools,” and “Block Categories,” which learners are required to match

appropriately by placing draggable items into predefined drop zones.

sle  Home Dashboard Mycourses Site administration

L © AU~ Hitmode @

O1/4 *71/14 nn
= <

Stage 2

Drag and Drop

Traditional Programming b... Visual Programming Tools ...

loT Examples banner Block Categories banner

£

Figure 41. H5p Drag & Drop Image Game

Behavioural settings allow learners to retry the activity, promoting mastery through repeated
attempts (see Figure 42.). Scoring is configured to award one point for the entire task, while
penalty rules are applied for incorrect placements to ensure accuracy and prevent random
guessing. Additionally, score explanations are provided to enhance transparency and support

reflection on performance.
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Visual and usability features, such as drop zone highlighting during interaction, adjustable

background opacity of draggable elements, and automatic alignment, contribute to an intuitive

user experience. Fullscreen mode is enabled to facilitate focus and engagement, while score

visibility ensures learners are aware of their achievements

Connected stages
Stage 1
Stage3

Stage 4

~ Behavioursl sertings

Enable "Retry"

Give one point for the whole task
Disatie (o give one paint o each draggable that & placed correct

Background opacity for draggables
s e saity set on 4

Aumbe

Drop Zone Highlighting
Choose when Lo highlight drop zones.

When dragging ¥
Spacing for Auto-Align {in px)

2

Enable FullScreen
Cheeck this option Lo enable the full screen butan,

Show score points

Figure 42. H5p Drag & Drop Image Game Settings

The design follows a step-based approach, beginning with the placement of drop zones,

followed by the introduction of draggable elements, and concluding with the validation of

correct matches. Learners receive immediate feedback based on their performance, with correct

matches highlighted in green (see Figure 43.) and incorrect matches indicated in red (see Figure

44.), thereby facilitating clear identification of errors and supporting the learning process.

Stage 2

Drag and Drop

P =1

python”

loT Examples banner
&)

S0gs ]

o7 4/4°

Traditional Programming b...

(%)

Visual Programming Tools ...

(1

n,,

Block Categories banner
G

pa—
L v

Figure 43. H5p Drag & Drop Image Correct Answer

134



Stage 2

Drag and Drop

’Lﬁ\

python )

loT Examples banner

(Ex1]

AP
g

Traditional Programming b...

Visual Programming Tools ...

— —c]

1]

Block Categories banner

d‘
x

Figure 44. H5p Drag & Drop Image Wrong Answer

Finally, the activity is integrated within a broader learning sequence through its connection to

preceding and subsequent stages, supporting a structured and cohesive progression of learning.

The next stage introduces learners to foundational concepts in computer science through a

memory card matching activity, shown in Figure 45. The exercise is designed to reinforce

conceptual understanding by associating key programming terms with their corresponding

representations or definitions. It supports cognitive skills such as recall, recognition, and

conceptual mapping.

Stage 3

Time spent:  00:00:00
Cardturns: 0

Figure 45. H5p Card Game
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The activity is configured as a timed memory card game with a 60-second limit, a retry option,
and a balanced square grid layout.

It includes key programming concepts—visual programming, Blockly environment, sequence,
conditionals, and loops—each paired with descriptive visuals and explanations to support
understanding. Grounded in constructivist learning theory, the activity promotes active
engagement and reinforces learning through dual coding, combining visual and verbal
elements. Immediate feedback and replay options encourage mastery, while learner
performance can be assessed based on accuracy and completion time. More analytically we can

Card Game Settings in the following Figures 46 and 47.

Stage label *

This label will be displayed on Lop of your exercise and will help pou 1o connect differant stages with one another.
Stage 3

[ User can start here

IF ehecked, this stage will be & Stage that Lhe user starl AL 1T no SLage of mars than one sLage can be Lhe SLar s1age, the SLarling SLage w

be chosen randarmly.

Time limnit

tirme mit in seconds. IF 2 user exceeds this time, Lthe exercise will close, be resel, and the user will loose a life if lives are

Timeout warning time

Oprtionally sl when a limeoul warning audio shoukd be played (number of remaining seconds). An audio needs Lo be el in Lhe
audio setlings.

[E} Access restrictions

Contents*

Collapse A Stage content *

Ciscase Lhe type af content you would like 1o add,
1. Memory Card .. %

° [F Copy  [E) Paste & Replace
Memary Game A = =

+ ADD CONTENT

Title * ¢ mututara

Used lor searching, repans and copyright information

Memary Card Game

w Visual programming 9 :
Image *
PP IHVENTIR

4, Editimage i Edit copyright

Figure 46. H5p Card Game Part Of Settings
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[~iBehavioural settings

Position the cards in a square

Will try to match the number of columns and rows when laying out the cards. Afterward, the
cards will be scaled to fit the container

Number of cards to use

Setting this to a number greater than 2 will make the game pick random cards from the list of
cards.

Add button for retrying when the game is over

» Look and feel

Connected stages

[J Stage 1
Stage 2
Stage 4

Figure 47. H5p Card Game Part Of Settings

This activity is designed as a memory card exercise comprising a total of ten cards. Participants
are required to identify and match five corresponding pairs within a fixed time limit of 60

seconds (see Figure 48.). The task emphasizes both speed and accuracy, encouraging the

development of cognitive recall and concentration skills.

Stage 3

(x

Time spent:  00:00:23

Card turns: 18 GOOd Work!

Figure 48. Memory Card Game Completion
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If the participant is unable to successfully complete the matching task within the allotted time, a
timeout message is displayed (see Figure 49.). In such cases, the activity provides the option to
retry, allowing learners to engage with the task repeatedly until successful completion is

achieved.

Time outl

You ran out of time.

Figure 49. Memory Card Game — Time Out

The puzzle of activities is completed in Stage 4. In this section, there is an interactive video

uploaded to YouTube that includes two embedded interactions, shown in Figure 50.

>m 000 ® O

Figure 50. Interactive Video
As the video progresses, initially in the first interaction, learners are prompted to engage with
the content through a structured question that introduces key concepts related to visual

programming (see Figure 51.).

At a later point in the video (0:22), the second interaction appears as a poster, pausing the video
to assess learners’ understanding of logical structures in Blockly. Specifically, the activity
presents a True/False question focusing on the role of Boolean logic, where conditions are
evaluated as either true or false (see Figure 52). This interaction is designed within an academic

framework to reinforce fundamental principles of computational thinking and decision-making.
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» Access restrictions

Contents ™

Collapse « Stage content *

_ Choose the type of content you would like to add.
1. Eloaywyr 010 ... X -
i 5 C [® Paste & Repl
Interactive Video v @ Copy [ Paste & Replace
+ ADD CONTENT

® Ewoaywyrjotoblockly 7 TruefFalse Question Delete m

Display time *

022 - 02217

Pause video

"Full score required" option requires that "Pause” is enabled

Display as

L)
?:) Button @ Poster

Button is a collapsed interaction the user must press to open. Poster is an expanded
interaction displayed directly an top of the video

Figure 51. 1st Interaction Video Settings

Learners are required to achieve a full score before proceeding, ensuring mastery of the
concept. Immediate feedback is provided: correct answers confirm understanding of Boolean
logic, while incorrect responses guide learners to revisit an earlier segment of the video (0:16)
for review. The inclusion of retry and solution options supports formative assessment,

encourages reflection, and promotes self-regulated learning.

The logical category block is based

on the condition: "True" or "False”™

O True

O False

> A —i1 ° lco:zz @ v B

Figure 52. True / False Interaction

This second interaction (see Figure 53.), presented at timestamp 0:28 as a button, requires
learners to actively engage with the content through a fill-in-the-missing-words activity (see
Figure 54.). The task is designed in an academic style to reinforce understanding of logical
structures in Blockly, focusing on the application of Boolean logic and its role in controlling

program execution.
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Collapse ‘

1. ELoaywyrj ato

+ ADD CONTENT

Stage content *

Choose the type of content you would like to add.

o =
Interactive Video v @ Copy

® Ewoaywyn oto blockly == Fill in the missing words

Display time *

0:28 - 028

Pause video

“Full score required” option requires that "Pause” is enabled.
Display as

® &> Bun O E Poster

[ Paste & Replace

Delete m

Button is a collapsed interaction the user must press t apen. Paster is an expanded

interactien displayed directly on top of the video

Label

Label displayed next o interaction icon.

Title *  Metadata

Used for searching, reperts and copyright information

Fill in the missing words

Figure 53. 2nd Interaction Video Settings

Task description*

A guide telling the user how to answer this task.

Fill in the missing words

Text blocks *

Line of text

i Important instructions

o Blanks are added with an asterisk (*) in front and behind the

correct word/phrase.

@ Alternative answers are separated with a forward slash (/).

© You may add a textual tip, using a colon (:) in front of the tip.

Example:

HS5P content may be edited using a

¥ Hide

*browser/web-browser:Something you use every

day*.

To repeat a specific action we use *repetition* loops

Figure 54. 2nd Interaction Video Settings
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Learners are instructed to complete a set of statements by filling in key terms related to the

concept as shown in Figures 55 and 56. The activity emphasizes that Blockly uses Boolean

values to evaluate conditions as either true or false, and that these conditions are fundamental

for determining the flow of a program. Furthermore, it highlights the use of logical blocks

within conditional structures, which guide decision-making processes in programming.

=

> A — 'y o2m ® O o

Figure 55. 2nd Interaction button

Stage 4

Fill in the missing words

To repeat a specific action we use

@ Check

Figure 56. 2nd Interaction Fill in the Blanks

The interaction includes structured feedback based on performance levels, encouraging learners

to reflect on their understanding and revisit the instructional material if necessary. Full

completion (see Figure 57.), is required before progressing, ensuring that learners achieve a

satisfactory level of comprehension. The option to retry and view solutions supports formative

assessment, while adaptive settings reinforce learning by preventing advancement without

mastery.

Stage 4

¥« 2 Question(s) answered

‘You have answered 2 questions, click below to submit your answers.

@ Submit Answers

Answered questions

Untitled True/False Question

Fill in the missing words

Figure 57. H5p Question Answered Activities
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Successful completion of the activity contributes directly to the course competency 'Complexity and

Efficiency Awareness (IT-32-D2),' which is automatically marked as achieved upon completion. The

retry option permits multiple attempts, and progression between stages is gated by successful

completion of the preceding one.

5.4 Summary

This chapter presented the implementation of H5P-based interactive learning components
within the Smart Learning Ecosystem, demonstrating how the Conceptualisation stage of the
pedagogical workflow was operationalised through interactive activities deployed in the
configured Moodle environment. Section 5.2 documented the H5P interactive content layer
as the primary student-facing conceptualisation interface, describing how activity types,
gradebook synchronisation, and access sequencing were configured to scaffold learner
progression. Section 5.3 extended this account to the full range of interactive and adaptive
learning activities — including branching lesson design, HSP Game Map activities —
illustrating how each component was implemented to support the Conceptualisation and
Application stages of the pedagogical workflow.

In the Section 5.4, the preceding sections have documented the full HSP implementation of
the SLE, from the configuration of the interactive content layer through to the detailed
walkthrough of all six activity types deployed across the four course modules. The design
decisions, activity configurations, and their pedagogical alignment with the
Conceptualisation stage of the five-stage workflow represent the primary contributions of this
chapter. The gamification framework, CodeRunner programming assessments, and analytics

infrastructure are each addressed in the chapters that follow.
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Chapter 6 - Integration and Code Base Programming of Coderunner

This chapter presents the Blockly visual programming environment and the CodeRunner
assessment interface, along with representative exercise walkthroughs covering three
exercises of progressively increasing complexity.

The chapter is structured into four sections. Section 6.1 describes the Blockly visual
programming environment and the CodeRunner assessment interface, detailing the student-
facing workspace design, the progressive block toolbox architecture, and the automated
grading and feedback mechanisms that support iterative learning. Section 6.2 presents the full
technical architecture of the CodeRunner programming exercises, documenting the question
configuration, the Blockly-to-Python integration system, and the test case framework that
enables deterministic automated assessment. Section 6.3 presents representative
walkthroughs of the three principal CodeRunner exercises — progressing from fundamental
arithmetic operations through Arduino hardware control to full IoT Bluetooth integration —
demonstrating the system functioning end-to-end under real pilot conditions. Section 6.4

provides a summary of the chapter.

6.1 The Blockly Visual Programming Environment

The Blockly visual programming environment represents the most distinctive student-facing
tool in the SLE's pedagogical toolkit. Embedded directly within the CodeRunner question
interface in Moodle, Blockly provides students with a drag-and-drop block-based editor
through which programs are assembled visually rather than typed syntactically. This design
decision addresses one of the most significant barriers to programming engagement in
secondary education: the intimidating and error-prone nature of text-based syntax for beginner
programmers.When a student opens a CodeRunner programming question that incorporates the

Blockly interface, they are presented with a two-panel workspace.
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On the left side, a categorised toolbox displays all available block types organised into logical
groups. On the right, a blank canvas serves as the programming workspace into which blocks
are dragged, snapped together, and configured. As blocks are added or modified, a live code
preview area below the workspace continuously displays the Python code equivalent of the
current block configuration, providing students with real-time visibility into the relationship
between their visual constructions and the underlying textual code.

The block toolbox available to students varies by exercise type, reflecting the progressive
complexity of the four course modules. In introductory exercises, students access the standard
programming blocks covering control flow, logic, arithmetic, text manipulation, list operations,
variable management, and basic input and output. As the course advances into hardware and
IoT domains, additional block categories become available: Arduino-style hardware control
blocks; sensor blocks for temperature, light, proximity, and motion; connectivity blocks for
Bluetooth and HTTP communication; App Inventor-style Ul and event blocks; and IoT Smart
Home blocks for sensor-actuator integration scenarios.

The workflow for completing a Blockly-based exercise involves four student-facing controls at
the bottom of the workspace. The Convert to Python Code button translates the current block
configuration into Python and transfers it to the CodeRunner answer field. The Clear button
resets the workspace after user confirmation. The Save button exports the current block
configuration as an XML file for download and future reuse. The Load and Transfer button
reimports a previously saved XML workspace, regenerates the Python code, and transfers it to
the answer field — supporting iterative work across multiple sessions.

The pedagogical significance of this visual-to-textual bridging is considerable. Students who
might otherwise be deterred by Python syntax errors are able to focus their cognitive effort on
program logic and structure, while the live code preview ensures they are simultaneously
building familiarity with the textual form of the constructs they are assembling visually. This
dual representation aligns with the constructivist orientation of the SLE's pedagogical
framework, supporting knowledge construction through active manipulation rather than passive

reception.
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6.1.1 The CodeRunner Programming Assessment Interface

CodeRunner constitutes the student-facing assessment mechanism for all programming
exercises in the SLE. Students encounter CodeRunner activities as embedded quiz questions
within Moodle, accessible after completing the prerequisite HSP conceptualisation activities for
each module. A CodeRunner exercise presents a clearly structured programming challenge
consisting of a problem statement, a description of expected program behaviour, sample input-
output examples where applicable, and either a Blockly workspace or a text-based code entry
area depending on the exercise type.

Students submit their solutions by clicking the Check button, which triggers immediate
automated execution of the submitted code against the predefined test cases. Feedback is
returned within seconds, informing the student whether their submission passed all test cases
(receiving full marks), passed a subset of test cases (receiving proportional credit), or failed
due to syntax errors (returning a structured error message identifying the nature and location of
the fault). This immediacy of feedback is a central feature of the student experience: unlike
traditional assignment-based assessment where feedback may be delayed by days, CodeRunner
enables students to identify and correct errors within the same session, supporting iterative
debugging as a normal part of the learning process.

The grading model configured for CodeRunner exercises follows an all-or-nothing approach at
the test-case level, with a penalty regime applied for multiple attempts on the same question
within a single quiz session. For students who encounter syntax errors, CodeRunner provides
structured feedback identifying the type and location of the fault. For students whose code
executes without errors but produces incorrect output, the test results panel displays a side-by-
side comparison of expected and actual outputs for each failing test case, enabling targeted
debugging.

This differentiated feedback architecture supports learners at all stages of debugging without

exposing the underlying test case logic.

6.2 CodeRunner Programming Exercises: Technical Architecture
In order to enhance the automated assessment process and improve accessibility for novice
programmers, the CodeRunner plugin was extended to support visual programming through

integration with Blockly.
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The CodeRunner question type (see Figure 58.), was configured to support automated
assessment of programming exercises in Python. Specifically, the question type was set to
python3, allowing students to submit Python code that is executed and evaluated against
predefined test cases. The content describes a highly customised programming question setup
designed to ensure strict grading, controlled feedback, and a consistent user experience. The
interface was configured to support coding effectively, with an 18-row answer box and an
integrated Ace editor that includes usability features like adjustable font size, themes, and live
autocompletion. Students could write and run code without interruption, as the stop button was
disabled, and no pre-submission feedback was provided due to the precheck option being
turned off. Feedback delivery was instead managed at the overall quiz level. Grading followed
a strict all-or-nothing approach, where submissions were marked correct only if all test cases
were passed. A penalty regime (e.g., 10%, 20%) was applied to reduce marks for multiple

attempts. Evaluation relied on exact output matching, ensuring precise correctness of results.

v CodeRunner question type

Question type [>] python3
Customisation s Customise [ Template debugging
Answer box © Rows| 18

Submit buttons ©  Precheck | Disabled ¢ | [ Hide check

Stop button (2] Never available

Feedback -] Setby quiz %

Marking © @ All-or-nothing grading  Penalty regime: | 10, 20, ...

1
Template params )

Template param controls © Hoist template parameters & Ace/Scratchpad compliant O Twig all Preprocessor | None

Ul parameters @  The ace Ul takes the following parameters: auto_switch_light_dark, font size, impart_from_scratchpad,

live_autocompletion, theme. Show details

Figure 58. Coderunner question type

CodeRunner question settings under the "Customization" (see Figure 59.), subcategory enable
instructors to tailor specific aspects of the automated grading process and code execution
environment. This includes defining custom test cases, input/output formats, code templates,
and execution parameters. It provides advanced options for customizing how student
submissions are evaluated, such as specifying test code, separators, environment settings, or

output formatting, allowing for a highly flexible and adaptable assessment setup.
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What the top lines do :

* {{ STUDENT ANSWER }} is the learner’s submitted code, inserted directly into the
template.

* student answer ="""{{ STUDENT ANSWER | e('py") }}""" stores the student’s code
as a Python-escaped multi-line string, so quotes and backslashes are safely handled.

Separator and test-case loop
* SEPARATOR = "#<ab@17943918#@>#" defines a special marker string used to separate
outputs from different test cases.
* The {% for TEST in TESTCASES %} ... {% endfor %} block injects each test-case’s code
(TEST.testcode) into the combined script; if it’s not the last test, print(SEPARATOR) is
added so the grader can later split the combined output by that marker.

v Customisation

Template ) {{ STUDENT_ANSWER }}

__student_answer__ = """{{ STUDENT_ANSWER | e('py') }}"""

1
2
3
a
S SEPARATOR = "#¢ab@17943918#@>%"
6
7 {% for TEST in TESTCASES %}

8

{{ TEST.testcode }}
9 (% if not loop.last ¥}
18 print(SEPARATOR)
11 {% endif %}
12 {% endfor %}

Template controls ) Is combinator  [J Allow multiple stdins

Test splitter (regex) | [#<ab@17943918#@ >#\n|ms
Grading Q9 Exact match
Result columns (7]
Input Uls ©  Student answer | Ace 3 Template uses ace

Prototype extra 2]

Figure 59. Coderunner customization

In the Moodle CodeRunner environment, the “General” subcategory’s “Question text” field is
primarily designed for presenting the problem statement to students, rather than for code
execution or grading logic. It serves as a rich, pedagogical prompt that combines plain text,
HTML formatting, and embedded code snippets to clearly communicate the task, objectives,
and expectations. Instructors typically include detailed descriptions, sample inputs and outputs,
constraints, hints, and minimal starter code to guide students without revealing internal
evaluation mechanisms. Importantly, this field must not contain any CodeRunner template
code, such as placeholders or control structures for test cases, which are managed separately in

the customization and test configuration sections.
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Overall, the “Question text” functions as a human-readable, instructional interface that
provides all necessary context for students to understand and approach the problem,
maintaining a clear separation from the automated testing and grading components that are
handled elsewhere within the system.

Within this Question text area, a Blockly workspace can be embedded as part of the General
settings, allowing students to construct programs visually using blocks. These blocks are
automatically converted into Python code and submitted as the answer, providing an intuitive
interface for programming exercises while keeping all test cases and grading logic separate.
The provided code fragment is an HTML and JavaScript implementation that presents a block-
based programming environment built on top of Google’s Blockly library, combined with a

Python code generator.

Blockly Integration - System Architecture

The page includes a Blockly workspace, which acts as a visual, drag-and-drop editor for
programming blocks. This workspace is embedded inside a <div id="blocklyDiv"> and is
initialized using the Blockly library loaded from a CDN. Alongside the workspace, the
interface provides a fixed toolbox with the following categories of blocks:

» Control (control-flow statements: if, loops, etc.)

» Logic (boolean expressions, comparisons, negation)

» Math (arithmetic operations, random numbers, constants)

+ Text (string manipulation, concatenation, printing)

 Lists (list creation, indexing, slicing, sorting)

* Variables and Procedures (variable and function definitions)

* Input/Output (console input/output blocks)

* Buttons (event-based blocks for button interactions)

Initialization and Blockly Setup

The JavaScript code begins by loading the Blockly library and its Python generator module
(see Figure 60.), from the following CDN URLs:

<!-- Blockly Scripts -->
<script src="https://unpkg.com/blockly@2.3.3/blockly. . min.js"></script>

<script src="https://unpkg.com/blockly@2.2.3/python_compressed.js"></script>

Figure 60. Blockly Scripts
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These resources enable the creation of a block-based editor and the translation of blocks into
executable Python code.
A blocklyDiv element is then used to host the Blockly workspace, shown in Figure 61, which

is initialized with the defined toolbox, a grid layout, zoom controls, and a built-in trash-can for

deleting blocks.
13 <!-- Blockly Area-->
14 <div id="blocklyDiv" style="height: 6@0px; width: 100%;" bis_skin_checked="1"></div>

Figure 61. Blockly Area

The script also defines custom blocks (see Figure 62.) for:

* input number and input_text (to read numeric and string input from the user),

* button click, button press, button release, and button when clicked (to handle button-event

logic).
<!-- Fixed Toolbox with working blocks -->
<#ml id="toolbox" style="display: none">
<!-- Control -->

<category name="Control" colour="120">

<block type="controls if"></block>
<block type="contrels if">:

<mutation else="1"></mutation>

</block>
<block type="controls if">

<mutation elseif="1" else="1"></mutation>
</block>

<block type="controls repeat ext"></block>

<block type="contreols whileUntil"></block>

<block type="controls_ for"></block>

<block type="controls forEach"></block>

<block type="controls_ flow statements"></block>
</category>

<!-- Logic -->

<category name="Logic" colour="210">
<block type="logic_ compare"></block>
<block type="logic operation"></block>
<block type="logic negate"></block>
<block type="logic boolean"></block>
<block type="leogic null"></block>
<block type="logic_ternary"></block>

</category>
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<!-- Math -->

<category name="Math" colour="230">
<block type="math number"></block>
<block type="math arithmetic"></block>
<block type="math single"></block>
<block type="math_ trig"></block>
<block type="math_constant"></block>
<block type="math round"></block>
<block type="math modulo"></block>
<block type="math_constrain"></block>
<block type="math_ random int"></block>
<block type—“math random . . float"></block>

</category>

<l== Text -->

<category name="Text" colour="160">
<block type="text"></block>
<block type="text join"></block>
<block type="text_ append"></block>
<block type="text_length"></block>
<block type="text_ isEmpty"></block>
<block type="text indexOf"></block>
<block type="text_charAt"></block>
<block type="text getSubstring"></block>
<block type="text changeCase"></block>
<block type="text_ trim"></block>
<block type="text print"></block>

</category>

<!-- Lists -->

<category name="Lists" colour="260">
<block type="lists_create_ empty"></block>
<block type="lists_create_with"></block>
<block type="lists_repeat"></block>
<block type="lists_length"></block>
<block type="lists_isEmpty"></block>
<block type="lists_indexOf"></block>
<block type="lists_getIndex"></block>
<block type="lists_setIndex"></block>
<block type="lists getSublist"></block>
<block type="lists_split"></block>
<block type="lists_sort"></block>
<block type="lists reverse"></block>

</category>

<!-- Variables -->
<category name="Variables" custom="VARIABLE" colour="330"></category>

<!-- Procedures -->
<category name="Procedures" custom="PROCEDURE" colour="290"></category>

<!-- Input/Output -->

<category name="Input/Output" colour="65">
<block type="text print"></block>
<block type="input number"></block>
<block type="input_ text"></block>

</category>

<!-- Button Events -->
<category name="Buttons" colour="300">
<block type="button click"></block>
<block type="button_press"></block>
<block type="button release"></block>
<block type="button when_ clicked"></block>
</category>
</xml>

Figure 62. Toolbox Area — Basic Blocks

150



In addition to the basic block categories (such as Control, Math, Logic, and Text), additional
categories can be incorporated to further enhance the Blockly environment. This extended set
of blocks moves beyond purely algorithmic logic into physical and networked computing
domains, supporting areas such as robotics, IoT, mobile-like user interfaces, and sensor-based

applications within an educational context.

