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Abstract

The rapid development of smart home and building technologies requires educational methods that
facilitate the integration of theoretical knowledge with practical, system-level design skills.
Computer-assisted tools play a crucial role in this process by enabling students to experiment with
complex Internet of Things (IoT) and building automation ecosystems in a risk-free, iterative
environment. This paper proposes a pedagogical framework that integrates simulation-based
prototyping with collaborative and spatial design tools, supported by elements of design thinking
and blended learning. The approach was implemented in a master’s-level Smart Building Systems
course, to engaged students in interdisciplinary projects where virtual modeling, digital
collaboration, and contextualized spatial design were combined to develop user-oriented smart space
concepts. Analysis of project outcomes and student feedback indicated that the use of simulation and
visualization platforms significantly enhanced technical competencies, creativity, and engagement.
The proposed framework contributes to engineering education by demonstrating how computer-
assisted environments can effectively support practice-oriented, user-centered learning. Its modular
and scalable structure makes it applicable across IoT- and automation-focused curricula, aligning
academic training with the hybrid workflows of contemporary engineering practice. Concurrently,
areas for enhancement and modification were identified to optimize support for group and creative
student work.

Keywords: smart building systems; computer-assisted learning; simulation-based learning; design
thinking; blended learning

1. Introduction

The increasing complexity of smart home and smart building systems necessitates the
development of multidisciplinary competencies among engineers, extending beyond technical
proficiency to encompass creativity, problem-solving, and a heightened sensitivity to user needs. In
the contemporary engineering domain, engineers are tasked with the responsibility of formulating
solutions that not only address technological challenges but also enhance the comfort, safety, energy
efficiency, and accessibility of living and working environments for diverse user groups, including
the elderly, remote workers, and individuals with specific functional needs [1,2]. This paradigm shift
in engineering education is indicative of a more extensive transformation occurring within technical
professions, wherein the ability to incorporate human-centered considerations into design processes
is deemed to be as imperative as technical expertise. In this context, Design Thinking (DT) has gained
prominence as a pedagogical approach that fosters empathy, creativity, and iterative problem-
solving. Engaging students in stages such as Empathize and Define facilitates the translation of user
experiences into functional design solutions, thereby helping engineers balance technical feasibility
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with user-oriented functionality [3-5]. However, it should be highlighted that higher education, in
particular engineering, also involves innovative methods and tools. The objective of these educational
initiatives is twofold: firstly, to encourage students to adopt a proactive and creative approach to
their studies; and secondly, to equip them with the necessary skills to thrive in the contemporary
engineering sector, which is characterized by fierce competition and rapid technological
advancement.

1.1. Simulation Tools in Engineering Education

Simulation-based learning has emerged as a key component of modern engineering education,
providing a safe, cost-effective, and scalable environment for bridging the gap between theoretical
knowledge and applied practice. In the realm of available platforms, Cisco Packet Tracer has achieved
widespread adoption, primarily due to its proficiency in modelling intricate Internet of Things (IoT)
networks and smart home or smart building configurations. The applications of this software are
extensive, ranging from the simulation of connected home solutions to the design of comprehensive
Smart Campus infrastructures. It enables students to configure, test and optimize interconnected
systems [6-8]. Empirical studies have indicated that such simulations enhance conceptual
understanding, problem-solving and creative thinking, particularly in courses requiring the
integration of diverse technological components within fieldbus level as well as information and
communication technology (ICT) networks with IoT concept [9].

Beyond supporting classroom instruction, the value of simulation environments in preparing
students for the realities of professional engineering practice is increasingly recognized. By
replicating the workflows, constraints, and decision-making contexts encountered in real-world
projects, platforms such as Cisco Packet Tracer enable students to gain practical experience with IoT
and other smart devices management, network integration, and system-level problem-solving in a
risk-free virtual setting [10]. The potential of such environments is further extended by advanced
simulation tools, including the Smart Living Environment tools, which model complex user
interactions, optimize sensor networks, and support assisted living solutions for older adults [1]. In
this context, simulation tools have emerged as a pedagogical instrument that serves as a conduit
between conceptual learning and industry-relevant competencies. These tools are designed to equip
future engineers with the technical fluency and adaptability that are essential in dynamic,
technology-driven sectors.

1.2. Blended Learning in Higher Engineering Education

Concurrent with these technological and conceptual advancements, blended learning (BL) has
become an essential component of higher engineering education. This pedagogical model integrates
face-to-face instruction with asynchronous online collaboration, enhancing flexibility and enabling
students to engage in meaningful project-based learning regardless of time and location constraints.
The efficacy of blended frameworks is especially pronounced when employed in conjunction with
collaborative digital platforms, such as Padlet, which facilitates brainstorming and multimedia-based
project submissions, thereby promoting transparency and continuous peer feedback [11-13]. The
integration of BL in technical curricula has been identified as a response to the growing imperative
for active, student-centered approaches that facilitate self-directed exploration, peer collaboration,
and the iterative refinement of project outcomes. As stated in recent systematic reviews, such models
have been shown to significantly improve engagement, digital literacy, and the development of
collaborative competencies. These skills are critical for engineers working in globally distributed and
interdisciplinary teams [10,14-16]. Moreover, research highlights that integrating these approaches
with flipped classroom (FC) strategies and interactive project work enhances student motivation,
fosters autonomous learning, and strengthens both technical and interpersonal skills that are crucial
for professional practice [12,17-19].

Additionally, BL serves as a pedagogical bridge between academic training and the realities of
modern engineering practice, where hybrid collaboration—integrating on-site and remote

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0646.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0646.v1

3 of 22

teamwork —has become the norm. By emulating the workflows and communication structures found
in smart campuses and technology-driven enterprises, blended approaches equip students with the
necessary skills to thrive in multidisciplinary, digitally mediated, and context-aware project
environments [6]. The alignment of educational methodologies with labor market demands positions
BL as a crucial strategy for fostering workforce-ready graduates who are capable of navigating the
complexities of the smart technology sector.

