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Abstract: Improving the practical skills of Science, Technology, Engineering and
Mathematics (STEM) students at a historically black college and university (HBCU) was done
by implementing a transformative teaching model. The model was implemented on
undergraduate students of different educational levels in the Electrical Engineering (EE)
Department at HBCU. The model was also extended to carefully chosen high and middle
schools. These middle and high school students serve as a pipeline to the university, with a
particular emphasis on fostering growth within the EE Department. The model aligns well with
the core mission of the EE Department, aiming to enhance the theoretical knowledge and
practical skills of students, ensuring that they are qualified to work in industry or to pursue
graduate studies. The implemented model prepares students for outstanding STEM careers. It
also increases enrolment, student retention, and the number of underrepresented minority
graduates in a technology-based workforce.

Keywords: STEM education; retention; industry skills; Dewey’s philosophies; Piaget’s
philosophies; Internet of things (1oT); robotics; artificial intelligence

1. Introduction

Historically black colleges and universities (HBCUSs) play a vital role in shaping
the future of underrepresented groups in science, technology, engineering, and
mathematics (STEM), given their rich history and cultural significance (Chng et al.,
2023; Njenga et al., 2023). There are challenges faced and the solutions crafted to
bridge the gap between theoretical knowledge and practical application, contributing
to a discourse that aims not only to educate but also to empower the future leaders of
STEM. Through a combination of experiential learning, mentorship programs, and
tailored curricular enhancements, this initiative seeks to create a holistic learning
environment where students not only grasp theoretical concepts but also gain hands-
on experience, fostering a comprehensive understanding of STEM principles (Chang
et al., n.d.; Neher-Asylbekov and Wagner, 2023). This exploration into the
transformative journey of enhancing STEM education at HBCUs contributes to the
broader discourse on fostering diversity and excellence in STEM education on a larger
scale. The rich history and cultural significance of HBCUs provide a distinct backdrop
for educational endeavors, with a commitment to fostering academic success and
shaping the future of underrepresented groups in STEM (Bell et al., 2022; Taylor and
Wynn, 2019). By delving into the challenges and solutions in bridging the gap between
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theoretical knowledge and practical application, creating a paradigm that seeks to
educate and empower the next generation of STEM professionals is very crucial. This
can be achieved through experiential learning, mentorship programs, and tailored
curricular enhancements, the initiative aims to create a holistic learning environment
where students gain hands-on experience, fostering a comprehensive understanding of
STEM principles (Yannier et al., 2020). This exploration into the transformative
journey hopes to contribute to the broader discourse on enhancing STEM education at
HBCUs and, by extension, fostering diversity and excellence in STEM on a larger
scale.

As the industrial landscape continues to evolve, the demand for a diverse and
skilled workforce in STEM fields has become increasingly pronounced. HBCUs are
emerging as crucial contributors to this demand, offering a unique pool of talent that
brings a rich tapestry of perspectives and experiences. Industry leaders recognize the
distinct value that HBCU students bring, not only for their academic prowess but also
for the practical skills and knowledge they possess. As a result, imperative of
equipping students with robust practical skills in STEM education becomes an
important demand to fulfill a quality that aligns seamlessly with the dynamic needs of
the industry (Jaeger et al., 2021). The HBCU framework is instrumental in fostering
diversity, inclusivity, and excellence in STEM disciplines, providing a distinctive edge
to students. Every day, the industry acquires specific new practical skills and
knowledge from HBCU students, shedding light on the symbiotic relationship between
HBCU education and the evolving demands of the workforce (Perez et al., 2023).

HBCUs encounter challenges in knowledge and practical skills development,
potentially leading to deficiencies in preparing students for the dynamic landscape of
science, technology, engineering, and mathematics (STEM) industries (Mullen, 2014;
Raf, 2014). Additionally, practical skills deficiencies can result from a lack of robust
experiential learning programs and industry-aligned curricula. These challenges may
impede the seamless transition of HBCU students into professional roles that demand
theoretical understanding and hands-on expertise. Addressing these issues requires
concerted efforts to enhance resources, expand experiential learning opportunities, and
establish stronger connections between academia and industry, ensuring that HBCU
graduates are well-equipped to meet the demands of the evolving STEM workforce.