1. App Inventor— Style UI and Event Blocks

This category emulates App Inventor—style component blocks for simple mobile-like

interfaces and event-handling logic.

Label components

o app label set text, app label get text: set and read the text displayed on a label.
e app label set color, app label set size: change the label’s foreground color and

font/text size dynamically.

Notifier / user-feedback components

e app notifier show message, app notifier show_alert: display simple messages
or modals to the user.
o app notifier show choose dialog: show a dialog with choices (e.g., “Yes/No”)

and route the program based on the user’s selection.

Bluetooth communication components

e app bluetooth send text, app bluetooth receive text: transmit and receive text
messages over Bluetooth.
e app bluetooth is connected: check whether the Bluetooth connection is active,

enabling conditional logic around connectivity.
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Button-based event blocks

e app button when_clicked: define an action that runs when a specific button is clicked.
e app led on button click, app led off button click, app temp button_click, app light
_button_click: specialized button-event blocks that simulate turning on/off an LED,

reading temperature, or reading light level when a button is pressed.

These blocks together provide a visual, App-Inventor-inspired layer for building simple
interactive applications with Ul elements, user feedback dialogs, and basic Bluetooth 1/0,

shown in the below Figure 63.

<!--— App Inventor Components -->
<category name="App Inventor" colour="200">
<!-- Label Components —-->

<block type="app_ label set text"></block>
<block type="app label get text"></block>
<block type="app label set color"></block>
<block type="app_. label set _size"></block>

<!-- Notifier Components -->
<block type="app | notlfler show message"></block>
<block type="app notifier show_alert"></block>

<block type="app notifier show choose dialeog"></block>

<! Bluetooth Components >
<block type —”app bluetooth_send text"></block>
<block tyr=="app_bluetocth_recelve_text“><!bluck>

<block type="app bluetooth is connected"></block>

<! Button Events >

<block type="app button when clicked"></block>

<!-- App Inventor Specific Buttons -->

<block type="app led on_] button cllck”>€iblock5

<block t 1;—”app_led_off_button_cllck”>qu1uck}

<block Lyp9=”app temp butten click"></block>

<block t?p%="app:iighz_butto;_click"bﬂfblock>
</category>

Figure 63. App Inventor Components Blocks

2. Connectivity Blocks

This category focuses on communication channels between the device and external systems

via serial, Bluetooth, and HTTP.
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Serial communication

o serial begin, serial available, serial read, serial write: initialize the serial port,
check for available data, and read/write bytes or strings.
o serial print, serial println: write formatted output to the serial port, useful for
debugging or logging.
Bluetooth Client

e Dbluetooth client connect, bluetooth client disconnect: establish and close a
client-side Bluetooth connection.

e Dbluetooth client send, bluetooth client receive: send and receive data over the
Bluetooth link.

e Dbluetooth client connected: a boolean-style block that indicates whether the
client is currently connected, enabling conditional communication logic.

Web/HTTP operations

o web http get, web_http post: perform HTTP GET and POST requests to web
servers or APIs, allowing the program to send or receive data from remote

services (e.g., cloud APIs, web-based dashboards).

These Connectivity blocks (see Figure 64), allow students to build network-aware
programs that interact with other devices, sensors, and web services, bridging embedded or

microcontroller-based logic with higher-level networked systems.

<! ===——==————= CONNECTIVITY ============
<category r ="Connectivity" colour="45">
<l-—- “ommunication -->

"serial begin"></block>
"serial available"></block>
"serial read"></block>
<blc "serial write"></block>
"serial print"></blo
"serial println"></block>

"bluetooth_client_send"></block>
"bluetooth_client_receive"></block>
"bluetooth_client_disconnect”b<Ibla:k>
ype="bluetooth client connected"></block>

Figure 64. Connectivity Blocks

153



3. Sensors Blocks

This category encapsulates sensor-reading operations for a variety of physical and
environmental quantities.

Proximity sensor

e sensor proximity read: read a raw proximity value.
e sensor proximity detect: return a boolean-style result indicating whether an
object is detected nearby.

e sensor proximity distance: report an estimated distance to the detected object.

Light sensor

e sensor light read: read the raw light-level value.
o sensor light level: often maps the raw value to a more intuitive “level” (e.g.,

low/medium/high) for decision-making.

Location / GPS

e sensor location_get: obtain a full location record (if available).
e sensor location_latitude, sensor location longitude: extract latitude and

longitude components for use in mapping or geo-aware logic.

Accelerometer

e sensor accelerometer read: read the current acceleration vector.
e sensor accelerometer x, y, z:extract individual axis components for motion

detection or orientation-based logic.

Temperature & motion

e sensor_temperature read: read the ambient temperature.
e sensor motion_ detect: detect motion events (e.g., from a PIR sensor), returning a

boolean-style result that can trigger alarms or logging.
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These Sensor blocks (see Figure 65.), support context-aware applications such as

environmental monitoring, motion-triggered alarms, location-based services, and simple

human-interaction devices.

<block

! Light
<block
<block ty

<bloc} "sensor_accelerometer x"></block>

<block I "sensor_ accelerometer y"></block>

<block type="sensor accelerometer z"></block>
! Temperature >

<block type="sensor_ temperature read"></block>

{—= Moti

="Sensors" colour="95">

11ty Sensor
"sensor proximity read"></block>

e="sensor_light read"></block>

‘="sensor_light:level"></block>

on/GPS —-

"sensor location_get"></block>

-— Accelerometer —-

<block type="sensor_motion_detect"></block>

</category>

Figure 65. Sensors Blocks

4. Arduino-Style Hardware Blocks

This category provides low-level Arduino-compatible blocks for direct control of digital and

analog pins, timing, and basic peripherals.

Pin management

e arduino pin_mode: set a pin to INPUT / OUTPUT / INPUT_PULLUP.

e arduino digital write, arduino_digital read: write high/low values to, or read the

state of, a digital pin.

Analog 1/0

e arduino analog read, arduino analog write: read analog sensor values or output

PWM signals for controlling LEDs, motors, or servos.

I "sensor_ proximity detect"></block>
type="sensor_proximity distance"></block>

"sensor_ location latitude"></block>
»='"'sensor_location_ longitude"></block>

"sensor_accelerometer read"></block>
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Timing and delay

e arduino delay: pause execution for a fixed number of milliseconds.

e arduino millis: return the current time in milliseconds since startup, useful for

non-blocking timers and debouncing.

Serial and sound

e arduino serial print, arduino serial println: send text or numeric data to the

serial monitor for debugging.

o arduino_tone: generate a tone on a specified pin, e.g., for simple audio feedback.

Servo and constants

e arduino servo attach, arduino servo write: attach and position a servo motor to a

desired angle.

e arduino_constant, arduino_pin_constant: define named constants for pins or values,

improving code readability.

These Arduino blocks (see Figure 66.), enable students to implement close-to-the-metal

microcontroller logic, including GPIO control, timing, serial logging, and simple actuator

control (LEDs, servos, buzzers).

<!-- Arduino Blocks --

<category n "Arduino" colour="120">
<block ="arduino pin mode"></block>
<block ="arduino digital write"></block>
<block tyy —”arduino:ﬂigital:read”></block>
<block type="arduino_ analog read"></block>

”arduino_;nalog_write”>Q/block>
"arduino delay"></block>
="arduino _millis"></block>
"arduino_serial print"></block>
"arduino serial println"></block>
"arduino_servo_attach"></block>

<block ty
<block

<block ="arduino serve write"></block>
<block t ="arduino_ tone"></block>
<block ="arduino_constant"></block>

<block type="arduino pin_ constant"></block>
</category>

Figure 66. Arduino Blocks
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5. 10T Smart Home Blocks

This category abstracts patterns for IoT-style “smart home” scenarios, combining sensors,

actuators, and wireless communication.

Device control

e iot led control: encapsulates LED on/off or brightness control, often mapped to a virtual
or physical LED in a smart-home demo.
e iot temperature read, iot light read: read environment temperature and light level as part

of a smart-home sensing pipeline.

Bluetooth 1/0 (IoT-oriented)

e iot bluetooth send, iot bluetooth receive: send and receive data over Bluetooth within a

smart-home context (e.g., between a hub and sensor nodes).

Architectural blocks

e iot smart home setup: a setup block that initializes the smart-home environment (e.g.,

configuring pins, sensors, and network connections).

e iot main_loop: a high-level “main loop” block that wraps the continuous sensing-and-control
logic of the IoT system, helping students structure their program around a loop-based runtime

model.

Together, these IoT Smart Home blocks (see Figure 67.), provide a domain-specific
abstraction layer that simplifies the construction of prototype smart-home systems, where the
focus shifts from low-level wiring details toward higher-level control policies and

sensor-actuator interactions.

<category =="JoT Smart Home" colour="50">
iot led control"></block>
"iot_temperature read"></block>
="iot light read"></block>

ck>

<b ="iot bluetooth send": ock>

<b ="iot bluetooth receive' block>

<b ="iot_ smart home setup"></block
pe="iot main leoop"></block>
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Figure 67. [oT Smart Home Blocks
For each of these custom blocks, Python generators are implemented, mapping the visual
blocks into Python code.
This allows students or users to visually construct programs that are then translated into

syntactically correct Python code.

Event Handling and Code Generation

The script includes a generateCode() function (see Figure 68.), that calls Blockly’s Python
generator to convert the current workspace into Python source code and display it inside
the #codeOutput element on the page. Any change in the workspace (block creation, deletion,

movement, or parameter editing) triggers this function, providing real-time feedback.

if ('workspace) {(
console.log ("X )i
return
}

try {
console

Figure 68. generateCode ()

A second function, generateAndTransferCode(), shown in Figure 69, attempts to locate an
answer input field (typically a <textarea>) on the page—recognized by selectors such
as textarea[name*='answer'|—which is commonly wused in systems like Moodle with

CodeRunner.
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If such a field is found, the generated Python code is:

e written into the textarea,
o and followed by a sequence of DOM events (focus, input, change, blur, etc.) to

ensure the external application registers the update.

If no suitable answer field is detected, the script can either copy the code to the clipboard

(using the navigator.clipboard API) or display it in a popup window with a copy-to-clipboard
button.

function generateAndTransferCode (event, isAutomatic = false) {
if (event) {
event.preventDefault() ;

}

if ('workspace) {
if ('isAutomatic) alert (" v I &)
return false;

try {
console.log (" W ’ — F

Blockly.Python.init (workspace) ;
let code = Blockly.Python.workspaceToCode (workspace) ;

codé =A;o&é.£égiace(/\b(\w+) = None\s+\1 =/g, " )z

if ('code.trim()) {
if ('isAutomatic) alert (" ! q dh T
return false;

}
console.log (" 1 s ™ e CO86Y)T
/ ENHANCED search for Moodl R X ywer fi
const possibleSelectors = [
S ,
’
r
’
'
’
’
'
'
’
/
C ’
1;

Figure 69. Code Segment of generateAndTransferCode ()
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Furthermore the Answer field (see Figure 70.), in CodeRunner settings represents the input area
where the student’s solution is submitted for evaluation.

In this implementation, the field is automatically populated with the Python code generated
from the Blockly workspace, ensuring a seamless transition from visual programming to
executable code.

The system locates the appropriate answer textarea dynamically and inserts the generated code
while triggering the necessary events so that CodeRunner properly detects and processes the
submission. This approach enhances usability by reducing manual input while preserving

compatibility with the platform’s automated grading and testing mechanisms.

v Answer

B Validate on

Figure 70. Answer section

Furthermore, the Test cases section (see Figure 71.), in CodeRunner settings defines the
automated evaluation criteria used to assess the correctness of the student’s submitted code. In
this section, instructors specify multiple input-output pairs or expected behaviors against which
the generated Python code is executed.

Each test case operates independently, allowing for comprehensive validation of different
scenarios, edge cases, and constraints of the problem. This structured approach ensures
objective and consistent grading, as the student’s answer—whether written manually or
generated through the Blockly interface—is systematically tested without exposing the

underlying evaluation logic within the Question text or Answer fields.

v Test cases

Test case 1 @

Standard Input @
Expected oy @
Extra template dat: @

Test properties: (~] Use as example  Display | Sh s Hide rest if fail Mark | 1 Ordering

Figure 71. Test cases section
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CodeRunner - Test Case Configuration
The implemented environment supports the following main workflows:

e Block-based programming: Users can drag blocks from the toolbox into the
workspace and visually construct programs. The generateCode() function
continuously updates the displayed Python code, allowing learners to see the
textual representation of their visual logic.

o Workspace persistence: The “Save Workspace” button exports the current block
configuration as a structured .xml file, which preserves the entire workspace
(including block positions and connections). The “Load & Transfer” button
allows users to later load such an .xml file, reconstruct the original block layout,
automatically regenerate the corresponding Python code, and (if possible) transfer
it into the active answer field of an online assessment system.

o Integration with online assessment platforms: The script is designed to be used
in an external browser environment that interacts with platforms such
as Moodle/CodeRunner, where programming tasks are administered via web
forms. It can load a Blockly workspace from an .xml file, translate it into Python,
and inject the resulting code into the appropriate answer textarea, effectively
bridging a visual, block-based editor with a traditional text-based code submission

system.

Test cases are the core evaluation mechanism within CodeRunner. Each test case specifies
standard input values, expected output, display and grading properties, and sequencing rules.
The SLE deployed test cases with the following configuration properties, as illustrated in the
below Table 18:
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Table 18. CodeRunner Test Case Settings

Property Value / Description

Test Case Name of each test case

Standard Input The values provided to the program as stdin (e.g. 3
and 5).

Expected Output The results, each on a separate line.

Extra Template Data Additional metadata or configuration passed to the

template, if applicable.

Use as Example Enabled — this test case is shown to the student as
an example.
Display Show — the test case and its result are fully visible to

the student.

Hide if Fail The test result is hidden if the student's answer fails
this case.
Hide if Succeed The test result is hidden if the student's answer

passes this case.

Hide Rest if Fail All subsequent test cases are hidden if this one fails.

Mark The number of marks awarded for passing this test
case.

Ordering Defines the sequence in which this test case is

evaluated relative to others.

Each question included structured test cases with defined inputs and expected outputs. These
could be sequenced so that failing an early test prevented later ones from running, helping
students focus on debugging step by step. Multiple test scenarios could also be handled using a

custom test splitter based on regular expressions. Additional configuration features enhanced
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flexibility. Template parameters and hoisted controls allowed dynamic adjustments, while full
Twig templating enabled the generation of dynamic content.

The system supported multiple standard inputs and combinator templates, enabling more
complex problem designs without requiring preprocessing.

Finally, general settings such as category assignment, a default mark of 20 points, and
readiness status ensured the question fit smoothly into the course assessment framework.
Metadata like versioning, tagging, and file attachment support further improved organisation

and management within the platform.

To implement this functionality, custom code modifications were introduced within the
CodeRunner plugin. These modifications allow the embedding of a Blockly workspace
directly into the question interface of Moodle. The embedded environment provides
students with interactive blocks representing fundamental programming constructs,
such as variables, loops, conditionals, and input/output operations. In addition to these
core elements, the environment was extended to include specialized blocks related to
Internet of Things (loT) applications and Arduino-based programming, enabling students

to engage with more applied and hardware-oriented problem-solving scenarios.

Furthermore, the implementation was adapted to support seamless interaction between the
visual programming interface and the CodeRunner evaluation mechanism. Specifically, the
system was configured so that, upon selecting the “Transfer to CodeRunner” button, the
block-based solution developed within the workspace is automatically translated into

equivalent Python code and inserted into the answer field used by Moodle.

To enhance usability and support the student workflow, a set of functional controls was added

at the end of the Blockly workspace. These controls include:

e % Convert to Python Code — Transfers the generated Python code to the Moodle
answer field, enabling submission and evaluation,

. Clear — Resets the workspace after user confirmation,

o [ Save — Exports the current workspace configuration as an XML file for later use,
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. Load & Transfer — Imports a previously saved XML file to restore the workspace

state and automatically converts it to Python code.

These additions improve the overall user experience by facilitating code management, enabling
persistence of work, and ensuring smooth integration with the automated assessment pipeline.
The core of this integration lies in the communication between the Blockly interface and the
CodeRunner evaluation engine. When a student completes a solution using visual blocks, the
system utilizes Blockly’s code generation capabilities to automatically convert the block-based
representation into equivalent Python code.

This generated code is then injected into the CodeRunner submission workflow without
requiring any additional action from the student.

At this point, CodeRunner processes the generated Python code in the same way as a traditional
text-based submission.

The code is executed against a predefined set of instructor-defined test cases, ensuring that the
solution is evaluated based on correctness and expected output. Immediate feedback is then
provided to the student, supporting iterative learning and self-correction.

To support this functionality, specific implementation details were required, including:

o Embedding the Blockly editor within the question template,
o Handling the serialization and transfer of block-based solutions,
e Generating syntactically correct Python code from Blockly blocks,

o Integrating the generated code into the CodeRunner execution pipeline.

The above implementation illustrates how the Blockly workspace is initialized and how the
generated Python code is captured and passed to the answer field expected by CodeRunner.
This ensures compatibility with the existing grading mechanism while extending its
functionality to support visual programming.

This integration offers significant pedagogical advantages. It lowers the barrier to entry for
beginners by minimizing syntax errors, promotes computational thinking, and provides a
smooth transition from visual to text-based programming. At the same time, it preserves the

robustness and reliability of automated assessment through CodeRunner’s testing framework.
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Overall, the combination of CodeRunner and Blockly within Moodle establishes a hybrid
assessment environment that supports diverse learning styles while maintaining rigorous

evaluation standards.

Representative Exercise Examples

CodeRunner programming exercises formed the assessment backbone of the Application and
Evaluation stages across all four course modules. A total of 3 CodeRunner questions were
developed, organized into Moodle quizzes.

Questions were authored using Moodle's question bank and assigned to quizzes via the specific
question selection mechanism, enabling structured assessment delivery.

Each CodeRunner question was developed according to the following structure: a problem
statement describing the programming task in plain language, an illustrative example providing
sample input and expected output, a code entry field pre-populated with a function or class
skeleton where appropriate, and a set of hidden test cases against which learner submissions
were evaluated. Test cases were designed to cover both typical and boundary-case inputs,
ensuring that correct solutions were evaluated robustly and that partial solutions received
appropriately calibrated partial credit.

Question Type Configuration

Questions were implemented using the following CodeRunner question types, selected based

on the programming language and task category:

* python3: Used for the majority of programming tasks, including sensor data processing,

conditional logic exercises, and [oT simulation scenarios.

* Blockly-to-Python (custom template): Utilized for visual programming tasks in which
learners constructed programs using Blockly block interfaces that were translated to

Python for automated execution and evaluation.

The practical training quiz, titled Coderunner — Practical Training, was configured as the
primary vehicle for formative programming assessment and was designated as the trigger
activity for the quiz submission XP award rule within the gamification framework. Upon each
submission, five experience points were automatically allocated to the learner's XP total,

reinforcing iterative engagement with programming exercises.
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Following the description of the CodeRunner question design and configuration, it is important

to illustrate how these elements were implemented in practice.

The following section presents representative examples of CodeRunner programming exercises
used in the course, accompanied by figures of the corresponding code, problem statements, and
feedback mechanisms. These examples aim to demonstrate the structure of the questions, the
types of learner interactions supported, and the evaluation logic applied through automated test
cases. By examining these practical instances, the alignment between the pedagogical

objectives and the technical implementation of the assessment activities becomes more explicit.

6.3 Representative CodeRunner Exercise Walkthroughs

CodeRunner programming exercises formed the assessment backbone of the Application and
Evaluation stages across all four course modules. This section presents a complete walkthrough
of each of the three principal exercises, demonstrating the end-to-end operation of the Blockly-
CodeRunner integration under actual pilot conditions: from visual program construction and
code generation through automated transfer, execution, test validation, and error detection and
correction.

The three exercises represent a deliberate pedagogical progression: Exercise 1 introduces
fundamental arithmetic operations using standard Blockly blocks; Exercise 2 extends the
toolbox with Arduino hardware control; Exercise 3 represents the most complex scenario,
combining Bluetooth communication, sensor reading, and IoT control within the full IoT

edition of the toolbox.

6.3.1 Exercise 1 — Advanced Basic Operations

The first practical exercise introduces learners to fundamental programming concepts,
including variable definition, arithmetic operations, and output display.

This task was designed as an introductory activity to familiarize students with the CodeRunner
environment and the process of writing and submitting executable code.

Learners were required to define two variables, numberl and number2, perform basic
arithmetic operations (sum, difference, and product), and display the computed results. This
exercise uses the standard Blockly toolbox with control, logic, math, text, lists, variables,

procedures, input/output, and button block categories.
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The problem statement guided students to implement a simple program structure while

reinforcing core computational thinking skills.

System Architecture — Exercise 1

Here's a breakdown of the main sections of this Blockly CodeRunner exercises code:

1. HTML Structure & Toolbox

The page renders a visual block-based programming interface using the Blockly library (loaded
from a CDN), shown in Figure 72. The <xml id="toolbox"> defines the palette of available
block categories (see Figure 73.): Control, Logic, Math, Text, Lists, Variables, Procedures,
Input/Output, and Buttons. Each <category> holds specific block types the user can drag into
the workspace.

