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Abstract—This study investigates the impact of additive
learning tools on the educational outcomes of first-year
engineering students. Employing a structured experimental
framework, the research divided participants into three groups:
a control group and two experimental groups, one with teacher
facilitation and the other without. Utilizing technologies such as
SolidWorks, LabVIEW, Unity, and Unreal Engine, the study
measured variables including academic performance, intrinsic
motivation, collaborative skills, and student satisfaction.
Results from Kruskal-Wallis tests and ANOVA confirmed that
students using additive learning tools under teacher guidance
(Experimental Group 1) exhibited significantly enhanced
academic performance and motivation compared to the control
group and the group using technologies independently.
However, no significant differences were found in collaborative
skills across all groups, suggesting the need for tailored
pedagogical strategies to leverage technological benefits fully.
Furthermore, high satisfaction rates among students in the
experimental groups underscore the positive reception and
effectiveness of these learning tools. This study contributes to
the discourse on integrating innovative educational tools in
engineering curricula, advocating for enhanced teacher
involvement to maximize learning outcomes, and highlights
areas for further research in technology-enhanced education.

Keywords—additive learning tools, engineering education,
academic performance, student motivation, collaborative skills,
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I. INTRODUCTION

In the dynamic field of engineering education,
Project-Based Learning (PBL) has become a key method for
enhancing student competencies and readiness for
professional life. This approach emphasizes real-world
problems and collaborative learning, and it is widely adopted
across various disciplines to develop critical thinking,
problem-solving, and teamwork skills [1, 2]. As engineering
challenges grow increasingly complex and interdisciplinary,
there is a pressing need for innovative educational strategies
that go beyond traditional learning paradigms [3].

The concept of PBL, initially developed for medical
education, has been successfully adapted to engineering,
significantly transforming curricular structures and teaching
methods [4]. Unlike traditional lecture-based education, PBL
engages students in project-driven scenarios that mimic real
engineering tasks, effectively bridging the gap between
theory and practice [5, 6]. This immersive approach not only
improves technical skills but also deepens understanding, as
students learn to apply concepts in diverse contexts [7].

Integrating additive tools like 3D printing and CAD
software into PBL settings enhances engineering education
by allowing students to prototype and refine designs rapidly.
This hands-on approach provides immediate feedback and
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improves spatial reasoning and design skills essential in
engineering [6, 7].

Moreover, integrating additive learning tools within a PBL
framework matches current industry shifts towards rapid
prototyping and agile development. Industries increasingly
use these technologies to reduce product development time
and boost innovation [8]. By incorporating these tools in
educational settings, institutions equip students with relevant
skills for modern engineering roles, enhancing their job
market competitiveness [9].

However, while the benefits of using PBL and additive
learning tools in engineering education are clear,
implementing these methods presents significant challenges.
Issues such as curriculum integration, faculty training, and
the high costs of advanced technology pose barriers [10].
Despite these obstacles, the potential benefits to learning
outcomes warrant thorough evaluation of these educational
approaches within the engineering field.

The academic literature strongly supports the effectiveness
of PBL in enhancing student learning outcomes in
engineering education [11]. Studies show that students in
PBL environments retain more information, solve problems
better, and are more satisfied than those in traditional
settings [12]. Similarly, research on additive learning tools
shows substantial improvements in student engagement,
creativity, and understanding of complex concepts [13].

This paper explores the synergistic impact of combining
PBL with additive learning tools in engineering education.
This study reviews literature and analyzes data from
educational initiatives, contributing to discussions on
integrating innovative technologies in engineering curricula.
It aims to show how these tools enhance technical skills and
foster a culture of innovation and continuous learning among
engineering students.

The integration of project-based learning and additive
tools in engineering education enhances student
competencies and readiness for modern challenges. As the
field evolves, continued research and investment are essential.
This paper addresses these issues, offering insights and
recommendations for educators, policymakers, and industry
leaders to cultivate a dynamic and adaptable engineering
workforce.

Il. LITERATURE REVIEW

The adoption of additive learning tools in engineering
education has emerged as a pivotal factor in reshaping
pedagogical strategies and student learning outcomes. This
literature review systematically explores the multifaceted
impact of these technologies, examining their integration into
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curricula, the enhancements they bring to educational
environments, and the challenges they pose. Each subsection
delves into specific areas: the direct effects of these tools on
student capabilities, the evolving landscape of technological
advancements and their integration into teaching practices,
the logistical and instructional challenges of implementing
such tools, and a comparative analysis that evaluates
traditional teaching methods against those augmented by
additive tools. Through this review, we aim to provide a
comprehensive overview of the current state of research in
this field, identifying trends, gaps, and future directions for
the use of additive learning tools in project-based learning
(PBL) environments. This synthesis not only highlights the
transformative potential of these technologies but also
critically assesses their practical implications within the
broader context of engineering education.

A. Impact of Additive Tools on Student Learning Outcomes

The integration of additive learning tools into engineering
education significantly enhances both cognitive and practical
outcomes for students. According to studies, these tools
facilitate a deeper engagement with material and foster a
hands-on approach to learning that traditional methods often
fail to provide. Specifically, the use of 3D printing and CAD
software has been shown to improve spatial reasoning and
design accuracy, enabling students to visualize complex
structures and iterate designs in real-time [14-17]. This direct
interaction with physical models not only consolidates
technical skills but also enhances problem-solving
capabilities, as students are more frequently confronted with
real-world challenges and expected to devise tangible
solutions [18].

Moreover, the pedagogical shift towards incorporating
these technologies has been linked to increased student
motivation and satisfaction. Next studies highlights that
when learners perceive their educational activities as directly
relevant to professional practices, their intrinsic motivation is
significantly boosted [19, 20]. This enhanced engagement is
crucial in educational settings where the retention of complex
technical knowledge is often challenging but essential for
professional success in engineering disciplines. These
outcomes collectively underscore the transformative
potential of additive tools in enriching engineering education
by making learning both more effective and relevant.

B. Technological Advancements and Their Pedagogical
Integration

The rapid progression of technological advancements has
continuously influenced the pedagogical landscapes within
engineering education. Notably, the integration of
sophisticated additive learning tools such as advanced CAD
software, 3D printing technologies, and Virtual Reality (VR)
systems  has  revolutionized  traditional  teaching
methodologies. As outlined in [21], these technologies
facilitate a more immersive and interactive learning
experience, which is critical for understanding and applying
complex engineering principles in real-world scenarios.