1.3. Aim and Contribution of the Study

Despite the growing interest in innovative pedagogical methods, comprehensive approaches
that integrate DT, computer-assisted simulation-based problem-solving, and hybrid collaboration in
engineering education remain rare. Existing studies have largely focused on these components in
isolation, overlooking the potential synergistic impact on student learning outcomes. The present
study introduces the initial implementation of a blended, DT-oriented laboratory framework for a
master's-level Smart Building Systems course, with the aim of addressing this gap. This framework
integrates simulation-based design activities using Cisco Packet Tracer, collaborative tools that
facilitate hybrid teamwork, and a computer-assisted human-centered project methodology to
enhance both technical and soft skills among students.

The original contribution of this study lies in its integrated pedagogical design, which enables
the simultaneous development of technical competencies — such as IoT system modelling and smart
space conceptualization - and higher-order skills, including creativity, empathy, and
interdisciplinary collaboration. To the author's knowledge, this constitutes the new educational
deployment of such a comprehensive model at the host institution, specifically tailored for master's
students focusing on smart home and smart building systems. Furthermore, this study presents the
author’s approach as an analysis of a selected case study, providing in-depth insights into the design,
implementation, and evaluation of this educational model. It is positioned within the broader context
of a shifting paradigm in higher technical education, which increasingly embraces blended, student-
centered, and competency-oriented approaches to better prepare graduates for complex, technology-
driven professional environments. Beyond the consideration of individual tools or methodologies,
this approach emphasizes DT as a mechanism for embedding user perspectives into technical
solutions, simulation as a bridge between conceptual and applied learning, and blended
collaboration as preparation for the hybridized professional environments of the modern engineering
sector.

The remainder of this paper is structured as follows: Section 2 reviews related work on DT,
simulation tools, and BL in engineering education. Section 3 describes the methodology, including
the course context, project framework, and applied tools. Section 4 presents the results of student
projects and survey-based evaluation. Section 5 discusses these findings in the context of current
literature and educational practice. Section 6 concludes the paper, highlighting key implications and
outlining directions for future work.

2. Materials — Related Work

Recent research in the field of engineering education has increasingly explored the intersection
of human-centered design, simulation-based learning, and hybrid collaboration. These approaches,
which were originally developed in parallel, have now converged to reshape the way in which smart
home and smart building systems are taught. As demonstrated in the relevant literature, there has
been a shift from isolated applications towards integrated, interdisciplinary frameworks. The
following subsections provide an overview of significant advancements in DT, simulation tools, and
BL with FC strategies.
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2.1. Design Thinking in Engineering Education

In order to prepare engineers for contemporary socio-technical challenges, it is necessary to
employ pedagogical frameworks that foster creativity, empathy and interdisciplinary collaboration.
Among these, DT has emerged as a particularly influential approach. As Munoz et al. emphasize, the
DT approach equips students with the ability to manage ill-structured problems by co-creating
solutions with relevant stakeholders [20]. This conclusion is consistent with the cross-institutional
work by McLaughlin et al., which documents how DT fosters collaborative, user-focused problem-
solving across four universities [4]. DT is valued for its process-oriented and iterative nature, which
encourages students to navigate uncertainty through cycles of problem definition, ideation,
prototyping, and testing [3]. Beyond enhancing creativity and empathy, DT has been shown to have
a positive impact on students' ability to navigate uncertainty through cycles of problem definition,
ideation, prototyping, and testing. Research highlights its role in developing creativity, empathy,
critical thinking, and rapid prototyping, preparing students to integrate technical feasibility with user
needs and engage diverse stakeholders [20,21]. A key development in recent applications is the shift
from conceptual treatments toward context-specific implementations, embedding DT directly within
curricula focused on smart suilding and IoT. In this form, DT serves both as a mindset and a
structured pedagogical framework, enabling students to address complex design challenges that
require technical proficiency and socio-technical sensitivity [3,5].

2.2. Simulation Tools in Smart Building and IoT Education

To bridge the gap between theory and practice, educators increasingly adopt virtual
environments in which students can experiment with complex systems, with simulation tools playing
a central role. Alfarsi et al. show how Cisco Packet Tracer IoT modules facilitate the design and
control of safe home prototypes, demonstrating effective monitoring and control of smart objects in
simulated networks [8]. Building on this, Kumar et al. extend the approach to smart campus
ecosystems by modeling solar-powered grids, RFID-enabled access, and loT-based environmental
controls in Packet Tracer 8.2 [6], marking a shift from single-domain smart homes to multi-layered
smart sampus systems. Such platforms facilitate iterative design, enabling rapid prototyping and
repeated testing before physical implementation, thereby fostering resilience and adaptive problem-
solving in interdisciplinary projects where technical, operational, and user requirements intersect
[22]. Mishra et al. enhance Packet Tracer’s educational value through the use of programmable
controllers and scenario-based exercises [23], while Barriga et al. propose domain-specific simulation
languages such as SimulateloT for automated code generation and more sophisticated
experimentation [24]. Extensions integrating simulation with machine learning further optimize IoT
sensor networks for adaptive, energy-efficient smart spaces, broadening the educational context to
Al-driven applications [25].

Furthermore, simulation has evolved from a solitary learning tool into a collaborative design
space. Sellberg et al. highlight how virtual labs support interactive, co-constructed learning [10], a
view echoed by Mwansa et al., who emphasize Packet Tracer’s value for teamwork even in resource-
constrained settings [26]. Collectively, the evidence from these studies demonstrate that simulation
has matured from a cost-effective hardware substitute into a platform for interdisciplinary
collaboration, creative experimentation, and the development of future-ready digital competencies.