9 ¢<!-- Blockly Scripts --»
18 <script src="https://unpkg.com/blockly@d.3.3/blockly.min.js"></script>
11 <script src="https://unpkg.com/blockly@d.3.3/python_compressed.js"></script>

Figure 72. Blockly Scripts

<!-- Fixed Toolbox with working blocks -->
<xml id="tooclbex" =style="display: none">
<!-- Control -->
<category name="Control" colour="120">
<block type="econtrels if"></block>
<block type="contrels if">
<mutation else="1"></mutation>
</block>
<block type="contrels if">
<mutation elseif="1" else="1"></mutation>
</block>

<block type="controls repeat ext"></block>

<block type="controls whileUntil"></block>

<block t: ="econtrels for"></block>

<block type="contrels forEach"></block>

<block type="controls flow statements"></block>
</category>

<! Logic

<category n

"Logiec" colour="210">
<block ="logic_compare"></block>
<block type="logic operation"></block>
<block type="logic negate"></block>

<block t: =“logic_boolean”></block>

<block t ="logic null"></block>

<block ty "logic_ternary"></block>
</category>
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<!-- Math -->

<category name="Math" colour="230">
<block type="math number"></block>
<block type="math_arithmetic"></block>
<block type="math_ single"></block>
<block type="math_trig"></block>
<block type="math_ constant"></block>
<block type="math round"></block>
<block type="math modulo"></block>
<block type="math constrain"></block>
<block type="math_random int"></block>
<block type="math_random float"></block>

</category>

<!-- Text -->

<category name="Text" colour="160">
<block type="text"></block>
<block type="text join"></block>
<block type="text append"></block>
<block type="text_length"></block>
<block type="text_ isEmpty"></block>
<block type="text_ indexOf"></block>
<block type="text charAt"></block>
<block type="text_getSubstring"></block>
<block type="text changeCase"></block>
<block type="text_ trim"></block>
<block type="text print"></block>

</category>

<!-- Lists -->

<category name="Lists" colour="260">
<block type="lists_create empty"></block>
<block type="lists_create_with"></block>
<block type="lists_ repeat"></block>
<block type="lists_length"></block>
<block type="lists_isEmpty"></block>
<block type="lists_indexOf"></block>
<block type="lists_getIndex"></block>
<block type="lists_setIndex"></block>
<block type="lists_getSublist"></block>
<block type="lists_split"></block>
<block type="lists_sort"></block>
<block type="lists reverse"></block>

</category>

<!-— Variables -->
<category name="Variables" custom="VARIABLE" colour="330"></category>

<!-- Procedures -->
<category name="Procedures" custom="PROCEDURE" colour="290"></category>

<!-- Input/Output -->

<category name="Input/Output" colour="65">
<block type="text print"></block>
<block type="input_ number"></block>
<block type="input_text"></block>

</category>

<!-- Button Events -->
<category name="Buttens" colour="300">
<block type="button_click"></block>
<block type="button_press"></block>
<block type="button_ release"></block>
<block type="button_when_ clicked"></block>
</category>
</xml>

Figure 73. Toolbox Area — Category Blocks
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2. initBlockly() — Workspace Initialization

This is the entry point (see Figure 74.), called on window.load. It:
o Calls defineCustomBlocks() and definePythonGenerators() first

e Injects the Blockly editor into the <div id="blocklyDiv"> with grid, zoom, and

trashcan options

e Overrides Blockly.Python.finish to return code as-is (no extra wrapping)

o Patches Blockly.Python.init to correctly bind the variable name database to the

workspace

function initBlockly () {

try {
console.log ("4 Starting Blockly initialization...");

// Define custom blocks first
defineCustomBlocks () ;

// Initialize workspace

workspace = Blockly.inject('blocklyDiv', {
toolbox: document.getElementById('toolbox'),
grid: {

spacing: 20,
length: 3,
colour: "fcec',
snap: true

b,

trashcan: true,

zoom: {
controls: true,
whesl: true,
startScale: 1.0,
maxScale: 3,
minScale: 0.3,
scaleSpeed: 1.2

o

// Load and Transfer button
document.getElementById("loadindTransfer") .addEventListener ("click™, function()
const input = document.createElement ("input');

input.type = 3
input.acecept = '

i

input.onchange =
const file = event.target.files[0];

if (file) {
const reader = new FileReader () ;
reader.onload = function(s) {
try {

console.log("@ L
console.log("Fils

// Ensure custom blocks are defined
defineCustomBlocks() ;
definePythonGenerators () ;

Figure 74. Code Segment of initBlockly()

", e.target.result.length);

{



3. defineCustomBlocks() — Custom Block Definitions

Registers blocks that don't exist in Blockly's standard library (see Figure 75.):

e input_number/input_text: Represent Python's int(input()) and input()

¢ button_click, button_press, button_release: Event-style blocks with a text
field for button name

¢ button_when_clicked: A dropdown-based button event block (Button 1/2/3,
OK, Cancel)

functioen defineCustomBlocks () {
console.log("®% Defining custom block

1]
—
b

// Input number block
Blackly.Bchks['it;::_::mﬁ%r']
init: Ffunetion() {

—

this. appendDummyInput ()

.appendField("=loc
this.setOutput (true,
this.setColour (E5) ;
this.setTooltip("Arafalel evov axfpolo aplBpd and Tov ¥pnoin™);

};

//{ Input text block
Blackly.Bchks['iz;::_tex:'] = {
init: function() |
this.appendDummyInput ()
.appendField("slcofog xeipsevou™);
this.setOutput (true, "String");
this.setColour (£5) ;
this.setTooltip("Araf&ler melpevo and Tov yphiotn™);

b

// Button Click Event
Bchkly.Bchks['k:tt::_?li?h'] = {
init: function() |
this.appendDummyInput ()
.appendField ("Stov noatn@esi moupmi™)
.appendField (new Blockly.FieldTextInput ("Buttonl"), "BUTTON NRME") ;
this.appendStatementInput ("DO")
.zetCheck (null)
.appendField ("wave") ;
this.setPreviousStatement (true, null);
this.ssetNextStatement (true, null);
this.setColour (300) ;
this.setTooltip ("Extsheitor dtoav noinfsi 1o moupmi") ;

Figure 75. Code Segment of defineCustomBlocks ()
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4. definePythonGenerators() — Code Generation Rules

Maps each custom block type to its Python output (see Figure 76.):

e input number — int(input())

e input_text — input()

e Button blocks — Python def on_<name>_click(): functions

o variables_set is overridden to intelligently detect if the value being assigned is an
input_number or input_text block, and generates the correct Python directly (e.g. x

= int(input())) instead of a generic assignment

function def.\.neEyth:nGenexat)rE() {
console.log ("% Defining Python generators...");

// Input numbe
Blockly.Python er'] = function(block) {
return ['i , Blockly.Python.ORDER_FUNCTION CALLI;
bi
// Input text or
Blockly.Python text'] = function(block) {
return ['i , Blockly.Python.ORDER_FUNCTION_CALL] ;
bi
// Button Click G rator

Blockly.Python[’ ck'] = function(block) {
const bm:r.:nN ck.getFieldvalue ('B | NAME') ;
censt statements = Blockly.Python. atatemenm:mde(blzck 'DO") ;
const code = “§# Event: Button ${buttonName} clicked\ndef on_${buttonName.toLowerCase ()} _click():\n${statements || ' pass'}\n\n";
return code;

bi

// Button Press C
Blockly.Pythonl[ 'k

=='] = functiom(block) (

const buttonNam lock.getFieldvValue ('BUTTON_NEME') ;
const statement. lockly.Python. acanemencm:\,:de(bl:ck ‘Do) ;
const code = "§ Event: Button ${buttonName} pressed\ndef on_${buttonName.tolowerCase()}_press() :\n${statements || ' pass'}\n\n";
return cods;
bi
// Button Releas: erator

Blockly.Python[ 'k ease"'] = functmn(bl:ckb {
const buttonName = block.getFieldvalue(' | NAME') ;
const statements = Blockly.Python. statementTjujde(hljck ‘Do) ;
censt code = '# Event: Button ${buttonNams} released\ndef on_${buttonName.toLowsrCase()}_release() :\n${statements || ' pass'}\n\n';
return cods;

bi

// Button When Clic
Blockly.Python['but
const button

licked'] = fumction(block) {

getFieldValue ('BUTTON_TYPE') ;

const statements = Blockly.Python. statementTjujde(hljck 'DO") ;

censt code = '# Event: §{buttonType} button clicked\ndef on_${buttonType.tolowsrlase () }_clicked() :\n${statements || ' pass'}\n\n";
return code;

Figure 76. Code Segment of definePythonGenerators()

5. setupEventListeners() — Button Wiring
Connects the four Ul buttons (see Figure 77.):

o Convertto Python Code (%’ ): Calls generateAndTransferCode()
e Clear( . ): Clearsthe workspace after a confirm dialog

o Save (M): Serializes the workspace to XML and downloads it as

blockly_workspace.xml
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o Load & Transfer ( # ): Opens a file picker, loads an XML file into the
workspace, then auto-generates and transfers code, shown in Figure 78
¢ Also adds areal-time listener on the workspace so code regenerates on any

block move, create, delete, or change, shown in Figure 79

<!-— Buttons -->
<div class="controls" bis skin checked="1">

<button type="button" id="convertCode"># Convert</button>

<button type="button" id="clearWorkspace">W Clear</button>

<button type="button" id="saveWorkspace">[ Save</button>

<button type="button" id="loadAndTransfer">@) Load samp,; Transfer </button>
</div>

Figure 77. Button Wiring

function generateAndTransferCode (event, isAutomatic = false) ({
if (event) {
event.preventDefault() ;

}

if ('workspace) {
if (!'isAutomatic) alert (" Y W I E 3 Bd) 1
return false;

}

try {
console.log (" t f1 worksj L2

Blockly.Python.init (workspace) ;
let code = Blockly.Python.workspaceToCode (workspace) ;
/ Clean up code
code = code.replace(/\b(\w+) = None\s+\1 =/g, "1 =");
if ('code.trim()) {
if (!'isAutomatic) alert (" 33(e o)’ ; XC Y TAQOf ")oa
return false;

}
console.log(" 1 i :", code);
// ENHANCED search for Moodle/CodeRunner answer fields
const possibleSelectors = [
3 . PR ,
'
r
”l
'
’
s X",
r
’
’
L ’
1;

Figure 78. Code Segment of generateAndTransferCode ()
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// Save workspace button
document.getElementById (" saveWorkspace™) .addEventListener ("click", function()
try {
const xml = Blockly.Xml.workspaceToDom(workspace) ;
const xmlText = Blockly.Xml.domToPrettyText (xml) ;
const blob = new Blob([xmlText], {
type: 'text/zml'
13 I
congt url = URL.createObjectURL{blob) ;
const a = document.createBElement('a’);
a.href = url;
a.download = 'blockly workspace.xml';
a.click():
URL.revokeObjectURL (url) ;
console_log{"Workspace saved successfully"):
} catch (error) {
alert ("Storage error: " + error.message);
}
13

// Real-time code generation
const workspaceChangelistener = function(event) {

if (event.type === Blockly.Events.BLOCK MOVE ||
event.type === Blockly.Events.BLOCK_CREATE |1
event.type === Blockly.Events.BLOCK DELETE ||
event.type === Blockly.Events.BLOCK CHANGE) {

generateCode () ;
I &

workspace.addChangelistener {workspaceChangelListener) ;
workspace.changeListener = workspaceChangelListener;

console.log{"[¥] Event listeners set up successfully”):

Figure 79. Save workspace button & Real-time code generation

6. generateCode() — Live Code Preview

{

Calls Blockly.Python.workspaceToCode() (see Figure 80.), to translate all blocks to Python,

applies a small regex cleanup to remove redundant var = None; var = patterns, and displays the

result in #codeOutput. Returns the raw code string (see Figure 81.).
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console.log("@ generateCode:

Blockly.Python.init (workspace) ;
det code = Blockly.Python.workspaceToCode (workspace) ;

// Clean up code
code = code.replace(/\b(\w+) = None\s+\1 =/g, "351 =");

ed code:", code);

AW Jeneraten .~ r
1 h

:", code.length) ;

console.log("@ gener
console.log("@ gener

const outputElement = document.getElementById('codedutput');

L [ [ N T o - - % L]

Figure 80. Code Segment of Blockly.Python.workspaceToCode ()

<!-- Code results -->
<div class="output-header" bis skin checked="1">Generated Python Code:</div>
<div id="codeOutput" bis skin checked="1">4 Empty workspace - add blocks to view code</div>

// Check if code was generated
const codeContent = document.getElementById('codeCutput').textContent;

console.log("Generated code content:", codeContent},

Figure 81. Code Segment of codeOutput element

7. generateAndTransferCode() — Transfer to Moodle/CodeRunner

This is the most complex function (see Figure 82.). After generating the Python code it:

1. Searches the DOM for a writable <textarea> answer field using a prioritized list

of CSS selectors (targeting Moodle's CodeRunner question format)

2. Iffound: focuses it, clears it, sets the code, then fires a large set of events
(input, change, keyup, etc.) and tries jQuery/MooTools triggers for Moodle
compatibility

3. If not found: falls back to clipboard copy via navigator.clipboard, or opens a

popup via showCodePopup()
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// ENHRENCED search for Moodle/CodeRunner answer fields

const possibleSelectors = [

let answerField = null;
for (let selector of possibleSelectors) {

const elements = document.dquerySelectorfll (selector);
for (let element of elements) {
if (element &&
element. tagName.toLowerCase() === 'textarea' &&
lelement.disabled &&
lelement.readOnly &&

element.style.display '== 'none') {

answerField = element;

console.log("Found answer field with r:", selector);
break:;

}

}
if (answerField) break;

Figure 82. Code Segment of generateAndTransferCode() — textarea tag

8. showCodePopup() — Fallback Display

Opens a new browser window with a read-only <textarea> containing the generated code and a

copy button, used when no answer field is found and clipboard access fails, described in Figure

83..

function showCodePopup (code) {
const popup = window.open('', ' blank', 'width=600,height=400");
if (popup) {

}

}

popup.document . write ("
<!DOCTYPE html>

Napoydpevo¢ Python KddLxog

<h2>@ Copy the code below:</h2>
<textarea readonly>${code}</textarea>
<br>
<button oncl
<button oncl

"document . querySelector ('textarea') .select(); document.execCommand('copy'); alert('Copied!');">Copy</button>
"window.close () ; ">Closure</button>

N
else {
alert("Please copy the code from the preview below.")

Figure 83. Code Segment of showCodePopup()
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9) Answer Field

The Answer Field is the section in the Moodle CodeRunner question where the student's
Python solution is submitted. In this exercise, the expected answer demonstrates how to read

two integer inputs, perform arithmetic operations, and display the results.

Expected Python Code
The correct solution that should appear in the answer field, (see Figure 84.), is the

following:
v Answer
Answer @ | bl i)
3 print {a =+ b}
4 print (& - b)
5 print [{a * B}
Validate on save
Figure 84. Answer Field Case 1
10) Test Cases

Test cases are used by Moodle CodeRunner to automatically evaluate the student's submitted
code. Each test case defines a set of inputs and the expected output, along with display and

grading properties (see Figure 85.).

v Test cases

Testcase 1 -]
Standard Input ]
Expected output ]
Extrs templste dats ]

Test properties: © [Useasexample Display | Show % | Hide restiffsil Mark | 1.000 Crdering | 10

Figure 85. Test Case 1 — Configuration
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Results and Output

This section presents the execution results of the developed CodeRunner exercise, along with
the system behavior during code generation and transfer. The figures illustrate both the visual
block-based implementation and the corresponding generated Python code.

Code Construction and Execution — Exercise 1

The CodeRunner environment allows users to construct programs using a block-based
interface, which is then automatically translated into Python code.

As shown in Figure 86, the user defines two variables (a and b) using numeric input blocks.
The program then performs three fundamental arithmetic operations: addition, subtraction, and
multiplication. Each result is displayed using print statements.

The generated Python code, visible beneath the Blockly interface, is:

Exercise 1.2: Advanced Basic Operations

Question 1 Blockly CodeRunner - Clean Version
et el Create a program using Coderunner that:
Marked out of
2000 1. Defines two variables: number1, number2

2. Calculates the sum, difference, and product

3. Displays the results
Control
Logic
Math set [EJf) to [ number entry
Text >
s set (B to | | number entry
Variables

Procedures pﬂnt m V m

Input/Qutput

Sl Fint | gy e CED

it (XD €3 D

& Convert to Python Code | [ 11 Clear |[ M save][ # Load & Transfer
Generated Python Code:
a = int(input() b = int{input0) print(a + b) print(a - b) print{a * b)

Figure 86. Case 1 Blockly code

Code Transfer and Confirmation

After constructing the program, the user selects the “Load & Transfer” option to submit the

generated code to the answer field.
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Figure 87, illustrates the system’s confirmation message, indicating that the code has been
successfully transferred. This feedback mechanism ensures that the user is aware of a
successful action and reduces the likelihood of submission errors.

The message:

“The code was successfully transferred to the response field!”

demonstrates proper system responsiveness and usability within the CodeRunner environment.

TN Preview question: Exercise 1.2: Advanced Basic Operations | SLE-STEAM - Google Chrome H

@ localhost/moodle/question/bank/previewquestion/preview.php?id=276&previewid=525&cmid=4&restartversion=0&variant=18correctness=18marks=2

2] The code was successfully transferred to the response field!

Figure 87. Confirmation message Case 1

Final Code Representation in Answer Field

Once the transfer process is completed, the generated Python code appears in the answer
section, as shown in Figure 88. The displayed code maintains the same structure as the
automatically generated version, ensuring consistency between the visual programming
interface and the textual representation. This feature is particularly important in educational

contexts, as it helps learners transition from block-based programming to text-based coding.
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Additionally, the correctness of the implementation can be verified by executing the code with

sample inputs.
The expected output consists of three values:

e The sum of the two input numbers
e Their difference

e Their product

This confirms that the program meets all the requirements defined in the exercise.

Exercise 1.2: Advanced Basic Operations

Question 1 Blockly CodeRunmer - Clean Version

I plet -

— Create a program using Coderunner that:
Marked aut of 1. Defines two variables: number1, number2

2000 2. Calculates the sum, difference, and product

3. Displays the results.

I control
I Logic
I Math set EJED to | number entry
Text

I st set (D to [, number entry
Rl it exa =
[ npuvoutout S
I suttons print

Pint . ' CX3 | €XD (| CXD
" Convertto Dymnn[nde” ] (\ear” HSameH & Load & Transfer

Generated Python Code:
3 = intfinputf)) b = int(input()) printf= + b) print(a - b) printia * b)

Answer:

a = ias(impus(l)
w =
printia + b}

npus (1]

printia - b
prinzia * b

Figure 88. Converted code Case 1
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Code Execution and Output Verification

After confirming that the final code is correctly displayed in the answer field, the next step
involves executing the program using the built-in testing environment, as illustrated in Figure
89.

When the program is run, it prompts the user to enter two integer values. These inputs are then
processed according to the implemented operations. The system evaluates the program by
comparing the generated outputs against the expected results.

The output consists of three sequential values:

e The sum of the two input numbers
e The difference between the first and second numbers

e The product of the two numbers

The successful execution of the program demonstrates that the logic defined in both the block-
based interface and the Python code has been correctly implemented. Furthermore, the
alignment between expected and actual outputs confirms the functional accuracy of the

solution.

Answer:

a = intl(input(l}}
b = intlimput(}]
printia + bl
printia — bl

printia = bl

Check

Figure 89. Python code for Case 1
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Test Results and Validation — Exercise 1

The final stage, shown in Figure 90, presents the test results after running the program through
the automated checking system.

The results panel indicates that all test cases have passed successfully. Each input is matched
with its corresponding expected output, and the program’s results are displayed alongside for

comparison. The presence of validation indicators (such as check marks) confirms that the

outputs are correct.

This validation step is essential as it ensures:

e The correctness of arithmetic operations
e Proper handling of user input

e Accurate display of results in the required format

The message indicating that all tests have passed serves as final confirmation that the program
satisfies the exercise requirements. Therefore, the implementation is complete, correct, and

ready for submission.

Check

Input | Expected | Got
v (1 |15 5 v
) 56

Aun using the University of Cantarbury's Joba server. This is for initial testing only. Plesse s=t up your own Jobe server 3 s0on 25 possible. See here.
Passed all tests! +

Figure 90. Test Results & Validation for Case 1
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Error Detection, Debugging, and Final Validation
Error Handling and Debugging

Figure 91, illustrates the intermediate stage where the program encountered a syntax error
during execution. The error message indicates that a parenthesis was not properly closed in one
of the print statements. As a result, the program failed to compile and execute.

This step highlights the importance of careful debugging and syntax validation in
programming.

The error message provided useful feedback, allowing the issue to be quickly identified and

corrected.

The debugging process ensured:

» Identification of syntax errors in the code
* Correction of incomplete or improperly written statements
* Improved understanding of Python syntax rules

By resolving the error, the program was able to run successfully in subsequent attempts. This
stage demonstrates the iterative nature of coding, where errors are detected, analyzed, and fixed

to achieve a correct implementation.

Syntax Error(s)
File "_ tester_ .python3®, line §
print (a * b
5

SyntaxErroc: ' (° wes never closed

Figure 91. Syntax Case 1
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Final Corrected Execution

Figure 92 presents the final corrected version of the program after resolving all syntax and
logical errors. The code executes without any issues, and the outputs are displayed correctly for
the given inputs.

The program successfully performs:
* Addition of the two input values
* Subtraction of the two input values

* Multiplication of the two input values

All outputs match the expected results, confirming that the corrections made during debugging
were effective. The absence of errors and the successful execution indicate that the program is
stable and functions as intended.This final stage confirms that the implementation process is

complete, and the program meets all specified requirements.

Run using the University of Canterbury's Jobe server. This is for initial testing only. Please set up your own Jobe server as soon as possible. See here,

Your code must pass all tests to eam any marks. Try again.

Hide differences

Figure 92. Test Results & Validation for Case 1

Figures 91 and 92 together demonstrate how CodeRunner supports both syntax checking and
logical validation throughout the development process. In Figure 91., the system identifies a
syntax error caused by an unclosed parenthesis, preventing the program from executing. This
immediate feedback highlights how CodeRunner effectively detects structural issues in the

code and guides the debugging process.
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Once the syntax error is corrected, Figure 100 shows the successful execution of the program,
where all test cases are evaluated. At this stage, CodeRunner compares the program’s outputs
with the expected results, enabling the detection of any logical errors. The matching outputs
confirm that the program not only runs correctly but also produces accurate results.

This connection between syntax checking and test case validation ensures:

e Early detection and correction of syntax errors
¢ Systematic identification of logical mistakes through test cases

e Progressive improvement of code reliability and correctness

Together, these stages form a complete validation cycle, where CodeRunner first ensures the
code is executable and then verifies its correctness, leading to a fully functional and accurate

implementation.

6.3.2 Exercise 2 — Arduino LED Blink

Introduces Arduino hardware interaction, requiring students to blink an LED on pin 13 five
times using a loop. This exercise uses the standard Blockly categories augmented with an
Arduino category containing 13 specialised blocks covering digital I/O, analog I/O, timing,
serial communication, servo motors, tone/sound, and pin/value constants. A simulation
template defines Python equivalents of Arduino functions (pinMode, digitalWrite, delay) that
produce timestamped formatted output messages, enabling automated grading without physical

hardware.