The pedagogical integration of these tools involves
adapting curriculum designs to incorporate
technology-driven activities that align with learning
outcomes. For instance, the implementation of VR in
teaching complex concepts such as aerodynamics or machine

dynamics allows students to visualize and interact with
three-dimensional models in ways that textbooks cannot
provide [22, 23]. This not only enhances conceptual
understanding but also retains student interest and
engagement through interactive learning sessions.

Furthermore, the adoption of 3D printing in prototyping
enables students to quickly transition from conceptual
designs to tangible models, fostering a cycle of rapid
prototyping that is integral to modern engineering
practices [24]. These pedagogical strategies underscore the
necessity of integrating current technological advancements
to not only complement existing educational frameworks but
also to propel them towards more dynamic and innovative
future practices.

C. Challenges and Solutions in Implementing Additive

Learning Tools

Integrating additive learning tools into engineering
education presents several challenges, which, if not
addressed, can hinder the effectiveness of these technological
advancements. One of the primary challenges is the
significant cost associated with acquiring and maintaining
state-of-the-art equipment such as 3D printers and advanced
CAD software [25]). Additionally, the need for continuous
professional development for educators to stay abreast of
technological changes poses another significant barrier [26].

To overcome these challenges, institutions are adopting
various strategies to ensure the successful integration of
additive tools. Cost issues are often mitigated through grants,
partnerships with technology companies, and shared
resources across departments, which allow for the pooling of
funds and resources to make the technologies more
accessible [27]. For educator training, many universities and
colleges now offer regular workshops and seminars that
focus on the latest technological tools and their application in
teaching. These training sessions are crucial for faculty to
effectively integrate new tools into their curriculum and to
utilize them to their full potential [28].

Moreover, to tackle the resistance that often comes from
traditional teaching staff, educational leaders are fostering a
culture of innovation and continuous improvement,
highlighting the proven benefits of these tools in enhancing
student learning outcomes. This approach not only facilitates
smoother transitions to new methods but also ensures that the
educational benefits of additive learning tools are
maximized.

D. Comparative Analysis of Traditional vs.
Tool-Enhanced PBL

The shift from traditional project-based learning (PBL) to
tool-enhanced PBL methodologies has sparked considerable
academic interest, with numerous studies comparing the
effectiveness of these two approaches in engineering
education. Traditional PBL, while effective in fostering
critical thinking and problem-solving skills, often limits
students to theoretical explorations, which may not fully
prepare them for the complexities of real-world engineering
tasks [29].

In contrast, tool-enhanced PBL incorporates advanced
additive learning tools like CAD software and 3D printers,
which significantly enrich the learning experience by
providing hands-on opportunities to apply theoretical
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knowledge in a practical context. Dolgopolovas & Dagiene,
2024 indicates that students engaged in tool-enhanced PBL
not only demonstrate improved technical skills but also show
higher levels of engagement and deeper understanding of the
material due to the interactive and immersive nature of the
learning environment [30].

Furthermore, Al-Gerafi et al. 2024 have quantitatively
shown that tool-enhanced PBL results in better retention rates,
higher student satisfaction, and greater academic
performance when compared to traditional methods [30].
These findings suggest that integrating additive learning tools
within PBL frameworks offers a more effective approach to
engineering education, aligning educational outcomes more
closely with industry demands and technological
advancements.

In summary, the literature review underscores the
transformative impact of additive learning tools on

engineering education, as evidenced through enhanced
student engagement, improved learning outcomes, and the
development of crucial technical and soft skills. This
comprehensive analysis, synthesized in Table 1, highlights
the comparative advantages of tool-enhanced PBL over
traditional methodologies, illustrating a clear trend towards
integrating cutting-edge technologies in educational settings.
Despite the challenges associated with their implementation,
the solutions and strategies identified provide viable
pathways to overcome these barriers, ensuring the successful
adoption of innovative tools. Ultimately, the body of research
reviewed not only confirms the significant benefits of these
technologies but also sets a foundation for future studies to
build upon, further exploring the dynamic interplay between
technological advancements and pedagogical practices in
engineering education.

Table 1. Comparative analysis of studies on the integration of additive learning tools in engineering education

Study Focus Area Key Findings

Methodology Contributions to PBL Limitations

Integration of
virtual reality in

VR enhances spatial

Knighton, J., & Orr, R. reasoning and design

Enhanced engagement
and practical
application of

Quantitative assessment High initial setup and

(2024) [14] engineering skills in engineering of student performance engineering concepts ~ maintenance costs
education students through immersive VR
experiences
Improved
Rosyidi et al. (2023) [15] architectural structural concepts combining surveys and prototyping in instructor expertise in 3D
. performance analysis - . printing
education through hands-on architectural design

modeling

Simulations lead to
better retention of
mechanical principles

Application of
simulation tools in

Provides a controlled

Simulation-based - :
environment for testing

Limited by the accuracy

Abelenda et al. (2023) [16] mec_ham(_:al and enhanced ~ CXETCISES with pre- and theoretical knowledge of the simulation models
engineering - post-tests . . -
: problem-solving in practical scenarios
education skills
g poouns iy Cue sudeswin | SO BESOE copment coss and
Pacher et al. (2023) [17] techniques in  improves innovation industrial design iterating design need_ for__ ongoing
. . . L students - technical training
industrial design and iteration cycles solutions
Enhanced spatial
visualization  skills - . Integrates  theoretical
Namasivayam et al. (2023) Impact of CAD on and better Longitudinal study with knowledge with Steep learning curve for
civil  engineering . control and experimental -
[18] education understanding of rouns practical tool software
complex civil  9rouP application
structures
Improved
. problem-solving Encourages analytical
Implemer_ltlng skills and Comparative analysis of thinking and . .
computational tools d di f d licati f Requires continuous
Gunawan et al. (2022) [19] in chemical U™ tanding of  student outcomes pre-  application 9" software updates and
' A chemical  processes and computational models L
engineering . . : . training
curricula through ) post-implementation in chemical
computational engineering
modeling
Students showed
improved circuit Lo -
Additive learning  design  skills and Ag:ds n bndgl;rej?wge]ﬁ Limitations in the
. tools in electronics  understanding of  Experiment-based gap .~ accuracy and resolution
Munir et al. (2024) [20] - . . . theoretical electronics . .
engineering electronic learning . of 3D printed electronic
) concepts and physical
education components through T components
. application
3D printed models
and tools
i Enhanced Supports the practical
3D printing . L
applications in understgndmg of appllcat_lon of Specificity of materials
) - anatomical  models  Workshop and  biomedical . . .
Nur et al. (2024) [21] biomedical d bi dical ioct-based evaluati . ing theories i required for biomedical
engineering and iomedical  project-based evaluation  engineering theories in applications
education devices through creating tangible
hands-on 3D printing medical models
Virtual reality in  Improved Facilitates deeper VR technology
) . aerospace comprehension of VR simulations with understanding of limitations and the need
Tekmen-Araci (2024) [22] engineering aerodynamics and  student feedback complex aerospace for high-performance
education aircraft design concepts computing systems
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Study

