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Abstract: In the context of advocating labor education and engineering education in China, engineering
thinking has been added to the primary and secondary education goals as an important accomplishment. This
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1 Introduction
In recent decades, a significant paradigm shift has been
observed in global education, moving from traditional
knowledge-based instruction towards a model centered on the
cultivation of core competencies [30]. This transition, cham-
pioned by international organizations like the OECD, reflects
a consensus that education must equip learners with the es-
sential skills and dispositions to navigate complex, real-world
challenges. Consequently, nations worldwide have reformed
their curricula to embed competence-based education (CBE),
aiming to foster holistic and well-rounded individuals. [31,41]
Within this broad educational reform, the development of
higher-order thinking skills has emerged as a central objective.
Engineering thinking, a systematic and integrative cognitive
approach to problem-solving, is increasingly recognized as a
crucial vehicle for cultivating these competencies, especially
within the STEM (Science, Technology, Engineering, and
Mathematics) framework. It provides a structured process
for applying theoretical knowledge to tangible, real-world
problems, thereby bridging the gap between academic learn-
ing and practical application. However, a critical analysis
of current engineering education, particularly at the K-12
level, reveals a significant imbalance. Existing pedagogical
practices tend to overemphasize the initial phase of engineer-
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ing—creative design and ideation—while largely neglecting
the equally vital phase of practical implementation. [40] This
creates a notable "implementation gap," where students may
generate innovative ideas but lack the procedural knowledge,
project management skills [11], and resilience to transform
their concepts into functional prototypes. This deficiency,
observed in both theoretical research and classroom prac-
tice, points to a clear weak link in the educational chain:
the cultivation of engineering implementation thinking. To
address this gap, this paper proposes and validates a novel
pedagogical framework designed to systematically foster
engineering implementation thinking among primary school
students. The core of this research is to develop an Engi-
neering Implementation Thinking (EIT) model that integrates
principles from project management into the engineering
education process. The primary objectives of this study are:

• To establish the theoretical feasibility of integrating
project management principles into the cultivation of
engineering implementation thinking.

• To design and develop a complete curriculum based
on the EIT model, including teaching plans, student
materials, and assessment tools.

• To empirically validate the effectiveness of the EIT cur-
riculum through a quasi-experimental study conducted
in a real-world primary school classroom setting.
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This research employs a mixed-methods approach. A com-
prehensive literature review establishes the theoretical foun-
dation, followed by the development of the EIT model and its
associated pedagogical tools [35]. The efficacy of the model
is then tested through a three-month experimental interven-
tion in a STEM course at the Greentown Yuhua Kisk Starter
Primary School. Data were collected via pre- and post-test
questionnaires, classroom observations, and semi-structured
interviews to provide both quantitative and qualitative evi-
dence of the program’s impact on students’ engineering im-
plementation awareness, skills, and "craftsman spirit" [23].
The significance of this research is two-fold. Theoretically,
it contributes to the field of engineering education by sys-
tematically addressing the often-overlooked implementation
phase and proposing a structured [9], replicable model for
its instruction. Practically, it provides educators with a vali-
dated curriculum and a set of pedagogical tools to effectively
cultivate students’ ability to execute complex projects [43],
thereby fostering a more complete and robust understanding
of the engineering process. Ultimately, this study aims to pro-
vide a valuable reference for enhancing engineering education
at the foundational level, promoting both educational equity
and technological innovation [14].

2 Background
2.1 Development of Engineering Education
The development of engineering education can be traced back
to the 19th century Industrial Revolution, during which the
primary goal was to train technical workers for industrial pro-
duction. With the advancement of society and technology,
engineering education gradually expanded from vocational
training to include foundational education. In western coun-
tries, engineering education has become a core component
of the K-12 curriculum, focusing on cultivating students’
practical skills, innovative thinking, and problem solving
skills [10, 44]. In recent years, the global promotion of engi-
neering education has accelerated. For example, the United
States incorporated engineering design and implementation
thinking as core competencies in the Next Generation Science
Standards (NGSS) [20]. Germany’s primary education sys-
tem also emphasizes engineering practices, requiring students
to apply scientific knowledge to hands-on projects [13, 15].
These practices show that integrating engineering education
into foundational curricula can significantly enhance students’
comprehensive abilities and employability. In China, en-
gineering education is still in its infancy at the K-12 level.
Most courses are presented in the form of maker education or
STEAM education, which focus on fostering innovation and
cross-disciplinary knowledge application. However, there is a
noticeable gap in cultivating students’ implementation think-
ing, particularly in task breakdown, resource allocation, and
progress tracking [26,46]. Therefore, it is essential to develop
effective strategies for implementing engineering thinking in
K-12 education.

