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Abstract

Blockchain technology, with special features of decentralization, immutability, consensus
mechanisms, and smart contracts, has been integrated into different areas of digital applica-
tions recently. However, its abstract concepts present a steep learning curve for beginners,
especially in the absence of online resources that offer dynamic, hands-on learning experi-
ences. In response to this problem, we developed a digital interactive teaching tool using
the OwlSpace platform to explain what blockchain truly is in its four core foundational
concepts. Interactive operations, guided workflows, and visual simulations are applied in
the system to assist the learner in interpreting decentralized architectures, immutability of
data interactively, the consensus formation process, and the mechanics behind smart con-
tract operation. The system has also put a focus on conceptual understanding and gamified
experiences rather than competitive ones, providing a practical and engineering-focused
tool for introductory information engineering students.

Keywords: blockchain education; interactive learning; OwlSpace; STEAM education;
educational technology; engineering education

1. Introduction

In today’s distributed system technology landscape, blockchain quickly rose to the
top of the list of technical innovations [1,2]. Decentralized, immutability, consistency,
and programmable smart contracts are the foundational characteristics of blockchain,
making it possible for the right product to be applied to digital banking, traceable supply
chains, patient records, and credentialed platforms at schools [3-5]. More real-world use-
case applications continue to emerge, but the classroom has no current ability to include
blockchain thinking in the basic computing curriculum. This gap comes from the fact that
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the fundamental ideas of blockchain still feel somewhat abstract and far from the way
students feel in K-12th grade [6].

Currently, most of the education blockchain tools are development-oriented environ-
ments. Remix is an intelligent development environment in the browser that allows smart
contracts to be written, compiled, and deployed to the Ethereum blockchain [7]. Although
these methods have all shown their effectiveness, they share the same programming model.
Therefore, they mainly attract younger audiences who already have programming expe-
rience or some aptitude for logical reasoning. This makes it quite a challenging learning
curve for beginners or someone without a background in computer science [8].

To foster the learning curve in development-heavy blockchain environments in ed-
ucation, more researchers are looking to use gamification as an approach to improve
instructional engagement and accessibility [9,10]. The use of gamification, i.e., applying
game-oriented elements (e.g., narrative contexts, progressive steps, feedback loops, and
role-based tasks) in a non-game context has been demonstrated to support more profound
learners’ motivation and conceptual memory [11]. Gehrlein and Dengel [12], in their sys-
tematic review of the literature on blockchain at the K-12 level, found that there is a lack
of age-appropriate resources and tools that introduce blockchain concepts in a way that is
engaging and cognitively accessible.

To address this gap, we developed an interactive digital teaching tool based on the
OwlSpace platform. OwlSpace is a block-based visual programming environment designed
for science, technology, engineering, arts, and mathematics (STEAM) education that em-
phasizes modularity, visual logic, and user engagement. The tool developed in this study
targets the four basic concepts of blockchain: decentralization, immutability, consensus
mechanism, and smart contracts. Through guided visual simulations and user interaction,
learners can experience blockchain operations such as node communication, transaction
packaging, consensus voting, and automated contract execution without writing code, thus
lowering the entry barrier to understanding.

In this study, we developed a modular, interactive educational system for teaching
blockchain fundamentals and evaluated OwlSpace as an instructional platform for visual
logic construction and interaction. The system’s applicability is validated in entry-level
computing education. Using an ARCS-based instrument.

2. Related Work
2.1. Core Technologies in Blockchain

Blockchain systems are generally composed of decentralization, immutability, consen-
sus, and smart contracts. Decentralization provides a distributed architecture to eliminate
single points of failure and build resiliency into the system. Immutability achieved through
hash-links and timestamping [13]. In hash-linking the data, a degree of validation with a
timestamp is added so that the historical data cannot be changed. The consensus protocol
is used to ensure consistency across distributed data. The smart contracts are to provide
programmable and automatic execution of conditions without third-party execution.