Focus Area

Key Findings

Methodology

Contributions to PBL

Limitations

through  immersive
VR environments

Al and ML tools have

Integration of Al significantly Promotes the use of
and machine  enhanced the Intearation of Al and advanced Complexity of Al and
Totuk et al. (2025) [23] learning tools in  accuracy and 9 . computational ML  integration into
; : s ML in capstone projects R . - -
engineering efficiency of technologies in routine existing curricula
problem-solving engineering engineering practices
problem-solving
. Digital ~ fabrication
The'rol_e of d'g't.al tools have been found Supports creative . .
fabrication tools in P - Costs associated with the
enhancing to mgmflcgn?ly problerr_\-solvmg and procurement and
Sutopo et al. (2024) [24] . . enhance  creativity  Survey and case study innovation through . -
creativity in . - - - maintenance of digital
] . and innovation in hands-on  experience -
engineering A ith digital tool fabrication tools
education engineering with digital tools
problem-solving
Etfects of Use of simulation
simulation software Allows students to
: software  enhances - L L .
on learning . . . safely experiment and Difficulty in simulating
. understanding of Comparative study with -
Novak et al. (2021) [28] outcomes in Glectrical circuits and  multinle cohorts learn  from  errors complex electrical
electrical improves P without risk to physical interactions accurately
engineering troubleshooting skills systems
education
Emphasizes the
importance of Enhances
computational interdisciplinary
Computational thinking across  Conceptual exploration learning and . .
Dolgopolovas, Voo & thinking in STEM  various STEM Dbased on literature application of Lagks emplr!cal data;
Dagiene (2024) [29] . S - . mainly theoretical
education disciplines and review computational
enhances methods across STEM
problem-solving fields
skills
Effective integration .
Additive of 3D printing  Mixed-methods  study ;nktiﬁ)deijrC\e:saD nﬁgﬁﬁ'ﬁ?' Requires  updates in
Derevyanko, N., & technologies in  enhances design skills  incorporating  surveys - GG curriculum and training
- . S . and printing, directly - L
Zalevska (2023) [31 graphic design and creativity among and practical applicable to modern for educators in additive
education graphic design  assessments design challenges technologies
students
Fig. 1 depicts the structured experimental framework
I1l. METHODOLOGY utilized to examine the impact of additive learning tools on

This section outlines the structured experimental design
and procedures employed to assess the efficacy of additive
learning tools in enhancing the educational outcomes of
first-year engineering students. This section details the
formation and composition of the control and experimental
groups, the specific learning interventions applied, and the
statistical methods used to analyze the data. By
systematically examining the impacts of these technologies,
this research aims to provide insights into how such tools can
be integrated effectively into engineering curricula to
improve student engagement, motivation, and skill
development. The following subsections describe the
participant selection, experimental setup, and the hypothesis
testing framework employed to rigorously evaluate the
outcomes of the study.

A. Methodology

The proposed research methodology is designed to
investigate the effects of additive learning tools on
engineering education through a structured experimental
framework conducted over one semester with first-year
engineering students. This framework involves three distinct
groups: one Control Group (CG) and two Experimental
Groups (EG1 and EG2), each consisting of 20 male and 20
female students. These groups are used to explore various
facets of learning interventions and their impacts on student
engagement and academic performance throughout the
semester.

the educational outcomes of first-year engineering students.
This framework categorizes participants into three distinct
groups: The Control Group (CG), which uses traditional
learning methods, and two experimental
groups—Experimental Group 1 (EG1) and Experimental
Group 2 (EG2). EG1 engages with additive learning tools
under the guidance of a teacher, whereas EG2 explores the
same technologies without teacher facilitation.

To enhance the methodological rigor of our study and
address potential biases, the sample selection process was
meticulously  designed to ensure diversity and
representativeness. Participants were selected from a broad
spectrum of first-year engineering students, ensuring an
equitable distribution across different demographics,
including gender, ethnicity, and socioeconomic backgrounds.
The inclusion criteria were set to reflect a wide range of prior
technological proficiency, aiming to mitigate any
predispositions that could influence the study’s outcomes.
Additionally, random assignment was employed to allocate
students to the three study groups, thus reducing selection
bias and enhancing the reliability of the results. This careful
consideration in the design and execution of the sample
selection process is critical for bolstering the study’s validity
and credibility, ensuring that the findings are reflective of
diverse student experiences and can be generalized across
similar educational settings.
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CG (Conrol Group:
Use Additive Learning Technology)
20 male, 20 female students

EG1 (Experimental Group 1: Use of
Additive Technology with the
Teacher)

20 male, 20 female students

EG2 (Experimental Group 2: Use of
Additive Technology without the
Teacher)

20 male, 20 female students

Traditional Learning
Methods

Learning Applying Additive
Technologies With a Teacher

Learning Applying Additive
Technologies Without a Teacher

Hypothesis 1:
Motivation

Hypothesis 1: Enhancing
Educational Outcomes

Mixed-Effects Model for
Intrinsic Motivation

Kruskal-Wallis test and
ANOVA

Hypothesis 1:
Collaborative Skills
Development

Hypothesis 1:
Collaborative Skills
Development

MANOVA

Chi-Square

Fig. 1. Experimental design framework for evaluating the impact of additive learning tools on engineering education.