This paper explores the development, implementation, and evaluation of an
innovative model aimed at enhancing the preparedness of historically black colleges
and universities (HBCU) STEM undergraduate students. The model is centered around
a multifaceted approach aimed at engaging students in industry-relevant projects
within a cutting-edge computer engineering research lab (CERL). Key components of
the model include the establishment of the CERL, which serves as a hub for hands-on
research projects, and the introduction of a web-based module providing essential
learning resources for project execution. Additionally, training programs are
developed to empower senior high-school students to undertake industry-related
projects in the CERL. The model also includes initiatives to promote the CERL
through workshops and activities tailored for students in non-electrical engineering
disciplines.

A critical aspect of the model is the rigorous evaluation of learning outcomes,
ensuring that students are equipped with the necessary skill sets for success in their
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careers or further studies. Furthermore, the model aims to increase enrollment and
retention within the Electrical Engineering (EE) Department, thereby contributing to
a higher number of underrepresented minority graduates entering technology-focused
professions. The unique feature of the CERL lies in its emphasis on collaborative,
hands-on research projects, fostering innovation and engagement across various levels
of undergraduate STEM students within the EE Department. By providing students
with real-world experience and practical skills, the model aims to prepare them for the
challenges of today’s technology-driven industries.

1.1. Literature review

In the dynamic landscape of contemporary employment and academia,
possessing a robust foundation in essential skills transcends mere advantage; it has
become an indispensable prerequisite for success. Employers and industry now place
heightened emphasis on candidates who not only exhibit academic proficiency but
also demonstrate strong communication, knowledge, hands-on skills, and critical
thinking abilities. These foundational competencies serve as the bedrock for effective
collaboration, problem-solving, and innovation across a myriad of industries.
Moreover, individuals are expected to showcase a nuanced understanding of global
issues pertinent to their field, alongside a genuine commitment to continuous learning
and personal development (Copple et al., 2020; Murphy and Kelp, 2023).

Alboaouh (2018), Wilson and Marnewick (2018), Quintero et al. (2023)
illuminate a concerning gap between the skillsets cultivated in higher education
institutions and the competencies sought after by employers. This gap is further
underscored by reports from the United Nations Development Program (UNDP),
which highlight pervasive concerns about the sustainability of knowledge societies in
the face of widening knowledge disparities and a burgeoning youth population
(UNDP, 2014). Similarly, insights from the UAE report reveal a significant mismatch
between the skills possessed by incoming employees and those required for entry-level
positions, indicating a systemic issue that warrants urgent attention (UNDP, 2014).

To effectively address this disparity, collaborative efforts between educational
institutions and employers are imperative. A paradigm shift is needed in educational
approaches, one that goes beyond traditional classroom instruction to prioritize the
cultivation of practical skills essential for real-world application. This paper advocates
for an integrated educational model that seamlessly blends academic learning with
experiential opportunities, industry partnerships, and community engagement
initiatives. By immersing students in authentic learning experiences, such as
internships, research projects, and service-learning endeavors, educational institutions
can empower students to develop the adaptive competencies and resilience needed to
thrive in dynamic professional environments (Borrageiro and Mennega, 2023;
Colleagues and Desjardins, 2012).

Research findings and numerous studies have underscored the critical importance
of hands-on and practical skills in shaping individuals® success trajectories within
various industries. For instance, research by Mtshali and Ramaligela (2022)
emphasizes how individuals with strong hands-on skills are better positioned to secure
stable employment and command higher wages compared to those lacking such
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proficiency. Furthermore, studies conducted by Volansky (2020), Urban (2023),
reveal a strong correlation between hands-on skills and increased job satisfaction and
retention rates, highlighting the multifaceted impact of practical proficiency on
workplace dynamics.

Moreover, beyond its immediate implications for employment, literacy
proficiency plays a crucial role in fostering broader societal inclusion and civic
engagement. As emphasized by Lewis-Spector (2016) individuals with strong literacy
skills are better equipped to participate meaningfully in civic activities, exercise their
rights, and engage in informed decision-making processes. Additionally, literacy
proficiency serves as a cornerstone for lifelong learning, enabling individuals to adapt
to evolving job requirements, pursue further education, and navigate complex
information landscapes in an increasingly digital world.

Overall, the significance of literacy proficiency extends far beyond its direct
implications for employment, encompassing broader dimensions of social inclusion,
civic participation, and lifelong learning. Recognizing the pivotal role of foundational
skills like literacy is paramount for fostering inclusive societies and empowering
individuals to thrive in an ever-changing global landscape.