2.2. Visual Programming and Interactive Simulation

Visual programming as a tool to promote learners’ interaction with technical material
has also made significant strides, especially among students who have never programmed
before. Block-based environments allow students to build computation processes without
getting caught in textual syntax, creating a cognitive entry point and expanding access [14].
In this study, we used the OwlSpace platform that uses active visual programming and is de-
void of any real-time feedback but does provide a simulation of blockchain concepts such as
decentralization, consensus mechanisms, and immutability, as well as smart contracts [15].
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2.3. Motivation Measurement Instruments

Keller’s Instructional Materials Motivation Survey (IMMS) is a validated measure of
learner motivation contextualized in the attention, relevance, confidence, and satisfaction
(ARCS) model, which has a sequence of Likert-scale items that measure four areas of moti-
vation [16]. IMMS has been used extensively in computer-based and self-directed contexts
to measure the motivational quality of instructional materials [17]. To offer a more flexible
and streamlined means of administering a measure of student motivation in various con-
texts in educational settings, especially younger learners, a reduced instructional materials
motivation survey (RIMMS) was proposed [18,19] to make measurement responsive to
time constraints. RIMMS has shown strong psychometric reliability and validity for use in
contexts with more adaptable formats than its use in a middle-school environment.

3. Methods
3.1. System Architecture and Instructional Platform

OwlSpace, a block-based visual programming platform, was used to construct all
instructional modules. It allows learners to engage with blockchain logic through drag-and-
drop blocks without requiring textual coding. The modules featured animated sequences,
logic flows, and interactive actions tailored to effectively convey each blockchain concept.
The user interface modules were custom-designed to reflect each learning scenario: ledger
distribution, block immutability, consensus validation, and contract automation.

3.2. Module Descriptions

The instructional sequence for each module is visualized in Figure 1. It consists of
three stages: a narrative screen to introduce the blockchain concept through storytelling, an
interactive screen for hands-on logic block construction using OwlSpace, and a summary
screen to consolidate key takeaways.

( Narrative Interactive o A
Stage Stage S

Introduces the story and Students complete tasks Reinforces key learning
blockchain concept using OWLSpace blocks points

\ J/

Figure 1. Teaching phase sequence diagram.

The lesson plan designed for this study is shown in Figure 2, with the following
four chapters:

Decentralization Immutability Consensus Smart Contract
Chapters Chapters Chapters

Figure 2. Blockchain education chapter diagram.

e  Decentralization chapters: Introduce the concept of centralized versus decentralized
ledger systems through a village ledger story.

e Immutability chapters: Demonstrates the irreversible nature of blockchain data using
hash-linked blocks.

e  Consensus chapters: Explain how distributed nodes validate data using collaborative
simulations modeled on Proof-of-Work.
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e  Smart contract chapters: Teaches automatic execution of predefined conditions through
an interactive delivery contract simulation.

3.3. Decentralization

Students are taken through a controlled scenario in which a single ‘village chief” kept
a record of all transactions. The activity also changed to a stage in which the village chief
could no longer be reached (identified as the failure point). Subsequently, a decentralized
model was considered in which all ‘villagers” kept copies of transaction records. This
created redundancy and backup in the absence of one node.

e Narrative stage: The student is introduced to a simulated situation where the village
chief is the only one who keeps a record of all the transactions. After that, the village
chief can no longer be reached. This results in a single point of failure, which shows
the challenges that accompany centralized systems, as shown in Figure 3.

More exciting

Next Page

What are the benefits of decentralized data management?

In order to solve the problem that only the village chief could keep accounts, the villagers came up with a
solution: everyone keeps a copy of the account book. Every time a transaction is made, everyone writes it down
together. This way, even if someone is not there, others still have the records, and the information is less likely to

be lost or wrong. From then on, transactions in the village became safer and fairer.

Ledger

Lala

Figure 3. Narrative stage of the decentralization chapters.

e Interactive stage: The student interacts with the simulated transactions and observes
changes in the transaction information, as shown in Figure 4.

More exciting

Next Page

-

records, the chief decided to let everyone have a copy of the ledger.
) )

jO. !
e Lola Bubu \pple 3 Banana ©C) -
S (82
)

What are the benefits of decentralized data management?
. W g o= R
, ‘ "
5 8 B @ o wb ! 4

The village chief fell ill and could no longer manage the ledger. To ensure the safety of the
Lala Bubu

Figure 4. Interactive stage of the decentralization chapters.
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e Summary stage: The notion that in a decentralized system, the data is replicated in
multiple nodes, thus improving the reliability and tolerance of the system to faults, is
reinforced, as shown in Figure 5.