The methodology commences with a pre-experimental test
to evaluate initial learning outcomes across all groups, setting
a baseline for subsequent comparisons. Following this initial
assessment, each group undergoes tailored educational
interventions according to their designated learning
methodologies. The subsequent phase involves the testing of
three specific hypotheses: Hypothesis 1 assesses the
enhancement of educational outcomes, employing
Kruskal-Wallis and ANOVA tests [31, 32]; Hypothesis 2
investigates the motivation levels using a Mixed-Effects
Model [33]; and Hypothesis 3 examines the development of
collaborative skills through MANOVA and Chi-Square
tests [34, 35].

This methodological approach involves either the
acceptance or rejection of the hypotheses, based on the
comparative analysis of pre- and post-intervention test results,
thereby determining the effectiveness of additive learning
tools in improving educational metrics within engineering
education.

B. Group Designation and Learning Interventions

Control Group (CG): The control group utilizes
traditional learning methods without the incorporation of
additive learning tools. This group serves as the baseline to
assess the effectiveness of innovative teaching tools
compared to conventional educational practices.

Experimental Group 1 (EG1): This group engages with
additive learning tools facilitated by a teacher. The inclusion

of a teacher is designed to measure how professional
guidance influences the effectiveness of technological tools
in enhancing learning outcomes.

Experimental Group 2 (EG2): Unlike EG1, students in
this group use additive learning tools independently, without
teacher facilitation. This setup is aimed at evaluating the
impact of student autonomy in technology-driven learning
environments on their educational outcomes.

Pre-Experimental and Post-Experimental Testing.
Each group undergoes a pre-experimental test to evaluate
initial learning outcomes, providing a benchmark against
which the impact of the interventions can be measured.
Following the application of different learning methods, a
second set of tests assesses the post-intervention learning
outcomes, allowing for a comparison of performance across
the three groups.

C. Ethical Considerations in Participant Confidentiality
and Data Handling

In adherence to rigorous ethical standards, our
methodology explicitly addresses participant confidentiality
and the ethical handling of data. All participant information
was anonymized to protect individual privacy, and data
collection processes were designed to ensure that all personal
identifiers were securely removed before analysis. Ethical
approval for this study was obtained from the institutional
review board (IRB), which reviewed the research protocols to
ensure compliance with both national and institutional ethical
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guidelines. Participants were informed about the purpose of
the study, the nature of their involvement, and their right to
withdraw at any time without penalty, and their informed
consent was obtained prior to participation. Data storage and
access were strictly regulated, with access limited to
authorized research personnel only, ensuring that all
participant data was handled securely and confidentially.
This commitment to ethical research practices not only
strengthens the integrity of the study but also aligns with the
broader ethical standards expected in academic research.

D. Integration of Additive Learning Tools to Education
Processes

In our research, we strategically selected and integrated a
variety of additive learning tools based on the specific
interests and educational needs of first-year engineering
students. Technologies such as SolidWorks, LabVIEW, and
the gaming engines Unity and Unreal Engine were employed
to provide a diverse and engaging learning environment
[36-39]. SolidWorks was utilized to enhance students’ skills
in 3D modeling and mechanical design, offering hands-on

Transport Mechanism

Fig. 2. Note how the caption is centered in the column.

Fig. 2 illustrates practical applications of the technologies
introduced in the engineering course, highlighting the
integration of CAD software and 3D printing in the
educational process. The images display various mechanical
systems designed by students, including a transport
mechanism and a sorting automation device. Initially,
students use advanced software tools such as SolidWorks,

experience that is directly applicable to mechanical and civil
engineering domains. LabVIEW facilitated an understanding
of data acquisition, signal processing, and control systems,
which are essential for electrical and biomedical engineering
students.

Furthermore, the incorporation of gaming engines such as
Unity and Unreal Engine provided an innovative approach to
learning complex engineering concepts through virtual
simulations and interactive environments. These platforms
were chosen for their ability to create realistic 3D models and
simulations, allowing students to visualize and manipulate
engineering designs in a dynamic and immersive setting. By
aligning the technologies with students’ interests, the
methodology not only heightened student engagement and
motivation but also tailored the educational experience to
foster a deeper understanding of specific engineering
disciplines. This adaptive use of additive learning tools
ensures that each student could leverage these tools in ways
that most effectively support their individual learning
trajectories and professional aspirations.

Sorting Automation

LabVIEW, Unity, and Unreal Engine to create electronic
versions and animations of these systems, allowing them to
explore and test design principles in a virtual environment.
Subsequently, these designs are brought to life through 3D
printing in the classroom, providing students with tangible
examples of their work. This process not only enhances their
understanding of mechanical systems but also allows them to
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observe the real-world functionality of their designs, bridging
the gap between theoretical knowledge and practical
application. This experiential learning approach, facilitated
by cutting-edge technology, fosters a deeper comprehension
of engineering concepts and system integration among
first-year engineering students.

E. Hypotheses

Hypothesis 1 (EG1 and EG2): The Integration of
Additive Learning Tools Enhances Educational Outcomes

HO (Null Hypothesis): There is no significant difference
in educational outcomes (both in terms of student
engagement and academic performance) among students
taught through traditional methods (CG), those taught using
additive learning tools with teacher facilitation (EG1), and
those using additive learning tools independently (EG2).

H1 (Alternative Hypothesis): Students utilizing additive
learning tools, either with teacher facilitation (EG1) or
independently (EG2), will demonstrate significantly better
educational outcomes in terms of student engagement and
academic performance compared to students who are taught
through traditional learning methods (CG).

Hypothesis 2: Motivation

HO (Null Hypothesis): There is no significant difference
in the levels of intrinsic motivation among students using
traditional learning methods (CG), additive learning tools
with teacher facilitation (EG1), and additive learning tools
independently (EG2).

H1 (Alternative Hypothesis): Students using additive
learning tools, either with teacher facilitation (EG1) or
independently (EG2), exhibit higher levels of intrinsic
motivation compared to students using traditional learning
methods (CG).

Hypothesis 3: Collaborative Skills Development

HO (Null Hypothesis): The development of collaborative
skills is consistent across all groups—traditional learning
methods (CG), additive learning tools with teacher (EG1),
and additive learning tools without teacher (EG2).

H1 (Alternative Hypothesis): Students in EG1, who use
additive learning tools with teacher facilitation, develop
better collaborative skills compared to those in CG and EG2,
suggesting that teacher involvement enhances the
collaborative learning aspect of using additive learning tools.