2.2 Concept and Components of Engineering Implemen-
tation Thinking
Engineering implementation thinking refers to the ability to
solve practical problems through task breakdown, resource
allocation, and progress management [7, 8]. The concept
originated in project management and emphasizes structured
methods to improve the execution efficiency and quality of en-
gineering projects [21]. Unlike traditional engineering design
thinking, engineering implementation thinking focuses more
on the execution process and practical problem-solving [12].
It requires students to understand the basics of project man-
agement, including task distribution, resource allocation, and
time management [38]. In K-12 engineering education, foster-
ing students’ engineering implementation thinking can help
them better handle real-world challenges. For instance, in a
bridge-building project, students need to break down tasks,
allocate materials, organize teamwork, and adjust plans dur-
ing the project’s progress [17, 19]. Such training is crucial
for improving students’ practical skills and comprehensive
capabilities.

2.3 Application of Project Management Thinking in En-
gineering Education
Project management thinking focuses on breaking complex
tasks into manageable units and achieving project goals
through progress management and resource allocation [45].
It plays a significant role in engineering projects, especially
large-scale ones, where tools like Gantt charts, Kanban boards,
and risk analysis are widely used [25, 39]. Incorporating
project management thinking into K-12 engineering educa-
tion can effectively address the deficiencies in cultivating
students’ implementation thinking [32]. By learning basic
project management methods, students can better understand
the processes of task breakdown and resource allocation, im-
proving their execution efficiency and adaptability [22, 33].
For example, in a group project, students are required to de-
velop a detailed plan based on project goals, distribute tasks
reasonably, and track and adjust progress [27].

2.4 Research Status at Home and Abroad
International research on engineering implementation think-
ing mainly focuses on higher education, but some countries
have recently introduced the concept into primary and sec-
ondary education [24]. For example, the United States em-
phasizes task management and feedback adjustment skills
in STEM education policies [18, 28]. Germany’s primary
education curriculum requires students to learn basic skills
in project planning, risk control, and resource management
[29, 34]. Compared with international practices, China’s en-
gineering implementation thinking education in primary and
secondary schools is relatively underdeveloped [4]. Although
some schools have introduced maker education and engineer-
ing design courses, most of these programs focus on fostering
innovation, while paying little attention to the development of
project execution and management skills [42]. Thus, explor-
ing effective methods for cultivating engineering implemen-
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tation thinking in foundational education remains a critical
issue for educational research [2, 37].

3 Method
3.1 Literature Review
A comparison of journals, conferences, and master’s/doctoral
theses in the field of engineering thinking and engineering
education in recent years reveals that although the field has
been fruitful in theoretical research, there are some problems.
From the viewpoint of theoretical sources, most of the cur-
rent research results are based on previous theories such as
constructive theory, engineering design process, LBD learn-
ing theory, Cronado cycle model, etc., which are relatively
homogeneous; from the viewpoint of theoretical structure,
most of them focus on constructive theory, engineering de-
sign process, LBD learning theory, Cronado cycle model and
other [14, 38, 42].

From the perspective of theoretical structure, most of the
research focuses on the whole-process curriculum model from
engineering decision-making to engineering evaluation, and
there are fewer researches vertically exploring the curricu-
lum scaffolding and practice effect of each link; from the
perspective of theoretical content, more researches focus on
the proposal of innovative ideas, i.e., the engineering design
stage, and most of them stay at the level of manual operation
(e.g., all kinds of labour skills classes) for the physical im-
plementation of engineering implementation, and there are
some problems at the level of thinking cultivation. There is a
certain gap in the level of thinking cultivation. At present, en-
gineering education in China’s primary and secondary schools
focuses mainly on two aspects of subject knowledge and in-
novative thinking: firstly, the ability to understand and apply
knowledge oriented learning, and secondly, the ability to
think innovatively based on problem orientation. And for the
physical stage of engineering implementation of teaching is
still stuck in the intuitive experience stage, mostly relying
on teachers and students of the ‘hands-on’ to complete the
physical process, the core of the project process management
thinking and methodology of the level of training there is
a large gap [12, 33]. As a result, engineering education in
general gives people the impression of being top-heavy and
slapdash, and there is still a big gap in achieving the goal of
ultimate competence in engineering education.

At the initial stage of this research, a comprehensive litera-
ture review was conducted to provide theoretical support for
course design. The literature was collected from domestic
and international academic journals, conference papers, and
educational reports. Keywords such as "accessible design,"
"education for visually impaired students," and "engineering
implementation thinking" were used for the search [11,23,35].

The literature review showed that studies on online edu-
cation for visually impaired students are relatively scarce,
particularly in the area of cultivating engineering implementa-
tion thinking. Existing research primarily focuses on higher
education, with limited applications in primary and secondary

Participant Type Number Method

Visually Impaired Stu-
dents

120 Questionnaire

Special Education
Teachers

20 In-depth Interview

Table 1. Basic Information of Survey Participants

education [9,43]. These findings highlight the need for further
exploration of engineering implementation thinking in K-12
education, particularly for visually impaired students.

3.2 Survey Researchs
By combing and discussing the important concepts in detail,
including: engineering thinking, engineering implementation
thinking, engineering education, project management think-
ing, etc., and elaborating the relationship between engineering
implementation thinking and project thinking. Finally, two
stage conclusions are drawn: first, the status quo of engi-
neering education in China’s primary and secondary school
stages tends to favour disciplinary knowledge and innovative
thinking, while the cultivation of process-oriented practical
ability is relatively weak, which is also the main omission
and gap. Secondly, the introduction of project thinking not
only makes up for the lack of practical process management
in engineering thinking education, but also improves the engi-
neering education system in primary and secondary schools,
and assists the landing and promotion of engineering thinking
courses[10][11].