2.3. Blended Learning and Hybrid Collaboration in Engineering Education

In response to the need for instructional models reflecting distributed workflows of modern
engineering, universities are adopting ecosystems that combine face-to-face and digital collaboration,
with BL being a key enabler in this process. In [13], BL is framed as a strategic innovation rather than
a contingency measure and this view is supported by Limaymanta et al. [27], who show that BL and
especially FC enhances higher order thinking in technical disciplines. Gutiérrez-Braojos et al.
highlight the role of collaborative digital tools like Padlet as “learning hubs” for peer feedback and
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transparent project management. This viewpoint is in alignment with Andrews et al. [28], who
propose hybrid models for technical communication education that enchance teamwork and cross-
disciplinary communication. These environments foster mutual accountability and distributed
responsibility, preparing students for collaborative practices in modern engineering.

Integrating BL with simulation-based virtual labs further amplifies its impact, enabling
experiential and project-based learning even in resource-constrained environments [26]. Such
integrations are particularly valuable in IoT-focused programs, where simulated infrastructures
create authentic contexts for collaborative problem-solving [10]. Bibliometric reviews indicate that
multimedia-enhanced BL models, including video-based feedback tools like Loom, improve learner
autonomy and iterative skill development [9].

Overall, BL approaches contribute to developing soft skills —communication, adaptability, and
cultural competence —critical for global, interdisciplinary teamwork, especially in international smart
building projects [28]. This evolution reflects a shift from flexible delivery toward collaborative,
project-based experiences within hybrid ecosystems that integrate simulation, collaborative
platforms, and multimedia communication, aligning academic training with the realities of digitally
mediated engineering projects.

2.4. Synthesis of Trends and Research Implications

This synthetic literature review reveals a paradigm shift in engineering education for smart
home and smart building contexts. DT has evolved from conceptual frameworks to structured,
context-specific applications, equipping students with creative, empathic and interdisciplinary
competencies. Simulation environments, which were previously considered low-cost alternatives to
laboratory settings, have evolved into collaborative design spaces where complex IoT ecosystems can
be modelled and iteratively refined. The evolution of blended and hybrid learning has transcended
the concept of flexible delivery, actively shaping the social and collaborative dynamics of technical
education in accordance with digitally mediated engineering workflows.

While the educational value of each of these approaches — DT, simulation, and BL — has been
demonstrated, the potential benefits of their combined application remain largely unexplored. This
study proposes a novel framework that integrates human-centered design, simulation-based
problem-solving, and hybrid teamwork to enhance both technical and soft skills. The model is
consistent with the growing emphasis on holistic, practice-oriented education, the aim of which is to
prepare engineers for the socio-technical challenges of smart environments.

3. Methodology

The methodological framework adopted in this study integrates BL, DT, and simulation-driven
project work to enhance technical, creative, and collaborative competencies in Smart Building
Systems education. This section delineates the course context, the blended and project-based learning
approach, the integration of the DT process, the tools and deliverables, and the evaluation strategy.

3.1. Course Context

The case study was conducted within the "Smart Building Systems" laboratory course for first
semester master’s students in Industrial and Building Automation at AGH University of Krakow
(AGH). A total of 18 students participated in the study, working in teams of three or four members.
The course combines technical training in building automation with creative, interdisciplinary design
tasks. In the initial phase, students completed practical exercises using laboratory stations equipped
with open-standard automation technologies, including KNX and LonWorks—widely used in
industry for distributed control networks [26,29,30]. These sessions aimed to develop understanding
of decentralized building automation system architecture, particularly at the fieldbus level, and to
build configuration skills in real automation environments. This practical foundation proved
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essential for the subsequent application-oriented project, aligning with literature that emphasizes
integrating theoretical learning with practice-oriented tasks in engineering education [10,26].

The project-based component, introduced in the final four weeks, focused on selecting smart
automation functions and simulating their operation within an IoT-oriented architecture. Students
worked collaboratively for approximately three and a half weeks to develop and submit their
solutions. As discussed in Sections 1 and 2, the project’s main goals were to foster teamwork, promote
self-organization, and encourage the use of collaborative tools relevant to modern engineering
practice [4,28]. Integrating soft-skill development with technical simulation and system modeling
was a central aim, providing students with a comprehensive understanding of the interdisciplinary
challenges in the smart building sector.

3.2. Blended Learning Framework

The course adopted BL model combining online and on-site elements, consistent with AGH
University’s hybrid teaching practices. Before starting the project, students attended a synchronous
online lecture in the FC format. This lecture introduced the DT methodology and its application to
smart building projects. Supplementary DT materials were provided via Moodle platform, allowing
self-paced review and exploration of practical examples [17,27]. An on-site laboratory meeting
followed, presenting the project framework, team tasks, tool selection, implementation options, and
assessment criteria.

Project development was supported primarily through online consultations, using Padlet as a
collaborative platform for asynchronous communication, idea exchange, and DT process
documentation. In-person consultations were available upon request, providing flexible access to
instructors and technical support. Integrating collaborative digital tools within the BL structure
reflects current trends in enhancing transparency, feedback, and distributed teamwork in
engineering education [13]. This blended approach replicated the hybrid workflows of modern
engineering, fostering self-directed learning, team collaboration, and sustained project engagement.

3.3. Project Framework

The project component aimed to translate theoretical knowledge from initial laboratory sessions
into practical, human-centered solutions for smart home and smart building contexts. Built on
experiences with open automation standards like KNX and LonWorks (see Section 3.1), it engaged
students in multidisciplinary team projects integrating user-oriented design with IoT-based system
simulation. Project themes and team compositions were predetermined to balance tasks and
competencies, with five themes reflecting distinct user profiles and living scenarios: Smart Office &
Chill, Senior's Bedroom, Gamer's Room 2.0, Comfortable Living Room for a Senior, and Smart Living
Room. These themes encouraged translating user needs into functional specifications, aligning with
the DT methodology [3,4]. Teams were asked to document their work through the Empathize —
Define — Ideate — Prototype — Test stages on Padlet, which functioned as a collaborative workspace
for brainstorming, feedback exchange, and project submission, supporting transparency and
distributed project management [13,28].