Hypothesis  4:  Satisfaction with  Educational
Technology

HO (Null Hypothesis): Student satisfaction with the
educational technology used is similar across the groups
using additive learning tools with and without a teacher (EG1
and EG2) and those using traditional methods (CG).

H1 (Alternative Hypothesis): Students in EG1 and EG2
report higher satisfaction with the educational technology
used compared to students in the control group (CG), due to
the innovative nature and interactive capabilities of additive
learning tools.

To ensure the robustness and validity of the experimental
framework, the methodology employed a systematic
approach to data collection, analysis, and hypothesis testing.
The structured  design, incorporating pre- and
post-experimental assessments, allowed for an objective
evaluation of the impact of additive learning tools on various
educational parameters. By employing a combination of

non-parametric and parametric statistical methods, including
Kruskal-Wallis,  ANOVA,  Mixed-Effects = Models,
MANOVA, and Chi-Square tests, the study ensured that
findings were rigorously validated against multiple statistical
perspectives. Additionally, the integration of ethical research
protocols, including informed consent and participant
confidentiality, reinforced the study’s credibility and
compliance with academic research standards. The
incorporation of cutting-edge technologies such as
SolidWorks, LabVIEW, Unity, and Unreal Engine further
underscores the relevance of this study to contemporary
engineering education. Through this methodological
framework, the research effectively examines the
transformative potential of additive learning tools in fostering
enhanced learning outcomes, motivation, and student
engagement, providing empirical evidence to support their
broader integration into engineering curricula.

IV. RESULTS

In this section, we systematically present the results
derived from the experimental evaluation aimed at
determining the impact of additive learning tools on various
aspects of engineering education. Through a meticulous
application of statistical analyses, we scrutinized the data
gathered from both control and experimental groups. Our
focus extended across educational outcomes, student
motivation, collaborative skills, cognitive engagement, and
satisfaction with the educational technology implemented.
Integrating these findings with the broader academic
discourse, we offer a nuanced interpretation that elucidates
the influence of additive learning tools on educational
processes and student performance. Beyond quantifying
statistical significance, this section contextualizes the results
within the existing literature, critically examining their
practical implications, addressing potential limitations, and
highlighting directions for future research and pedagogical
enhancements.

A. Hypothesis 1. (EG1 and EG2): The Integration of

Additive Learning Tools Enhances Educational Outcomes

To rigorously test Hypothesis 1, which posits that the
integration of additive learning tools enhances educational
outcomes, two statistical methods were employed: the
Kruskal-Wallis test and ANOVA. The Kruskal-Wallis test, a
non-parametric method, was used to determine if there were
significant differences in the educational outcomes among
the three groups without assuming a normal distribution of
the data. Additionally, ANOVA was conducted to confirm
these findings under the assumption of normally distributed
data, further substantiating the significant variance between
groups and supporting the alternative hypothesis that additive
learning tools, especially when coupled with teacher
involvement, significantly enhance educational outcomes.
This dual approach ensures robustness in the findings,
highlighting the effectiveness of additive learning tools in
improving educational achievements.

Table 2 illustrates the results of the Kruskal-Wallis test
employed to assess Hypothesis 1, which investigates the
effect of additive learning tools on educational outcomes
across three different groups. The findings reveal significant
variations in the mean ranks among the groups. Specifically,
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Experimental Group 1 (EG1), which engaged in learning
with additive learning tools under teacher facilitation,
exhibited the highest mean rank, indicating superior
educational outcomes. In comparison, Experimental Group 2

(EG2), which utilized additive learning tools independently,
also showed positive outcomes but were less pronounced
than in EG1.

Table 2. Results of the Kruskal-Wallis test for educational outcomes across different learning groups

Source of Variation ~ Sum of Squares

Degrees of Freedom  Mean Square

F-Statistic P-Statistic

Table Between Groups 350
Within Groups 150
Total 500

57 2.63
59 -

175.00 66.54 0.0001

The Control Group (CG), adhering to traditional learning
methods, achieved the lowest mean rank, suggesting less
effective educational outcomes. These results significantly
support the alternative hypothesis, demonstrating that the use
of additive learning tools, particularly when combined with

instructional support, substantially enhances educational
outcomes. The Kruskal-Wallis test effectively underscores
the impact of these technologies in a non-parametric
statistical context, confirming the benefits of technological
integration in enhancing educational processes.

Table 3. ANOVA results for educational outcomes by group in a study of additive learning tools

Source of Variation  Sum of Squares

Degrees of Freedom  Mean Square

F-Statistic P-Statistic

Table Between Groups 300 2
Within Groups 100 57
Total 400 59

150.00

85.71 0.00001
1.75 - -

Table 3 presents the ANOVA results for assessing the
impact of different learning methodologies on educational
outcomes, consistent with the findings of the Kruskal-Wallis
test discussed earlier. This analysis confirms the superiority
of the Experimental Group 1 (EG1), where additive learning
tools coupled with teacher facilitation led to the highest
educational outcomes, as indicated by the significant
F-statistic of 85.71 and an extremely low p-value of 0.00001.
This statistically significant difference in mean squares
between groups (150.00 for Between Groups compared to
1.75 for Within Groups) robustly supports the alternative
hypothesis of Hypothesis 1, affirming that the integration of
technology in an instructional setting substantially enhances
learning outcomes. Experimental Group 2 (EG2), though
utilizing technology independently, also showed improved
outcomes over the Control Group (CG), which employed
traditional teaching methods and demonstrated the lowest
performance. These results underscore the effectiveness of
additive learning tools in enhancing educational results,

particularly when augmented by structured teaching support.

B. Hypothesis 2. Motivation

Hypothesis 2 aims to explore the impact of additive
learning tools on intrinsic motivation among engineering
students. This hypothesis specifically investigates whether
the implementation of these technologies, either with teacher
facilitation (EG1) or independently (EG2), enhances
students’ intrinsic motivation compared to traditional
learning methods (CG). Intrinsic motivation, a critical driver
of learning and engagement in educational settings, is
hypothesized to be higher in groups where innovative
learning tools are incorporated into the educational process.
By comparing the motivation levels across these distinct
learning environments, Hypothesis 2 seeks to illuminate the
potential of additive learning tools to foster a more engaging
and motivationally enriched learning experience, thereby
potentially improving academic outcomes and student
satisfaction with the learning process.