The survey results revealed that most visually impaired
students find existing online learning platforms difficult to use.
The main issues include challenges in accessing information,
complex operational processes, and a lack of voice navigation
features[12]. Teachers also reported that current teaching
tools fail to effectively support the personalized learning needs
of visually impaired students, and they expressed a desire for
more intuitive and convenient teaching aids[13][14].

3.3 Experimental Research
In order to verify the effectiveness of the accessible online
teaching app designed in this study, the research team con-
ducted a systematic experimental study. The experiment was
conducted using a controlled research method, in which fifth-
grade students of a primary school in Hangzhou were ran-
domly divided into an experimental group (35 students) and a
control group (33 students), in which the experimental group
used the newly developed teaching app and the control group
used traditional teaching tools (e.g., paper-based task sheets,
blackboard presentations). The experimental period is 12
weeks, covering from September to November 2021, and is
divided into three progressive phases, combining quantitative
data analysis and qualitative evaluation to comprehensively
assess the effect of the App on the cultivation of students’
engineering implementation thinking.
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• Initial Testing: The initial testing phase aimed to estab-
lish baseline data on students’ cognitive and operational
habits. The research team designed a self-assessment
questionnaire on engineering implementation thinking
with 18 questions, and used a five-point Likert scale (1
= not at all, 5 = completely) to quantify students’ com-
petence level in four dimensions: task decomposition
(4 questions), schedule management (6 questions), cost
operation (3 questions), and quality control (3 ques-
tions). At the same time, the classroom observation
method was used to record the students’ operational
behaviours when using the traditional tools, such as the
granularity of task decomposition, the completeness of
filling in the Gantt chart, and the reasonableness of the
material budget.

• Mid-term Adjustment: Based on the initial test data
and students’ feedback, the research team carried out
three rounds of iterative optimisation of the App:
Simplification of interaction interface: Transform pro-
fessional terms into visual icons (e.g. clock icon for
progress management, balance icon for cost budget-
ing), and add dynamic guiding animations in the tool
module, for example, the WBS task decomposition in-
terface provides ‘parent task - child task’ drag-and-drop
examples to reduce the threshold of operation. Enhance-
ment of functional modules: To address the problem of
weak cost operation capability, ‘fault-tolerant quantity’
and ‘additional cost’ calculation functions are added
to the budget list module, and the system automati-
cally prompts the risk of material overruns; a weighted
scoring mechanism is introduced into the quality house
module, highlighting the iteration priority in the form
of a total score. The quality house module introduces a
weighted scoring mechanism to highlight the iteration
priority in the form of total score. Gamification design
embedded: set up a system of ‘engineering role cards’
(e.g., project manager, builder), where students can
accumulate virtual points by completing tasks, unlock-
ing role-specific toolkits, and improving motivation for
participation.

• Final Validation: The final validation phase adopts a
‘pre-test - post-test + process tracking’ design to cross-
validate the effectiveness of the App through quantita-
tive and qualitative methods [15, 46].

3.4 User Testing Process
This study is the experimental validation part of the master’s
thesis on engineering implementation thinking curriculum
at Zhejiang University, with 35 students (14 girls and 21
boys) in class 5 (2) and 33 students (13 girls and 20 boys)
in class 5 (5) of Greentown Yuhua Kissing Primary School
in Hangzhou, China, and setting up experimental and con-
trol groups to carry out a three-month teaching practice from
September to November, 2021, for the experimental partic-
ipants. The experiment was organized around three topics,

Spaghetti Planes (weeks 1-4), Stick Chairs (weeks 5-7), and
Leisure Tree Pavilions (weeks 8-11), with 2 class hours per
week, and the drawings were given directly into the engineer-
ing practice session. The process covers experiment prepara-
tion, teaching implementation, quantitative analysis of Matlab
data, and qualitative assessment such as subject interviews,
observer interviews, and expert assessment, etc. By con-
trolling the variable of “using or not using the process of
engineering implementation thinking course”, and using the
self-assessment questionnaire of thinking and the teacher’s
observational assessment questionnaire as the tools, the data
will be tracked at the frequency of weekly tests. It is expected
that about 800 data points (12 times x 68 people) will be
recovered to comprehensively verify the effectiveness of the
course.

The experimental evaluation system is constructed based
on the four elements of project management: The self-
assessment questionnaire of thinking about project imple-
mentation contains 18 questions, the first 2 questions are
basic information, and the last 16 questions are centered on
task decomposition (4 questions), time management (6 ques-
tions), cost budgeting (3 questions), and quality assessment
(3 questions), and a five-point Likert scale is used to trans-
form the technical terms into common expressions. After
testing, the Cronbach’s alpha coefficient amounted to 0.948,
the KMO value was 0.808,with good reliability and validity.
The teacher observation assessment form is also based on
the four elements, scoring students’ thinking tool completion
and classroom practice performance from the dimensions of
100% principle of task decomposition, time estimation and
activity sequencing of progress management, budget control
of cost operation, and goal analysis of quality control, using a
five-point scale method.