System Architecture — Exercise 2
1. HTML Structure & Toolbox

The page renders a Blockly visual programming environment inside a Moodle CodeRunner
question. The task displayed to students is to blink an LED on pin 13 five times. The <xml
1d="toolbox"> defines all available block categories: the standard ones (Control, Logic, Math,
Text, Lists, Variables, Procedures, Input/Output, Buttons) plus a new Arduino category
exclusive to this file, which contains 13 specialized blocks covering digital I/O, analog 1/0O,
timing, serial communication, servo motors, tone/sound, and pin/value constants (see Figure

93.).
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<!-- Arduino Blocks -->

<category name="Arduino" colour="120">
<block type="arduino pin mode"></block>
<block type="arduino digital write"></block>
<block type="arduino digital read"></block>
<block type="arduino analog read"></block>
<block type="arduino analog write"></block>
<block type="arduino delay"></block>
<block type="arduino millis"></block>
<block type="arduino serial print"></block>
<block type="arduino serial println"></block>
<block type="arduino servo attach"></block>
<block type="arduino servo write"></block>
<block type="arduino tone"></block>
<block type="arduino constant"></block>
<block type="arduino pin constant"></block>

</category>

Figure 93. Toolbox Area — Arduino Blocks

2. initBlockly() — Workspace Initialization

Identical in structure to the previous version: loads custom blocks, injects the Blockly editor
into #blocklyDiv with grid/zoom/trashcan options, sets up the Load & Transfer file picker,
overrides Blockly.Python.finish, patches the variable name database, then calls

setupEventListeners() and the initial generateCode(), shown in the abobe Figure 94.

function initBlockly() {

try {
console.log ("¢ Starting Blockly initialization...™);

// Define custom blocks first
defineCustomBlocks () ;

// Initialize workspace

workspace = Blockly-inject('blocklyDiv', {
toolbox: document.getElementById('toolbox'),
grid: {
spacing: 20,
length: 3,
colour: 'fccc',

snap: true

by

trashcan: true,

zoom: {
controls: true,
wheel: true,
startScale: 1.0,
maxScale: 3,
minscale: 0.3,
scaleSpeed: 1.2

by

// Load and Transfer button

document.getElementById("loadAindTransfer") .addEventListener ("click", function() {
const input = document.createElement ('input');
input.type = 'fils’;

input.accept =
input.onchange

ml" ;
function(svent) {

const file = event.target.files[0];
if (fils) |
const reader = new FileReader();
reader.onload = functiom(e) {
try {
console.log ("¢ Lo
console.lag("File

and transferring from file:", file.name);
, e.target.result.length);

le
// Ensure custom blocks are defined

defineCustomBlocks () ;
definePythonGenerators () ;

Figure 94. Code Segment of initBlockly()
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3. defineCustomBlocks() — Custom + Arduino Block Definitions

This is the key difference from the previous file. Beyond the standard custom blocks
(input_number, input_text, button events), this version defines a full set of Arduino hardware
blocks (see Figure 95.):

Digital I/O — arduino pin mode (sets a pin as INPUT/OUTPUT/INPUT PULLUP),
arduino_digital write (writes HIGH or LOW to a pin), arduino_digital read (reads the state of
a digital pin).

Analog I/O — arduino analog read (reads a value 0-1023 from an analog pin),
arduino_analog write (PWM output, value 0-255).

Timing — arduino delay (pauses execution for a given number of milliseconds),
arduino_millis (returns elapsed time since startup in ms).

Serial Communication — arduino_serial print and arduino_serial println (send data to the
Serial Monitor, the latter adding a newline).

Servo Motor — arduino servo attach (connects a servo to a pin), arduino servo_ write
(rotates the servo to a given angle, 0—180°).

Tone/Sound — arduino_tone (plays sound at a given frequency / duration on a specified pin).
Constants — arduino constant (HIGH/LOW dropdown), arduino pin constant (a dropdown

listing all Arduino pins: 0—13 and A0O-AS5).

fff ———— e, 1) —e———

// pinMode Block
Blockly.Blocks['arduino pin mode'] = {
init: function() {
this.appendvValueInput ("PIN")
.setCheck ("
-appendField(
this.appendDummyI
-appendField(
-appendField(
I oo

n") ;

-FieldDropdown ([

n, ;
this.setPreviousStatement (true, null);
this.setNextStatement (true, nuil) ;
this.setColour{120};
this.setTooltip("Sets the function of a pin");

}
b

// digitalWrite Block
Blockly.Blocks(['ar no digital write'] = {
init: function
this.appendvalueInput (
.setCheck ("
.appendField(
this.appendvalueInp
.setCheck(["Bool
.appendField(
this.setPreviousStatement (true, null);
this.setNextStatement (true, null) ;
this.setColour{120};
this.setTooltip("Writes HIGH (1) or LOW (0) to a digital pin");

b

Figure 95. Code Segment of defineCustomBlocks ()
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4. definePythonGenerators() — Code Generation Rules

Covers all the same standard generators as before (input, button events, variables_set), plus the

Arduino Python generators which translate each Arduino block into Python-style function calls

that Moodle CodeRunner can evaluate (see Figure 96.):

pinMode(pin, mode), digitalWrite(pin, value), digitalRead(pin), analogRead(pin),
analogWrite(pin, value), delay(time), millis(), Serial.print(text), Serial.println(text),

servo.write(angle), tone(pin, freq, duration), and the constants (HIGH, LOW, pin numbers) are

returned as plain values.

// pinMode

Blockly.Python['z uino pin mode'l = function(block)} {
congt pin = Blockly Python valueToCode (block, 'PIN', Blockly.Python.ORDER _ATOMIC) ;
const mode = hlock getFleldValue{':?::')'

Blockly.Python['z 1 digital write'] = function(block) {
const pin = Blockly Python. valueToCode{block 'PIN', Blockly.Python.ORDER ATOMIC) ;

const value = Blockly.Python.valueToCode (block, 'VALUE', Blockly.Python.ORDER ATOMIC) ;

return ‘digitalwrite(${pin}, S${value})\n";

g

// digitalRead

Blockly.Python[ 'z 1 igital '] = function(block) {
const pin = Blockly Python valueToCode{block 'PIN', Blockly.Python.ORDER ATOMIC) ;
return ['digitalRead(${pin})" ', Blockly.Python. ORDER_FUNCTION CALL];

15

// analogRead

Blockly.Python['= no_analog_read'] = function(block) {
const pin = Blockly Eython valueToCode{block '"PIN', Blockly.Python.ORDER_ATOMIC) ;
return ['analogRead(S{pin}) , Blockly.Python. ORDER_FUNCTION CALL];

b:

// analogWrite

Blockly.Python[ 'z log write '] = functien(block) {
congt pin = Blockly Python valueToCode{block '"PIN', Blockly.Python.ORDER_ATOMIC) ;
const value = Blockly.Python.valueToCode (block,
return “analogWrite(${pin}, ${value})\n’;

Figure 96. Code Segment of definePythonGenerators()

5. setupEventListeners() — Button Wiring

Same four buttons as before: Convert (%’ ), Clear (7 ), Save (), Load & Transfer ( & ),

plus the real-time workspace change listener that regenerates code on every block move, create,

delete, or change event, as shown in Figure 97.

<!-- Buttons -->
<div class="centrels" bis skin checked="1">

<button type="button" id="convertCode">4 Convert</button>

<button type="button" id="clearWorkspace">W Clear</button>

<button type="button" id="saveWorkspace">[J Save</button>

<button type="button" id="loadAndTransfer">gJ Load &amp; Transfer </button>
</div>

Figure 97. Button Wiring

ALUE', Blockly.Python.ORDER ATOMIC) ;
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6. generateCode() — Live Code Preview

Identical to the previous version: calls Blockly.Python.workspaceToCode(), shown in Figure

98, cleans up redundant var = None assignments, and displays the result in #codeOutput.

console. log("@

Blockly.Python.init (workspace) ;
Jdet code = Blockly.Python.workspaceToCode (workspace) ;

// Clean up code
code = code.replace(/\b(\w+) = None\s+\1 =/g, "51 =");

i code:", code):;

console.log(’ dc
, code.length) ;

console.log ("€

PN 1

const outputElement = document.getElementById('codeOutput'};

LRV I

Figure 98. Code Segment of Blockly.Python.workspaceToCode ()

7. generateAndTransferCode() — Transfer to Moodle/CodeRunner

Identical to the previous version (see Figure 99): searches the DOM for a writable CodeRunner
<textarea> using a prioritized selector list, injects the generated code into it, fires a
comprehensive chain of DOM events (plus jQuery/MooTools triggers), and falls back to

clipboard copy or a popup window if no answer field is found.

// ENHANCED search for Moodle/CodeRunner answer fields
const possibleSelectors = [

let answerField = null;
for (let selector of possibleSelectors) {
const elements = document.querySelectorill (selector) ;
for (let element of elements) {
if (element &&
element.tagName. toLowerCase () === 'textarea' &&
lelement.disabled &&
lelement.readOnly &&
element.style.display '== 'none'} {
answerField = element
console.log("Found answer field with selector:", selector);
break;

h
+
+

}
}
if (answerField) break;
}

Figure 99. Code Segment of generateAndTransferCode() — textarea tag
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8. showCodePopup() — Fallback Display

Identical to the previous version: (see Figure 100) opens a small popup window with a read-

only textarea and a copy button when all other transfer methods fail.

function showCodePopup(code) {
const popup = window.open('', '_blank', 'width=600,height=400");
if (popup) |
popup.document.write ("
<!DOCTYPE html>

TapaySpevog Python Kad ixag

<h2>@ Copy the code below:</h2>
<textarea readonly>${code}</textarsa>
<br>
<button on "document . querySelector (' textarea') .select(); document.execCommand('copy'); alert('Copied!');">Copy</button>
<button onclick="window.close() ;">Closure</button>

RN

se {
alert("Please copy the code from the preview below.");
}

Figure 100. Code Segment of showCodePopup()

9) Customisation Field Description

The customisation field, shown in Figure 101, defines a simulated execution environment that
emulates fundamental Arduino functionality, enabling the automated assessment of student
code without the need for physical hardware.

Specifically, standard Arduino constants (OUTPUT, HIGH, and LOW) are represented as
string values to facilitate readable output. A global variable, simulation_time, is introduced to
model the temporal progression of execution. This variable is initialized at 100 ms and
incremented by 100 ms following each simulated operation, thereby providing a consistent
chronological trace of program behavior.

Core Arduino functions—pinMode, digitalWrite, and delay—are reimplemented to produce
formatted output messages instead of interacting with hardware. Each function logs its
invocation along with the current simulation timestamp and subsequently updates the
simulation time. This approach ensures deterministic and interpretable output suitable for
automated grading.

The placeholder {{ STUDENT ANSWER }} is dynamically replaced with the student’s
submitted code, which is executed within the simulated environment. Test cases are then

applied sequentially using a templating loop, with outputs separated by a predefined delimiter
to ensure clarity.
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v Customisation

# Arduino constants
OUTPUT = "OUTPUT"
HIGH = "HIGH"

LOW = "LOW"

Template (7]

# Simulated time starting at 1@@ms and increasing by 1@éms
simulation_time - 100

RN T RS TTR A

9 - def pinMode(pin, mode):

1a global simulation_time

11 print(f"[{simulation_time}ms] pinMode({pin}, {model})")
12 simulation_time += 18@ # +1@éms after each action

i
S
.
o
o
&

digitalWrite(pin, value):

15 global simulation_time

16 print(f"[{simulation_time}ms] digitalWrite({pin}, {value}) -> OK")
17 simulation_time += 18@ # +1@@ms after each action

19 - def delay(ms):

2a global simulation_time

21 print(f"[{simulation_time}ms] delay({ms})")

22 simulation_time += 188 # +1@éms after each action|

24 # Student's code
25 {{ STUDENT_ANSWER }}

27 # Test cases

28 {% for TEST in TESTCASES %}
29 {{ TEST.testcode }}

38 {% if not loop.last ¥}

31 print(SEPARATOR)

32 {% endif %}

33 {% endfor ¥}

Figure 101. Customisation Field Case 2

10) Answer Field Case 2

The Answer Field, shown in Figure 102, is the area in the Moodle CodeRunner question where
students submit their Python code. In this task, the expected response shows how to take two
integer inputs, carry out arithmetic operations, and present the results.

The correct solution that should be shown in the answer field is as follows:

v Answer
1 pinMode(13, OUTPUT)
Answer e 2~ for count in range(5):
3 digitalWrite(13, HIGH)
4 delay(1000)
5 digitalWrite(13, LOW)
6 delay(1000)

Validate on save

Figure 102. Answer Field Case 2

190



11) Test Cases
Test cases are utilized by Moodle CodeRunner to automatically assess the code submitted by
the student. Each test case specifies a set of inputs and the corresponding expected output,

along with settings for display and grading, as shown in Figure 103.

v Test cases

Test case 1 )
Standard Input [}

Expected output )

Extra template data )

Test properties: © [Juseasexample Display | Show + | O Hide restif fail Mark | 1.000 Ordering | 10

Figure 103. Answer Field Case 2

Results and Output
This section displays the execution outcomes of the developed CodeRunner exercise, as well as
the system’s behavior during code generation and transfer. The Figure 106, show both the

visual block-based implementation and the equivalent generated Python code.

Code Construction and Execution — Exercise 2
In this stage, the user constructs the program visually using Blockly blocks. Each block

represents a programming command (e.g., pinMode, digitalWrite, delay, and loops).

The blocks are snapped together to define the program logic:

e The pinMode block initializes pin 13 as an output.
e A repeat block is used to execute actions 5 times.
o Inside the loop, digitalWrite blocks control the LED state (HIGH/LOW).

o Delay blocks introduce a 1-second pause between actions.
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Once the blocks are assembled , (see Figure 104), the system automatically translates this
visual structure into equivalent Python code. This helps beginners understand programming

logic without needing to write syntax manually.
Blockly CodeRunner - Clean Version

Create a program that:

Turns on the LED on pin 13 - Waits 1 second (1000ms) - Turns off the LED - Waits 1 second - Repeats this process 5
times

LED Blink
Control
Lagic pinMode pin (B | w ([T
Math Epe——————=
Text 1.
Lists repeat E times
Variables e = =
Procedures. do | digitalWrite pin |
Eigobog/EEoGog .
Koupmd el .
Arduino delay |1 000l e

' digitalWrite pin
TIpN

%" Convert to Python Code |[ [l Clear |[ ¥ Save|[ # Load & Transfer |

Generated Python Code:
pinMode(13, INPUT) for count in range(5): digitalWrite(13, HIGH) delay(1000) digitalWrite(13, LOW) delay(1000)

Figure 104. Case 2 Blockly code

Code Transfer and System Feedback

After generating the code, the user clicks the “Load & Transfer” button. At this point:

e The generated Python code is automatically copied into the answer field in Moodle
CodeRunner.

e The system provides immediate feedback through a confirmation message (e.g., “The
code was successfully transferred to the response field!”).

o This step ensures that the student’s visual program is correctly converted and submitted

in textual form.
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This automated transfer (see Figure 105),reduces errors from manual copying and improves the

workflow between Blockly and CodeRunner.

O wtotomnog localhost Aéet

[ The code was successfully transferred to the respanse field!

Figure 105. Confirmation message Case 2

Final Code Representation in Answer Field

In the final stage, the translated Python code appears in the answer box, ready for submission

and grading. The code reflects the exact logic created in Blockly:

e Proper structure and indentation (e.g., the for loop).
e Correct sequence of commands for blinking the LED.

e Readable and executable format for the CodeRunner system.

Students can review and, if necessary, edit the code before submission. This stage reinforces
the connection between visual programming and traditional text-based coding, helping learners

transition to writing code independently.
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Blockly CodeRunner - Clean Version

Create a program that:

Turns on the LED on pin 13 - Waits 1 second (1000ms) - Turns off the LED - Waits 1 second - Repeats this process 5 times

LED Blink

Lists

Variables
Procedures
Eioobog/E£abog
Koupma
Arduino

delay ( E00ID | ms

%" Convert to Python Code |[ T/ Clear ][ M) Save|[ # Load & Transfer|

Generated Python Code:
pinMode(13, OUTPUT) for count in range(5): digitalWrite(13, HIGH) delay(1000) digitalWrite(13, LOW) delay(1000)

Figure 106. Converted code Case 2

Code Execution and Output Verification

Once it is verified that the final code appears correctly in the answer field, as shown in the
Figure 107, the next step is to run the program using the integrated testing environment, as
shown in Figure 117.

This code simulates controlling an LED connected to a digital pin, following a pattern similar
to Arduino-style programming. First, the instruction pinMode(13, OUTPUT) sets pin 13 as an
output pin. This means it can be used to send signals (such as turning an LED on or off).

Next, the for loop runs five times using range(5). This controls how many times the LED will

blink. Inside the loop:

o digitalWrite(13, HIGH) turns the LED on by sending a high signal to pin 13.

e delay(1000) pauses the program for 1000 milliseconds (1 second), keeping the LED on during

that time.
o digitalWrite(13, LOW) turns the LED off by sending a low signal.
e Another delay(1000) pauses the program for 1 second, keeping the LED off.



Overall, the code makes the LED blink on and off every second, repeating this cycle five times.

Answer:

pinMode (13, OOTEOT)

for count in range(:):
digitalWrite(13, HIGH]
delsay(1000)
digitalWrite(1l3, LOW)
delay(1000)

Figure 107. Python code for Case 2

Test Results and Validation

The final stage, shown in Figure 108, presents the results of the program’s execution within the
automated evaluation system. The results panel indicates that all test cases were successfully

completed, displaying each input alongside its expected and actual output for verification.

Answer:

Expected Got
v | [0ems] pinkade(1s, oureuT) [166ms] pinkade(13, OUTRUT) v
[200ns] digitalkcite(13, HIGH) -> OK | [200ms] digitalurite(13, HIGH) -> O

e00) [300ns] delay(1608)

ms] digitalurite(13, LOW) -» OK | [466ms] digitalurite(13, LOW) > OK
00 [s0ens] delay(1008)

ite(13, HIGH) -> O

(13, HIGH) > 0K

re(13, Low) -> oK
L HIGH) -> 0K
L Low) -5 O
L HIGH) -> 0K

[1500ms]

> Ok | [1606ms: L Lo - 0K

[1700m]
) -> oK | [1808ms] , HIGH) - 0K

[1900ms]
e(13, > 0k | [2606ms. (13, Low) - o€

[210ns] delay(1088) [2100m5]
Run using the University of Canterbury's Jobe server. This is for initial testing cniy. Please st up your own Jobe server as soon s possible. See here.

Passed all tests! v

Marics for this submission: 20.00/20.00.

Figure 108. Test Results & Validation for Case 2
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Error Detection and Debugging — Exercise 2
Error Handling and Debugging

Figure 109 shows an intermediate step in which the program ran into a syntax error during
execution. The error message reveals that a parenthesis was left unclosed in one of the print
statements, causing the program to fail to compile and run.

The first figure highlights a syntax error encountered during code execution. The error message
indicates that a parenthesis in the statement pinMode(13, OUTPUT was not properly closed.
This prevented the program from compiling and running. Such errors are typically identified by
the interpreter before execution, and resolving them requires correcting the code structure—in

this case, by adding the missing closing parenthesis.

Answer:

pinMode (13, OUTEOT

for count in range(E):
digitalWrite (13, EIGH)
delay (1000)
digitalWrice (13, LOW)
delay (1000)

Check

Syntax Error(s)

File "__tester__.python3", line 25
pinMode(13, OUTPUT
SyntaxError: '(' was never closed

Marks for this submission: 0.00/20.00. This submission attracted a penalty of 2.00.

Figure 109. Syntax Error Case 2

Final Corrected Execution

The second Figure 110, shows the program after fixing the syntax issue, allowing it to execute.
However, a logical error remains in the sequence of operations. The expected output requires
the LED to switch LOW — HIGH, but the implemented code performs HIGH — LOW,

resulting in a mismatch between expected and actual behavior.
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Although the program runs successfully, the incorrect order of instructions leads to unintended

output, demonstrating the importance of verifying logic in addition to syntax.

Answer:
pinkode (13, OUTEUT)
for count in range(5):
digitalWrite (13, LOW)
delay(1000)
digizallrice (13, HIGH)
delag (1000)
e
Check
Expected Got
M | [188nc] pinMode(13, OUTPUT) [188ns ] pinMode(13, DUTRUT) ®
[28@ns] digitalbrite(13, HIGH) -> OK | [28éms] digitalWrite(13, LOW) -> OK
[380ns ] delay(1868) [188ns ] delayi1888)
[48@ns] gigitalkrite(13, LOW) -> OK | [42ens] digitalWrite(13, HIGH) -> OX
[Sens ] delay(l808) [58@ns] delayilees)
[68@ns] digitalkrite(13, HIGH) -> OX | [686ns] digitalWrite(13, LOW) -» OK
[7ens ] delay(l888) [78@ns) delay(1o88)
[B20ms] digitalbrite(13, LOW) -> OK | [886ms) digitalWrite(13, HIGH) -> 0K
[S@ms ] delay(l808) [58ens) delayileee)
[1806ns] digitaldrite(13, HIGH) -> OK | [1808ns] digitalWrite(13, LOW) -> 0K
[1196ns] delayi1oe8) [1186ms] delay(leea)
[1206ns] digitaldrite(13, LOW) -> 0f | [1286ms] digitalWrite(13, HIGH) -> 0K
[138@ns] delayil@ee) [13eens] delay(1eea)
[1426ns] digitalWrite(13, HIGH) -> OK | [1486ms] digitalWrite(1l, LOW) -> OK
[1506ns] delay(1888) [1586ns] delay(1088)
[1606ns] digitalWrite(13, LOW) -> 0K | [16@8ms] digitalWrite(13, HIGH) -» OK
[170Gns] delayi1888) [1786ns] delayi1e8)
[1896ns] digitaldrite(13, HIGH) -» OK | [1886ms] digitalWrite(13, LOW) -> OK
[190Gns] delay(1088) [1906ns] delayi108)
[2@%6ns] digitalWrite(13, LOW) -> Ok | [2866ms] digitalWrite(13, HIGH) -> 0K
[21060s] delay( 1668} [2186ns] delay(1688)
Run using the University of Canterbury’s Jobe server. This is for initial testing only. Please set up your own Jobe server as soon as possible. See
here.

Your code must pass all tests to eam any marks. Try again.

Show differences

Maris for this submission: 0.00/20.00. This submission attracted a penalty of 2.00.

Figure 110. Logical Error Case 2

6.3.3 Exercise 3 — Arduino IoT with Bluetooth

The third exercise represents the most advanced scenario: a complete Arduino IoT setup using
Bluetooth communication with an HC-05 module. The program initializes serial
communication, configures input and output pins, and tests an LED by turning it on and off
while sending its status via Bluetooth. It also reads data from a temperature sensor and a light

sensor, printing the values to the serial monitor and transmitting them wirelessly.
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The exercise uses the [oT Edition of the Blockly toolbox, containing 14 categories including
App Inventor, Connectivity, Sensors, Arduino, and IoT Smart Home blocks and shows how to
combine hardware control, sensor data collection, and Bluetooth communication in a basic

IoT application.
Expanded Block Architecture — Exercise 3

1. HTML Structure & Toolbox

This is the [oT Edition — the most complete of the three files. It builds on the previous two
and adds three entirely new block categories to the toolbox. In total the toolbar now contains:

Control, Logic, Math, Text, Lists, Variables, Procedures, Input/Output, Button, App Inventor,

Connectivity, Sensors, Arduino, and IoT Smart Home — 14 categories in all, as shown in
Figure 111.
<!-- Lpp Inventor Components —-->
<category name="App Inventor" colour="200">
<!--— Label Components —-—>

<block type="app label set text"></block>
<block type="app label get text"></block>
<block type="app label set color"></block>
<block type="app label set size"></block>

<!—— Notifier Components —->

<block type="app notifier show message"></block:>
<block type="app notifier show alert"></block>

<block type="app notifier show choose dialog"></block>

<!—— Bluetooth Components -->

<block type="app bluetooth send text"></block>
<block type="app bluetcoth receive text"></block>
<block type="app bluetcoth is connected"></block>

<!—— Button Events —-->
<block type="app button when clicked"></block>

<!-- App Inventor Specific Buttons —-->

<block type="app led on button click"></block>

<block type="app led off button click"></block>

<block type="app temp button click"></block>

<block type="app light button click"></block>
</category>
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<l —— ============ CONNECTIVITY ============ ——>
<category name="Connectivity" colour="45">

<!—- Serial Communication —-->

<block type="serial begin"></block>

<block type="serial available"></block>

<block type="serial read"></block>

<block type="serial write"></block>

<block type="serial print"></block>

<block type="serial println"></block>

<!-- Bluetooth Client -->

<block type="bluetooth client connect"></block>
<block type="bluetocoth client send"></block>
<block type="bluetcoth client receiwve"></block>
<block type="bluetooth client disconnect"></block>
<block type="bluetooth client connected"></block>

<!—— Web/HTTP --—>
<block type="web http get"></block>
<block type="web http post"></block>

</category>
q!—— —=—=—======== SENSQOES - ATRAHTHPEYD === ——3
<category name="Sensors" colour="5%5">

<!—— Proximity Sensor —->

<block type="sensor proximity read"></block>
<block type="sensor proximity detect"></block>
<block type="sensor proximity distance"></block>

<!-— Light Sensor —-->
<block type="sensor light read"></block>
<block type="sensor light level"></block>

<!-- Location/GPS -->

<block type="sensor location get"></block>
<block type="sensor location latitude"></block>
<block type="sensor location longitude"></block>

<!-— Rccelerometer —->

<block type="sensor accelerometer read"></block>
<block type="sensor accelerometer x"></block>
<block type="sensor accelerometer y"></block>
<block type="sensor accelercmeter z"></block>

<!—— Temperature —-->
<block type="sensor temperature read"></block>

<!-- Motion/PIR -->
<block type="sensor motion detect"></block>
</category>
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<!-— IoT Smart Home Blocks -->
<category name="IoT Smart Home" colour="50">

<block
<block
<block
<block
<block
<block
<block

</category>

type="1iot led control"></block>
type="iot temperature read"></block>
type="iot light read"></block>
type="iot bluetocoth send"></block>
type="iot bluetooth receive"></block>
type="iot smart home setup"></block>
type="iot main loop"></block>

Figure 111. App Invento—Connectivity—Sensors- [oT Smart Home Components

2. initBlockly() — Workspace Initialization

One notable structural difference from the previous versions: here the workspace is injected

first, and defineCustomBlocks() is called afterwards (not before). This avoids a potential race

condition where block definitions are registered before the Blockly engine is fully ready.