After these conceptual phases, students developed functional models and simulations using
Cisco Packet Tracer to create virtual prototypes, configure automation scenarios, and test interactions
within a simulated IoT ecosystem [6,8]. Before this, Sweet Home 3D or Floorplanner was used to
design spatial layouts and plan device placement, contextualizing solutions within realistic
environments. By emulating automation functions in a risk-free digital setting, students explored
configurations and iteratively refined their solutions, reflecting professional engineering workflows
[22]. This structure fostered both technical competence and essential soft skills, including teamwork,
self-organization, and effective use of digital collaboration tools in hybrid environments. Table 1
summarizes the project stages, tools, and expected learning outcomes.
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Table 1. Overview of the project stages, tools used and expected learning outcomes.

Project stage Tools used Expected learning outcomes

Flipped Classroom lecture ~ Understanding of DT methodology

Introduction & preparation
prep (online), Moodle resources and project scope

Clarity of project goals, team roles,

Organizational meeting On-site session in laboratory L
and assessment criteria

User analysis, ideation,

Design Thinking process  Padlet (collaborative platform) documentation. teamwork

Planning room layouts and
Spatial design Sweet Home 3D / Floorplanner placement
of automation and smart devices

Virtual modeling of IoT-based

Simulation & prototyping Cisco Packet Tracer smart building functions, iterative
refinement
Padlet (final documentation), Communication of solutions,

Presentation & evaluation . . .
video tutorials peer and instructor feedback

3.4. Tools and Deliverables

As previously outlined, the project integrated simulation, collaboration, and presentation tools
to support educational goals and reflect smart building industry practices. In the preliminary phase,
students used Sweet Home 3D or Floorplanner to create room layouts and determine device
placement, followed by functional modelling in Cisco Packet Tracer. This transition allowed teams
to contextualize design decisions and embed technical solutions in realistic living spaces.

Cisco Packet Tracer served as the core simulation platform, enabling students to prototype
interconnected devices, configure automation scenarios, and iteratively refine solutions within a risk-
free smart building ecosystem. Its dedicated modules for smart home and building applications,
along with the ability to integrate open IoT technologies, broadened its relevance for modern
automation projects.

Padlet functioned as a collaborative digital workspace for asynchronous teamwork, feedback
exchange, and project tracking, supporting all stages of the DT process. Project outcomes were
disseminated through concise video tutorials (e.g., Loom) and simplified technical documentation
using MS Word, OpenOffice, or LaTeX Overleaf, summarizing system architecture, functionalities,
and user-focused features.

Students were initially informed about alternative collaboration, documentation, and simulation
tools and could propose their own. However, all teams opted for the recommended set of tools —
Sweet Home 3D, Floorplanner, Packet Tracer, Padlet, and Loom —due to their usability, alignment
with project objectives, and available instructional support. Table 2 summarizes these tools, their
purposes, and educational value.

Table 2. Overview of the project stages, tools used and expected learning outcomes.

Tool Purpose Educational value

Enhancing spatial awareness,
contextualizing technical designs,
and improving the integration of

Creating visual room layouts and
Sweet Home 3D / planning the placement of
Floorplanner automation and smart

. . . automation systems into realistic
devices before functional modeling y

environments
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Virtual modeling of IoT-based smart
building systems
and testing automation scenarios;  Developing applied skills in IoT
Cisco Packet Tracer includes dedicated smart home network design and iterative
and smart building simulation prototyping
modules with support for open IoT
technologies
Collaborative documentation of Enhancing teamwork,
Design Thinking stages, idea asynchronous
Padlet . .
sharing, collaboration,
and feedback exchange and project management skills
Recording short video tutorials . . L
. Improving digital communication
Loom demonstrating system . .
. i, and presentation competencies
functionalities
Preparing simplified technical
. documentation summarizin Building technical reporting skills
MS Word, OpenOffice, ' Zng Famg m p &
system and translating complex systems
LaTeX Overleaf i . .. . . .
architecture, functionalities, into accessible documentation

and user-oriented features

3.5. Design Thinking Integration

The organization of the project is founded on the DT methodology, which ensures a clear, user-
centered workflow for developing smart building solutions. The process was executed in accordance
with the five classic stages of DT. The three preliminary stages (Empathize, Define, Ideate) were
executed within the Padlet platform, serving as a collaborative space for analysis, brainstorming, and
conceptual design. The subsequent two stages (Prototype, Test) were conducted in the Sweet Home
3D and the Cisco Packet Tracer environments, where spatial layouts and functional models of smart
building systems were developed and demonstrated. Table 3 presents overview of these stages, along
with the key activities performed by students and the resulting project outputs.

Table 3. Design Thinking process: stages, student activities, and project outputs.

Design Thinking stage Key students’ activities Project outputs

In-depth analysis of assigned
user groups, mapping daily
routines,
Empathize identifying pain points
and expectations for smart

User profiles with documented
needs and priorities
living
environments (Padlet)

Synthesizing findings into
structured problem statements,
. identifying Clear problem definitions
Define . . . o . _—
design constraints and with prioritized design objectives
measurable

project goals (Padlet)

Generating a wide range of
solution concepts, group
discussions to evaluate Conceptual solution outlines
feasibility and potential impact, and prioritized proposals
selecting the most promising
ideas

Ideate

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0646.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0646.v1

9 of 22

for further development
(Padlet)

Translating selected ideas into
functional system models

within
the simulation environment
Sweet Home 3D, Packet . . .
( . . Configured simulation models
Tracer), establishing logical . .
. representing realistic
Prototype automation structures,

o L . smart building scenarios
designing device interactions, . . .
. . with programmed automation logic
and programming universal
microcontroller units
available in the software to
implement custom smart

building functions

Presenting the functioning
of designed applications

through Video presentations demonstrating
Test instructional video tutorials, system operation and documenting
highlighting different varied strategies for function
organizational approaches to activation

activating and managing smart
functions (Packet Tracer)

3.6. Evaluation Rules and Final Remarks

The project evaluation combined formal assessment of student deliverables with survey-based
feedback to capture both learning outcomes and perceptions of the methodology. Instructor
assessment focused on functional simulation models, instructional video tutorials, and technical
documentation, with grading criteria including technical accuracy, implementation of smart building
functions, creativity, and alignment with user-centered design principles. This ensured that final
grades reflected both solution quality and practical application of DT.