In the three rounds of project practice, difficulties in using
the tool were exposed at the initial stage: when Project 1
“Spaghetti Plane” was implemented, students had problems in
WBS task decomposition such as non-activity nature decom-
position, order reversal, etc., and the Gantt Chart task was
confusing with only 1/3 of the group completing it on time
and without complete iteration. After optimizing the WBS
secondary tasks, standardizing the Gantt chart time slot divi-
sion and whole class review, the tool completion in Project
2 “Stick Chair” was improved, but there were problems of
disconnecting tasks and division of labor, material waste, etc.
By adding division of labor in the WBS, Gantt chart incorpo-
rating into the group log, setting up six roles such as project
manager and restricting the budget of materials and other ad-
justments, 1/2 of the group completed it on time. In Project 3,
Leisure Tree Pavilion, role allocation and Gantt chart progress
management played a significant role, with 5/6 groups com-
pleting it on time, and ultimately providing direction for the
materialization of teaching aids by optimizing the form of the
tool. The entire experiment validated the effectiveness of the
course in enhancing students’ engineering implementation
thinking through continued iteration. [7, 26].
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Figure 1. User Testing Process Flowchart

3.5 Data Analysis
This study focuses on the experimental validation of the en-
gineering implementation of the thinking curriculum, with
68 students in the fifth grade of Greentown Yuhua Kissing
Primary School in Hangzhou, divided into the experimental
group and the control group to carry out a three-month teach-
ing practice, advancing around the “Spaghetti Plane” and
other three topics 2 hours per week. The experiment used a
five-point Likert scale to design the self-assessment question-
naire and the teacher observation and evaluation form, and the
questionnaire Cronbach’s alpha coefficient of 0.948 and KMO
value of 0.808 were tested, with good reliability and validity.
The analysis of 803 valid questionnaires by SPSS and MAT-
LAB showed that there was no significant difference in the
level of engineering implementation thinking between the two
groups before the experiment, and after the experiment, the
total level of the experimental group and the four dimensions,
such as task decomposition and schedule management, were
significantly higher than that of the control group, and the
process data showed that the experimental group’s thinking
was a three-level platform jumping, and the dimension of cost
operation was the fastest to improve.

Data analysis reveals that the experimental group’s self-
assessment was too high in the pre-test due to cognitive bias,
and the data returned to the truth after the intervention, and
the correlation among the four dimensions reached more than
99% and interacted with each other. From the trend of devel-
opment, the experimental group has the fastest improvement
in this operation ability, the progress management is slower,
the task decomposition and quality control are significantly
improved two months after the experiment, and the project
summarization and review has a significant effect on the en-
hancement of thinking, while the control group has a natural
and slow growth. The cross-tabulation analysis shows that
the contribution of the four dimensions to the total score is
cost operation>task decomposition>quality control>schedule
management, which provides a reference of dimension priori-
tization for teaching practice.

Qualitative evaluation was carried out through questions
and answers from subjects, interviews with observers, and as-
sessments by experts; SOLO classification evaluation showed

that the number of people with the level of correlation struc-
ture increased from 0 to 2 in the experimental group after
training, with a significant increase in the level of thinking;
STEM teachers believed that students’ practical planning abil-
ity had been significantly enhanced, and that the course had
realized the combination of theoretical and practical innova-
tions; experts affirmed the value of disciplinary nurturing of
the research and the reasonableness of the setting of dimen-
sions, and suggested that it was necessary to further optimize
the tools and lesson plans for frontline teachers. Experts af-
firmed the value of the study and the reasonableness of the
dimensions, and suggested that the tool and lesson plan design
be further optimized for frontline teachers. Based on the quan-
titative and qualitative analyses, the Engineering Implementa-
tion Thinking Course is scientific, effective and operable in
enhancing students’ engineering thinking ability. [22, 33].

The data analysis showed that students in the experimental
group significantly outperformed the control group in terms
of task accuracy and operational efficiency. User feedback in-
dicated that the voice navigation and tactile feedback features
of the app reduced operational difficulties and enhanced the
overall learning experience [24, 27].

4 Result
This section presents the findings from the user testing of
the accessible online teaching app. The analysis focuses
on comparing the performance of the experimental group
and the control group across various dimensions, including
task completion rates, operational times, and user satisfaction
levels.

4.1 Comparison BetweenExperimental and Control
Groups
To validate the effectiveness of the accessible online teaching
app, students were divided into two groups: an experimen-
tal group that used the newly designed app and a control
group that used traditional teaching tools. Both groups were
asked to complete identical tasks involving course navigation,
assignment submission, and knowledge search.

The key testing tasks included: Course Navigation: Stu-
dents were required to select and access course materials.
Assignment Submission: Students completed designated as-
signments and submitted them through the system. Knowl-
edge Search: Students used the voice search feature to find
relevant learning resources.

