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ABSTRACT
Personalized learning methods have revolutionized education by
allowing tailored teaching approaches to meet individual students’
needs. This approach, supported by educational technologies, aims
to engage learners with diverse expertise levels by adapting con-
tent and methods accordingly. This demo introduces an End-User
Development system that empowers teachers to create and define
interactive behaviors of educational tools using Trigger-Action
Programming (TAP). The system facilitates the creation of "vocab-
ularies" specific to each learning subject and translates them into
verbal primitives for trigger-action rule definition. These rules are
then used in the customization of interfaces. This demo presents
examples using a tangible device and a web-based educational game
aimed to enrich education activities in elementary schools. Future
directions include studying teachers’ appropriation of the use of
TAP to customize learning material as well as adaptation in new
domains and with different devices.
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1 INTRODUCTION
Personalized learning consists of allowing students and teachers to
select materials according to individual needs. This approach tailors
teaching methods to suit the unique requirements, abilities, and
interests of students to motivate and engage learners with different
levels of expertise [23, 27]. In the application of different educa-
tional technologies, a lot of efforts have been made to personalize
curricula [1, 6, 7, 21, 26, 29]. In Massive Open Online Courses, for
example, the automatic personalization of learning paths (e.g., [1])
has been adopted to cater to large numbers of learners. On the
other hand, in smaller contexts like elementary schools, teachers
play a crucial role in customizing educational tools. Since they
are the primary experts in the educational field, teachers should
be able to directly modify/program educational smart devices to
create purpose-specific environments and integrate these devices
optimally into education strategies and plans [33, 34].

In school environments, the use of smart devices, including the
Internet of Things (IoT), is gaining traction due to their potential to
enhance different aspects of teaching and learning [24]. Interactive
educational devices have been developed for diverse subjects such
as music, math, and language (e.g., [3, 14, 32]), providing engaging
learning environments [2, 19]. Another way to enhance students’
engagement and motivation in the learning process is gamification
[18, 22] – defined as the utilization of game elements in non-leisure
contexts [10]. Customizing smart tools and gameful systems may
contribute to their effectiveness in educational settings [16, 22, 33].
Approaches like End-User Development (EUD; [17]) enable teachers
to specialize the functionalities of educational technologies [31].
Through Trigger-Action Programming (TAP), non-programmer
users can create rules specifying actions to take upon certain events
[30]. TAP is considered an accessible and intuitive way to program
digital technologies, reflecting the principle in computational logic
that specific actions are necessary in particular situations [11].

This demo presents RuleCraft a system that enables teachers to
create and define new interactive behaviors for multiple educational
tools across various school subjects. The system was first designed
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to support the use of an EUD interface based on TAP, created to
connect the definition of the behavior of a tangible educational
tool with gamification [5]. Our system additionally supports the
upload of multiple vocabularies, allowing other domain experts to
create and upload learning material to extend the EUD solution to
different topics and subjects.

2 THE SYSTEM: RULECRAFT
RuleCraft (see Figure 1) is an existing platform for domain experts
to craft and refine vocabularies tailored to specific learning domains
(e.g., maths), including motivational aspects (i.e., game elements).
Domain experts can be represented for example by researchers,
developers, or educators who are interested in developing a new set
of verbal primitives for innovative EUD educational tools. By verbal
primitives, we intend basic and understandable commands written
in natural language. In our system, verbal primitives can be coded
as events, states, and actions [9, 15]. The system is composed of a
web app for the upload of vocabularies and the following creation of
trigger-action rules. The created rules can then be used to customize
the behavior of one or more interfaces. In our case scenario, the
interfaces are represented by SMARTER [4] and SmartGame [13].
SMARTER is a tangible IoT device designed to support hands-on
experience for elementary school children in math education while
SmartGame is a gamified web app aimed at supporting the use of
SMARTER in the teaching-learning process and motivating chil-
dren during activities. The Vocabulary Smith component, built
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Figure 1: RuleCraft’s Architecture and Flow.