1.2. Industrial applications

The applied model aims to increase its students’ practical skills and knowledge
through the development of hands-on, industry-based projects and mentoring
undergraduate students to implement industry-based projects. Undergraduate students
are chosen to become peer mentors and teach hands-on industry-based projects to
pre-college students. The selected hands-on projects cover high-tech applications such
as the Internet of Things (loT), robotics, homeland security, smart cities, artificial
intelligence (Al), and many other modern industry-based applications. Training
undergraduate students in the EE Department to implement such projects and
applications gave the students valuable knowledge and skills. The 10T is recognized
as one of the most important areas of future technologies and is gaining vast
recognition in a wide range of applications. It creates a global network of machines
and devices that can communicate with each other. Security cameras, sensors,
vehicles, buildings, and software are examples of things that can exchange data with
each other.

The 10T is used in many applications such as healthcare, transportation,
agriculture, and automated shopping. Remote healthcare has become a vital service
with the growing rate of senior citizens. loT platforms offer promising technology for
health monitoring, rehabilitation, and assisted living for elderly and medically
challenged humans (Ismail et al., 2021; Mahmud et al., 2017; Opeyemi Peter et al.,
2020). Using the 10T infrastructure in the medical field requires affordable, low-
power, reliable, and wearable devices that will improve the quality of life for many
elderly and physically challenged people (Raad et al., 2021; Verma and Prabhu, 2023).
In transportation applications, the 10T can be used to count the number of cyclists and
pedestrians on roads and highways. Understanding the travel behavior of pedestrians
and cyclists on roadways is critical in evaluating safety outcomes relative to rates of
exposure, identifying appropriate, context-sensitive complete street infrastructure
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interventions, and understanding overall state-wide and location-specific
transportation trends (Bertolusso et al., 2022).

In agricultural applications, the 10T can be used to connect video surveillance
systems to monitor and collect large volumes of data remotely and analyze them in
near real-time. This helps farmers optimize their operations through site-specific or
variable rate applications targeted for a variety of crops, nutrients, herbicide and water
needs, post-harvest handling, and transportation (Khaleefah et al., 2023; Konain et al.,
2023; Sharma et al., 2023). An intelligent shopping system is another application that
uses the IoT. As an example, the 10T is used for monitoring specific users’ purchasing
habits in a store by tracking their specific mobile phones. Later, in conjunction with
Al algorithms, collected data could provide users with special offers on their favorite
products or even the location of items that they need (Ismail et al., 2016; Jayaprakash
and Fancy, 2017; Khaleefah et al., 2023).

The implemented model further offers students robotics-based projects to be
implemented in the CERL. Robotics are used in many fields such as health care,
agriculture, food preparation, manufacturing, and the military. In healthcare
applications (Sai et al., 2023), robotics can be used to control tiny, precise instruments
inside the patient’s body. This allows for minimally invasive procedures in surgeries
such as cardiac, colorectal, gynecologic, head and neck, thoracic, and urologic. In
agriculture applications, autonomous robotic systems that automate operations like
pruning, thinning, mowing, spraying, and weed removal, can be used (Khalid et al.,
2023). Sensor technology can be utilized with robotic systems to manage pests and
diseases that affect crops. Robotic chefs (Sochacki et al., 2023) can also be used to
prepare and cook hundreds of meals in a home kitchen. This robotic chef can be
controlled via a smartphone, and once the controller chooses a recipe and arranges
pre-packaged containers of cut and prepared ingredients, the robot will be able to cook
the predetermined meal quickly and efficiently. Also, in manufacturing applications,
robots are being used to help increase productivity and efficiency while lowering
production costs (Jimenez et al., 2022). Many robots in manufacturing collaborate
with workers to perform repetitive, monotonous, or intricate tasks under the worker’s
guidance and control. Whereas in the military (Gnanaprakasam et al., 2023), robotic
technology is being applied in many areas. One highly visible area involves unmanned
drones. These machines can be used for surveillance and support operations on the
battlefield. It is worth mentioning that the model offers many other projects based on
the student’s needs, to be implemented in the CERL. The research team offers tools,
knowledge, lectures, and mentoring to students to be able to implement these projects
in the CERL.