More exciting

Next Page

Little Learning Corner

® Decentralization means spreading data out so that many people
have the same copy, not just one person in charge.

® Even if a few parts break down, the system still works fine
— that makes the data safer and more stable.

Figure 5. Summary stage of the decentralization chapters.

3.4. Immutability

The students manipulated a simplified blockchain and observed the effects of trying
to alter historical records. The module used hash simulation to demonstrate that any
tampering invalidates the subsequent blocks, reinforcing the concept of irreversible data.

e Narrative stage: Learners were introduced to the concept of immutability through a
story that emphasizes the need to secure the transaction history, as shown in Figure 6.

More exciting

Next Page

The immutability of blockchain

Someone in the village secretly changed the contents of the account book and wrote "received five apples"
instead of "received three apples". Although it was just a small change, it caused everyone's distrust. Later, the
villagers decided that once the account books were written, they would be "locked" and could no longer be

modified. This way everyone can ensure that historical records will not be tampered with and transactions will be

&

more reliable.

Ledger

Figure 6. Narrative stage of the immutability chapters.

e Interactive stage: Students experimented with modifying past block data and observed
how the hash links were disrupted, invalidating the blockchain, as shown in Figure 7.
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Next Page
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Figure 7. Interactive stage of the immutability chapters.

e  Summary stage: The core idea that blockchain prevents unauthorized changes was
reinforced, illustrating why data integrity is a key feature, as shown in Figure 8.

3.5. Consensus Issue

A proof-of-work simulation was presented using construction. Students gathered
materials and collaborated on building a structure, receiving rewards (e.g., apples) pro-
portionally. This modeled how consensus ensures fairness and validation within a
blockchain network.

e Narrative stage: Students learned about consensus through a construction story, where
the village participants contributed to the construction of a wooden house, as shown
in Figure 9.

More exciting

Next Page

Little Learning Corner

e One big thing about blockchain is that you can't change the

data, which helps keep it safe and complete.

® Once the data is locked in, it becomes unchangeable.
This immutability plays a vital role in maintaining
trust and enabling accurate historical traceability.

Figure 8. Summary stage of the immutability chapters.

e Interactive stage: Participants participated in tasks that simulate material collection
and received rewards based on effort, mimicking Proof-of-Work, as shown in Figure 10.
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More exciting

Next Page

Consensus mechanism to maintain rules

The village chief asked everyone to help build the house and promised to distribute apples according to how
much everyone contributed. But some people feel that they have done more, while others feel that their share is
too little, and opinions vary. In order to be fair, everyone decided that before each record, everyone should
discuss and reach a consensus before recording it in the account book. This is like the "consensus mechanism" in

blockchain: it only counts if everyone agrees.

Figure 9. Narrative stage of the consensus chapters.

Yay! Thank you for helping! More exciting
Next Page

Here are your 30 apples -

Consensus mechanism to maintain rules

Q

enjoy!

The village is building a new cabin, and people get
apples depending on how much they help.

Figure 10. Interactive stage of the consensus chapters.

e Summary stage: The exercise illustrated how distributed agreement ensures fair
validation and prevents manipulation in blockchain systems, as shown in Figure 11.

3.6. Smart Contract Issue

Through a narrative that involved a character named Cocoa and a robotic assistant,
students implemented a smart contract that automated daily apple deliveries. They pro-
grammed condition-based logic in OwlSpace blocks, observing the contract self-execute
when predefined criteria were met.

e Narrative stage: A storyline featuring Cocoa and a robotic helper introduced smart
contracts as predefined agreements, as shown in Figure 12.



Eng. Proc. 2025, 120, 63

8of 13

More exciting

Next Page

Little Learning Corner
® A consensus mechanism is a method that allows all nodes to
agree on the content of the data.

® Data gets added to the blockchain only when everyone agrees
it'" s right. That way, we know it's correct and safe.

Figure 11. Summary stage of the consensus chapters.

More exciting

Next Page

Convenient and practical smart contract

As an autonomous robot, your purpose is to carry out daily tasks governed by a smart contract,
. fulfilling the pact made between Coco and the village chief.

Task (1/3)
Help Coco load her 5 apples onto
the cart.

Figure 12. Narrative stage of the smart contract chapters.

e Interactive stage: Students used OwlSpace to build logic blocks that automatically
delivered apples under set conditions, as shown in Figure 13.