Anonymous post-project surveys were utilized to gather student feedback, employing closed-
ended questions to assess the perceived usefulness of tools (e.g., Padlet, Cisco Packet Tracer, Loom),
clarity of objectives, and the effectiveness of the BL approach. In addition, open-ended questions were
included to solicit valuable aspects, challenges, and suggestions for course improvement.

The methodology provided a structured framework for guiding students through a user-
centered, simulation-driven design process within a BL environment. This framework combined
practical system modelling with collaborative documentation, fostering both the technical and soft
skills needed for interdisciplinary smart building projects.

This study did not involve research requiring formal ethical approval. Participation in the survey
was voluntary, and all responses were collected anonymously to ensure data confidentiality. During
the preparation of this manuscript, the author used ChatGPT (OpenAl, GPT-4.1) to support
brainstorming project themes and synthesizing literature. All generated content was critically
reviewed and edited by the author, who takes full responsibility for the final version of the
manuscript.

4. Results

The implementation of the BL and DT-oriented laboratory framework resulted in a diverse set
of student projects, reflecting different levels of engagement, collaboration, and technical depth. For
the purposes of this case study, three out of five team projects were selected for detailed analysis,
representing varied approaches to user-centered design and levels of advancement. This section
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presents the outcomes of these projects, highlighting both the process-related artifacts and the
developed simulations.

4.1. Student Project Outcomes

The results of the student work are presented in two dimensions: the conceptual artifacts
developed during the DT process and the technical prototypes created in Cisco Packet Tracer,
complemented by supporting documentation and video tutorials.

4.1.1. Insights from Design Thinking Discussions

An analysis of Padlet boards created by student teams reveals significant variation in the
application of the DT approach, with differences in the depth of exploration, organization of ideas,
and linkage to technical implementations.

The objective of the Senior's Bedroom project (Group A) was to establish a secure and user-
friendly environment for elderly individuals, with a particular focus on enhancing nighttime mobility
and ease of device operation. However, the group's DT process demonstrates a paucity of early-stage
exploration. The Empathize stage of the Padlet board contained only a limited number of concise
entries, predominantly characterizing fundamental user requirements without implementing
systematic approaches such as the "5 x why" method. In a similar manner, the Define stage was
reduced to just two concise notes, identifying key challenges such as the need for simplified lighting
controls and the integration of emergency assistance functions. This restricted discourse is manifest
in the initial segment of the Padlet board, as illustrated in Figure 1, which presents solely single-level
statements concerning user requirements.
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Figure 1. The Padlet board (group A) with several notes, posts, materials, comments (screenshot with the
original, real view —posts are in Polish, and they contain students’ contributions, remarks, discussions with

additional comments and explanations in English).

During the Ideation stage, the team proposed several solutions; however, many of these were
directly derived from the instructor's preliminary guidelines, including automatic floor-level night
lighting, voice-based control for lighting and appliances, and an emergency alert mechanism
integrated with motion detection. Despite the absence of extensive brainstorming, the group
demonstrated an effective structuring of their subsequent notes, directly associating proposed
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functions with their implementation plans in Cisco Packet Tracer. This transition towards the
implementation of practical solutions is evident in the subsequent Padlet entries, as illustrated in
Figure 2. In these entries, students refer to particular prototypes that have been developed within the
simulation environment. They also refer to their supplementary 3D room layout and technical
documentation. Notes inscribed with a pink background for all the figures are to be regarded as
consultative comments issued by the instructor.
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Figure 2. The Padlet board (group A) with several notes, posts, materials, comments (screenshot with the
original, real view —posts are in Polish, and they contain students’ ideas and links to results with additional

comments and explanations in English).

The Gamer's Room 2.0 project (Group B) exhibited a considerably more sophisticated DT
process, with discernible advancement evident at every stage. The team's Padlet board comprised a
substantial number of notes, reflecting multi-step discussions and clear links between ideas. The
evolution of concepts was particularly evident, as initial user needs identified in the Empathize and
Define stages were gradually expanded into more detailed solutions during Ideation. This
progression is illustrated in Figure 3, where the Padlet entries demonstrate the evolution of initial
concepts—such as lighting personalization and air quality control—into structured plans for
integrating multi-zone RGB lighting and adaptive ventilation tailored to gaming sessions.
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Figure 3. The Padlet board (group B) with several notes, posts, materials, comments (screenshot with the

original, real view —posts are in Polish, and they contain students’ contributions, remarks, discussions with

additional comments and explanations in English).

The group also produced several technically oriented notes detailing the implementation of
functions in Cisco Packet Tracer, including automation logic for power-saving routines and the
synchronization of lighting with gaming hardware. Their work demonstrated an iterative evolution
of the approach to simulating control and monitoring functions, gradually refining the implemented
logic to better reflect realistic user scenarios and system responses. As demonstrated in Figure 4, this
progression is evident in the updated simulation models, which are closely aligned with the technical
documentation.
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Figure 4. The Padlet board (group B) with several notes, posts, materials, comments (screenshot with the
original, real view —posts are in Polish, and they contain students’ ideas and links to results with additional

comments and explanations in English).