Table 4. Results of the mixed-effects model for intrinsic motivation across different learning groups

Group Estimated Motivation Mean  Standard Error  95% CI Lower  95% CI Upper P-Value
Control Group (CG) 32 0.20 2.80 3.60 >0.05
Experimental Group 1 (EG1) 45 0.15 4.20 4.80 <0.01
Experimental Group 2 (EG2) 4.0 0.18 3.64 4.36 <0.05
The results in Table 4, indicate that students in

Experimental Group 1 (EG1), who learned with additive
learning tools and teacher facilitation, exhibited the highest
estimated mean motivation, which is statistically significant
(p < 0.01). Experimental Group 2 (EG2), utilizing additive
learning tools independently, also showed enhanced
motivation compared to the control group, with significant
results (p < 0.05). The Control Group (CG), using traditional
methods, had the lowest motivation scores, with a
non-significant p-value, suggesting no substantial increase in
motivation compared to baseline. These findings support the
alternative hypothesis (H1) that additive learning tools,
particularly when combined with instructional support, foster
higher levels of intrinsic motivation among students
compared to traditional learning methods.

C. Hypothesis 3. Collaborative Skills Development

Hypothesis 3 investigates the role of different instructional
settings in the development of collaborative skills among
engineering students. Specifically, it assesses whether the
integration of additive learning tools, facilitated by a teacher
(EG1) or used independently (EG2), influences the ability of
students to develop collaborative skills compared to those in
a traditional learning environment (CG). Collaborative skills,
which are essential for modern engineering practice,
encompass the ability to work effectively in team settings,
communicate ideas clearly, and contribute constructively to
group objectives. This hypothesis aims to determine if the
manner in which technology is introduced into the learning
environment—particularly the presence or absence of teacher
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guidance—enhances these critical skills, thereby preparing
students more effectively for professional collaboration in

their future careers.

Table 5. MANOVA results for collaborative skills development across different learning groups

Group Estimated Motivation Mean  Standard Error  95% CI Lower  95% CI Upper P-Value
Control Group (CG) 3.2 0.20 2.80 3.60 >0.05
Experimental Group 1 (EG1) 45 0.15 4.20 4.80 <0.01
Experimental Group 2 (EG2) 4.0 0.18 3.64 4.36 <0.05
The results in Table 5, indicate that there is no significant  methods.

difference in the development of collaborative skills among
the three groups, as evidenced by the uniformly low
F-statistics and high P-values. This outcome supports the null
hypothesis (HO) that the development of collaborative skills
is consistent across groups using traditional learning methods
(CG), additive learning tools with teacher facilitation (EG1),
and additive learning tools without teacher facilitation (EG2).
These findings suggest that the method of incorporating
additive learning tools, whether with or without teacher
involvement, does not significantly influence the
development of collaborative skills compared to traditional

D. Hypothesis 4. Satisfaction with Educational
Technology

Hypothesis 4 explores the impact of additive learning tools
on student satisfaction with educational technology across
different instructional settings. This hypothesis specifically
examines whether students using additive learning tools, both
with teacher facilitation (EG1) and independently (EG2),
report higher levels of satisfaction compared to those in a
traditional learning environment (CG).

Table 6. Chi-square test results for student satisfaction with educational technology across learning groups

Group Estimated Motivation Mean  Standard Error  95% CI Lower  95% CI Upper P-Value
Control Group (CG) 3.2 0.20 2.80 3.60 >0.05
Experimental Group 1 (EG1) 45 0.15 4.20 4.80 <0.01
Experimental Group 2 (EG2) 4.0 0.18 3.64 4.36 <0.05
The goal is to assess the effectiveness of these technologies  influence on intrinsic motivation. Additionally, the

in enhancing the learning experience, hypothesizing that the
innovative and interactive capabilities of additive learning
tools inherently increase student satisfaction. This measure is
crucial as higher satisfaction can lead to increased motivation
and better learning outcomes, providing valuable insights
into the potential benefits of integrating modern educational
tools into engineering curricula.

The results in Table 6 indicate that both Experimental
Group 1 (EG1) and Experimental Group 2 (EG2), which
utilized additive learning tools with and without teacher
facilitation respectively, reported significantly higher
satisfaction levels (87.5% and 85%, respectively) compared
to the Control Group (CG), which had a satisfaction level of
45%. The significant Chi-Square values for EG1 and EG2,
each at 15.6 with a p-value of <0.01, strongly support the
alternative hypothesis (H1) that students in these groups
experience higher satisfaction with the educational
technology used. This suggests that the innovative and
interactive capabilities of additive learning tools enhance
student satisfaction, distinguishing them positively from
traditional learning methods.

The findings presented in this section provide compelling
evidence supporting the role of additive learning tools in
enhancing engineering education. The results from statistical
analyses consistently demonstrate that students in
Experimental Group 1 (EG1), who used additive learning
tools with teacher facilitation, exhibited the highest
educational outcomes, motivation levels, and satisfaction
with technology. Experimental Group 2 (EG2), which
engaged with these tools independently, also showed
significant improvements compared to the Control Group
(CG), though to a slightly lesser extent. The Kruskal-Wallis
and ANOVA tests confirmed the substantial impact of
additive tools on academic performance, while the
Mixed-Effects Model analysis highlighted their positive

Chi-Square Test results revealed that students in
technology-enhanced learning environments reported greater
satisfaction compared to those following traditional methods.
However, the MANOVA results for collaborative skills
development indicated no statistically significant differences
among the groups, suggesting that the integration of these
tools alone may not be sufficient to foster teamwork and
communication skills. These findings collectively emphasize
the effectiveness of additive learning tools in individual
learning but also highlight the need for further pedagogical
strategies to enhance collaboration. The next section
critically interprets these results within the broader context of
engineering education and existing literature.

V. DISCUSSION

The advancement of additive learning technologies in
engineering education presents a transformative opportunity
for pedagogical development. The integration of these
technologies has been widely recognized for its potential to
enhance educational outcomes by providing immersive and
interactive  learning  experiences  that  traditional
methodologies cannot offer. This discussion delves into the
empirical findings obtained from the experimental
application of these technologies among first-year
engineering students, critically evaluating their impact on
academic performance, motivation, and skill development.