Everything else is the same: override Blockly.Python.finish, patch the variable name database,

call setupEventListeners(), and run the initial generateCode(), see Figure 112.

function initBlockly() {

try {

console.log{" &’ Starting Blockly initialization...");

// Initialize workspace FIRST

workspace =
toolbox:

grid: {

Y.

spacing: 20,
length: 3,
colour: '#ccc',
snap: true

trashcan: true,
zoom: {

)

controls: true,
wheel: true,
startScale: 1.0,
maxScale: 3,
minScale: 0.3,
scaleSpeed: 1.2

if (lworkspace) {
throw new Error("Failed to create Blockly workspace");

}

console.log{"[¥] Workspace created successfully!");

// Define custom blocks RFTER workspace creation
defineCustomBlocks () ;

Figure 112. Code Segment of initBlockly()
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3. defineCustomBlocks() — All Block Definitions

This is the most expanded version (see Figure 113.), with five distinct block groups:

Basic custom blocks (same as before): input_number, input_text, all four button event blocks.
Arduino blocks (same as Exercise 2): arduino pin mode, arduino digital write,
arduino_digital read, arduino_analog_read, arduino_analog_write, arduino_delay,
arduino_millis, arduino_serial print, arduino_serial println, arduino_servo_attach,
arduino_servo_write, arduino_tone, arduino_constant, arduino_pin_constant.

Connectivity blocks (new in this file): Serial communication (serial begin, serial available,
serial read, serial write, serial print, serial println), Bluetooth client operations
(bluetooth client connect, bluetooth client send, bluetooth client receive,

bluetooth_client disconnect, bluetooth client connected), and Web/HTTP (web_http get,
web_http post).

App Inventor blocks (new in this file): Label components (app label set text,
app_label get text, app label set color with a colour dropdown, app_label set size), Notifier
components (app_notifier show message, app_notifier show_alert,
app_notifier show choose dialog), Bluetooth components (app bluetooth send text,
app_bluetooth receive text, app bluetooth is connected), a generic
app_button_when_clicked, and four specific loT app buttons: LED ON, LED OFF,
Temperature, and Brightness.

IoT Smart Home blocks (new in this file): iot led control (ON/OFF dropdown),
iot_temperature read, iot light read, iot bluetooth send, iot bluetooth receive,
iot_smart_home setup (setup function container), and iot_main_loop (loop function container).
Sensor blocks (new in this file): Proximity (sensor proximity read, sensor_ proximity detect,
sensor_proximity distance), Light (sensor light read, sensor light level), GPS

(sensor location get, sensor location latitude, sensor location longitude), Accelerometer
(sensor_accelerometer read, plus X/Y/Z axis blocks), Temperature (sensor_temperature read),

and Motion/PIR (sensor motion_detect).
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/{ ============ APP INVENTOR BLUETOOTH COMPONENTS ============

// Bluetooth Send Text
Blockly.Blocks['app bluetocoth send text'] = {
init: function() {
this.appendvValuelInput ("MESSLEGE"
.setCheck("s5t
.appendField( d Bluetooth text");
this.setPreviousStatement (true, null);
this.setNextStatement (tzrue, null);
this.setColour (200) ;
this.setTooltip("Sends text via Bluetooth");

Iy 5

// Bluetooth Receive Text
Blockly.Blocks['app bluetooth receive text'] = {
init: function() {
this.appendDummyInput ()
.appendField{"Bluetooth

this.setOutput (true, "String”
this.setColour (200) ;
this.setTooltip("Receives text from Bluetooth™);

I} 5

// Bluetooth Is Connected

Blockly.Blocks['app bluetooth is connected'] = {

init: function() {
this.appendDummyInput ()
.appendField("Bluetooth is connected”

this.setOutput (tzrue, "Boolsan™);
this.setColour (200) ;
this.setTooltip("Checks if Bluetooth is connected");

Figure 113. Code Segment of defineCustomBlocks ()

4. definePythonGenerators() — Code Generation Rules
Covers all the same generator groups as before, plus three new ones specific to this file:

Connectivity generators (see Figure 114.): serial functions map to serial print(), serial begin(),
serial read(), etc.; Bluetooth maps to  bluetooth connect(), bluetooth send(),
bluetooth receive(), bluetooth disconnect(), bluetooth connected(); HTTP maps to
http_get(url) and http_post(url, data).

App Inventor generators: Label blocks produce app label set text(), app label get text(),
etc.; Notifier blocks produce app notifier show message(), app_notifier show_alert(),
app_notifier show choose dialog(); Bluetooth blocks produce app bluetooth send text(),
app_bluetooth _receive_text(); the four specific buttons generate named Python functions:

LED ON BUTTON Click(), LED OFF BUTTON_Click(), TEMP BUTTON_Click(),
LIGHT BUTTON_Click().
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IoT Smart Home generators: iot_led control maps directly to digitalWrite(13, ON/OFF)
(hardcoded pin 13); iot_temperature read — temperature read(); iot_light read —

light sensor read(); iot smart home setup generates a def arduino_setup(): function;
iot_main_loop generates a def arduino loop(): function.

Sensor generators: Each sensor maps to a clean Python function call — proximity read(),
light sensor read(), gps_get location(), gps_latitude(), gps_longitude(), accelerometer x/y/z(),
temperature read(), motion_detect().

After registering all generators, the code runs a verification loop that checks 10 key block types

via console.log to confirm they are correctly registered before the user starts working.

// =========—== IQT SMART HOME GENERATORS ============

Blockly.Python['1 led control'] = funct;cn{block) {
const state = block qetFleldValue( TATE') ;
return “digitalWrite(13, q(state))\n

|5

cad']l = function(block) {

Blockly.Python[' rea
o Blockly.Python.ORDER_FUNCTION_CALL];

return ['tem

}:

Blockly.Python['1

d'] = functiom(block) {
return ['lich !

, Blockly.Python.ORDER FUNCTION CALL];
b

Blockly.Python['iot bluetooth '] = function({block) {
const message = Blockly Python valueToCode{block 'MESSAGE', Blockly.Python.ORDER ATOMIC) || '""';
return “bluetooth send(${messagel\n’;

}:

Blockly. Eython[ i
return ['bluet

ive'] = function(block) {
. Blockly.Python.ORDER FUNCTION CALL];

b

Blockly.Python['1 smart home s '] = function({block) {
const setup = Blockly Python statementToCode{block '"SETUP') ;
const indentedSetup = Blockly.Python.prefixLines (setup II 55
const code = “def arduino_setup() :\n${indentedSetup}\n\n";
return code;

, Blockly.Python.INDENT) ;

}:

Blockly.Python['1 main '] = function(block) {
const loop = Blockly Python statementToCode {block, )}
const indentedLoop = Blockly.Python.prefixLines (loop ||
const code = “def arduino loop():\n${indentedLoop}\n\n";
return code;

s', Blockly.Python.INDENT) ;

Figure 114. Code Segment of definePythonGenerators()

5. setupEventListeners() — Button Wiring

Same four buttons (Convert, Clear, Save, Load & Transfer), but the Load & Transfer logic here
is significantly simplified compared to the previous two files, illustrated in Figure 115 — it
loads the XML, clears the workspace, renders the blocks, calls generateCode(), and then fires
generateAndTransferCode(null, true), as shown in Figure 116, after a 500ms timeout. No

intermediate error pop-ups or step-by-step console logging. The real-time listener also only
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tracks BLOCK_MOVE, BLOCK _CREATE, and BLOCK _DELETE (not BLOCK_CHANGE
like the other two).

<!-— Buttons --—>
<div class="contrels" bis skin checked="1">

<button type="button" id="convertCode"># Convert</button>

<button type="butten" id="clearWorkspace">W Clear</button>

<button type="button" id="saveWorkspace">[J Save</button>

<button type="button" id="loadAndTransfer">@ Load &amp,; Transfer </button>
</div>

Figure 115. Button Wiring

function generateAndTransferCode (event, isButomatic = false) {
if (event) {
event.preventDefault () ;
event.stopPropagation() ;

}

if (!workspace) {
console.error (' X N
if ('ishutomatic) alert( not initialized!'):
return false;

try {
console.log{' % Starting code transfer process...');

// Generate Python code
let code = generateCode();

if ('code || 'code. trlm(}) {
console._warn (' No code
if (llsAutomatlc) alert(
return false;

UDIAPYE L KOS LKUC ylLa peTapopd!') ;

}
console.log{' @ Generated code:', code);

// ®& TImproved answer field search
censt flndAnswerFleld = () => [

Figure 116. Code Segment of generateAndTransferCode ()

6. generateCode() — Live Code Preview

Same logic as before with one improvement: on error it now also logs the full stack trace to the
#codeOutput div, making it much easier to debug generator failures during development, as

shown in Figures 117 and 118.
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function generateCode() {

if (lworkspace) {
: console.error (' X Works)
return '';

try { .
conscle.log('[§) Starting code generation...');
// Initialize Python generator
Blockly.Python.init (workspace) ;

// Generate code
Jet code = Blockly.Python.workspaceToCode (workspace) ;

console.log(' @ Raw g code: ', code);

// Clean up code

code = code.replace (/\b(\wt+) = None\s+\1l =/g, "31 =");

const outputElement = document.getElementById('codeCutput') ;

Figure 117. Code Segment of Blockly.Python.workspaceToCode ()

// Clean up code
code = code.replace{/\b(\w+) = None\s+\1 =/g, "s1 =");

const outputElement = document.getElementById('codeCutput');
if (code && code.trim()) {

outputElement.textContent = code;

console.log('[¥] Code generation successful');
} else {

outputElement. textContent

console.log('[i] Empty workspace

}

return code;

Figure 118. Code Segment of codeOutput element

7. generateAndTransferCode() — Transfer to Moodle/CodeRunner

This version has the most robust answer field search of all three files, using three separate
search strategies in sequence, as shown in Figure 119. First it tries a comprehensive list of CSS
selectors (including .formulation textarea, .ablock textarea, textarea[id*='answertext'], etc.) and
also validates that the found element has non-zero pixel dimensions on screen. Second, if
nothing is found, it searches inside all <iframe> elements on the page — useful when Moodle

embeds the question inside an iframe.
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Third, if still nothing is found, it performs content analysis — checking parent element HTML
for keywords like "answer", "question", or "coderunner" and checking the textarea's
placeholder, name, and id attributes. After transfer it fires only three events (input, change,

blur) rather than the ten used in the previous files.

for (let element of elements) {
if (element &&

element.tagName === 'TEXTRAREL' &&
lelement.disabled &&
lelement.readOnly &&
element.offsetParent !== null &s&
element.style.display '== 'none' &&
element.getBoundingClientRect ()} .width > 0 &&
element.getBoundingClientRect () .height > 0) {

console.log(' [
console.log(' <y
console.log(' ¥
id: element.id,
name: element.name,
className: element.className,
placeholder: element.placeholder
B &

i:', element);
', element.getBoundingClientRect());

el

Figure 119. Code Segment of generateAndTransferCode() — textarea tag

8. manualCodeTransfer() and showCodePopup() — Fallback Chain

A new dedicated manualCodeTransfer() function is introduced, shown in Figure 120, as a clean
fallback layer. It first tries navigator.clipboard.writeText(), and only if that fails does it call
showCodePopup(). The popup itself is slightly improved with a larger window (700x500
instead of 600x400) and a proper copyCode() function using document.execCommand('copy").

// Buxiliary function for manual transfer
function manualCodeTransfer(code, ishutomatic = false) {

console.log('[E] Using manual code transfer');
// Try clipboard first
if (navigator.clipboard && navigator.clipboard.writeText) {

navigator.clipboard.writeText (code) .then(() => {
const message = isRhutomatic ?

alert {message) ;

}).catch((err) => {
console.error('Clipboard error:', err);
showCodePopup (code) ;

1)

} else {
showCodePopup (code) ;
}
}

// Function to display code in popup
functien showCodePopup (code) {

conet popup = window.open('', ' blank', 'width=700,height=500,scrollbars=yes'});

Figure 120. Code Segment of manualCodeTransfer () & showCodePopup()
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9) Customisation Field Description

The customisation field, as shown in Figure 121, is responsible for starting, running, and
finalizing the IoT simulation environment in which the student’s code is executed.

It begins by printing a startup message:

print(" «” STARTING IOT SIMULATION")

This indicates that the simulation environment has been initialized and is ready to run.

Next, the placeholder:

{{ STUDENT ANSWER }}

is the core execution point. In the CodeRunner plugin in Moodle, this placeholder is
dynamically replaced with the code submitted by the student. When the program runs, the
student’s code is executed within the predefined simulation environment, meaning it can
directly use the provided functions such as pinMode, digitalWrite, analogRead, serial print,
and others. This allows students to write Arduino-like IoT programs while the system simulates
hardware behavior (e.g., LEDs, sensors, Bluetooth communication).

Finally, after the student’s code has finished executing, the template prints:

print(" SIMULATION COMPLETED")

This marks the end of execution and provides a clear visual indication that the simulation has

finished.

v Customisation

Template 2] import random

1
2
3
4 # Define constants like Arduino
5 OUTPUT = "OUTPUT"

6 INPUT = "INPUT™

7 HIGH = "HIGH™

8 LOW = "LOW"

1@ # Global variables for sensor values - FIXED VALUES FOR TESTING
11 current_temp = 25

12 current_light - 558

13 random_fixed - False

15 # First define all simulation functions
16+ def pintode(pin, mode):
17 print(f" § PIN {pin} set to {mode}")

10 - def digitalWrite(pin, state):
20 state_str = "ON" if state == HIGH else "OFF"
21 print(f" | LED {pin}: {state str}")

22

23+ def analogRead(pin):

24 global current_temp, current_light, random fixed
25+ if not random_fixed:

26 # Use fixed values for consistent testing
27 random_fixed = True

28 - if pin == @:

29 return current_temp

EL elif pin == 1:

31 return current_light

32 return @

33

34+ def delay(ms):

35 pass

36

37 - def bluetooth_receive():

38 return "

39

48 - def bluetooth_send(data):

11 global current_temp, current_light

42 # Process f-strings
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a3~ if isinstance(data, str) and (“{temp}" in data or "{light}" in
44 data - data.replace("{temp}"”, str({current_temp))
45 data - data.replace("{light}", str{current_light))
16 # Remove the f prefix if present

a7~ if data.startswith("f'") or data.startswith('f"'):
48 data = data[2:-1] if data.endswith("'") or data.endswit
49 print(f" B Bluetcoth: {data}")

5e

51 - def serial_print(text):

52 global current_temp, current_light

53 # Process f-strings

54 if isinstance(text, str) and (“{temp}" in text or "{light}" in
55 text = text.replace("{temp}", str(current_temp))
56 text = text.repla "{light}", str(current_light))
57 # Remove the f prefix if present

58 - if text.startswith("f'") or text.startswith('f"'):
59 text = text[2:-1] if text.endswith("'") or text.endswit
66 # Remove extra quotes if present

61 - if text.startswith("'") and text.endswith("'"):

62 text = text[1:-1]

63~ elif text.startswith('"") and text.endswith('""}:

64 text = text[1:-1]

65 print(f"m {text}")

66

67 - def serial_begin(baud):

68 print(f” . Serial begin {baud}")

69

7@ - def bluetooth_connect(device):

71 print(f* B Connecting to {device}...")

72 print("E Bluetooth connected!f)

73

74 - def temperature_read():

75 global current_temp

76 current_temp = 25 # Fixed value for testing

77 return current_temp

78

79+ def light_sensor_read(}:

80 global current_light

81 current_light = 55@ # Fixed value for testing

82 return current_light

83

84 # == == STUDENT CODE EXECUTION ============

85 print(" STARTING IOT SIMULATION")

86

87 # Now execute student code
88 {{ STUDENT_ANSWER }}

9@ print("§ SIMULATION COMPLETED")

Figure 121.

10) Answer Field Case 3

The Answer Field, as shown in Figure 122, refers to the section within a Moodle CodeRunner
question where learners input their Python program. In this specific exercise, the required

response demonstrates the process of receiving two integer values as input, performing basic

arithmetic computations, and displaying

The model solution that is expected to appear in the answer field is presented below:

Customisation Field Case 3

the resulting outputs.
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v Answer

serial_begin(968@)
bluetooth_connect( "HC-85")
pinMode(13, OUTPUT)

pinMode(@, INPUT)

pinMode(1, INPUT)
serial_print('Arduino IoT Ready')
seriagl_print('Testing LED ON")
digitalWrite(13, HIGH)

9  bluetooth_send('LED_STATUS:OM')

18 serial_print('Testing LED OFF')

11 digitalWrite(13, LOW)

12 bluetooth_send('LED_STATUS:OFF')

13 serial_print('Testing Temperature')
14 temp = temperature_read()

15 serial_print("f'Temperature: {temp}°C'")
16 bluetooth_send("f'TEMP:{temp} ")

17 serial_print('Testing Light Sensor'}
18 1light = light_sensor_read()

19 serial_print("f'light: {light} lux'")
28 bluetooth_send("f'LIGHT: {light}"")
21 serial_print('Demo completed!' )|

Answer (7]

[ BN Y. R SR

Figure 122. Answer Field Case 3

11) Test Cases

Test cases, as shown in Figure 123, are employed within Moodle CodeRunner to automatically
evaluate the code provided by students. Each test case defines specific input values alongside
the expected output, as well as configuration parameters that control how results are displayed

and how marks are assigned.

v Test cases

Testcase 1 (%] TART. o1
4
Standard Input ")
4
Expected output o i A
L]
=
Al
Al
Al
-
=
B
-
B
-
-
B
-
=
B
-
F3 v
4
Extra template data o
4
Test properties: @ OUseasexample Display | Show ¢ | O Hide restiffail Mark | 1.000
Ordering | 10 |

Figure 123. Test Case 3 — Configuration

Results and Output
This section presents the results obtained from executing the developed CodeRunner activity,

along with the system’s operation during the code generation and transfer processes.
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The figures illustrate both the graphical block-based representation and the corresponding

Python code produced from it.
Code Construction and Execution — Exercise 3

This Figure 124, shows the use of a Blockly-based interface to visually create an Arduino IoT
program. Users assemble logic by dragging and connecting blocks for serial communication,
Bluetooth connectivity (HC-05), LED control, and sensor readings (temperature and light).
Once the program is complete, it is automatically converted into Python-style code, allowing
users to see the textual equivalent of their visual design. This approach helps beginners
understand programming concepts while bridging the gap between graphical and text-based

coding.

Blockly CodeRunner - loT Edition

Blockly CodeRunner - loT Edition

Create App Inventor - Arduino - loT program with Blockly

Control Serial begin [11]

Logic Biuelooth.connectin ¢ (X3 »?

Math pinMode pin | {E) | we (IVITEVING

Text pinMode pin | (0 | we IV

— pinMode pin L INPUT -

VEmnEs I Arduino loT Ready 23

Procedures LI Tosting LED ON 1)

Input/Output digitaMrite pin  GE)

Button Value

App Inventor e e ] LED STATUS ON E
S T

Vi LUl Y Testing LED ON £2)

SR - 00y Testing LED ON
digitaliite pin )

Sensors

Arduino

loT Smart Home

t
.

Biuetooth send | ¢ ERISHTTTT0 »
- )L Testing Lignt Sensor |
set ([ZT[#ED to | Brightness reading
il

EC 0 FLight: (ight} lux )
Biuelooth send | ¢ EIIEIECAR
- Sl Demo completed! |-

«" Convert to Python Code ” T Clear ” M save ” & Load & Transfer
Generated Python Code:
serial_begin(9600) bluetooth_connect{"HC-05") pinMode(13, OUTPUT) pinMode(0, INPUT) pinMode(1, INPUT)
serial_print{’Arduino loT Ready’) serial_print('Testing LED ON’) digitalWrite(13, HIGH) bluetooth_send('LED STATUS
ON’) serial_print(‘Testing LED ON') digitalWrite(13, LOW) bluetooth_send('LED STATUS OFF’) serial_print('Testing
Temperature’) temp = temperature_read() serial_print("f Temperature: {temp}°C™) bluetooth_send("f TEMP:{temp}")
serial_print( Testing Light Sensor’) light = light_sensor_read() serial_print("f'Light: {light} lux™)
bluetooth_send("FLIGHT:{light}") serial_print("’Demo completed!”)

Figure 124. Test Case 3 — Configuration
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Code Transfer and System Feedback

After the code is generated, the user selects the “Load & Transfer” button. At this stage:

e The Python code produced is automatically inserted into the Moodle CodeRunner
answer field.

e The system instantly confirms the action with a message (e.g., “The code was
successfully transferred to the response field!”), as shown in Figure 125.

¢ This process guarantees that the visual program is accurately converted and submitted as

text.

By automating the transfer, the system minimizes mistakes from manual copying and

streamlines the interaction between Blockly and CodeRunner.

| i Preview question: App Inventor - Arduino - oT | SLE-STEAM - Google Chrom

@ localhost/moodle/question/bank/previewquestion/preview.php?id=2898&restartversion=0&cmid=4&be.. B &

O wtoéTtomocg localhost Aéet

% The code was successfully transferred to the response field!

Figure 125. Confirmation message Case 3
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Final Code Representation in Answer Field

After the transfer is completed, the generated Python code is displayed in the answer section, as
illustrated in Figure 126. The code preserves the same structure as the automatically generated

version, ensuring consistency between the visual programming environment and its textual

form.