in Java, is the cornerstone of the process for defining and refining
vocabularies. Beyond the standard functionalities of a simple vo-
cabulary editor, it translates these vocabularies into a set of verbal

primitives (1), which are required to define the rules and game
elements for specific learning tasks. These verbal primitives then
find their way to the heart of the system, the Java-based Game
Engine component, built using the Spring1 framework. Here, the
primitives are transformed into JSON metadata format by the Vo-
cabulary Translator (2). This is a crucial step, as it paves the way for
the subsequent stages of rule definition and editing. This formatted
metadata serves as the backbone for the Rule Editor component, an
intuitive frontend interface for end-user developers (i.e., teachers)
implemented using React2. There, users can define rules (3a) using
predefined syntax forms and constraints exploiting the available
primitives and the respective game elements visualized in the final
application (3b – which in our demo, is the SmartGame web app,
implemented using React). Once the rules are carefully defined,
they find their home in the Resource Manager component. At the
same time, the corresponding game elements are provided to the
application, ready to be used by students.

In the demo scenario, teachers leverage the SmartGame web
app to initiate and configure learning tasks, defining the classes
and tangible devices (SMARTER) to be utilized. They can signal
the start of the game to the Game Manager (4) and (5) bringing a
new game instance to life (6), inviting students to engage actively.
Whether through the SmartGame web app interface (7a), or directly
interacting with SMARTER (7b), students delve into the learning
experience. Game actions, whether initiated through the web app
(8a) or the tangible devices (8b), are swiftly intercepted by dedicated
Game State Connectors. These connectors play a vital role in
ensuring adherence to game rules checked by the Games Rule
Evaluator component while facilitating player status progression.
Upon rule evaluation (9), this provides real-time feedback signals,
such as illuminating green or red lights (10b), to indicate student
progress or game advancement in the web app (10a).

3 CONCLUSIONS
In the current demo, we presented RuleCraft, an innovative sys-
tem that allows the definition of multiple EUD vocabularies (i.e.,
sets of verbal primitives that refer to specific domains) to give the
opportunity to end-users (teachers and educators, potentially stu-
dents too) to define the behaviors of their tools. We expect to gain
valuable insights in the study of the interaction between teachers
and our system (similarly to [12, 25, 35]). As pointed out by other
researchers, EUD solutions can empower domain experts, like teach-
ers, by enabling the customization of interactive systems (e.g., [28]),
which in turn facilitates tailoring curricula according to students’
characteristics [8, 20]. In the demo presented, we show two distinct
vocabularies – that can also be used jointly – to enable elementary
school teachers to customize two different tools: SMARTER – an
IoT tangible tool – and SmartGame – a gamified web app – both
dedicated to math education. While it has not been adopted yet
in user studies, in the future we aim to explore the strengths and
limitations of our system by (I) studying the interaction between
educational experts (e.g., teachers, logopedists) and the Rule Editor
and (II) creating vocabularies for other domains (e.g., grammar,
syntax).

1https://spring.io/
2https://react.dev/

https://spring.io/
https://react.dev/


RuleCraft: an End-User Development Hub for Education AVI 2024, June 03–07, 2024, Arenzano, Genoa, Italy

REFERENCES
[1] Alaa A. Qaffas, Kaouther Kaabi, Rustam Shadiev, and Fathi Essalmi. 2020. Towards

an optimal personalization strategy in MOOCs. Smart Learning Environments 7
(2020), 1–18.

[2] Mostafa Al-Emran, Sohail Iqbal Malik, and Mohammed N Al-Kabi. 2020. A survey
of Internet of Things (IoT) in education: Opportunities and challenges. Toward
social internet of things (SIoT): Enabling technologies, architectures and applications:
Emerging technologies for connected and smart social objects (2020), 197–209.

[3] Wafa Almukadi and A Lucas Stephane. 2015. BlackBlocks: tangible interactive
system for children to learn 3-letter words and basic math. In Proceedings of the
2015 International Conference on Interactive Tabletops & Surfaces. 421–424.

[4] Margherita Andrao, Alessandro Cappelletti, Giuseppe Desolda, Francesco Greco,
Barabara Treccani, and Massimo Zancanaro. 2023. SMARTER Than Before: Em-
powering Teachers to Program a Modular IoT Educational Device. In Workshops,
Work in Progress, Demos and Doctoral Consortium at IS-EUD.