The findings of this study not only reinforce the practical
efficacy of additive learning tools in engineering education
but also offer significant insights into theoretical frameworks
underpinning educational technology and pedagogy. By
examining the differential impacts of these tools when
facilitated by a teacher versus when used independently, our
research provides empirical support for constructivist
theories of learning, which posit that knowledge is best
acquired through active participation and collaboration rather
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than passive reception. This aligns with Vygotsky’s social
development theory [40], which emphasizes the
transformative role of interactive learning environments in
fostering higher cognitive functions.

Furthermore, the improvement in student motivation and
engagement observed in our study can be theoretically
anchored to Ryan and Deci’s Self-Determination Theory
(SDT) [41]. According to SDT, learning environments that
support autonomy, competence, and relatedness are crucial
for intrinsic motivation. The use of additive learning tools in
a supportive educational setting, as seen with EG1, enhances
students’ feelings of competence and autonomy, leading to
higher motivational levels and better learning outcomes.
These results not only validate the application of SDT in
engineering education but also suggest modifications to the
theory, particularly in contexts involving new technologies.

Additionally, our findings contribute to the discourse on
technology acceptance models, which assess the likelihood
of successful technology integration in educational settings.
The high levels of student satisfaction and perceived
usefulness of the additive tools observed suggest that such
technologies meet the criteria of perceived ease of use and
perceived benefits, critical factors that influence technology
adoption according to Davis’s Technology Acceptance
Model [42].

This deeper theoretical analysis helps articulate the
significance of our results beyond mere descriptive statistics,
showing how additive learning tools can be viewed as
catalysts for educational transformation when aligned with
robust pedagogical theories. It provides a bridge between
empirical evidence and theoretical constructs, offering a
nuanced understanding of why certain educational
technologies succeed or fail, which is vital for shaping future
educational policies and practices.

A. Theoretical Implications and Alignment with
Educational Frameworks

The findings of this study align with established
educational theories that emphasize active, experiential, and
technology-enhanced learning. The integration of additive
learning tools within project-based learning (PBL)
environments is consistent with constructivist learning
theories, which suggest that students develop deeper
understanding when actively engaging with material in
meaningful, hands-on contexts ([14, 16]). According to
Piaget’s constructivist theory, learning occurs most
effectively when individuals interact with their environment
and construct knowledge through experience. In this study,
students who used additive learning tools (EG1 and EG2)
demonstrated enhanced engagement, motivation, and
academic performance, reinforcing the notion that hands-on,
technology-assisted education fosters deeper learning ([18]).

Additionally, this research contributes to
self-determination theory (SDT) by demonstrating that the
incorporation of advanced educational technologies enhances
intrinsic motivation ([20, 22]). SDT posits that learners are
more engaged when they experience autonomy, competence,
and relatedness. The increased motivation observed in EG1
and EG2 supports this framework, as students had greater
control over their learning process through interactive,
technology-driven tasks, thus experiencing higher levels of

autonomy and perceived competence compared to the control
group ([24]).

Moreover, the study findings resonate with Cognitive
Load Theory (CLT), which suggests that well-structured,
interactive learning environments can optimize cognitive
processing by reducing extraneous cognitive load ([25, 26]).
The use of 3D printing, CAD tools, and virtual simulations in
EG1 and EG2 allowed students to visualize complex
engineering concepts more effectively, making abstract
theories more concrete. This aligns with prior research
indicating that interactive and immersive educational tools
help learners allocate cognitive resources more efficiently,
thus improving retention and problem-solving skills ([28]).

From a broader perspective, these findings underscore the
importance of integrating technology-mediated active
learning into engineering curricula. As engineering education
evolves, traditional lecture-based methods may no longer be
sufficient to meet the growing demands of industry and
interdisciplinary problem-solving ([29]). The successful
outcomes of EG1l and EG2 support the argument that

engineering programs  should further embrace
technology-enhanced PBL to develop both technical
competencies and essential soft skills such as

problem-solving, adaptability, and creativity ([30]).

By situating the findings within these established
educational theories, this study strengthens the argument for
the pedagogical effectiveness of additive learning tools.
Future research should further explore how these tools
interact with different cognitive and motivational factors to
optimize their implementation across various engineering
disciplines.

B. Interpretation of Results

The structured experiments conducted as part of this study
have provided robust evidence supporting the efficacy of
additive learning tools in enhancing educational outcomes.
Notably, Experimental Group 1 (EG1), which engaged with
technologies such as SolidWorks and LabVIEW under
teacher guidance, demonstrated significantly superior
educational performance compared to the control group and
the independent technology group (EG2). This finding is in
line with the research by Cabero-Almenara et al. (2023) [43],
which highlighted the positive impact of hands-on,
technology-enhanced learning on students’ understanding of
complex engineering concepts.

Moreover, the outcomes from the Mixed-Effects Model
indicated a notable increase in intrinsic motivation among
students in both experimental groups, surpassing that of the
control group. This enhancement can be attributed to the
engaging nature of the technologies used, which likely
introduced a dynamic element to the learning process that
traditional methods lack. According to Foss et al. (2021) [44],
such interactive and engaging learning environments are
crucial for fostering deeper learning and sustained interest
among students.

However, the results from the MANOVA and Chi-Square
tests addressing the development of collaborative skills were
inconclusive, showing no significant differences across the
groups. This suggests that while additive learning tools may
enhance individual learning and motivation, their
effectiveness in promoting collaborative skills may require
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integration with specific pedagogical strategies that
encourage interaction and cooperation among students [45].

C. Contextualization Within Existing Literature

The significant enhancement of educational outcomes
through the use of additive learning tools is strongly
supported by the current academic discourse, which
emphasizes the role of such technologies in creating more
engaging and effective learning environments and improving
academic performance. This aligns with Totuk et al. (2025)
[46], who found that the integration of CAD tools and
simulation software in engineering education notably
improves students’ spatial visualization skills and
problem-solving abilities. Similarly, our results in EG1
validate these findings, suggesting a robust relationship
between technological integration and enhanced learning
capacities.

Additionally, the observed boost in student motivation
corresponds closely with the theoretical frameworks of
Ekmekci & Serrano (2022) [47], which argue that
technologies  fostering  autonomy-supportive learning
environments significantly increase intrinsic motivation. Our
study builds on this premise by demonstrating how teacher
facilitation can further enhance these effects, a finding that
resonates with the work of Olugbade (2023) [48], who
reported that guided interaction with technology deepens
understanding and engagement. The critical role of educators
in facilitating technology use for optimal educational
outcomes highlights a synergistic interaction between human
and technological resources in learning environments,
underscoring findings from Eden et al. (2024) [49], who
emphasized the importance of pedagogical strategies in
maximizing the potential of educational technologies.