1.3. Main contribution

Industry-based applications need highly qualified students who have practical
skills and solid knowledge. The implemented model provided undergraduate STEM
students with practical skills through the implementation of industry-based projects in
the computer engineering research lab (CERL). All supplies and software needed to
implement the industry-based projects are available in the CERL. The learning
resources of industry-based projects are available in the CERL-Web database. All
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industry-based learning resources and projects available in the CERL-Web are
provided by the project team who have been in consultation with industry partners.
Both CERL and CERL-Web empower students to engage in practice sessions at their
convenience, regardless of location or time constraints. Building rich industry-based
learning resources for undergraduate students gives the students the theoretical
foundation that is required to implement projects in the CERL.

The CERL-Web database incorporates the most recent learning resources and the
latest updates to keep pace with changing technology. CERL-Web has a superior
advantage over modules suggested by other researchers (Gopu, 2015; Habib, 2011),
in that they not only provide undergraduate students with fundamental knowledge but
also provide them with up-to-date industry-based learning resources and tools. CERL
and CERL-Web are complementary to each other at which CERL-Web database
provides all the industry-based learning resources that are needed for students to
implement their projects in the CERL. In this paper, we will call both CERL and
CERL-Web as CERL model.

2. Materials and methods

The objective of the CERL model was to implement skill sets that align with the
mission of the EE Department at HBCU. The mission of the EE department is to
prepare and enhance the theoretical knowledge and practical skills of students so that
they are better qualified to work in industry or pursue their graduate studies in
industry-based fields. To achieve this mission, the model accomplished five
objectives: (1) establish the computer engineering research lab (CERL) at the
Electrical Engineering Department. Industrial-related projects were offered to STEM
students to be implemented in the CERL. The research team gave lectures, mentored
students, and supervised the execution and implementation of the projects in the
CERL,; (2) implement and develop the CERL-Web module, to provide STEM students
with the learning resources needed to implement projects for select courses in the
CERL,; (3) develop research programs that give more attention to college students to
implement industry-related projects in the CERL; (4) publicize the CERL model
(CERL and CERL-Web) through organizing workshops for different disciplines; and
(5) evaluate the learning outcomes of the CERL model. The success of the CERL
model increases the participation of HBCU graduates in technology and industry-
based workforce.

It is worth mentioning that the CERL and CERL-Web allow undergraduate
students in the EE Department to have more hands-on industry-based learning
resources, tools, and practical skills. The students who used the CERL model gained
knowledge and skills that qualified them to join the workforce or pursue their graduate
studies.

2.1. Theoretical framework

The implemented model agrees with John Dewey’s philosophy of progressivism
which assumes that education should create a relationship between the student and
society. The model suggested in this paper required engineering students to visit high
schools and middle schools so that they could successfully act as leaders in the outside
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environment. This allowed students to focus on the democratic process and learn as
exploration (Dewey, 1934, 1963, 1998, 2005). Piaget’s philosophy also follows
progressive views on education but allows for constructivist activities that help
students gain a more complete understanding of the world and the cultures around
them. Dewey’s and Piaget’s philosophies support models that allow for constructivist
activities that help students gain a more complete understanding of the world and the
cultures around them. However, these philosophies have yet to be tested on EE
students (especially at an HBCU) utilizing the CERL model. Using the industry-based
knowledge, skills, and resources provided by the CERL model, the constructs of
Dewey and Piaget’s theories can be tested, and the project team will be able to build a
new teaching research lab model for STEM student success in the EE Department.
The new teaching research lab model can be replicable in other disciplines and other
universities.

The philosophy of the CERL teaching model is that undergraduate students gain
inherent knowledge and useful skills from outside practical experience. When these
are shared with professors, industry mentors, and peers, it results in a model of
enhanced learning and increases student success in the classroom. Faculty and students
participate in the learning process and, as a result, students obtain practical skills that
are required for student success in a technologically based workforce. Student success
is defined by (1) accumulated GPA; (2) student retention; (3) graduation rates; (4)
student placement in a STEM-related workplace; and (5) student pursuit of graduate
studies in STEM-based disciplines.

Table 1. Learning environment theory of the CERL model.

Engaging in learning enhancement and enhancing

Curriculum (project-based and discovery). students’ industry-based knowledge and skills.