More exciting

Next Page

Convenient and practical smart contract )

As an autonomous robot, your purpose is to carry out daily tasks governed by a smart contract,
_ fulfilling the pact made between Coco and the village chief.

Task (3/3)
Hand over 5 apples to the chief.

Coco

Figure 13. Interactive stage of the smart contract chapters.
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e  Summary stage: Learners observed how smart contracts reduce reliance on intermedi-
aries and execute actions autonomously when conditions are satisfied, as shown in
Figure 14.

More excit

Next Page
Little Learning Corner

A smart contract is a program that automatically executes
once predefined conditions are met.

Smart contracts do not require assistance from any third party.
As long as the predefined conditions are satisfied, the
contract will execute on its own, ensuring both speed

and fairness.

Figure 14. Summary stage of the smart contract issue.

3.7. Participants and Implementation

18-22 year-old undergraduate students (1 = 124) received an instructional intervention.
The participants were not previously trained in blockchain or computer science. The
instructional module experiences were facilitated in a traditional classroom setting using
desktop PCs or tablets and the OwlSpace visual programming platform. They were
order-specific, introduced the four modules and three parts to students: decentralization,
immutability, consensus mechanism, and smart contract, and story explanation, interactive
simulation, and concept review. The entire session took 90 min, which was evenly divided
between each module for about 20 min. The students each worked on their own in the
interactive OwlSpace during that activity, with the help of the instructors.

The participants completed the post-instruction questionnaire at the end of each
module, which included questions derived from RIMMS. Consistent with the ARCS model
of motivation, the survey included Likert-scale items that assessed four components of
motivation: attention, relevance, confidence, and satisfaction, as shown in Appendix A,
Table Al. Feedback was examined to explore the effectiveness of the instructional tool on
behavioral interactions collected from the OwlSpace system.

3.8. Description of the Questionnaire

The post-instruction questionnaire served as the primary instrument for assessing the
motivational impact of the instructional system on students. It was adapted from RIMMS, a
condensed version of Keller’s original IMMS, which is grounded in the ARCS motivational
model. This framework comprises the core constructs that were operationalized through
the questionnaire items, as outlined in Appendix A. The instrument consisted of 12 items
rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree),
and was administered anonymously to all participants following completion of the instruc-
tional module. The scale was designed to capture students’ perceptions of interactivity,
engagement, relevance, self-efficacy, and satisfaction in relation to their learning experience
with blockchain content.
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4. Results
4.1. Descriptive Statistics

Among the four motivational constructs assessed, Satisfaction yielded the highest
average score (mean (M) = 4.41, standard deviation (SD) = 0.47), indicating that most
participants found the learning experience enjoyable and rewarding. Confidence also
received a high rating (M = 4.22, SD = 0.71), suggesting that the face-to-face instructional
approach effectively enhanced students’ self-efficacy in understanding blockchain concepts.
Relevance was rated at M =4.19 (SD = 0.52), reflecting students’ perceptions of the content’s
applicability to their personal lives and future academic pursuits. In contrast, Attention
recorded the lowest average score (M = 4.03) and the highest standard deviation (SD = 0.75),
indicating greater variability in engagement levels among participants (Table 1).

Table 1. Descriptive statistics of RIMMS constructs.

Items M SD
Attention 4.0296 0.74839
Relevance 4.1855 0.51937

Confidence 4.2177 0.70748
Satisfaction 4.4059 0.46671

4.2. Reliability Analysis

To assess the internal consistency of RIMMS used in this study, a reliability analysis
was conducted using Cronbach’s Alpha. As shown in Table 2, the overall reliability
coefficient across all four motivational dimensions was « = 0.924, demonstrating excellent
internal consistency. When standardized, the Alpha value increased to 0.933. According to
established psychometric criteria, a Cronbach’s Alpha above 0.70 is considered acceptable,
while values exceeding 0.90 reflect excellent reliability. These results affirm the robustness
of the RIMMS instrument as a valid tool for measuring student motivation in the context of
interactive blockchain education.

Table 2. Reliability test results (Cronbach’s alpha).