[5] Margherita Andrao, Federica Gini, Antonio Bucchiarone, Annapaola Marconi,
Barbara Treccani, and Massimo Zancanaro. 2023. Enhance Gamification Design
Through End-User Development: a Proposal. (2023).

[6] Ibtissam Azzi, Adil Jeghal, Abdelhay Radouane, Ali Yahyaouy, and Hamid Tairi.
2020. Approach based on artificial neural network to improve personalization
in adaptive e-learning systems. In Embedded Systems and Artificial Intelligence:
Proceedings of ESAI 2019, Fez, Morocco. Springer, 463–474.

[7] Amy L Barth. 2021. Constructing personal guiding theory using visual repre-
sentation: An innovative pedagogical strategy. Journal of Creativity in Mental
Health 16, 1 (2021), 125–137.

[8] Silvia Benavides-Varela, Claudio Zandonella Callegher, Barbara Fagiolini, Irene
Leo, Gianmarco Altoè, and Daniela Lucangeli. 2020. Effectiveness of digital-
based interventions for children with mathematical learning difficulties: A meta-
analysis. Computers & Education 157 (2020), 103953.

[9] Will Brackenbury, Abhimanyu Deora, Jillian Ritchey, Jason Vallee, Weijia He,
Guan Wang, Michael L Littman, and Blase Ur. 2019. How users interpret bugs in
trigger-action programming. In Proceedings of the 2019 CHI conference on human
factors in computing systems. 1–12.

[10] Sebastian Deterding, Dan Dixon, Rilla Khaled, and Lennart Nacke. 2011. From
game design elements to gamefulness: defining" gamification". In Proceedings of
the 15th international academic MindTrek conference: Envisioning future media
environments. 9–15.

[11] Anind K Dey, Timothy Sohn, Sara Streng, and Justin Kodama. 2006. iCAP:
Interactive prototyping of context-aware applications. In Pervasive Computing:
4th International Conference, PERVASIVE 2006, Dublin, Ireland, May 7-10, 2006.
Proceedings 4. Springer, 254–271.

[12] Franca Garzotto and Roberto Gonella. 2011. An open-ended tangible environment
for disabled children’s learning. In Proceedings of the 10th international conference
on interaction design and children. 52–61.

[13] Federica Gini, Margherita Andrao, and Annapaola Marconi. 2023. The
SmartGame: mixing digital and tangible to foster math education and social
interaction. In Proceedings of the 22nd Annual ACM Interaction Design and Chil-
dren Conference. 588–592.

[14] Audrey Girouard, Erin Treacy Solovey, Leanne M Hirshfield, Stacey Ecott, Orit
Shaer, and Robert JK Jacob. 2007. Smart Blocks: a tangible mathematical manipu-
lative. In Proceedings of the 1st international conference on Tangible and embedded
interaction. 183–186.

[15] Justin Huang and Maya Cakmak. 2015. Supporting mental model accuracy in
trigger-action programming. In Proceedings of the 2015 acm international joint
conference on pervasive and ubiquitous computing. 215–225.

[16] Ana Carolina Tomé Klock, Isabela Gasparini, Marcelo Soares Pimenta, and Juho
Hamari. 2020. Tailored gamification: A review of literature. International Journal
of Human-Computer Studies 144 (2020), 102495.

[17] Henry Lieberman, Fabio Paternò, Markus Klann, and Volker Wulf. 2006. End-user
development: An emerging paradigm. In End user development. Springer, 1–8.

[18] Jenni Majuri, Jonna Koivisto, and Juho Hamari. 2018. Gamification of educa-
tion and learning: A review of empirical literature. In Proceedings of the 2nd
international GamiFIN conference, GamiFIN 2018. CEUR-WS.

[19] Jack Marquez, Jhorman Villanueva, Zeida Solarte, and Alexander Garcia. 2016.
IoT in education: Integration of objects with virtual academic communities. In
New advances in information systems and technologies. Springer, 201–212.