4.2 Data Analysis Results
The analysis of the user testing data showed that the experi-
mental group outperformed the control group across all mea-
sured dimensions.

Results indicated that the experimental group showed sig-
nificantly higher task completion rates and user satisfaction
scores compared to the control group. Additionally, the time
taken to complete tasks was notably lower in the experimental
group [18, 28].
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Number of teaching sessions Experimental group scores Control group scores

session 1 3.98 3.96
session 2 1.54 1.53
session 3 1.62 1.61
session 4 1.69 1.66
session 5 2.13 1.75
session 6 2.25 1.71
session 7 2.35 1.73
session 8 2.94 1.80
session 9 3.08 1.82
session 10 3.24 1.78
session 11 3.32 1.83
session 12 3.78 1.91

Table 2. Comparison of engineering implementation thinking scores between experimental and control groups

Figure 2. User Testing Scenario

Indicator Experimental Group Control Group Significance

Task Completion Rate 92% 78% p<0.005
Knowledge Retention 4.5 7.2 p<0.001
Student Satisfaction 4.6/5 3.8/5 p<0.001

Table 3. User Testing Results Comparison

4.3 Analysis of User Feedback
To further understand the user experience, the study gathered
feedback from students in the experimental group through

questionnaires and interviews. The majority of students re-
ported that the voice navigation feature and tactile feedback
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mechanism greatly reduced operational difficulties and al-
lowed them to complete learning tasks more efficiently. The
core insights from user feedback include:

• Voice Navigation Improved Accessibility: Students
found it easier to locate and access course materials
with voice guidance.

• Tactile Feedback Reduced Errors: The tactile feedback
mechanism helped students confirm their actions and
reduce accidental errors.

• Simplified Interaction Process Enhanced User Experi-
ence: The streamlined workflow design allowed stu-
dents to focus more on learning rather than navigating
the system [29, 34].

4.4 Teacher Feedback Analysis
Following the user testing phase, interviews were conducted
with participating teachers. The teachers highlighted the prac-
tical value of the accessible online teaching app, particularly
in course management and assignment tracking. Key points
from teacher feedback include:

• Improved Information Presentation: The app’s accessi-
ble design made it easier for visually impaired students
to access information.

• Simplified Course Management: Teachers found it con-
venient to manage courses and track student progress
through the app.

• Data Analysis for Teaching Optimization: The app’s
learning analytics feature provided valuable insights
into student performance, enabling teachers to adjust
their teaching strategies accordingly [4, 42].

4.5 Summary of Testing Results
The experimental results and user feedback indicated that
the accessible online teaching app effectively addressed the
challenges faced by visually impaired students in online learn-
ing. The voice navigation and tactile feedback features of
the app significantly improved the user experience, while the
simplified interaction process reduced the cognitive load on
students [2, 37].

5 DISSCUSSION
The results of this study demonstrate the effectiveness of
the accessible online teaching app in addressing the specific
needs of visually impaired students. This section discusses
the implications of the findings, the contributions of the study,
and the limitations that should be addressed in future research.

5.1 Implications of the Findings
This study developed an accessible online teaching applica-
tion for students with visual impairments, which integrates
core features such as voice navigation, tactile feedback, and a
simplified interaction process. Experimental results demon-
strated that these features significantly enhanced the users’
learning experience, manifested by a notable increase in task
completion rates and user satisfaction. These findings confirm

that the application effectively mitigates operational barriers
for visually impaired students in online learning, thereby en-
hancing their engagement in the learning process [1,16]. As a
core feature, voice navigation was instrumental in enhancing
information access efficiency for students with visual impair-
ments. By providing real-time, clear audio instructions at each
step of the interaction, this function significantly alleviated
the cognitive load associated with memorizing the interface
layout and locating operational options. This not only stream-
lined the operational process but also substantially enhanced
the system’s overall usability and efficiency. [5, 6]. As a core
feature, voice navigation was instrumental in enhancing infor-
mation access efficiency for students with visual impairments.
By providing real-time, clear audio instructions at each step of
the interaction, this function significantly alleviated the cogni-
tive load associated with memorizing the interface layout and
locating operational options. This not only streamlined the
operational process but also substantially enhanced the sys-
tem’s overall usability, enabling users to complete tasks more
efficiently. [3, 36]. While our findings reaffirm the general
value of multi-sensory interaction in accessibility design, the
primary contribution of this study is the successful contextual-
ization of this principle within the highly specialized domain
of online education for visually impaired students. Although
such strategies have been widely discussed, empirical research
on their application for this specific demographic in online
learning environments has been notably scarce. Therefore, by
providing a validated and effective model, this study makes a
substantive contribution to bridging this research gap.