Instructional method (Face-to-Face, Web

module) Anytime/anywhere

Physical setting (classrooms, labs, and

Independent or collaborative
makerspace)

Table 1 represents the learning environment theory, a central component of the
CERL teaching model. This theory delineates the learning environment into three
components: (1) curriculum; (2) instructional methods; and (3) physical setting. The
CERL teaching model strategically elevates the learning experience by furnishing
students with the practical skills and knowledge essential for undertaking
electronics-based projects, many of which are integrated as course projects in select
courses. The collaborative exposure of learning resources among instructors of these
courses facilitates curriculum enhancements, aligning them more closely with industry
demands. Consequently, the amalgamation of learning resources and practical skills
provided by the CERL teaching model cultivates deep and critical thinking among
STEM students. The model employs diverse instructional methods, allowing students
continuous access to learning resources, tools, and practical skills, both within the
physical lab and through the web-based CERL-Web module. The project team
employs face-to-face communication to announce available resources, tools, and
practical skills within classrooms, elucidating their utilization through the web-based
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module. Industry-based projects offered by CERL-Web are tailored to cater to all
levels of undergraduate STEM students, while the cloud-based CERL-Web module
enriches students with accessible learning resources stored in Makerspace. The
physical setting of the learning environment accommodates independent and
collaborative work, with undergraduate students, industry supervisors, and instructors
serving as key participants in the dynamic activities of the CERL model.

Figure 1 below describes the project’s theoretical framework. The learning
resources and practical skills provided by the CERL model enhance the independent
learning of undergraduate students through the construction, activity, and reflection
phases of the model. Student engagement in projects was enhanced through the
collaboration and evolution phases. The activities promote reflections and
collaborations that are necessary for a higher level of student learning evolution. The
diversity of project activities inside and outside the CERL model enhances the
undergraduate students’ critical thinking. The outcomes of the CERL model were
tested using approximately 226 students (including all levels of EE students). More
attention was given to seniors and juniors, to prepare them for the industry workforce
environment as well as be peer mentors for the high school interns.

| Independent Learning 11 Student Engagement |

‘ Evolution: The student

is ready to enter the
next phase of electrical
Collaboration: Students engineering study and/
‘ will collaborate through or the industry
Reflection: Students keep implementing Projects in workplace

journals allowing them to CERL and the organized

revisit what worked and workshops. Projects will

Activity: Students express what did not work cover all of students

their thoughts and ideas interests.

through courses projects,

Construct: Trained senior projects, workshops,

students will help in getting and interactive learning

the proper industry-based inside CERL.

learning resources.

Industry-based

Projects —)p-1  Critical Thinking |1 Academic Performance

Figure 1. Detailed theoretical framework.

2.2. CERL model methodology

Figure 2 represents the flowchart of the CERL (CERL, and CERL-Web) model
implementation steps. The construct phase of the theoretical framework phases will be
achieved through the first and the second steps while industry-based learning
resources, tools, and practical skills are provided by the CERL, and CERL-Web. These
learning resources are decided based on pre-meetings with industry advisors, selected
instructors, and undergraduate and graduate students who work for the industry. Based
on these meetings, the project team incorporated industry-based learning resources
into the CERL model. The CERL and CERL-Web are continually updated and
enriched by learning resources from student feedback in selected courses as seen in
step 3 of Figure 2. The remaining four phases of the theoretical framework (activity,
reflection, collaboration, and evolution) are achieved during the execution of steps 3
and 4 in Figure 2.
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Deciding Industry-Based
Resources, Tools, and Skills

Y

Industry-Based Courses Selection in
EE and Departments

Step 1

o
o
2
[2)

Feedback & Update Feedback & Update

I Workshops I

Class Rooms

CERL,

Senior Projects
modules

Arduino Club

Step 3

Feedback &
Formative & Summative Update
Evaluation

Oollaboramo

Step 4

CERL and
CERL-Web
Dissemination

o
Collaboratio

Figure 2. A flowchart of the project implementation steps and the corresponding
theoretical framework phases.