The team also incorporated precise references to their supporting documentation and video
tutorial, ensuring that the narrative of their design process was complete and accessible. It is
noteworthy that the notes on the board reflect active participation from all team members, thus
contributing to a dynamic ideation process and resulting in a technically rich and well-justified final
solution.

The Smart Living Room project (Group C) produced one of the most comprehensive DT boards
among all teams, characterized by a very high number of notes while maintaining clarity through
consistent color-coding and categorization. This structure enabled a systematic presentation of ideas
and facilitated the identification of connections between different stages of the process. As illustrated
in Figure 5, the team employed a multifaceted approach in the initial Empathize and Define stages,
incorporating components of the "5 x why" method to investigate the underlying issues that underpin
user needs, such as multi-user personalization and intuitive control interfaces.

Figure 5. The Padlet board (group C) with several notes, posts, materials, comments (screenshot with the
original, real view —posts are in Polish, and they contain students’ contributions, remarks, discussions with

additional comments and explanations in English).

A significant strength of this group's work was the evident progression from the identification
of problems to the development of original, context-specific solutions. While the instructor's initial
guidelines served as a point of departure, the team significantly expanded on them, proposing
custom automation profiles for different household members, adaptive scene-based lighting and
multimedia modes, and integrated air quality management systems. Furthermore, several notes
explored the concept of smart spatial arrangements, proposing detailed device placement in the
living area, which complemented their technical documentation. As illustrated in Figure 6, this phase
of the project involved the direct correlation between the proposed layout of devices and the
developed prototypes and simulation models. The board also included explicit references to
supporting documentation and the video tutorial, ensuring coherence between their conceptual and
prototyping stages.
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Figure 6. The Padlet board (group B) with several notes, posts, materials, comments (screenshot with the
original, real view —posts are in Polish, and they contain students’ ideas and links to results with additional

comments and explanations in English).

4.1.2. Prototyping in Cisco Packet Tracer and Supporting Documentation

The second phase of the project involved the development of functional prototypes using Cisco
Packet Tracer and Sweet Home 3D / Floorplanner, complemented by concise technical
documentation and video tutorials. This combination of tools enabled students to design both the
logical system behavior and the spatial arrangements of devices, thereby ensuring that conceptual
ideas from the DT process were transformed into working simulation models with programmed
automation logic and visualized room layouts.

The Senior's Bedroom project implemented a two-mode automation system designed for elderly
users. The day mode functioned to maintain conditions that were deemed appropriate for daily
activities, with periodic presence checks being conducted. In contrast, the night mode adjusted
settings for the purpose of ensuring safe rest, incorporating motion-triggered lighting. Furthermore,
an alert mechanism was incorporated to notify caregivers in the event of prolonged inactivity. The
video tutorial presented by the group evidently demonstrated the programming of microcontrollers
and the configuration of automation logic, while the accompanying documentation thoroughly
detailed the core functionalities and device placement. The outputs are combined in Figure 7, which
shows selected screenshots from the video tutorial.
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Figure 7. Screenshots from the Cisco Packet Tracer - group A — original view with notes in Polish: (a) Project

view with the microcontroller unit programming window; (b) Project view with the IoT device details window.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0646.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0646.v1

15 of 22

The Gamer's Room 2.0 prototype incorporated automated lighting scenarios customized to the
user's activities, encompassing a gaming mode with dynamic RGB effects, a streaming mode with
balanced facial illumination and background neutralization, and a night gaming mode with dimmed
lighting for eye comfort. The system also incorporated temperature-responsive cooling, energy-
saving functions that powered down equipment during inactivity, automated blind control, and
centralized mode switching available via a dedicated application or gaming peripherals. The tutorial
video provided by the team illustrated microcontroller programming, device communication
protocols, and a simulated mobile app interface, while the documentation outlined configuration
parameters for each mode. These elements are presented in Figure 8, which combines a tutorial
screenshot with an excerpt from the application interface simulation.
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Figure 8. Screenshots from the Cisco Packet Tracer - group B — original view with notes in Polish: (a) Project
view with a window for programming the microcontroller unit and data transmission; (b) Project view with a

window for visualizing the IoT module parameters from the mobile device simulation.

The Smart Living Room group developed a system offering four pre-defined lighting scenes,
namely "morning,” "lunch,” "movie night," and "guests," that could be triggered automatically or
manually. Automated blinds and window control systems were calibrated to adjust to sunlight and
indoor conditions, with the objective of enhancing comfort and energy efficiency. The presence-based
temperature reduction function was employed to optimize energy use in unoccupied rooms. The
system integrates data from motion, light, and temperature sensors to dynamically adjust the living
room environment without requiring manual intervention. In the video tutorial, the group
demonstrated scene-switching logic, microcontroller programming, and real-time data transmission,
accompanied by a comprehensive technical summary in the accompanying documentation. As
illustrated in Figure 9, a combination of selected tutorial screenshots and a segment of the structured
technical report is employed to demonstrate the implementation of these features.

Figure 9. Screenshots from the Cisco Packet Tracer - group C — original view with notes in Polish: (a) Project
view with clearly marked component elements and operating modes; (b) Project view with the microcontroller

unit programming window.
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In summary, the prototyping phase revealed a diversity of organizational approaches among
the teams, ranging from straightforward implementations to more elaborate, multi-layered
configurations. The projects also differed in the complexity of their automation functions and the
degree to which students leveraged simulation tools to integrate logic, spatial design, and user
interaction into cohesive smart room solutions.

4.2. Survey Results

In order to provide a comprehensive evaluation of the outcomes of the project, an anonymous
post-project survey was conducted among the students. The survey was completed by 12 out of 18
participants, thereby providing a representative insight into perceptions of the project's tools,
methodology, organization, and skill development. The questionnaire was constructed to combine
closed-ended questions (multiple-choice and Likert-scale) with open-ended questions, thus allowing
for both quantitative and qualitative evaluation.