[20] Filipe TMoreira, Andreia Magalhaes, Fernando Ramos, andMário Vairinhos. 2018.
The power of the internet of things in education: an overview of current status
and potential. In Citizen, Territory and Technologies: Smart Learning Contexts
and Practices: Proceedings of the 2nd International Conference on Smart Learning
Ecosystems and Regional Development-University of Aveiro, Portugal, 22-23, June
2017 2. Springer, 51–63.

[21] Alan Mustafa. 2021. The personalization of e-learning systems with the contrast
of strategic knowledge and learner’s learning preferences: An investigatory
analysis. Applied Computing and Informatics 17, 1 (2021), 153–167.

[22] Wilk Oliveira, Juho Hamari, Lei Shi, Armando M Toda, Luiz Rodrigues, Paula T
Palomino, and Seiji Isotani. 2023. Tailored gamification in education: A literature

review and future agenda. Education and Information Technologies 28, 1 (2023),
373–406.

[23] Susan Patrick, Kathryn Kennedy, and Allison Powell. 2013. Mean What You
Say: Defining and Integrating Personalized, Blended and Competency Education.
International Association for K-12 Online Learning (2013).

[24] Dosheela Devi Ramlowat and Binod Kumar Pattanayak. 2019. Exploring the
internet of things (IoT) in education: a review. In Information Systems Design and
Intelligent Applications: Proceedings of Fifth International Conference INDIA 2018
Volume 2. Springer, 245–255.

[25] Marco Romano, Paloma Díaz, and Ignacio Aedo. 2023. Empowering teachers to
create augmented reality experiences: the effects on the educational experience.
Interactive Learning Environments 31, 3 (2023), 1546–1563.

[26] Tahereh Sanjabi and Gholam Ali Montazer. 2020. Personalization of E-learning
environment using the Kolb’s learning style model. In 2020 6th International
conference on web research (ICWR). IEEE, 89–92.

[27] C Tanenbaum, K Le Floch, A Boyle, S Laine, and J Newberger. 2013. Are
personalized learning environments the next wave of K-12 education re-
form. Retrieved from American Institutes for Research website: http://www. air.
org/sites/default/files/AIR_Personalized_ Learning_Issue_Paper_2013. pdf (2013).

[28] Daniel Tetteroo, Iris Soute, and Panos Markopoulos. 2013. Five key challenges in
end-user development for tangible and embodied interaction. In Proceedings of
the 15th ACM on International conference on multimodal interaction. 247–254.

[29] Chia-Ying Tsai and Hui-Chun Chu. 2019. Effects of Integrating a Personaliza-
tion Mechanism into the Flipped Learning Approach on Students’ Learning
Achievement and Behaviors. In 2019 8th International congress on advanced ap-
plied informatics (IIAI-AAI). IEEE, 278–281.

[30] Blase Ur, Elyse McManus, Melwyn Pak Yong Ho, and Michael L Littman. 2014.
Practical trigger-action programming in the smart home. In Proceedings of the
SIGCHI conference on human factors in computing systems. 803–812.

[31] Stefano Valtolina and Ricardo Anibal Matamoros. 2023. EUD Strategy in the Edu-
cation Field for Supporting Teachers in Creating Digital Courses. In International
Symposium on End User Development. Springer, 250–267.

[32] Rattapoom Waranusast, Arin Bang-ngoen, and Jeerapa Thipakorn. 2013. In-
teractive tangible user interface for music learning. In 2013 28th International
Conference on Image and Vision Computing New Zealand (IVCNZ 2013). IEEE,
400–405.

[33] Susan Wiedenbeck. 2005. Facilitators and inhibitors of end-user development by
teachers in a school. In 2005 IEEE Symposium on Visual Languages and Human-
Centric Computing (VL/HCC’05). IEEE, 215–222.

[34] Susan Wiedenbeck and Alec Engebretson. 2004. Comprehension strategies of
end-user programmers in an event-driven application. In 2004 IEEE Symposium
on Visual Languages-Human Centric Computing. IEEE, 207–214.

[35] Ying Zhong and Chang Liu. 2014. A domain-oriented end-user design environ-
ment for generating interactive 3D virtual chemistry experiments. Multimedia
tools and applications 72 (2014), 2895–2924.


	Abstract
	1 Introduction
	2 The system: RuleCraft
	3 Conclusions
	References