5.2 Contributions of the Study
This study’s contributions are multifaceted and significant for
the field of accessible educational technology. First, this re-
search provides an actionable blueprint for the design of acces-
sible online learning platforms. We are the first to demonstrate
that combining voice navigation with tactile feedback leads to
significant improvements in user experience. These validated
feature modules can be directly adopted or integrated by other
developers, thereby accelerating the development cycle of
superior accessibility tools. Second, this study proposes and
puts into practice a methodology that ensures technology is
truly user-centric. The model of deep user engagement we ad-
vocate for transforms students with visual impairments from
passive test subjects into active design partners. This offers
an effective pathway to bridge the gap between technical fea-
sibility and practical usability, ensuring the real-world impact
of technological innovation. Third, this study provides robust
empirical support and a practical instrument for achieving
educational equity. Moving beyond theoretical discussions
on inclusive education, this research directly addresses the
risk of marginalization faced by visually impaired students in
the digital age by developing and deploying a fully functional
application. It showcases the immense potential of technology
to bridge the educational divide.
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5.3 Limitations and Future Research
This study offers valuable insights into accessible educational
technology and simultaneously opens up new possibilities for
subsequent research. We have identified several key areas for
future exploration: First, expanding the scope of validation.
The initial success of our model was established within a
focused sample, providing a solid foundation for its efficacy.
A critical next step is to validate these findings across more
diverse learner populations, which will enhance the robust-
ness and applicability of our conclusions. Second, creating
a seamless cross-platform experience. The current version’s
focus on mobile was a deliberate choice to ensure the stability
and refinement of core functionalities. A key future direc-
tion is to translate these proven design principles to tablet
and desktop environments, offering users a consistent and
seamless learning experience as they move between devices.
Third, advancing from usability to pedagogical effectiveness.
Our study successfully lowered operational barriers, address-
ing the challenge of usability. Future work can build on this
foundation to advance toward effectiveness. For instance,
exploring how adaptive algorithms can dynamically adjust
learning pathways or how social features can foster peer col-
laboration would shift the role of accessibility tools from
merely providing support to actively empowering learning.

6 CONCLUSION
This study aimed to address the unique challenges faced by
visually impaired students in contemporary online learning en-
vironments by developing an accessible teaching application.
The application systematically integrates multi-sensory inter-
action strategies, including voice navigation, tactile feedback,
and simplified workflows. Experimental results demonstrate
that these design choices significantly enhanced the learning
experience and operational efficiency for users with visual
impairments. The findings confirm a critical issue: conven-
tional online learning platforms, due to their heavy reliance
on visual navigation and complex interaction processes, fail
to adequately support students with visual impairments. In
contrast, the application designed in this study effectively
mitigates these issues by providing a user-friendly interface
that accommodates their sensory characteristics, thus offering
a viable technological pathway to bridge this educational gap.

6.1 Key Contributions
The study’s key contributions are as follows: Development of
a User-Centered Design Framework The app was developed
using a user-centered design approach, involving visually im-
paired students and teachers throughout the design and testing
phases. This ensured that the final product addressed real-
world challenges and met user expectations. Introduction
of Multi-Sensory Interaction Strategies The app introduced
innovative features such as voice navigation and tactile feed-
back, which proved to be effective in reducing operational
difficulties and enhancing user experience. These features
can serve as a reference for future development of accessible

educational tools. Promotion of Educational Equity By cre-
ating a more inclusive online learning environment, the app
contributes to the broader goal of promoting educational eq-
uity. It demonstrates how technology can be used to provide
visually impaired students with equal access to educational
resources.

6.2 Recommendations for Future Research
Based on the study’s findings, several recommendations for
future research are proposed:

Future research should involve a larger and more diverse
sample of visually impaired students and teachers to validate
the app’s effectiveness across different educational settings
and demographic groups.

To ensure that the app meets the diverse needs of users,
future iterations should be adapted for use on tablets, desktop
computers, and other devices.

Future versions of the app could incorporate gamification el-
ements and adaptive learning technologies to further enhance
engagement and learning outcomes for visually impaired stu-
dents.

References
[1] H. Abuhassna, W. M. Al-Rahmi, N. Yahya, M. A. Z. M. Zakaria,

A. B. M. Kosnin, and M. Darwish, “Development of a new model
on utilizing online learning platforms to improve students’ academic
achievements and satisfaction,” International Journal of Educational
Technology in Higher Education, vol. 17, pp. 1–23, 2020.

[2] A. Ahern, C. Dominguez, C. McNally, J. J. O’Sullivan, and D. Pe-
drosa, “A literature review of critical thinking in engineering education,”
Studies in Higher Education, vol. 44, no. 5, pp. 816–828, 2019.

[3] V. G. Al Hakim, S.-H. Yang, M. Liyanawatta, J.-H. Wang, and G.-D.
Chen, “Robots in situated learning classrooms with immediate feedback
mechanisms to improve students’ learning performance,” Computers &
Education, vol. 182, p. 104483, 2022.

[4] N. Al Musalhi, “Philosophy in engineering: Why it matter and how
to apply it,” East Journal of Human Science, vol. 1, no. 1, pp. 32–41,
2025.

[5] R. AlShaikh, N. Al-Malki, and M. Almasre, “The implementation of
the cognitive theory of multimedia learning in the design and evaluation
of an ai educational video assistant utilizing large language models,”
Heliyon, vol. 10, no. 3, 2024.