4.2.1. Technical and Methodological Aspects

Students evaluated the usefulness of tools applied in the project. Cisco Packet Tracer was clearly
the most valued tool, followed by Sweet Home 3D/Floorplanner, while Padlet was recognized
primarily for its role in organizing teamwork (see Table 4).

Table 4. Most useful tools for project implementation (multiple responses allowed).

Tool Percentage of students
Cisco Packet Tracer 94%
Sweet Home 3D / Floorplanner 72%
Padlet 50%

The findings of this study corroborate the pivotal function of simulation and visualization
platforms in facilitating students' conceptualization and evaluation of smart room solutions, with the
Padlet platform operating as an ancillary collaborative instrument. Open-ended responses further
emphasized that experimenting with Cisco Packet Tracer and visualizing designs in 3D tools
provided students with a practical sense of how their ideas could function in real environments.

Furthermore, an evaluation of the implementation of DT in the structuring of academic work
was conducted by the students. While the majority of respondents found it beneficial in terms of
facilitating teamwork and translating user needs into technical features, a significant proportion
remained neutral, indicating a need for further clarification and guidance on the application of the
method (see Table 5).

Table 5. Evaluation of Design Thinking use in the project.

DT Evaluation Percentage of students
Very helpful 6%
Rather helpful 61%
Neutral 33%

The ratings indicate that DT was generally perceived as beneficial, though some students
experienced difficulty in fully engaging with the methodology due to their limited prior experience
with user-centered design approaches. This observation is consistent with open-ended comments
suggesting that more structured, step-by-step support in applying DT stages would facilitate a more
profound understanding of the subject matter and render the process more intuitive.

With regard to the development of technical skills in the domains of the Internet of Things (IoT),
automation, and simulation, the majority of students expressed a strong conviction of the project's
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impact, with the majority of respondents assigning a high or very high rating to the perceived benefit
(see Table 6).

Table 6. Benefits for technical skills development (IoT, automation, simulation).

Evaluation Percentage of students
Very high 22%
High 72%
Medium 6%

This finding serves to substantiate the claim that the project led to a significant enhancement in
the practical competencies of the participants with regard to the design and simulation of smart
building systems. Responses in the open-ended section indicated that these skills felt directly
applicable to future academic and professional tasks, particularly through exposure to new tools and
the opportunity to test complex automation scenarios in a safe, simulated environment.

4.2.2. Organizational Aspects and Soft Skills

Students were also invited to evaluate the project in terms of teamwork and organizational skills.
The majority of respondents assigned a high or very high rating to these benefits, indicating an
appreciation for the collaborative nature of work (see Table 4).

Table 7. Benefits for teamwork and organizational skills.

Evaluation Percentage of students
Very high 28%
High 39%
Medium 33%

These responses emphasize the importance of blended collaboration and shared digital
workspaces in facilitating group coordination. In accordance with the open-ended responses, a
significant proportion of students expressed that, while teamwork was rewarding, clearer task
division and intermediate milestones could further improve coordination and reduce workload
imbalances.

In response to the question regarding the clarity of project goals and tasks, a divergent set of
responses was obtained. While a proportion exceeding fifty per cent of students found them clear,
some indicated a need for more structured guidance and better-defined milestones (see Table 8).

Table 8. Clarity of project goals and tasks.

Evaluation Percentage of students
Very clear 28%
Rather clear 28%
Medium 22%
Insufficiently clear 22%

This finding suggests that, while the project framework was comprehensible to the majority,
enhancements could be made to enhance transparency and task distribution. The survey results
further corroborated this, with several students calling for more upfront information about
assessment criteria and project expectations.

With regard to the complexity of the project, the majority of respondents described it as
"sometimes difficult but feasible", indicating that while the project posed challenges, it remained
achievable for students at this stage of study (see Table 6).
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Table 9. Perceived difficulty of the project.

Evaluation Percentage of students
Sometimes difficult but feasible 83%
Adequate 17%

The obtained results confirm that the project was appropriately challenging, engaging students
in meaningful tasks without overwhelming them. Open-ended responses indicated that, while the
workload was indeed challenging, particularly towards the conclusion of the semester, the sense of
accomplishment upon completion was a significant factor for many participants.

4.2.3. Insights from Open-Ended Questions

In order to develop the most important themes and suggestions indicated by students in the
open-ended questions, and to complement the findings from the previous subsections, a selection of
the most significant responses was analyzed.

In the following comments, students highlighted several key strengths of the project. The
opportunity to utilize novel tools and simulate smart room environments was met with considerable
enthusiasm: “Learning new tools that enable the implementation of similar tasks/projects.” The
opportunity to experiment with automation scenarios was valued by others: “Possibility to
experiment with different automation scenarios and simulate them.” The importance of teamwork
and the observation of group dynamics was emphasized by other participants: “It was more
important for me to see how much people care about a given project and how much they are
contributing to it.”

With regard to areas for improvement, the following recurrent suggestions were provided and
specified by students:

e  Earlier projects start to reduce the end-of-semester workload: “Completing such a project at a
different time would make it less stressful”;

e  More structured consultations and instructor support during design stages: “On-site group
consultations with the instructor are necessary”;

¢  Opportunities for intergroup presentations to exchange feedback: “Adding the ability to present
the project to other groups and discuss it together”.

In this section, the author selected only several responses that had the most significant impact
as positive and creative feedback. These responses provided both affirmation of the project's value
and constructive suggestions for its future refinement. These comments indicate that, while students
recognized the project's practical and collaborative nature, they also expressed a desire for more
explicit guidance, expanded consultation opportunities, and a schedule that better aligns with the
semester workload. These aspects are examined and discussed in further detail in next Section 5,
where their implications for improving the course design are discussed in the context of existing
literature.