Once the industry-based learning resources, tools, and practical skills are decided
(steps 1 and 2), the project team will start implementing the CERL and CERL-Web
(step 3). Some activities will help in the publicity and the update process of the
learning resources provided by the CERL-Web module, such as (1) organizing
workshops for undergraduate students and their faculty members, (2) giving short talks
by the project team, inside the classrooms of selected courses to explain to
undergraduate students how the CERL model can help them enhance their
industry-based practical skills; and (3) offering innovative industry-based project
ideas for STEM undergraduate senior students and Arduino Club. Feedback is
obtained from all students who are using the CERL model and from pre-college
students after participation in workshops. This was done to enable students to receive
the maximum benefits from the use of our CERL and CERL-Web.

Using a suitable assessment plan, data is collected and evaluated to measure the
outcomes of the project. The evaluation process was used as a dynamic tool to
update/enhance the learning resources of modules; thus, making them more innovative
and more up-to-date (as seen in step 4).

In addition to equipping undergraduate students, the CERL model also provides
services to high-school and middle-school students in part of the south-eastern area
through school visits and organized workshops. These workshops spark interest in
engineering and encourage high-school senior students to select engineering,
especially electrical engineering when they enroll in college. Some selected high-
school teachers are also selected to participate in both the summer program and the
workshops for high-school students. These activities will increase the ability of
teachers to conduct projects with their students throughout the school year.
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2.3. Data type and collection process

Qualitative research methodologies were used to develop the theory of the CERL
teaching model. To measure the effect of using the CERL model on undergraduate
student learning and skill acquisition, we pursued two research questions; Q1: To what
extent are the industry-based learning resources and tools offered by the CERL model
suited to different undergraduate students’ levels in the EE program? and Q2: Are
there correlations between the use of industry-based learning resources and tools
provided by the CERL model and student success? To answer the two questions, data
from six (6) selected courses in the EE Department was collected for assessment. The
results of the assessment are used as feedback to improve the model resources and
projects for undergraduate students. The assessments of the model were done through
questionnaires, CERL-organized workshops, senior projects reports, average GPA for
students in the selected course, face-to-face communication with undergraduate
students, reactions after the short talks given by the project team inside the selected
classrooms, feedback from stakeholders (industry trained graduates, instructors, and
industry advisors). All collected data were analyzed to answer the above-mentioned
two questions (Q1 and Q2). From the data analysis, the industry-based learning
resources and tools were modified to provide maximum enhancement of the
undergraduate students’ learning. The research team annually recruited seven (7)
Electrical Engineering (EE) students, totaling eighteen (18) students throughout the
project duration. These students underwent comprehensive training to proficiently
utilize the educational resources available through the CERL database (CERL-Web)
for the execution of industry-aligned projects within the CERL. Leveraging their
expertise, these trained students subsequently facilitated the training of 226
undergraduate students enrolled in courses specified in Table 2. Moreover, they
extended their instructional support to include 150 high school students and engaged
eight (8) teachers from four (4) distinct high schools.

Table 2. Students’ classification for the selected courses.

Student classification Ereshmen Junior Senior Total # of students
Course enrolled
ENGR 130 (freshman engineering 1) (150) 150
ELEN 304 (intro to microprocessor) (18) 18
ELEN 493 (senior design project I) (15) 15
ELEN 494 (senior design project I1) (10) 10
ELEN 419 (VLSI) 4) (8) 12
ELEN 417 (image and video processing) 4 (5) 9
EyI;tEel:ln:)M (robotics and embedded ®) @) 12

2.4. Industry-based learning resources and tools

The implemented model concentrates on using up-to-date industry-based
learning resources and tools that were provided by the CERL-Web. The learning
resources include state-of-the-art industry-based applications such as loT
infrastructures and their applications, Al, Web-based programming, mobile

10
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applications, traffic monitoring, video surveillance systems, robotics, autonomous
connected cars, energy-smart grids, and patient monitoring systems. These
applications are used by most industry-based leading Hi-tech companies such as
AT&T, IBM, Intel, Apple, Dell, and Microsoft (AT&T, 2022; IBM, 2022; Intel, 2022;
Microsoft, 2022; Verizon, 2022). Referring to Figure 3, the learning resources and
tools provided by the CERL-Web are initially decided, once the project team
interviews industry advisors, instructors of selected courses, and undergraduate and
graduate students who work in the industry.

industry advisors, Instructors, and
Students Feedback

CERL Learning

Resources

v v
(lg%}zgg?da::g) (Hardware Tools) Software Tools
l

\ 4

Assessment & Students and
Instructors Feedback

Feedback & Update

Figure 3. CERL learning resources update process procedure.