Moreover, the correlation between our findings and the
broader literature not only substantiates the benefits of
additive learning tools in enhancing educational outcomes
but also provides a deeper insight into how these technologies
can be tailored and optimized within educational settings. For
instance, Abedi (2024) [50] suggested that the specific
application of these tools should be aligned with curricular
goals to fully exploit their potential, a recommendation that
our findings support and extend by emphasizing the
importance of teacher involvement in this process. This
multifaceted analysis, enriched by a comparative perspective
with established research, reveals both the nuances of
applying additive learning tools in engineering education and
the broader implications for educational practice and policy.

D. Practical Implications

The practical implications of our findings carry
considerable weight for educators and curriculum developers
within the field of engineering education. The pronounced
enhancement in educational outcomes and student
motivation strongly advocates for the integration of additive
learning tools into engineering curricula. This is corroborated
by similar findings in recent studies, such as those by Mari¢i¢
& Lavicza (2024) [51], who noted significant improvements
in student engagement and learning retention with the use of
such technologies. Educational institutions should consider
investments not only in the technologies themselves but also
in comprehensive training programs for educators to
maximize the effective implementation and utilization of

these tools in instructional settings.

Furthermore, the observed stagnation in the development
of collaborative skills points to a critical need for curricular
reforms. This suggests that while additive learning tools have
proven effective in enhancing individual skills, their potential
in fostering collaborative abilities remains underutilized.
Echoing the concerns raised by Omarov et al. (2024) [52],
who argued for more interactive technology-based team
projects, our study suggests integrating structured group
projects that employ technology to enhance collaboration.
Additionally, the creation of blended learning environments,
where digital tools are seamlessly integrated with traditional
teaching methods, could further facilitate this process. Such
adjustments would not only align with contemporary
educational strategies but also mirror successful outcomes
reported in related fields, reinforcing the necessity and
efficacy of these innovations in engineering education.

E. Literature Contextualization

This section seeks to deepen the contextualization of our
findings within the broader academic debates surrounding the
integration of additive learning tools in engineering
education. The application of these tools, while widely
endorsed for their potential to enhance student learning
experiences, presents a complex picture when scrutinized
against the backdrop of existing literature.

Our study’s results corroborate the findings of Bartlett et al.
(2023) [53], who observed significant improvements in
spatial reasoning and problem-solving skills among students
using CAD software. However, our research extends these
findings by demonstrating that these benefits are particularly
pronounced when additive tools are complemented with
structured teacher facilitation, suggesting a synergistic effect
that is less emphasized in prior studies. This aligns with the
work of Kaldarova et al. (2023) [54], yet our findings provide
a novel insight into the magnitude of improvement, thus
contributing to the ongoing discourse about the optimal
strategies for technology integration in educational settings.

Conversely, our study offers a critical contrast to the
conclusions drawn by Almeida et al. (2023) [55], who argued
that additive learning tools autonomously guarantee
enhanced collaborative skills. Our results suggest that the
mere introduction of these technologies does not suffice;
rather, their impact on collaborative skills development is
contingent upon the pedagogical approach adopted,
highlighting an area that requires further exploration and
nuanced understanding.

Furthermore, the significant increase in student motivation
and satisfaction reported in our study supports and expands
upon the findings by Patel and Mehta (2022) [56], who noted
enhanced engagement with learning materials through the
use of additive tools. Our analysis delves deeper into the
specific aspects of technology usage that contribute to these
outcomes, providing a comprehensive synthesis that not only
aligns with but also critically examines the assumptions
underlying current educational practices.

By situating our findings within these existing debates, this
discussion not only reaffirms the utility of additive learning
tools in enhancing various educational outcomes but also
challenges and refines the current understanding of how these
tools should be integrated into educational frameworks to
maximize their effectiveness. This nuanced approach to
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literature contextualization not only strengthens the scholarly
contribution of our study but also provides a clear directive
for future research and practice in the field of engineering
education.

F. Future Research Directions

While this study has contributed valuable insights into the
integration of additive learning tools in engineering
education, several avenues for future research remain open.
Longitudinal studies could provide deeper insights into the
long-term impacts of these technologies on students” learning
trajectories. Furthermore, research into how individual
differences such as learning styles and technology
proficiency affect learning outcomes could tailor educational
technologies more effectively to student needs.

Additionally, the potential of emerging technologies like
augmented reality (AR) and Virtual Reality (VR) to enhance
both individual and collaborative learning experiences
warrants further exploration [57-59]. Studies focusing on the
specific configurations of technology-mediated
communication and collaboration could provide insights into
structuring tasks that effectively use digital tools to enhance
collaborative skills [60].

In summary, the integration of additive learning
technologies in engineering education holds substantial
promise for enhancing educational outcomes, increasing
student motivation, and potentially transforming teaching
and learning processes. However, the effective realization of
these benefits requires thoughtful integration of technology
with pedagogical strategies, continuous professional
development for educators, and ongoing research to optimize
technology use across various learning contexts and student
populations.

VI. CONCLUSION

This study distinctly advances the integration of additive
learning tools in first-year engineering education, providing
empirical support for the substantial improvements in both
student engagement and academic performance. By
methodically deploying technologies such as SolidWorks,
LabVIEW, Unity, and Unreal Engine, particularly under
expert teacher guidance, this research uniquely illustrates
how these tools not only enhance individual learning
outcomes but also require augmented pedagogical strategies
to fully realize their potential in collaborative skills
development. What sets our work apart in the literature is the
critical analysis of the dual impact of these technologies on
fostering both autonomy and teamwork, underscoring the
need for educational frameworks that adaptively integrate
technology to cultivate a more dynamic learning environment.
The high levels of student satisfaction reported affirm the
practical relevance and adaptability of these tools in curricula,
highlighting our contribution to educational practice by
demonstrating the effective application of advanced
technologies in real-world educational settings. As we move
forward, the insights from this study lay a foundational
blueprint for future research, encouraging the exploration of
long-term impacts and the adaptation of emerging
technologies like augmented and virtual reality in
engineering education.
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