Item Cronbach’s Alpha Alpha (Standardized Items)

Attention, relevance,

confidence, satisfaction 0.924 0.933

4.3. Inter-Item Correlation

The analysis results of inter-item correlations (Table 3) revealed strong positive rela-
tionships among all motivational dimensions. Notably, the correlation between Attention
and Confidence was particularly high (r = 0.952), as was the correlation between Confidence
and Satisfaction (r = 0.816). These findings support the structural validity of the ARCS
motivational framework within this instructional setting, suggesting that engaging content,
clearly defined learning objectives, and opportunities to develop competence interactively
contribute to students” motivation and satisfaction.

Table 3. Inter-item correlation matrix.

Attention Relevance Confidence Satisfaction
Attention 1 0.713 0.952 0.702
Relevance 0.713 1 0.728 0.749
Confidence 0.952 0.728 1 0.816

Satisfaction 0.702 0.749 0.816 1
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5. Conclusions

We designed and evaluated an open-architecture instructional model grounded in
interactive storytelling and visualization. The course was implemented on OwlSpace, a
block-based STEAM education platform that enables novice learners—particularly those
without prior programming experience—to explore foundational principles of blockchain
technology. The pedagogical approach was assessed through both structured classroom
implementation and motivational analysis based on the ARCS framework.

The instructional model comprises decentralization, immutability, consensus mecha-
nisms, and smart contracts, each incorporating narrative elements, interactive simulations,
and reflective summaries to convey essential blockchain concepts. OwlSpace demonstrated
its effectiveness as an educational platform by supporting the construction of visual logic
and fostering learner autonomy, particularly among students unfamiliar with coding. The
motivational evaluation, supported by high internal reliability (Cronbach’s « = 0.924),
confirmed the suitability of the RIMMS instrument for this learning environment. More-
over, the results underscore the educational value of narrative-driven, simulation-based
instruction in enhancing engagement and comprehension of complex technical subjects
such as blockchain.

The results of this study highlight the pedagogical benefits of integrating visual
programming, modular storytelling, and motivational design into introductory engineering
education. The results validate the effectiveness of OwlSpace for blockchain instruction
and offer a scalable model for developing digital curricula tailored to novice learners in
technically demanding domains.
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Appendix A

Interactive Blockchain Learning Materials: Learning Motivation Questionnaire:

The questionnaire used in this study to measure the intrinsic motivation of the stu-
dents was based on the affective responses of the students to the interactive blockchain
instructional materials designed on the OwlSpace Platform. The instrument was designed
based on the RIMMS (Reduced Instructional Materials Motivation Survey) and is also
an abbreviated and validated form of Keller’s Instructional Materials Motivation Survey
(IMMS) based on the ARCS motivation model.

The 12 elements of the measurement instrument are mapped to the four motivational
components of the ARCS model:

o Attention (Items 1-3): Concerns learners’ interest and cognitive involvement in
the lesson.
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e  Relevance (Items 4 to 6): Measures perceived relevance and personal value of content.

e  Confidence (Items 7-9): Assesses the confidence of the student confidence in their own
ability to succeed.

e  Satisfaction (Items 10-12): Assess affective satisfaction and the likelihood of referring
to the learning event.

All elements were measured using a 5-point Likert scale from 1 (Strongly Disagree) to
5 (Strongly Agree).

Table Al. Interactive blockchain learning materials-learning motivation assessment instrument.

Item Strongly Disagree Disagree Neutral Agree Strongly Agree

1. Its activities (story scenarios, animations,
and interactive games) provided engaging
and stimulating ways to learn.

2. In the lecture the subject matter quite often
fascinated me and seemed almost new
and novel.

3. What I learned Boaat used the mnemonics
from each unit and that really helped me to
be able to pay attention.

4. I think technical knowledge about
blockchain might help me in the future.

5. These courses helped me understand the
theory-application relationship.

6. I think learning these fundamentals of
blockchain can be applied to practical uses,
but also more theoretical studies.

7. My understanding of the basics, such as
decentralization, immutability, and
consensus mechanisms, looks good.

8. The games and simulations built my
confidence in taking the courses.

9. I believe that with hard work, will perhaps
be able to master a basic knowledge
of blockchain.

10. I am happy with my scores on this
block chain.

11. I am happy to have been involved in this
groundbreaking blockchain education
project that combines narrative and
interactive learning elements.

12. If given the same opportunities, I would
feel comfortable suggesting this type of
learning experience to my peers

and colleagues.
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