= App Inventor - Arduino - loT

Ouestion 1 Slockly CodeRunner - loT Edition
— -
- Blockly CodeRunner - loT Edition
s Create App Inventor - Arduino - loT program with Blockly
o A AR
Logic - - 1 -
ot pinMode pin = [} we [LTEYIN
= SCETEE L Arduino loT Ready 1)
Varisbies N M Testing LED ON 2
Procedures e - -
- digitalWrite pin  [EE)
Sution Value HIGH -
Ir ol e
e Bluetooth.send | ¢¢ (BRI »
Sensars 2L E T Testing LED OFF E23
Arduino = = =
1T Smart Home CCLE N ICE TN 13 |

R e MY L ED STATUS OFF
—
S Testing Temperature |2
—
set [ELT088 to || Temperature reading
—]
ial.print | . fTemperature: {lemp}°C' 12

& Convert to Python Code || T
Generated Python Cade:

serial_bgin{9600) bluetooth_connect{HC-05 pinMode{13, OUTPUT) pinMode(0, INPUT) pinMode(1, INPUT) serial_print( " Arduino loT Ready) serial_print{ Testing
LED ON') digitalWrite(13, HIGH) bluetocth_send{’LED STATUS ON') serial_print{ Testing LED OFF) digitalWrita(13, LOW) bluetooth_send('LED STATUS OFF)
serial_print{ Testing Temperature’) temp = temperature_read() serial_print{"f Temperature: {temp}"C") blugtooth_send("TTEVP:temp}) serial_print{ Testing Light

Sensor] light = light_semsor_read( serial_print("FLight: {light} lux”) blustooth_send("PLIGHT:fight}") serial print[” Demo completed!”)

Answer:

sssss 1_begin(cs00)
bluctooth_connees ('HC-05')

pinMode (13, CUTFUT)

pinMode (0, TNEUT)

pinMode (1, THEUT)

sssss 1_prins('s’ Arduine ToT Seady')
"Terzing LED ON')

sssss 1_print(‘Testing LED QEF')
=013, LOW)
send('LED STATUS QFE")

sssss 1_prins('Tessing Lighs Sensoz')
Light = light_sensox_read()

T

4

Figure 126. Converted code Case 3

Code Execution and Output Verification

After confirming that the final code is properly displayed in the answer field, the next step is to
execute it within the integrated testing environment, as illustrated in Figure 127. The presented

code demonstrates a simulated IoT application within the Moodle CodeRunner environment,

combining Blockly-based programming with automatically generated Python code.
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It emulates an Arduino system that connects to a Bluetooth module (HC-05), controls an LED,
and reads data from temperature and light sensors. The program initializes communication,
configures input/output pins, and performs test actions such as turning the LED on and off
while sending status updates via serial and Bluetooth. It also collects and transmits sensor data,
showcasing the integration of sensing, processing, and communication. Overall, the example
highlights the transition from visual programming to text-based code and represents a complete

IoT workflow in an educational setting.

Answer:

serial begin(3600)

bluetooth connect ('HC-05')

pinMode (13, CUTFUT)

pinMode (0, INFUT)

pinMode {1, INPUT)

serial print('Arduino IoT Ready')
serial print('Testing LED CN')
digitalWrite (13, HIGH)

bluetcoth send('LED STATUS:ON')
serial print('Testing LED CFF')
digitalWrite (13, LCW)

bluetcoth send ('LED STATUS:QFF')
serial print('Testing Temperature')
temp = temperature read()

serial print("f'Temperature: {temp}°C'")
bluetcoth send ("£'TEMP: {temp}'")
serial print('Testing Light Sensor')
light = light sensor read()

serial print("f'Light: {light} lux'")
bluetcoth send ("£'LIGHT:{light}'")
serial print('Demo completed!')

Check

Figure 127. Python code for Case 3

Test Results and Validation

The final stage, illustrated in Figure 128, displays the results obtained after executing the
program within the automated evaluation system.

The results panel shows that all test cases were completed successfully. Each input is paired
with its expected output, and the program’s actual results are presented alongside for

verification.
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Test Expected Got

' | STARTING IOT SIMULATION  &” STARTING IOT SIMULATION | s STARTING IOT SIMULATION |+
Serial begin 9588 Serial begin 9508

B connecting to HC-es... B connecting to HC-es...
I Bluetooth connected! % Bluetooth connected!
1 PIN 13 set to OUTPUT 1 PIN 13 set to OUTPUT
1 PIN @ set to InPuT 1 PIN @ set to INPUT
¥ PIN 1 set to InPUT 1 PIN 1 set to TNPUT
I Arduino IoT Ready B Arduino IoT Ready
B Testing LED on M Testing LeD on
LED 13: ON LED 13: ON
B eluetcoth: LED_sTaTus:oN [ eluetooth: LED_STATUS:ON
I Testing LED OFF M Testing LED OFF
LED 13: OFF LED 13: OFF
B eluetooth: LED STATus:OFF | B Bluetooth: LED_STATUS:OFF
[ Testing Temperature [ Testing Temperature
[ Temperature: 25°C [ Temperature: 25°C
B EBluetooth: TEMP:25 B Eluetooth: TEWP:25
I Testing Light Sensor [ Testing Light Sensor
I Light: 550 lux M Light: 550 lux
B eluetooth: LIGHT:SSe B eluetooth: LIGHT:S58
I Demo completed! [ Demo completed!
# SIMULATION COMPLETED ¥ STMULATION COMPLETED

Run using the University of Canterbury’s Jobe server. This is for initial testing only. Please set up your own Jobe server as soon as possible. See here.

Passed all tests!

Conrect
Marks for this submission: 20.00/20.00.

Figure 128. Test Results & Validation for Case 3

Error Detection and Debugging — Exercise 3
Error Handling and Debugging

Figure 129 illustrates an intermediate stage where the program encountered a syntax error
during execution. The error message shows that a parenthesis was not properly closed in one of
the statements, which caused the program to fail to compile and run. The figure highlights this
issue, specifically in the command pinMode(13, OUTPUT, where the closing parenthesis is
missing. Errors of this type are usually detected by the interpreter before execution begins, and

fixing them requires correcting the code syntax—in this case, by adding the missing

-
pinMode {1, INPUT)
serial _print('Arduino IoT Ready')
ED_STATUS:OFF')
Testing Temperature')

e r

parenthesis.

serial print ("f'Temperaturs: {temp}®C'")
bluetcoth MP: {temp} ")

serial_print('Testing Light Sensor') v
light = light_sensor_read() A
Syntax Error(s)

File "_tester__.pythons”, line se
pinvode(13, OUTFUT

Syntaxerror: *(* was never closed

Marks for this submission: 0.00/20.00. Accounting for previous tries, this gives 20.00/20.00.

Figure 129. Syntax Error Case 3
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Final Corrected Execution

The second Figure 130, presents the program after correcting the syntax error, which allows it
to run successfully. However, logical errors are still present in the sequence of operations. The
expected behavior requires digitalWrite on pin 13 to be set to HIGH when the LED is ON and
to LOW when the LED is OFF, but the implemented code does the opposite, leading to a
discrepancy between the expected and actual results.

Although the program executes without errors, the incorrect instruction order produces

unintended output, highlighting the importance of checking program logic in addition to syntax

correctness.
Test Expected Got
X | STARTING IOT SIMULATION | »” STARTING IOT SIMULATIONS® | " STARTING TOT SIMULATION® | X
serial begin 96e8¢ Serial begin 9580¢
B connecting to HC-85...¢ B connecting to HC-85...¢
& Bluetooth connected!< Eluetooth connected!«
T PIN 13 set to OUTPUTE T PIN 13 set to OUTPUTS
Y PIN @ set to INPUTE T PIN @ set to INPUTE
? PIN 1 set to INPUTE T PIN 1 set to INPUTE
M Arduinc IeT Ready< M Arduino IoT Readye
B Testing LED ON& @ Testing LED ONe
LED 13: ONe LED 13: OFF&
B Bluetooth: LED_STATUs:ONe | [ Bluetooth: LED STATUS:ONe
B Testing LED OFF& @ Testing LED OFFe
LED 13: OFF€ LED 13: ONe
B Bluetooth: LED_STATUS:OFF« | B Bluetooth: LED_STATUS:OFF<
[ Testing Temperatures @ Testing Temperatures
@ Temperature: 25°Ce @ Temperature: 25°Ce
B Bluetooth: TEMP:25¢ E eluetooth: TEMP:25¢
B Testing Light Sensore @ Testing Light Sensore?
B Light: 558 luxe @ Light: 558 luxe
B Bluetooth: LIGHT:55@« B Bluetooth: LIGHT:558¢
@ Demc completed!e @ Demo completed!«
# SIMULATION COMPLETED ¥ SIMULATION COMPLETED
Run using the University of Canterbury’s Jobe server. This is for initial testing only. Please set up your own Jobe server as soon as possible. See here.
Your code must pass all tests to earn any marks. Try again.
Hide differences
D

Marks for this submission: 0.00/20.00. This submission attracted a penalty of 2.00.

Figure 130. Logical Error Case 3

Synthesis: The Role of Exercise Walkthroughs in System Evaluation

The three exercise walkthroughs collectively validate the end-to-end operation of the
Blockly-CodeRunner integration across the full range of programming complexity targeted
by the SLE. Each walkthrough demonstrates the system fulfilling its core evaluation
functions: automated generation of syntactically correct Python from visual blocks; reliable
transfer to the CodeRunner assessment engine; deterministic test case evaluation with
immediate structured feedback; and differentiated error diagnosis distinguishing syntax errors

from logical faults.
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6.4 Summary

This chapter has presented the evaluation of the Smart Learning Ecosystem for interactive
STEAM education, combining technical documentation of the Blockly-CodeRunner
integration with operational validation through representative exercise walkthroughs.

Section 6.1 documented the Blockly visual programming environment as the primary
student-facing programming interface, describing the two-panel workspace design, the
progressive toolbox structure across course modules, and the four student-facing controls that
support code construction, transfer, persistence, and reuse. Section 6.1.1 described the
CodeRunner assessment interface, detailing the all-or-nothing grading model, the penalty
regime for multiple attempts, and the differentiated feedback architecture that distinguishes
syntax errors from incorrect output.

Section 6.2 provided the full technical architecture of the CodeRunner programming
exercises, documenting the question configuration, the Blockly integration system —
including block definitions, Python generators, event handling, and the DOM-based code
transfer mechanism — and the test case configuration framework that enables deterministic
automated grading.

Section 6.3 presented complete walkthroughs of the three representative exercises. Exercise 1
introduced fundamental arithmetic operations using the standard Blockly toolbox. Exercise 2
extended this to Arduino hardware control with LED blinking logic and a simulation
template enabling grading without physical hardware. Exercise 3 demonstrated the most
complex scenario — a full IoT application combining Bluetooth communication, sensor
reading, and smart home control using all fourteen block categories of the IoT edition
toolbox. Each walkthrough validated the end-to-end Blockly-CodeRunner pipeline under real
pilot conditions, demonstrating successful code construction, automated transfer, test case

evaluation, structured error feedback, and differentiation between syntax and logical errors.
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Chapter 7 — Gamification and Analytics Reporting in our SLE

This chapter presents the gamification and analytics reporting components of the Smart
Learning Ecosystem (SLE), with particular emphasis on their design, implementation, and
integration within the Moodle-based platform. It examines how gamification mechanisms—
including XP accumulation, level progression, badges, competency recognition, and
conditional content unlocking—have been incorporated to enhance learner engagement,
motivation, and personalized progression. Furthermore, the chapter describes the underlying
data collection, assessment, and analytics infrastructure that supports monitoring and
evaluation within the ecosystem, as well as the different assessment modalities implemented
in the SLE. Special attention is also given to the Analytics Graphs Plugin, which extends the
core analytics capabilities through advanced visual reporting features. Through these
sections, the chapter provides a comprehensive overview of both the pedagogical and
technical implementation of the gamification and analytics reporting framework within the

Smart Learning Ecosystem.

7.1 Gamification Elements: XP, Levels, and Badges

The gamification layer of the SLE complements formal assessment by providing continuous
motivational feedback through a progression-based reward system. Integrated into the course
interface via the Level Up XP block, it displays each student’s XP total current level shown
in Figure 131, (from Novice Explorer at Level 1 through to SLE Champion at Level 10 —
shown in Figure 132), and progress toward the next level. XP is awarded automatically for
engagement in learning activities, including five points for each CodeRunner quiz
submission and two points for each HSP Game Map attempt.

The leaderboard component, as shown in Figure 133, provides students with a social
comparison mechanism, displaying the XP totals and level designations of all enrolled peers.
The leaderboard was configured to display level badges prominently alongside XP totals,
supporting both competitive motivation (for students focused on ranking) and mastery

motivation (for students focused on personal level advancement).
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Badges represent a second gamification mechanism operating alongside the XP system,
awarded automatically upon the attainment of specific competency thresholds and visible in the
student's Moodle profile and the course badge gallery.

The interaction between gamification and content access represents a third gamification
element from the student perspective. As students accumulate XP and advance through levels,
specific enrichment content becomes conditionally available based on level thresholds:
advanced Blockly challenge activities unlock at Level 3, and early access to Capstone Project
materials becomes available from Level 5. This creates a differentiated engagement pathway in
which sustained, effortful participation in formative activities generates access to additional
learning opportunities, reinforcing the motivational alignment between engagement and

progression.

7.2 Gamification Implementation in Practice

The gamification framework configured during the development phase described in Chapter 4
was operationalized throughout the course as an embedded motivational scaffold. This section
describes how the gamification components — the Level Up XP system, the badge framework,
and the conditional unlocking mechanisms — functioned in practice during the pilot study, and

how learner engagement with the gamification layer was observed and monitored.

7.2.1 XP Accumulation and Level Progression

Experience points were automatically allocated to learners throughout the course in response to
their interaction with designated activity types. The two primary XP award rules configured
during development — the Quiz Submission Rule awarding 5 XP per CodeRunner quiz attempt
and the Interactive Activity Completion Rule awarding 2 XP per H5P Game Map attempt —

generated a continuous stream of XP events as learners progressed through the course modules.

The visible XP block, shown in Figure 131, displayed within the course interface provided
learners with a persistent progress indicator showing their current XP total, their current level
designation, and a progress bar indicating the XP required to reach the next level. This
transparency of progression was intended to support goal-setting and self-regulated learning
behaviors, consistent with the motivational design principles underlying the gamification

framework.
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Level up!

s

Participate in the course to gain
experience points and level up!

MNovice Explorer

toraL OFP
nex level in

RANKING

RECENT REWARDS

ol
ertings

Info  Leaderboard Report  Setting:

Figure 131. Level up - block-full-seed
The ten-level, shown in the above Figure
configuration was observed to function as intended throughout the pilot study. The majority of
actively engaged learners progressed through the early levels relatively rapidly during the
initial modules, with progression rate slowing in later modules as XP thresholds increased.
This snowballing threshold design was consistent with the intended motivational dynamic,

maintaining challenge and providing visible milestones for high-engagement learners.

Level up!
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Figure 133. Level up — Leaderboard
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Programmer
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Master Architect
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Figure 132. Level up — Point levels

132, progression structure defined during
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7.2.2 Badge Issuance and Competency Recognition

Automated badge issuance was active throughout the pilot study, with badges awarded upon
satisfaction of the predefined competency criteria described in Chapter 4. The five custom
badge types — Loop Master, Sensor Sage, Debugging Detective, Peer Mentor, and Integration
Innovator — were tracked through Moodle's event-based badge criteria system, and awarded
badges appeared in learners' Moodle profile pages and the course badge gallery, illustrated in

Figure 134.

Programming with CodeRunner and H5P

Course Settings Participants Grades Reports More «

Back Add a new badge

Manage badges

Access to the badges was successfully enabled. b4
Badge
status “
Name » - Criteria Recipients  Actions
g Coderunner Available » Complete: "Quiz - 21 @ &
. . (criteria Coderunner - Practical & m
Completion - Practical R
- locked) Training
Training
.Com:leted the Course | Available « Complete: "Lesson - 21 @ &
) . (criteria Introduction to Visual & m
"Imtroduction to Visual o
locked) Programming

Programming"

Figure 134. Badges management
7.2.3 Conditional Content Unlocking

In addition to the XP-based progression mechanics, conditional content unlocking was applied at
key transition points within the course to reinforce mastery-based progression. Specifically, the
advanced Blockly challenge activities — unlocked at Level 3 — and the early access to Capstone
Projects — available from Level 5 — were implemented as conditional sections within the Moodle

course, accessible only to learners whose Level Up XP level satisfied the defined threshold.
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This conditional unlocking mechanism created a differentiated engagement pathway within the
course: learners who engaged intensively with formative activities and accumulated XP rapidly
gained access to enrichment content ahead of the standard course schedule, while learners
progressing at a standard pace encountered the same content in the prescribed sequential order.
This design supported differentiated learning within a single course environment without

requiring administrative segmentation of the learner cohort.

7.3 Data Collection, Assessment, and Analytics Infrastructure

This section documents the complete assessment and analytics infrastructure embedded
within the SLE, organized across two complementary layers: the core reporting and analytics
capabilities built into Moodle, and the extended visualization capabilities provided by the
Analytics Graphs plugin.

A central feature of the SLE is its ability to furnish instructors not only with a delivery
medium, but also with an organized, multi-tiered framework enabling systematic monitoring

of learner progress and data-informed instructional adaptation.

7.3.1 Assessment Modalities in the Smart Learning Ecosystem

Assessment within the SLE was conceptualised as a multi-functional process simultaneously
serving three purposes: providing formative feedback to learners during learning, generating
summative evidence of competency attainment at module boundaries, and producing the
empirical datasets required for the study’s research evaluation. These purposes are not mutually
exclusive; rather, the assessment architecture was deliberately designed so that instruments

serving pedagogical functions simultaneously generate the data required for research analysis.

This integrated design, shown in Table 19 necessitated the deployment of four complementary
assessment modalities, each aligned with specific learning outcomes, pedagogical stages, and

data collection objectives:

o Rule-Based Automated Assessment: Implemented through CodeRunner, this modality
evaluates learner-submitted code against predefined test cases using objective,
deterministic grading logic. A submission either satisfies a test case or it does not; partial

credit is awarded proportionally to the number of passing tests.
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This approach ensures consistency, scalability, and immediacy of feedback, eliminating
assessor subjectivity and enabling high-frequency formative evaluation without instructor
grading overhead. Attempt logs, test-case pass/fail sequences, and score trajectories

constitute the primary data outputs of this modality.

Competency-Based Progression Assessment: Realised through the conditional activity
release mechanism and the Level Up XP framework, this modality evaluates whether
learners have demonstrated sufficient mastery of prerequisite competencies before

advancing to subsequent content.

Rather than measuring performance at a single point in time, it monitors cumulative
evidence of skill acquisition across multiple activity completions, quiz scores, and XP
thresholds, gating access to advanced content based on demonstrated mastery. This
operationalises a progression-oriented model of evaluation aligned with the mastery-

based design of the SLE.

Formative Interactive Assessment: HSP interactive content activities — including
embedded quizzes, drag-and-drop exercises, and branching scenarios — serve as low-
stakes formative instruments. Scores are recorded in the gradebook but are primarily
intended to provide immediate conceptual feedback and to signal readiness for
subsequent programming tasks. Attempt limits and automatic score recording ensure that

engagement with formative activities is tracked without penalising iterative learning.

Reflective and Peer Assessment: Forum discussion activities provide a qualitative
assessment dimension, enabling learners to articulate their problem-solving processes,
respond to peer contributions, and receive instructor feedback on their reflective
engagement. This modality contributes to the Peer Mentor badge criteria and forum
participation XP allocation, integrating reflective assessment within the gamification

layer of the SLE.
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Table 19. Assessment Modalities, Instruments, and Data Outputs in the SLE

Assessment Primary Pedagogical Data Generated

Modality Instrument Stage

Rule-Based CodeRunner Application, Attempt logs, test-case

Automated Quizzes Evaluation pass/fail, score
trajectories

Competency- Conditional All stages Completion events, XP

Based Release + Level totals, level milestones

Progression Up XP

Formative H5P Activities Conceptualization  Attempt scores,

Interactive completion status,

access frequency

Reflective & Peer Forum Reflection Post counts, peer
Discussions interaction records,

badge awards

7.3.1 Moodle Core Analytics and Reporting

Moodle provides a comprehensive suite of built-in analytics and reporting tools forming the
foundational layer of the SLE's monitoring infrastructure. These core tools collect data from all

user interactions within the platform and make it available in a range of report formats.

Activity Logs, Reports, and Predictive Analytics

Moodle's logging subsystem records a detailed, timestamped event stream for all user
interactions including logins, resource views, activity submissions, quiz attempts, forum posts,
and file uploads, as shown in Figure 135.

The Live Logs view provides a real-time stream enabling immediate situational awareness
during supervised sessions. The Activity Report provides a summary of access frequency and
completion status, while the Course Participation Report enables aggregated comparison of

engagement levels across all enrolled learners.
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Beyond descriptive reporting, Moodle incorporates predictive analytics through its Learning

Analytics API. The Students at Risk of Dropping Out predictor generates probabilistic risk
indicators based on interaction pattern trajectories, enabling proactive identification of students
requiring early intervention. The Moodle gradebook serves as the formal aggregation point for
all assessment scores, configured with grading scales and aggregation rules aligned with the

diverse activity types deployed in the SLE.
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Figure 135. Moodle Core Logs Report — Event Stream Filtered by Activity

Activity Reports and Course Participation

The Activity Report, in Figure 136 provides a summary of access frequency and completion
status for each activity within the course, broken down by individual learner. This report gives
the instructor a rapid overview of which activities have been engaged with, by whom, and to
what extent — supporting identification of under-engaged learners and frequently revisited
content without requiring navigation through the raw event log.

The Course Participation Report extends this view by presenting an aggregated comparison of
engagement levels across all enrolled learners, enabling the instructor to identify patterns of
differential engagement between individual students and between the cohort subgroups defined
in the study design. Within the SLE, this report was used to monitor whether engagement levels
were consistent across the two learner subgroups and to flag any systematic differences

requiring intervention.
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Figure 136. Moodle Core Logs Report — Event Stream Filtered by Activity

Activity Reports and Course Participation

Beyond descriptive reporting, Moodle incorporates a predictive analytics capability through its
Learning Analytics API. A notable built-in model is the “Students at Risk of Dropping Out”
predictor, which applies machine learning techniques to interaction data to identify learners
who may require early intervention.

The analytics workflow supporting this model comprises four stages: data collection from user
interactions, model training and evaluation against historical data, prediction generation for the
current cohort, and the surfacing of intervention recommendations to the instructor.

Within the context of the SLE pilot study, the predictive model served as a complementary
early-warning mechanism alongside the Activity Completion and Course Participation reports.
Where these descriptive reports identify current engagement deficits, the predictive model
surfaces probabilistic risk indicators based on interaction pattern trajectories, enabling the

instructor to act proactively rather than reactively.
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The combination of descriptive and predictive analytics, in Figure 137, within the core platform
thus supports a data-informed intervention cycle aligned with the monitoring objectives of the

research.
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Figure 137. Moodle Predictive Analytics — Students at Risk Indicator Dashboard

Gradebook Reports

The Moodle gradebook, as shown in Figure 138, serves as the formal aggregation point for all
assessment scores generated across the course. Configured during the development phase with
grading scales and aggregation rules aligned with the diverse activity types deployed in the
SLE — HS5P interactive content, CodeRunner programming exercises, and summative quizzes
— the gradebook combines individual activity scores into coherent module and course-level

grade totals accessible to both instructors and learners.

Gradebook Reports provide performance tracking through grades, score distributions, averages,
and feedback records. From the instructor’s perspective, the gradebook offers a complementary
view to the engagement-level data provided by activity logs: where logs reveal how learners are
interacting with the course, the gradebook reveals how well they are performing. The
combination of these two data sources enables the instructor to distinguish between learners

who are engaging actively but struggling — potentially indicating a need for additional
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conceptual scaffolding — and learners who are disengaged — potentially indicating

motivational or accessibility barriers requiring a different form of intervention.
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Figure 138. Moodle Gradebook — Module Grade Overview General Settings

Limitations of Core Moodle Reporting

Despite their comprehensiveness, Moodle’s core analytics tools present limitations that
constrain their usability for non-technical instructors in a fast-paced teaching context. Reports
are predominantly text-heavy and tabular, lacking the intuitive graphical representations that
enable rapid visual identification of engagement trends and anomalies. Extracting meaningful
insights frequently requires navigation across multiple report types, and advanced
customisation of report outputs is restricted without additional development.