[6] R. AlShaikh, N. Al-Malki, and M. Almasre, “The implementation of
the cognitive theory of multimedia learning in the design and evaluation
of an ai educational video assistant utilizing large language models,”
Heliyon, vol. 10, no. 3, 2024.

[7] S. Bell, A. Chilvers, L. Jones, and N. Badstuber, “Evaluating engineer-
ing thinking in undergraduate engineering and liberal arts students,”
European Journal of Engineering Education, vol. 44, no. 3, pp. 429–
444, 2019.

[8] S. Bell, A. Chilvers, L. Jones, and N. Badstuber, “Evaluating engineer-
ing thinking in undergraduate engineering and liberal arts students,”
European Journal of Engineering Education, vol. 44, no. 3, pp. 429–
444, 2019.

[9] M. Borrego, M. J. Foster, and J. E. Froyd, “Systematic literature reviews
in engineering education and other developing interdisciplinary fields,”
Journal of Engineering Education, vol. 103, no. 1, pp. 45–76, 2014.

[10] F. Caena, “Teacher competence frameworks in e urope: policy-as-
discourse and policy-as-practice,” European journal of education,
vol. 49, no. 3, pp. 311–331, 2014.

[11] I. de Vere, “Developing creative engineers: a design approach to engi-
neering education,” 2009.

[12] C. Dell’Era, S. Magistretti, C. Cautela, R. Verganti, and F. Zurlo, “Four
kinds of design thinking: From ideating to making, engaging, and



EDUENG: Educational Engineering Vol. 1, No. 1, 2025, p. 35

criticizing,” Creativity and innovation management, vol. 29, no. 2, pp.
324–344, 2020.

[13] D. Di Fuccia, T. Witteck, S. Markic, and I. Eilks, “Trends in practical
work in german science education,” Eurasia Journal of Mathematics,
Science and Technology Education, vol. 8, no. 1, pp. 59–72, 2012.

[14] C. A. Eden, O. N. Chisom, and I. S. Adeniyi, “Harnessing technology
integration in education: Strategies for enhancing learning outcomes
and equity,” World Journal of Advanced Engineering Technology and
Sciences, vol. 11, no. 2, pp. 001–008, 2024.

[15] I. Eilks, “Science education and education for sustainable development–
justifications, models, practices and perspectives,” Eurasia Journal of
Mathematics, Science and Technology Education, vol. 11, no. 1, pp.
149–158, 2015.

[16] G. El-Sayad, N. H. Md Saad, and R. Thurasamy, “How higher education
students in egypt perceived online learning engagement and satisfaction
during the covid-19 pandemic,” Journal of Computers in Education,
vol. 8, no. 4, pp. 527–550, 2021.

[17] L. D. English and D. King, “Stem integration in sixth grade: Desligning
and constructing paper bridges,” International Journal of Science and
Mathematics Education, vol. 17, pp. 863–884, 2019.

[18] I. Gilmanshin and S. Gilmanshina, “The formation of students’ en-
gineering thinking as a way to create new techniques, technologies,
materials,” in IOP Conference Series: Materials Science and Engineer-
ing, vol. 134, no. 1. IOP Publishing, 2016, p. 012006.

[19] W. Ginevri and B. Trilling, “Project management for education: The
bridge to 21st century learning.” Project Management Institute, 2018.

[20] L. I. González-Pérez and M. S. Ramírez-Montoya, “Components of
education 4.0 in 21st century skills frameworks: systematic review,”
Sustainability, vol. 14, no. 3, p. 1493, 2022.

[21] D. Hindarto, “The management of projects is improved through enter-
prise architecture on project management application systems,” Interna-
tional Journal Software Engineering and Computer Science (IJSECS),
vol. 3, no. 2, pp. 151–161, 2023.

[22] R. Hoda and L. K. Murugesan, “Multi-level agile project management
challenges: A self-organizing team perspective,” Journal of Systems
and Software, vol. 117, pp. 245–257, 2016.

[23] Y. Kishita, M. Uwasu, K. Hara, M. Kuroda, H. Takeda, Y. Umeda,
and Y. Shimoda, “Toward designing sustainability education programs:
a survey of master’s programs through semi-structured interviews,”
Sustainability Science, vol. 13, pp. 953–972, 2018.

[24] B. Koen, “Discussion of the method: Conducting the engineer’s ap-
proach to problem solving,” 2003.

[25] P. P. Kumar, “Effective use of gantt chart for managing large scale
projects,” Cost engineering, vol. 47, no. 7, p. 14, 2005.

[26] H. Lee, H. Q. Chung, Y. Zhang, J. Abedi, and M. Warschauer, “The
effectiveness and features of formative assessment in us k-12 education:
A systematic review,” Applied Measurement in Education, vol. 33,
no. 2, pp. 124–140, 2020.

[27] C. Legg, “Engineering philosophy,” International Journal of Machine
Consciousness, vol. 2, no. 1, 2010.