5. Discussion

The results obtained in this study provide important insights into the integration of simulation-
based learning, DT, and BL in smart systems education. The findings of this study indicate that such
an approach serves to enhance not only the technical competencies of students but also to cultivate
creativity, user empathy, and collaboration. These skills have been identified as being of paramount
importance for engineers operating within complex socio-technical contexts [4,13]. It is imperative to
emphasize that the ensuing discourse interprets these findings in the context of current research, with
a particular emphasis on their implications for future educational practice.

This study confirms the pivotal role of simulation platforms in bridging conceptual learning
with applied practice. The overwhelmingly positive reception of Cisco Packet Tracer (94% of
respondents) highlights its relevance as an educational tool for modelling IoT-based building

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0646.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0646.v1

19 of 22

ecosystems. This observation is consistent with Kumar et al. [6] and Sellberg et al. [10], who
emphasized the capacity of such virtual environments to facilitate safe experimentation and iterative
refinement of complex systems. Furthermore, the combined utilization of Sweet Home 3D and
Floorplanner enabled students to contextualize their designs spatially, thereby creating a more
authentic and user-oriented experience. This approach is consistent with the recommendations put
forward in [8,22].

With regard to DT, it should be noted that while the majority of students (67%) found it
beneficial for teamwork and project structuring, qualitative feedback revealed difficulties in fully
operating it at the early stages. This finding lends partial support to the observations of Mufioz et al.
[20] and McLaughlin et al. [4], who contend that DT, when introduced to students with limited prior
exposure, necessitates meticulous scaffolding. In the absence of such guidance, there is a risk that the
methodology may be perceived as abstract, thereby diminishing its intended impact on empathy-
driven problem formulation.

A significant finding of this study is that the BL framework, which combines asynchronous
Padlet-based collaboration with synchronous consultations, effectively mirrors hybrid professional
workflows. This contributes to the perspective advanced by Gudoniene et al. [13], who conceptualize
BL as a multifaceted phenomenon, emphasizing its function in fostering communication and
organizational competencies in distributed teams. It is noteworthy that a significant proportion of
students (67%) assigned a high or very high rating to the benefits pertaining to teamwork and
organizational skills, thereby indicating that the collaborative nature of the course fulfilled its
intended objectives. However, it is equally important to recognize that students requested more
structured consultations and intermediate milestones. This finding suggests that, while autonomy
fosters a sense of agency in learning, it must be balanced with clear coordination mechanisms to
prevent uneven distribution of workload, a tension also observed by Andrews et al. [28] in similar
hybrid project environments.

The findings indicate that students valued the project for its practical relevance and direct
applicability to real-world scenarios. It was emphasized by several respondents that experimenting
with automation in Packet Tracer and visualizing solutions in Sweet Home 3D substantially
deepened their understanding of system-user interactions. This finding aligns with the conclusions
of Sellberg et al. [10], who posited that the integration of simulation-based learning with context-
specific design tasks fosters more profound conceptual engagement. Conversely, a recurring
challenge identified by students concerned the clarity of project goals and assessment criteria,
particularly in the initial stages. Moreover, the accumulation of tasks at the conclusion of the semester
was identified as a contributing factor to stress, underscoring the necessity for enhanced workload
distribution. The absence of intergroup feedback mechanisms was also highlighted, suggesting
untapped potential for peer-driven cross-fertilization of ideas. These observations are in alignment
with those of Limaymanta et al. [27], who emphasized the necessity of transparent frameworks and
iterative peer interactions in active, project-based learning environments.

Taken together, these findings indicate several directions for improving the course structure.
Introducing project work earlier in the semester could mitigate the end-of-term workload peak while
enabling deeper iteration cycles. Implementing structured checkpoints with clearly defined
deliverables would enhance transparency and help maintain steady team progress. The expansion of
DT support—through templates, illustrative cases, or short guided exercises—would likely make the
methodology more accessible to students with limited design experience. Finally, incorporating
intergroup exchange sessions could foster peer learning, broaden students’ exposure to diverse
approaches, and strengthen the collaborative dimension of the course. In a broader context, these
results underscore the potential of integrating DT, simulation, and BL as a modular, scalable
approach for technical education. Its tool-agnostic design makes it readily adaptable to other
curricula focusing on IoT, building automation, or interdisciplinary design challenges. This
observation aligns with the paradigm shift in engineering education toward holistic, practice-
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oriented frameworks that prepare graduates for the complexities of digitally mediated professional
environments [3-5].

6. Conclusions

This study demonstrated that integrating computer-assisted tools with user-centered and
collaborative methodologies creates an effective framework for smart systems education. By
combining simulation platforms, spatial design environments, and digital collaboration tools within
the BL environment, students were able to develop practical competencies in IoT-based building
automation while enhancing their creativity, teamwork, and organizational skills. The application of
simulation tools, particularly for modeling and testing smart building functions, has been identified
as a pivotal mechanism for the translation of theoretical knowledge into applied system design within
a risk-free, iterative environment. The findings also revealed that while DT effectively supported the
structuring of projects and the translation of user needs into technical solutions, its application
requires more structured guidance, especially for students unfamiliar with user-centered
methodologies. Likewise, clearer project milestones and expanded consultation opportunities would
further optimize team coordination and workload distribution.

Future work will focus on several key enhancements to the methodology, including earlier
project initiation, improved scaffolding for Design Thinking, and the introduction of intergroup
exchange sessions to promote peer learning. Another important direction involves integrating
advanced simulation tools and Al-based evaluation mechanisms. Furthermore, additional case
studies conducted in diverse academic and cultural settings are required to assess the universality of
the approach and its adaptability to various areas of technical education. These developments aim to
strengthen the framework’s scalability and relevance across a wide range of IoT- and automation-
oriented curricula.
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