These limitations reduce the accessibility of core analytics for routine instructional use,
particularly in research contexts requiring frequent monitoring of multiple cohort metrics
simultaneously. They constitute the primary motivation for the deployment of the Analytics

Graphs plugin as a visual extension of the core reporting layer.

7.3.2 The Analytics Graphs Plugin: Visual Extension of Core Analytics

The Analytics Graphs plugin was installed to address the visualisation gap identified in

Moodle’s core reporting capabilities. Rather than replacing the core analytics layer, it extends it
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by transforming the raw log, grade, and participation data already collected by Moodle into a
set of intuitive graphical reports accessible directly within the course interface.

This integration makes the Analytics Graphs plugin not an alternative to core analytics but its
visual counterpart — a lens through which the same underlying data becomes more rapidly
interpretable and pedagogically actionable.

Accessible through the course Reports menu, the plugin was configured with instructor-level
access permissions, cohort-based filtering capability, and data export functionality supporting
downstream statistical analysis. These configuration choices reflected the dual purpose of the
analytics infrastructure: supporting real-time pedagogical decision-making during the pilot
study, and generating exportable datasets for the empirical evaluation of the SLE’s research

hypotheses.

Report Types and Visualisation Capabilities

The Analytics Graphs plugin, shown in Figure 139, provides the following visual report types,
each rendering a specific dimension of learner engagement or performance data in graphical

form:

o Grades Chart: A graphical distribution of grades across the cohort for selected gradable
activities, rendered as a bar chart. This visualisation enables the instructor to assess score

distributions at a glance, identify ceiling and floor effects, and evaluate the difficulty

calibration of assessment items more efficiently than the tabular gradebook view alone permits.

o Content Accesses: A bar chart quantifying the number of times each content resource has been

accessed by learners, enabling rapid identification of frequently referenced materials —
potentially indicating conceptual difficulty — and under-utilised resources that may warrant

redesign or promotion.

o Number of Active Students: A time-series line graph displaying the number of learners

actively engaging with the course on each day of the study period. This visualisation provides
the instructor with a macro-level view of engagement trends over time, enabling identification
of participation declines requiring intervention and confirmation that engagement patterns align

with the intended delivery schedule.
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Hits Distribution: A frequency distribution chart of learner interactions across the course
timeline, enabling identification of peak engagement periods, pre-deadline activity spikes, and

module-level disengagement patterns.

Within the SLE pilot, this report revealed consistent engagement spikes in the 2448 hours
preceding summative quiz deadlines, informing the interpretation of activity log data in the

empirical analysis phase.

Activity Report (Graphical): A visual rendering of per-activity access and completion data,
complementing the tabular Activity Report available through Moodle’s core tools. Bar chart

representation enables rapid cross-activity comparison of engagement levels.

Course Participation (Graphical): A graphical summary of learner participation aggregated
across course components, enabling visual comparison of engagement levels between
individual students. When used with cohort-based filtering, this report directly supports the

subgroup comparative analysis required by the study’s research design.

Activity Completion (Matrix View): A matrix display showing completion status for each
activity and each enrolled learner, presented as a colour-coded grid. Incomplete activity chains
are immediately visible without requiring row-by-row inspection, enabling the instructor to

identify learners who have stalled at specific points in the conditional activity sequence.
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Figure 139. Analytics Graphs — Access Graph and Hits Distribution
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Cohort-Based Filtering and Badges Management

A key configuration feature of the Analytics Graphs plugin within the SLE was the activation
of cohort-based filtering, which enabled the instructor to generate all reports separately defined
during user provisioning.

Within the Moodle Smart Learning Ecosystem, cohort-based filtering was configured through
the use of system-level cohorts to enable structured subgroup analysis. Specifically, a manually
created system cohort (Dakorateachers) was established during the user provisioning phase,
allowing designated participants to be grouped under a common classification.

This cohort, associated with global grading visibility permissions, functioned as a filtering
mechanism within the Analytics Graphs plugin, as shown in Figure 140, enabling the instructor
to isolate and generate reports based on predefined user groupings.

By leveraging this configuration, the instructor was able to segment analytical outputs
according to cohort membership, thereby facilitating targeted examination of engagement and
performance indicators.

The availability of system-wide cohorts ensured consistency across courses and supported
controlled access to aggregated data, particularly for users with extended oversight roles.
Consequently, cohort-based filtering reduced the complexity of comparative analysis, allowing
for efficient monitoring of subgroup dynamics and reinforcing the capacity for data-informed

instructional decision-making within the learning environment.
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Figure 140. Analytics Graphs — Cohort Filtering Interface for Subgroup Comparison
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7.3.3 Data Streams for Research Evaluation

The SLE's analytics infrastructure was designed from the outset to support not only real-time

pedagogical monitoring but also the export of structured datasets for external statistical

analysis.

Three complementary data streams constitute the primary empirical inputs:

Engagement Logs (Moodle Core + Analytics Graphs): Activity participation
frequency, content access counts, and hits distribution data, exportable in CSV format
from both the core Logs report and the Analytics Graphs plugin. These provide a

behavioural engagement dataset indexed by learner, activity, and date.

Performance Data (Moodle Gradebook): Module and course-level grades exported
from the Moodle gradebook, including individual activity scores for HSP, CodeRunner,
and summative quiz components — providing a quantitative performance dataset for

each enrolled learner.

Gamification Metrics (Level Up XP): XP totals and level progression records exported
from the Level Up XP plugin, providing a proxy measure of cumulative behavioural
engagement intensity that complements the activity-level engagement data from the core

logs and Analytics Graphs reports.

These three datasets were exported at the conclusion of the pilot study and imported into SPSS

for statistical analysis.

Their combination enables investigation of the relationships between engagement intensity,

gamification participation, and learning outcomes. The integrity of this dataset is directly

dependent on the configuration decisions made during development, including cohort

provisioning, gradebook aggregation rules, and XP event rule definitions — all described in

Chapters 4 and 5.
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Table 20. Integrated Analytics Architecture of the SLE

Analytics Layer Tool / Report Data Type Primary Use in
SLE

Core — Logs / Live Logs Event stream Individual

Descriptive interaction audit,
real-time
monitoring

Core — Activity Report Access & Per-activity

Descriptive completion engagement
overview

Core — Course Engagement Cohort-level

Descriptive Participation aggregates comparison

Core — Gradebook Performance Grade distribution,

Descriptive Reports scores module averages

Core — Predictive  Students at Risk ML risk scores Early identification

Model of at-risk learners
Visual Extension Analytics Graphs Charts & Trend monitoring,
Plugin matrices subgroup

comparison, export

This layered architecture, shown in the above Table 20, positions the instructor not as a passive
recipient of aggregated end-of-course statistics, but as an active participant in an ongoing
monitoring cycle informed by continuous data generated through normal learner interaction
with the course. The descriptive layer reveals what is happening; the predictive layer surfaces
what may happen; and the visual extension layer makes both accessible and interpretable

without requiring statistical expertise or external tooling.
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7.4 Proof-of-Concept Development and Functional Validation

The Preliminary Experimental Assessment was conducted with a cohort of thirty secondary
education learners enrolled in the Smart Learning Ecosystem course. The study period spanned
the duration of four course modules, during which participants engaged with the full sequence
of course activities as described in chapters 5 and 6. This section provides an overview of the

pilot execution, including participant provisioning, study timeline, and instructor facilitation.

7.4.1 Participant Provisioning and Onboarding

Thirty student accounts were provisioned in bulk using Moodle's CSV upload functionality
prior to the commencement of the pilot study, as described in Chapter 4. Account credentials
were distributed to participants, and an onboarding session was conducted to familiarize
learners with the Moodle interface, the course navigation structure, the CodeRunner quiz
environment, and the App Inventor and mBlock external tools.

During the onboarding session, participants were guided through the process of logging into
the Moodle platform, navigating the course structure, completing a practice H5P activity, and
submitting a trial CodeRunner question.

App Inventor account provisioning using the Revisit Code mechanism and mLink installation

for mBlock hardware connectivity were also addressed during onboarding.

7.4.2 Study Delivery and Facilitation

The pilot study was delivered across the four course modules, with instructor facilitation
combining proactive monitoring — using the Live Logs view to maintain real-time
situational awareness during supervised sessions — with reactive support through Moodle's
messaging system when engagement deficits were identified in the Activity Completion
matrix or Course Participation reports. In the below figures, Figure 141 presents, A course
activity report, showing the number of views for each activity and resource, while Figure
142, shows how each user is accessing the course and its resources in the first course week

and Figure 143, refers how assessments contribute to the final course grade.
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The gamification framework operated continuously throughout the study period, with XP
award events generated automatically in response to qualifying learner interactions. There is a

ranking of students based on their members' points, as shown in Figure 133.
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Figure 144. Level up — Leaderboard

The ten-level progression structure and automated badge issuance functioned as intended from

the first day of the pilot, with the majority of actively engaged learners progressing through

early levels during initial modules.
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Chapter 8 - Discussion and conclusions

This final chapter synthesizes the work presented in this thesis, reflecting on the journey from
the initial conception of a Smart Learning Ecosystem (SLE) to its validation as a functional and
pedagogically coherent platform.

It summarizes the key achievements, discusses the findings in relation to the original research
questions, explores the theoretical and practical implications of the work, acknowledges its

limitations, and concludes with recommendations for future research and development.

8.1 Summary of the Thesis and Key Achievements

This thesis set out to address a significant and underexplored challenge in contemporary
educational technology: the design, development, and validation of a Smart Learning
Ecosystem (SLE) capable of delivering interactive, progressive, and adaptive STEAM
education through the integration of gamification, Internet of Things (IoT) technologies, and

automated assessment within an asynchronous learning framework.

Motivated by the imperatives of the digital industrial revolution and accelerated by the digital
disruption of the COVID-19 pandemic, the research identified a clear gap between the
theoretical potential of intelligent educational technologies and the practical realities of what
most learners actually encounter in asynchronous digital learning environments.The thesis
pursued this goal through six interconnected chapters. Chapter 1 established the intellectual
context of the research, presenting the motivation for the study, defining the central research
question, and formulating five supporting research sub-questions. These questions guided the
investigation into how an integrated Smart Learning Ecosystem could effectively combine
pedagogical design, technological infrastructure, and automated assessment to support

asynchronous STEAM education.

Chapter 2 conducted a systematic literature review using the PRISMA methodology [70]. A
total of 26 empirical studies from major academic databases—including Google Scholar,
ERIC, Scopus, and IEEE Xplore—were analyzed to map the current state of research in Smart
Learning Ecosystems, Intelligent Tutoring Systems, gamification in education, learning

analytics, and loT-enhanced learning environments.
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The review identified several critical research gaps: the underrepresentation of block-based
programming within adaptive STEAM ecosystems, the lack of structured pathways supporting
the transition from visual to text-based programming, the limited integration of gamification at
the programming interaction level, and the weak coupling between IoT-based physical
computing and visual programming environments.

Building upon these findings, Chapter 3 proposed the architectural blueprint of the Smart
Learning Ecosystem. The design followed a hub-and-spoke architecture in which Moodle
functions as the central orchestration platform responsible for managing learning workflows,
assessment processes, and learner data. External development environments—such as MIT
App Inventor for mobile application development and Arduino programming through
mBlock—were integrated as specialized practice environments, enabling hands-on
experimentation while maintaining centralized control of assessment, analytics, and progress
tracking. The architecture was guided by six core design principles: pedagogical coherence,
progressive scaffolding, integration across technological boundaries, analytics-enhanced
formative assessment, asynchronous-first design with embedded gamification, and open

extensibility.

These principles were operationalized through a five-stage pedagogical workflow guiding
learners from conceptual introduction and interactive content exploration through practical
programming tasks, IoT experimentation, automated programming assessment, and ultimately

to knowledge consolidation and advanced challenges in Python programming.

Chapter 4 established the technical backbone of the SLE. The system was built on a hub-and-
spoke architecture, with Moodle 4.1 LTS as the central hub, deployed locally using XAMPP on
a Windows 11 workstation. The platform was configured with a structured course category
architecture, role-based access control, and critical security measures like HTTPS enforcement
and strict password policies. The ecosystem's functionality was extended through four key
plugins. H5P was integrated for creating interactive content, while CodeRunner, in conjunction

with the Jobe server, enabled automated programming assessment with secure code execution

and immediate feedback.
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Analytics Graphs was installed to monitor learner engagement and performance, and Level Up
XP implemented a gamification framework featuring experience points, a ten-level progression

system, and competency-based badges.

Finally, external programming environments were prepared, including MIT App Inventor for

mobile app development and mBlock for Arduino-based robotics and IoT projects, to support

hands-on learning activities.

Chapter 5 operationalized the pedagogical design within the completed infrastructure. It began
by structuring the Moodle course into four thematic modules, each following a consistent,
progression-gated sequence based on the five-stage pedagogical model: Exploration,
Conceptualization, Application, Evaluation, and Reflection. A total of ten H5P activities —
including interactive videos, branching lessons, games, and quizzes — were deployed to
support conceptual learning across all modules.

Chapter 6 provides a detailed presentation of the Blockly visual programming environment and
the CodeRunner assessment interface, highlighting their role within the Smart Learning
Ecosystem and their contribution to the learning and assessment process. It explains how the
visual programming functionalities of Blockly support learners in developing computational
thinking and programming skills through an interactive and user-friendly environment, while
the CodeRunner interface enables automated assessment and immediate feedback. In addition,
the chapter includes representative walkthroughs of three carefully designed exercises that
demonstrate the practical use of these tools across progressively increasing levels of
complexity. Through these examples, the chapter illustrates both the pedagogical structure of
the activities and the technical implementation of the programming and assessment workflow.
Chapter 7 explores the gamification and analytics reporting features integrated into the Smart
Learning Ecosystem (SLE), placing particular focus on their architecture, practical
implementation, and incorporation within the Moodle-based platform. It discusses the ways in
which gamification functionalities—such as experience point (XP) accumulation, level
advancement, badge allocation, competency recognition, and conditional access to learning
content—have been designed to strengthen learner motivation, engagement, and individualized

learning pathways.
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In addition, the chapter presents the data collection, assessment, and analytics infrastructure
that enables the monitoring, evaluation, and interpretation of learner activity throughout the
ecosystem. The various assessment approaches supported within the SLE are also examined,
demonstrating how they contribute to both formative and summative evaluation processes.
Particular emphasis is placed on the Analytics Graphs Plugin, which enhances the platform’s
native analytics capabilities by providing advanced visualization and reporting functionalities.
Overall, the chapter offers a thorough presentation of the pedagogical principles and technical
mechanisms underpinning the gamification and analytics reporting framework implemented
within the Smart Learning Ecosystem.

This concluding chapter brings together and synthesizes the research and development work
presented throughout this thesis, providing a comprehensive reflection on the progression from
the initial design and conceptualization of the Smart Learning Ecosystem (SLE) to its
successful implementation and validation as a functional, technically robust, and pedagogically
consistent platform. This chapter revisits the primary contributions of the study, critically
examines the findings in light of the original research objectives, and highlights both the
theoretical significance and practical applications of the results. It also provides a transparent
discussion of the study’s limitations, framing them as opportunities for refinement, and
concludes by outlining informed directions for future research and continued development in
the field.

The key achievements of this thesis can be summarized as follows. First, the research
successfully designed and implemented a fully functional Smart Learning Ecosystem that
integrates interactive learning content, visual programming practice, loT experimentation,
automated assessment, gamification, and learning analytics within a coherent architecture.
Second, it demonstrated the technical feasibility of a Blockly-to-Python automated assessment
bridge, enabling block-based programming solutions to be translated into executable Python
code and evaluated automatically within the Moodle environment.

Third, the thesis operationalized a structured five-stage pedagogical workflow that connects
conceptual learning, practical experimentation, and formal assessment in a progressive learning

pathway.
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Fourth, the study demonstrated the practical integration of gamification mechanisms—such as
experience points, levels, and achievement badges—directly within programming activities,
supporting sustained engagement in asynchronous learning contexts. Fifth, the ecosystem
implemented analytics-driven monitoring and adaptive feedback mechanisms capable of
tracking learner interactions and triggering rule-based interventions to support learner progress.
Finally, the validation process established that the proposed Smart Learning Ecosystem has
progressed beyond a conceptual design to a state of operational readiness.

The platform demonstrated technical stability, pedagogical coherence, and reliable system
functionality, making it suitable for deployment in authentic educational settings and for future

experimental research evaluating its impact on learning outcomes.

Overall, this thesis demonstrates that the integration of visual programming environments, [oT
experimentation, automated programming assessment, gamified progression, and learning
analytics within a unified ecosystem can provide a scalable and pedagogically coherent
approach to supporting progressive STEAM education in asynchronous digital learning

environments.

8.2 Discussion of Findings in Relation to Research Questions

This section revisits each of the six research sub-questions and the overarching central research
question, discussing what the design, implementation, and validation of the Smart Learning
Ecosystem reveal in response to each. It is important to note at the outset that the six sub-
questions are not equivalent in terms of the depth of evidence available to answer them. RQ1
through RQS5 are addressed by a robust body of empirical literature and are further supported
by the functional validation findings reported in Chapter 5. RQ6, concerning the structured
Blockly-to-Python learning pathway, stands in a different position: as established in Chapter 2,
the systematic review found no study that directly addresses this configuration, and this thesis's
contribution is therefore primarily one of problem identification, system design, and functional

demonstration rather than empirical validation.
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RQ1: How does the integration of block-based programming, IoT technologies, and

gamification in a Smart Learning Ecosystem contribute to adaptive STEAM education?

The central research question asks how the integration of block-based programming, loT
technologies, and gamification in a Smart Learning Ecosystem can contribute to adaptive
STEAM education. The literature review, particularly the contributions of Sie and Lin (2025),
Fitriasih et al. (2025), Ishaq et al. (2024), and Kassenkhan et al. (2025), establishes that each of
these three elements independently enhances aspects of STEAM learning. The distinctive claim
of this thesis is that their integration produces effects that are synergistic rather than merely
additive. The findings across all six sub-questions converge on a coherent answer: integration

is itself the mechanism through which each component acquires its adaptive potential.

Block-based programming, when embedded within a structured assessment framework that
includes automated translation, analytics-driven feedback, and gamified progression, becomes
more than an introductory tool. It becomes a data-rich, assessable, and pedagogically rich
modality capable of supporting adaptive learning pathways from novice engagement toward
Python proficiency. IoT technologies, when coupled with visual programming through the hub-
and-spoke model, extend the STEAM learning context from abstract algorithmic problems to
tangible physical systems without imposing hardware dependencies that undermine equity of

acCCess.

Gamification, when tied directly to programming task completion and assessment outcomes
rather than generic platform interactions, functions as a motivational scaffold that reinforces
skill mastery rather than superficial engagement.

The collective contribution of this research is therefore not any single technological innovation
but the demonstration that these three elements, when designed with coherent pedagogical
intent and validated through systematic testing, constitute a synergistic and adaptive learning
ecosystem. Each component enhances the effectiveness of the others, and the hub-and-spoke
architecture provides the integration layer that makes this synergy possible within a scalable,

open-source, asynchronous learning framework.
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RQ2: : What Are the Essential Architectural Components Required for an Effective SLE
Supporting Asynchronous STEAM Education?

The literature review established that existing Smart Learning Ecosystems tend to be
fragmented, tool-centric, or theoretically oriented, lacking coherent integration between
physical computing, visual programming, and automated assessment. Studies by Kerimbayev
et al. (2025), Edula et al. (2023), Thichr et al. (2024), and Silva et al. (2025) converge on an
architectural blueprint comprising five essential layers: content management, assessment and
feedback, gamification and motivation, physical computing and IoT, and learning analytics.
The architecture developed in this thesis responds to that evidence by proposing a hub-and-
spoke model in which Moodle functions as the single authoritative orchestration platform,
while MIT App Inventor, Arduino via mBlock, and the Blockly-CodeRunner environment
operate as loosely coupled practice spokes.

The validation findings confirm that this architectural choice is both technically viable and

pedagogically effective.

By centralizing all assessment, progression tracking, analytics, and gamification within Moodle
while allowing learners to experiment freely in external tools, the ecosystem achieves what the
literature describes as pedagogical coherence without technical rigidity. The four logical layers
identified in the architectural design—the interaction layer, the orchestration layer, the
assessment and feedback layer, and the data and analytics layer—each fulfilled their designated

functions during validation without critical failure.

Critically, the research demonstrates that the effectiveness of an SLE for asynchronous
STEAM education depends not on the sophistication of any individual component but on the
quality of integration between components. Conditional activity release, mastery-based
progression thresholds, and centralized gradebook aggregation collectively created a learning
environment in which students could engage at their own pace without sacrificing the

structured progression that is essential for developing computational thinking skills.
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RQ3: How Does Gamified Progression Affect Learner Motivation and Persistence in

Asynchronous STEAM Activities?

The literature consistently reports that gamification contributes positively to learner motivation
and persistence in asynchronous learning contexts (Kassenkhan et al., 2025; Ishaq et al., 2024;
Son, 2025; Navas Bonilla et al., 2025).

However, the review identified that gamification in existing systems is predominantly applied
at the platform level through generic badge and points systems, rather than being embedded
within programming activities themselves. This thesis directly addresses that gap.
The gamification engine implemented in the SLE goes beyond surface-level reward
mechanisms. Experience points are tied directly to CodeRunner test case outcomes, HS5P
formative check completion, and forum contributions, meaning that every point reflects a

demonstrable learning behavior rather than merely a system interaction.

The ten-level progression system, with snowballing XP thresholds mapped to pedagogically
meaningful milestones, is designed to sustain motivation across the full learning trajectory
rather than generating a brief spike of early engagement followed by diminishing returns.
Koukaras et al. (2026) further reinforce the importance of equity-aware gamification design—

an aspect addressed in the SLE through the accessibility of early achievement milestones.

The pilot validation provided initial evidence that learners responded positively to visible
progress indicators, including the XP block, progress bars, and badge notifications, describing
these as contributing to their sense of progress and engagement. While the sample size
precludes statistical inference, these observations are consistent with the theoretical predictions
of Self-Determination Theory, which posits that visible competence indicators and structured
goal-setting contribute to intrinsic motivation.

The achievement badges, designed to recognize specific computational competencies such as
loop mastery, sensor integration, and peer mentoring, suggest that gamification can function as
a micro-credentialing framework acknowledging discrete skill development in ways that

conventional grades do not.
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The finding that gamification thresholds required recalibration following the pilot—with early
achievements made more attainable to build engagement—illustrates a broader design
principle: that effective gamification in educational contexts requires empirical tuning rather
than theoretical prescription alone. The iterative refinement process demonstrated that the
boundary between motivating challenge and frustrating difficulty must be calibrated to the

specific learner population and task type.

RQ4: Can Integrated Analytics and Automated Assessment Provide Timely Feedback

That Improves Learning Performance?

The literature identifies integrated analytics and automated assessment as among the most
impactful features of adaptive learning systems, with LLM-based and Al-driven assessment
frameworks demonstrating strong potential (Lee et al., 2026; Thichr et al., 2024; Rodriguez-
Ortiz et al., 2025). However, the review also revealed that existing assessment models are
overwhelmingly text-code-centric, with limited attention to the analytics derivable from block-
based programming behaviors.