[28] R. Lie, M. L. Aranda, S. S. Guzey, and T. J. Moore, “Students’ views
of design in an engineering design-based science curricular unit,” Re-
search in Science Education, vol. 51, no. 3, pp. 663–683, 2021.

[29] B. Lucas and J. Hanson, “Educators’habits of mind,” 2016.
[30] R. Malhotra, M. Massoudi, and R. Jindal, “Shifting from traditional

engineering education towards competency-based approach: The most
recommended approach-review,” Education and Information Technolo-
gies, vol. 28, no. 7, pp. 9081–9111, 2023.

[31] S. Milligan, R. Luo, E. Hassim, and J. Johnston, “Future-proofing
students: What they need to know and how to assess and credential
them., melbourne, australia: Melbourne graduate school of education,
the university of melbourne: Melbourne. dr rebekah luo dr rebekah
luo is a research fellow at the arc who specialises in the assessment of
complex competencies and general capabilities,” 2020.

[32] J. Morgan, W. Zhan, and M. Leonard, “K-12 project management
education: Nasa hunch projects.” American Journal of Engineering
Education, vol. 4, no. 2, pp. 105–118, 2013.

[33] I. Noguera, A.-E. Guerrero-Roldán, and R. Masó, “Collaborative agile
learning in online environments: Strategies for improving team regula-
tion and project management,” Computers & Education, vol. 116, pp.

110–129, 2018.
[34] A. Oranje and A. Kolstad, “Research on psychometric modeling, anal-

ysis, and reporting of the national assessment of educational progress,”
Journal of Educational and Behavioral Statistics, vol. 44, no. 6, pp.
648–670, 2019.

[35] E. Perez, S. Manca, R. Fernández-Pascual, and C. Mc Guckin, “A
systematic review of social media as a teaching and learning tool in
higher education: A theoretical grounding perspective,” Education and
Information Technologies, vol. 28, no. 9, pp. 11 921–11 950, 2023.

[36] M. J. Pitts, G. Burnett, L. Skrypchuk, T. Wellings, A. Attridge, and
M. A. Williams, “Visual–haptic feedback interaction in automotive
touchscreens,” Displays, vol. 33, no. 1, pp. 7–16, 2012.

[37] A. P. Rehmat, “Engineering the path to higher-order thinking in el-
ementary education: A problem-based learning approach for stem
integration,” 2015.

[38] J.-R. Ruiz-Gallardo, J. L. González-Geraldo, and S. Castaño, “What are
our students doing? workload, time allocation and time management
in pbl instruction. a case study in science education,” Teaching and
Teacher Education, vol. 53, pp. 51–62, 2016.

[39] I. Shamshurin and J. S. Saltz, “A predictive model to identify kanban
teams at risk,” Model Assisted Statistics and Applications, vol. 14, no. 4,
pp. 321–335, 2019.

[40] V. Svihla and A. J. Petrosino, “Improving our understanding of k-12 en-
gineering education,” in The International Conference on Engineering
Education, 2008.

[41] M. Taguma and A. Frid, “Curriculum frameworks and visualisations be-
yond national frameworks: Alignment with the oecd learning compass
2030,” 2024.

[42] M. G. Violante and E. Vezzetti, “Guidelines to design engineering
education in the twenty-first century for supporting innovative product
development,” European Journal of Engineering Education, vol. 42,
no. 6, pp. 1344–1364, 2017.

[43] M. C. Whitaker and K. M. Valtierra, “Enhancing preservice teachers’
motivation to teach diverse learners,” Teaching and Teacher Education,
vol. 73, pp. 171–182, 2018.

[44] J. S. Yang and T. Yoo, “Analysis on reflection characteristics of the key
competencies proposed by the oecd education 2030 in the 2015 revised
home economics curriculum,” Journal of Korean Home Economics
Education Association, vol. 31, no. 2, pp. 113–135, 2019.

[45] K. Yeo, “Systems thinking and project management—time to reunite,”
International journal of project management, vol. 11, no. 2, pp. 111–
117, 1993.

[46] A. Zohar, “Challenges in wide scale implementation efforts to foster
higher order thinking (hot) in science education across a whole school
system,” Thinking Skills and Creativity, vol. 10, pp. 233–249, 2013.


	1 Introduction
	2 Background
	2.1 Development of Engineering Education
	2.2 Concept and Components of Engineering Implementation Thinking
	2.3 Application of Project Management Thinking in Engineering Education
	2.4 Research Status at Home and Abroad

	3 Method
	3.1 Literature Review
	3.2 Survey Researchs
	3.3 Experimental Research
	3.4 User Testing Process
	3.5 Data Analysis

	4 Result
	4.1 Comparison BetweenExperimental and Control Groups
	4.2 Data Analysis Results
	4.3 Analysis of User Feedback
	4.4 Teacher Feedback Analysis
	4.5 Summary of Testing Results

	5 DISSCUSSION
	5.1 Implications of the Findings
	5.2 Contributions of the Study
	5.3 Limitations and Future Research

	6 CONCLUSION
	6.1 Key Contributions
	6.2 Recommendations for Future Research