The SLE addresses this gap through two mechanisms. First, the multi-layered assessment
toolkit—combining HSP for formative conceptual checks, Moodle Quiz for knowledge
consolidation, CodeRunner for automated programming evaluation, and Moodle Assignments
for project-based evidence collection—ensures that assessment is continuous, automated, and
distributed across conceptual, applied, and integrative dimensions.

All assessment data feeds into a unified Moodle gradebook, enabling stage-by-stage
performance analysis and correlation between conceptual understanding and programming
success. This aligns with the finding of Munar-Garau et al. (2025) that embedded, workflow-
integrated feedback produces stronger learning outcomes than separately administered

assessment.

Second, the custom Blockly workspace telemetry system represents a novel contribution to the
field. By capturing block addition, deletion, movement, and configuration events at millisecond
precision, the ecosystem generates a rich behavioral dataset that extends beyond final solution
correctness to encompass problem-solving strategies, debugging patterns, and block-to-text

transition readiness.
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This enables the kind of fine-grained learning analytics that the literature identifies as missing
from current block-based programming research—and provides the raw data that future Al-
driven adaptive models could exploit. The validation confirmed that the analytics dashboards
accurately reflected real-time learner activity and that the rule-based adaptive intervention
system correctly identified patterns of repeated failure, prolonged inactivity, and progression
stagnation, triggering remedial content release and instructor notifications accordingly.

These findings validate the operational functionality of the analytics layer and provide a

foundation for future research into predictive modeling of block-based programming behaviors.

RQ5: How Effectively Does IoT-Based Physical Computing Enhance Learners'

Understanding of Computational Concepts?

Research by Fitriasih et al. (2025) and Sie and Lin (2025) demonstrates that loT-enhanced
learning environments effectively contextualize computational thinking and support real-world
problem solving. Van Mechelen et al. (2022), Weng et al. (2024), and Ng et al. (2022) further
confirm that physical-digital integration is a consistent predictor of deeper computational
concept acquisition, particularly for learners who have previously struggled with purely
abstract programming instruction. However, the literature review revealed that connections
between loT-based physical computing and block-based programming environments are
weakly explored, creating an accessibility barrier for novice learners who must simultaneously

manage hardware complexity and programming syntax.

The SLE addresses this gap by positioning mBlock-based Arduino practice alongside MIT App
Inventor as complementary external experimentation environments that are pedagogically
coupled with, but technically decoupled from, the formal Moodle assessment layer. This dual-
environment approach is pedagogically significant, as it allows learners to engage with IoT
systems through both physical computing (via Arduino and sensors) and mobile application
development (via App Inventor), thereby broadening the spectrum of interaction with
computational concepts. Learners develop intuitive understanding of IoT processes through
direct observation—for instance, witnessing an LED respond to a light sensor reading—while

also designing user-facing mobile interfaces that can control or monitor such systems.
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This multimodal engagement strengthens the connection between abstract logic and real-world

application contexts.

Subsequently, learners formalize their understanding through Blockly and Python within the
controlled assessment environment. This sequence embodies the concrete-to-abstract
progression advocated by cognitive load theory and constructionism, while also extending it to
include user-centered design principles through mobile app development.

The hub-and-spoke architecture also resolves a practical challenge that limits loT education at
scale: hardware dependency.

By separating hands-on Arduino experimentation and mobile app prototyping from formal
assessment, the ecosystem ensures that learners without home access to hardware can still
complete the full assessment pathway within Moodle, using CodeRunner to solve IoT-scenario
problems in simulation. This design principle—prioritizing equitable assessment while
preserving authentic hands-on and application-driven experience—represents a meaningful

contribution to the practical implementation of [oT education in secondary contexts.

RQ6: How Can a Structured Blockly-to-Python Learning Pathway Be Designed Within a

Smart Learning Ecosystem?

As established in Chapter 2, RQ6 occupies a distinct position within this study.

The systematic literature review found no study that directly addresses a
Moodle/CodeRunner/Blockly configuration for structured visual-to-textual programming
transitions, and the evidence base is therefore theoretical and analogical rather than directly

empirical.

The contribution of this thesis with respect to RQ6 is accordingly one of identification and first
instantiation rather than resolution: it makes the problem visible and precisely defined,
proposes a theoretically grounded design response, and delivers a functional technical
implementation—while acknowledging that the necessary empirical validation remains ahead.
The Blockly-to-Python assessment bridge implemented through the custom CodeRunner

question template constitutes the most technically novel component of the ecosystem.
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By developing a JavaScript-based translation engine that converts Blockly XML into
executable Python and evaluates it against predefined test cases, the system provides a first
operational demonstration of automated visual-to-textual programming assessment within a

Moodle environment.

The five-stage workflow draws on the design principles supported by the literature—dual
representation (Ishaq et al., 2024), scaffolded fading (Dutta et al., 2024), mastery-gated
progression (Son, 2025), and explicit pathway signposting (Navas Bonilla et al., 2025)—to
sequence the transition from block-based to Python programming in a theoretically coherent

way.

The functional validation of Stage 3 confirmed that correct block-based solutions were
consistently translated into executable Python without errors, and that logical mistakes
triggered targeted feedback. The translation maintained syntax consistency in tested cases,
including edge cases involving incorrect loop structures, variable misassignments, and missing
conditions. These results are encouraging as a proof of technical concept, but they do not
constitute evidence that the pathway achieves its intended pedagogical purpose of reducing
barriers to text-based programming. That question—whether learners who engage with this
pathway develop stronger Python proficiency than those using alternative approaches—remains
open and constitutes the primary empirical priority for future work on this research question. In
sum, this thesis takes a meaningful first step toward addressing RQ6 by making the problem
technically tractable and providing a functional platform for future investigation. Significant
empirical and design work remains to be undertaken before confident conclusions about the

effectiveness of the Blockly-to-Python pathway can be drawn.
8.3 Theoretical and Practical Implications

8.3.1 Theoretical Implications
The findings of this thesis contribute to the fields of educational technology, computational
thinking education, and learning design by advancing the theoretical understanding of Smart

Learning Ecosystems (SLEs) for STEAM education.
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First, the research extends the conceptualization of Smart Learning Ecosystems by
demonstrating how multiple educational technologies—such as block-based programming, [oT
learning environments, learning analytics, and gamification—can be integrated into a coherent

architectural and pedagogical model.

Rather than functioning solely as platforms for personalized content delivery, SLEs can support
structured cognitive progression, guiding learners from concrete exploration to abstract

computational thinking through sequenced learning activities.

Second, the study challenges the dominant Al-centric perspective in recent SLE literature.
While many approaches emphasize machine learning and Al-driven personalization, this
research demonstrates that meaningful adaptive behavior can also emerge from rule-based
mechanisms grounded in rich behavioral data, such as Blockly workspace telemetry and
programming execution logs.

This finding suggests that adaptive educational systems do not necessarily require complex Al
models when well-designed data collection and conditional logic can provide pedagogically
relevant adaptive responses.

Third, the thesis contributes to constructionist learning theory by showing how digital
environments can capture not only the artifacts produced by learners but also the processes
through which these artifacts are constructed. By recording detailed interaction data from
Blockly environments and code execution systems, the proposed ecosystem creates analyzable
traces of constructionist learning, enabling new forms of formative feedback and adaptive

intervention.

Fourth, the proposed Blockly-to-Python transition framework addresses a gap in programming
education research by providing a concrete architectural model for supporting progression from
visual to textual programming. The translation mechanism between Blockly constructs and
Python code offers a practical implementation of scaffolding aligned with Vygotsky’s Zone of
Proximal Development, allowing learners to operate at the boundary between visual
programming competence and textual programming proficiency. Finally, the research
contributes to learning design by operationalizing principles of cognitive load theory in

STEAM education.
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The proposed multi-stage learning workflow separates conceptual, programming, and hardware
complexities, thereby reducing extraneous cognitive load. In addition, gamification is
reconceptualized as an integrated component of assessment and progression, where rewards are
directly linked to demonstrated competencies rather than functioning solely as external
motivational elements.

Overall, the thesis contributes a theoretically grounded model for designing integrated Smart
Learning Ecosystems that support progressive development of computational thinking and

programming skills.

8.3.2 Practical Implications
The findings of this research have practical implications for educational technologists,

curriculum designers, educators, and institutions seeking to implement technology-enhanced

STEAM education.

First, the proposed ecosystem offers a replicable architectural model for integrating specialized
learning tools within a central Learning Management System. The hub-and-spoke architecture
allows external environments—such as block-based programming platforms and [oT
experimentation tools—to function as practice spaces while assessment, tracking, and analytics
remain centralized in the LMS. This design simplifies system integration, reduces data
fragmentation, and enables scalable automated assessment. Because the ecosystem relies on
open-source technologies, it can be adopted and adapted by institutions without significant

financial investment.

Second, the study provides a practical framework for progressive programming education. The
five-stage learning workflow offers a structured model for sequencing computational learning
activities, gradually moving learners from conceptual understanding to visual programming,
IoT experimentation, and finally textual programming assessment. This staged approach
supports flexible asynchronous or blended learning environments while maintaining

opportunities for hands-on STEAM activities.
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Third, the ecosystem demonstrates how automated assessment and learning analytics can
support scalable programming education. Tools such as automated code evaluation and
centralized analytics dashboards enable instructors to monitor learner progress, identify
common error patterns, and detect students at risk of disengagement. This reduces instructor
workload while supporting data-informed instructional decisions. Fourth, the gamification
framework provides a practical model for integrating motivational mechanisms into
programming education.

The use of progression levels, competency-based badges, and experience points aligned with
activity complexity embeds motivation within the learning process without compromising

assessment integrity.

Finally, the development and pilot testing of the ecosystem highlight the importance of
iterative and participatory design in educational technology development.

Usability improvements and calibration of assessment and gamification mechanisms emerged
through observation of learners interacting with the system, demonstrating the value of pilot
implementations for aligning system architecture with real user experience. Overall, the
ecosystem developed in this thesis provides a scalable and adaptable blueprint for institutions

seeking to implement integrated, data-informed STEAM learning environments.

8.4 Limitations of the Work

A rigorous assessment of the research requires honest acknowledgment of its limitations. These
limitations relate to sample size and representativeness, scope of validation, technological

constraints, and the generalizability of findings.

8.4.1 Sample Size and Representativeness

The pilot study involved only thirty secondary education learners aged 15 to 16, which is
insufficient for drawing statistically reliable conclusions about the ecosystem's effectiveness
across the full target population. While the sample was deliberately designed to include
learners with diverse levels of prior programming experience—ranging from no background
through Scratch experience to text-based programming familiarity—it cannot be considered
representative of the broader diversity of secondary learners in terms of cultural background,

socioeconomic context, learning disability, or neurological diversity.
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The broader validation phase in Chapter 5, while systematic in its technical testing, similarly
did not involve a large-scale learner cohort. Consequently, all learner experience findings must

be treated as indicative rather than conclusive.

8.4.2 Absence of Longitudinal Learning Qutcome Measurement

The validation framework was explicitly designed to confirm functional completeness,
technical correctness, pedagogical workflow integrity, data flow accuracy, and usability, rather
than to measure learning outcomes.

As a consequence, the thesis does not provide empirical evidence of statistically significant
improvements in computational thinking, programming proficiency, or STEAM knowledge as
a result of using the ecosystem.

The absence of pre- and post-intervention assessments of learning outcomes, retention, and
skill transfer represents a significant limitation of the current work.

Whether the ecosystem is more effective than alternative approaches to STEAM education, or
more effective than non-gamified or non-IoT integrated alternatives, remains an open empirical
question. This limitation is particularly acute in relation to RQ6: the functional validation
confirms that the Blockly-to-Python translation works technically, but it cannot confirm that
learners who use the pathway develop stronger Python proficiency than they would through

alternative instructional approaches.

8.4.3 Rule-Based Rather Than AI-Driven Adaptivity

The adaptive mechanisms implemented in the SLE are rule-based, relying on predefined
conditional logic within Moodle rather than dynamic machine learning algorithms. While this
approach proved effective within the tested parameters, it lacks the predictive capacity and
personalization depth that Al-driven adaptive systems could theoretically offer.

The rule-based system can identify learners who have failed repeatedly or who have been
inactive for a defined period, but it cannot dynamically model individual learner knowledge
states, predict future performance trajectories with high confidence, or automatically adjust
task difficulty in real time based on learner-specific behavioral patterns. The analytics models
enabled through Moodle's PHP predictions processor provide some predictive capability, but
these are generic engagement models rather than domain-specific computational thinking

models tailored to the SLE's curriculum.
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8.4.4 Incomplete Data Capture from External Tools

The hub-and-spoke architecture deliberately avoids tight technical integration between Moodle
and external practice environments, accepting some loss of behavioral data in exchange for
architectural simplicity and robustness. As a result, learner interactions with MIT App Inventor
and mBlock-based Arduino environments are not automatically captured in the analytics
pipeline.

Instructors have no visibility into how much time learners spend in App Inventor, what block
structures they attempt during practice, how many debugging iterations they undergo before
transitioning to formal assessment, or what hardware-related challenges they encounter with
physical computing tasks.This data gap limits the completeness of the behavioral analytics
available to instructors and constrains the system's ability to identify and support learners who

are struggling in the practice environments.

8.4.5 Local Development Environment and Scalability Testing

The development and validation of the SLE were conducted on a local XAMPP-based
environment running on a single Windows 11 workstation, rather than a production-grade
cloud server. While this configuration was appropriate for the development and pilot phases, it
limits the conclusions that can be drawn about system scalability, performance under high
concurrent user loads, and long-term stability in production deployment. The performance
characteristics observed during pilot testing with thirty learners cannot be assumed to
generalize to classroom deployments involving more simultaneous users, and cloud
deployment would require additional configuration for HTTPS enforcement, database

replication, and backup management.

8.4.6 Scope and Empirical Status of the Blockly-to-Python Translation Engine

The Blockly-to-Python translation engine, while technically validated for correctness and
syntax consistency within the tested range of constructs, represents a first implementation
rather than a mature, comprehensively validated system.

It supports a defined subset of Blockly constructs mapped to their Python equivalents; complex
or unconventional configurations—particularly those combining multiple control structures in
non-standard ways or using custom block definitions—may produce unexpected translation

outputs.
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More fundamentally, as noted throughout this thesis, no study in the reviewed literature has
empirically validated a Blockly-to-Python transition pathway of this kind. The translation
engine therefore operates in largely uncharted educational territory. Its technical correctness
has been confirmed, but whether it produces the intended pedagogical outcomes—specifically,
a reduction in the barriers to text-based programming and a meaningful improvement in Python

learning—remains to be demonstrated through rigorous empirical research.

8.5 Conclusions and Future Work

8.5.1 Conclusions
This thesis has designed, implemented, and validated a Smart Learning Ecosystem that
integrates gamification, IoT technologies, visual-to-textual programming pathways, and

automated assessment within an asynchronous STEAM learning framework.

The work was motivated by the convergence of two imperatives: the demands of a Industry 4.0
economy for adaptable, computationally literate, and interdisciplinary thinkers, and the digital
learning imperative revealed by the COVID-19 pandemic for high-quality, scalable, and
engaging asynchronous education. The central contribution of the thesis is the demonstration
that block-based programming need not be treated as a transitional afterthought in the
progression toward professional programming competence. When embedded within a coherent
ecosystem that provides automated assessment, behavioral analytics, [oT contextualization, and
gamified progression, block-based programming becomes a foundational pedagogical
environment capable of supporting adaptive, engaging, and transferable STEAM learning. The
Blockly-to-Python bridge, in particular, represents a technically functional first response to one
of the most significant gaps identified in the literature—a gap that this thesis identifies, frames,
and provides a starting point for addressing, while acknowledging that its pedagogical
resolution will require the substantial empirical research programme outlined in Section 7.7.2.

The hub-and-spoke architecture centered on Moodle provides a replicable, open-source, and
institutionally accessible model for implementing complex multi-tool STEAM learning
environments without requiring proprietary platforms, advanced technical infrastructure, or

tight system coupling.
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The five-stage pedagogical workflow offers a detailed and theoretically grounded model of
progressive STEAM education that can be adapted across secondary education contexts.

The systematic functional validation confirms that the ecosystem operates reliably, maintains
architectural consistency with the hub-and-spoke model, supports a progressive STEAM
learning pathway, delivers dependable automated assessment, and generates meaningful

analytics and adaptive instructional responses.

The pilot testing and iterative refinement process demonstrates that the system can be made
usable by secondary learners with diverse prior experience levels, and that the gap between
theoretical design and practical usability can be effectively narrowed through structured
observation and evidence-based refinement. In sum, this thesis establishes that Smart Learning
Ecosystems for STEAM education can be designed, implemented, and validated without
reliance on advanced artificial intelligence, proprietary platforms, or extensive institutional
resources, provided that the integration of simpler technologies is guided by coherent
pedagogical principles, grounded in the empirical literature, and subjected to systematic

validation and iterative refinement.

The ecosystem developed here is operationally ready for broader classroom deployment and
provides a stable, functional platform for the rigorous experimental investigation of its
pedagogical impact—investigation that the current work has made possible but has not yet

conducted.

8.5.2 Future Work

The limitations identified in Section 7.6 suggest several priority directions for future research
that would extend, validate, and deepen the contributions of this thesis. These directions span
three broad themes: empirical validation of the ecosystem's pedagogical effectiveness
(Directions 1 and 2), technical enhancement of the system's adaptive and analytical capabilities
(Directions 3, 4, and 5), and design expansion to address accessibility, collaboration, and

broader applicability (Directions 6, 7, 8, and 9).

The most urgent priority, and the one most directly demanded by the findings of this thesis, is

an empirical study of the Blockly-to-Python pathway.
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As established throughout this chapter and in Chapter 2, the literature currently provides no
empirical evidence for the effectiveness of a structured visual-to-textual programming
transition of the kind implemented here. A controlled study comparing learners who use the
five-stage SLE pathway against a matched group using alternative approaches—such as direct
Python instruction or unstructured block-to-text transition—would provide the foundational

evidence needed to evaluate RQ6 with confidence.

Pre- and post-intervention measures of Python proficiency, programming self-efficacy, and
computational thinking, combined with behavioral data from the Blockly workspace telemetry,
would yield a dataset capable of addressing not only whether the pathway works but how and
for whom it works. This is the single most important direction for future research arising from
this thesis.

The second priority is a full-scale experimental study measuring learning outcomes across a
statistically adequate and diverse participant sample for the ecosystem as a whole. A
randomized or quasi-experimental design comparing learners using the SLE against a matched
control group receiving conventional STEAM instruction would provide the empirical evidence
base necessary to make confident claims about the ecosystem's overall pedagogical
effectiveness.

Pre- and post-intervention measures of computational thinking, programming proficiency, and
STEAM concept knowledge, combined with follow-up retention measures, would address the
absence of longitudinal outcome data that is the most significant limitation of the current work.
A third direction is the integration of Al-driven adaptive mechanisms to supplement the current
rule-based system. The rich behavioral dataset generated by Blockly workspace telemetry,
CodeRunner execution logs, and H5P interaction data provides an ideal foundation for training
machine learning models capable of predicting individual learner performance trajectories,
diagnosing specific misconceptions, and dynamically adjusting task difficulty and scaffolding
in real time. Future work could explore the application of knowledge tracing models—such as
Bayesian Knowledge Tracing or Deep Knowledge Tracing—to the block-based programming

domain, using the SLE's behavioral data as training input.
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A fourth direction involves extending the Blockly-to-Python translation engine to support a
wider range of block configurations, including custom block types, nested function definitions,
and object-oriented programming constructs.

This extension would support a more comprehensive progression pathway from basic
sequential programming through procedural and object-oriented paradigms, and would

enable the SLE to serve learners across a wider range of educational levels.

A fifth direction is the development of automated data capture from external practice
environments. Lightweight browser extensions or embedded logging modules for MIT App
Inventor and mBlock could enable passive capture of learner interaction data during practice
phases, closing the data gap identified in Section 6.4.4 without requiring tight technical
integration with Moodle. This data would significantly enrich the analytics available to

instructors and the adaptive mechanisms available to the system.

A sixth direction is a comprehensive accessibility audit and redesign of the ecosystem for
learners with visual, motor, or cognitive disabilities. The current implementation was designed
and validated with a general secondary education population, and the usability findings from
the pilot do not address accessibility needs specific to learners with disabilities. Future work
should engage accessibility specialists and learners with diverse needs in co-designing
adaptations to the interface, gamification mechanics, and assessment modalities.
A seventh direction involves the investigation of peer learning and collaborative dimensions
within the SLE. The current ecosystem is primarily designed for individual asynchronous

learning, with peer interaction limited to forum activities.

Future iterations could incorporate collaborative Blockly workspaces, peer assessment
mechanisms, or group IoT project challenges that leverage the social dimensions of learning
identified in Vygotsky's sociocultural theory. The gamification system's mentor status and peer
moderation privileges, introduced at Level 9, offer a starting point for this direction.
An eighth direction concerns the development of genuinely adaptive learning paths within the

ecosystem.
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The current implementation simulates adaptivity through Moodle’s Activity Completion and
Restrict Access mechanisms, which, while effective for progression gating, require substantial
upfront design effort and offer no runtime intelligence. As the Moodle community itself
acknowledges, true adaptive learning is not native to the platform: when a student fails
repeatedly, the system returns them to the same module without modification, content
adjustment, or diagnostic differentiation. During the development of this thesis, three Moodle
plugins were investigated as candidates for extending adaptive capability beyond these

limitations.

The Adaptive Quiz plugin implements Computer-Adaptive Testing (CAT) based on Item
Response Theory, dynamically selecting questions according to the student’s estimated ability
level—presenting harder items following correct responses and easier items following errors—
until a statistically sufficient estimate of ability is achieved.

The ALiSe CAT Quiz similarly applies a full IRT-based CAT model, restricting item
presentation to those matching the learner’s current estimated proficiency. Both tools address
the “same questions for everyone” problem at the assessment level but do not extend adaptivity
to content sequencing or learning pathway modification.

The Exabis Competencies plugin was the most promising candidate explored, offering
competency-based assessment grids, dynamic learning pathways, and dashboards designed to
give students visibility over their own progress and enable instructors to provide targeted
support to struggling learners. Experimental integration of Exabis within the SLE revealed,
however, that the plugin could not be combined with Moodle’s native competency framework
in a way that enabled automated pathway adjustment; the tool supports human-mediated
intervention rather than algorithmic adaptivity, and its competency structures operate in parallel
to, rather than in integration with, the Moodle competency system.

As a consequence, none of the three plugins could be incorporated into the current ecosystem

without sacrificing automation potential or architectural coherence.
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Future work should investigate whether emerging developments in these plugins, or alternative
adaptive learning frameworks, can be integrated with Moodle’s competency infrastructure to
enable genuine runtime adaptation of content sequencing based on individual learner
performance data—a capability that would substantially enhance the ecosystem’s

responsiveness to diverse learner needs.

Finally as a ninth direction, the research raises an important question about the transferability
of the hub-and-spoke model to other educational contexts beyond STEAM. The principles
underlying the architecture—centralizing assessment and analytics within an LMS while
allowing specialist tools to operate as practice environments—are potentially applicable to
language learning, creative arts education, vocational training, and professional development.
Comparative studies across these contexts would test the generalizability of the model and
contribute to a broader theory of integration in educational technology.

Together, these directions constitute a substantial research agenda that builds on the
foundations established in this thesis. Each direction is motivated by a genuine gap in the
current work and has the potential to generate knowledge of both theoretical and practical

significance.

The Smart Learning Ecosystem developed here is not an endpoint but a point of departure: a
validated, operational platform on which the next generation of adaptive STEAM education
research—and in particular the rigorous empirical investigation of the Blockly-to-Python

learning pathway—can be built.
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