The learning resources can be generally divided into three categories:
industry-based project ideas, hardware tools, and software tools. These categories
should contain data that is suitable for freshmen, junior, senior undergraduate students,
and high-school senior students. Arduino microcontroller, surveillance cameras,
robotics, and raspberry pi are examples of the hardware that will be provided by the
CERL. The software resources are expected to provide information about the
programming languages used in CERL.

After the initial learning resource contents are decided, the CERL can be
developed. All learning resources and software/hardware information posted on the
CERL database were updated periodically, based on the feedback provided by the
assessment tools, students, and faculty members. One thing that should be considered
when implementing the CERL-Web module is the ease of use of all developed. All
learning resources and software/hardware information posted on the CERL database
were updated periodically, based on the feedback provided by the assessment tools,
students, and faculty members.

One integral factor that was considered during the implementation of the
CERL-Web module was its user-friendliness for all students. Implementing a well-
designed module is poised to facilitate better training of undergraduate students,
ultimately enhancing the practical skills of both students and instructors. All learning
resources provided by the modules are free and open access for undergraduate students
and their faculty. Complete details about the database of the modules can be found
elsewhere (Ismail, 2019).

2.5. Selected CERL courses
The proposed CERL model was implemented on selected EE courses that are

11
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related to industry projects (Ismail, 2019). To present the model to students; three steps
were implemented inside the classrooms of those courses: (1) the research team met
with the instructors of such courses to get feedback from them about the industry-
based course projects that could be offered for the students in these courses; (2) the
research team gives a short talk in the classrooms of these courses to introduce the
CERL and to introduce students to all facilities, tools, lectures that will be provided
by the CERL model; and (3) teach students of the selected classes how to use the
web-based database (i.e., CERL-Web module) to get access to all available resources.
Table 2 illustrates the student classification and enrolment numbers for the selected
courses. The selection of such courses is based on achieving the maximum
industry-based knowledge and practical skills for freshmen, junior, and senior
students.

CERL modules provide students with the learning resources and
software/hardware to perform industry-based projects for the following selected
course.

ENGR 130 (freshman engineering Il). C++ programming language is taught in
these courses. A project was suggested for those courses that use microcontroller
devices. This allows new students to pursue projects related to smart cities which use
industry-based infrastructure such as the Internet of Things structure (10T). The ENGR
course is a general course that is taught for all engineering departments (electrical,
mechanical, and civil). It is selected to help transfer high-tech skills and knowledge to
students of different departments. This will help in the project publicity process.

ELEN 304 (intro to microprocessor). Robotic-based projects were offered for this
course by the CERL-Web module. Students get all the required tools and equipment
to implement their projects in the CERL. The project team implements and monitors
the execution phases of the robotics-based projects in the CERL.

ELEN 493 (senior design project 1) and ELEN 494 (senior design project II).
Because students are responsible for selecting their capstone projects, the project team
contacts the course instructors to encourage them to suggest industry-based related
projects for students. Many advanced industry-based projects are offered by the
CERL-Web module and students will have access to the CERL and its tools to
implement these projects.

ELEN 419 (very large-scale integration—VLSI). This course is very important
for students who plan to work in the hi-tech industry. Connecting several video
surveillance systems using the Internet of Things (IoT) infrastructure is one of the
suggested projects for this course. This course helps students understand the principles
and design of the loT infrastructure.

ELEN 417 (advanced topic—image and video processing). In this course,
students gain experience in the field of image processing. This is used in many
applications related to object detection and tracking algorithms and video processing
algorithms. Counting pedestrians and cyclists is one of the main offered projects for
this course. Understanding concepts from this project is required in new smart cities
while designing the infrastructure of new streets and traffic signals. Field
programmable gate array (FPGA) tools and 10T infrastructure is widely used in such
projects to connect several different entities.

ELEN 464 (mechatronics—robotics and embedded systems). Using
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microcontrollers (e.g., Arduino and Raspberry pi) and understanding the principle of
using robotics in real life is an important topic covered in this course. This class offers
many practical projects that are used in applications such as military, and smart cities.
The CERL-Web module offers learning resources to get the practical skills of using
microcontrollers.

It is worth mentioning that implementing industry-based projects in the CERL
for students allows them to collaborate and share their ideas and practical skills. These
skills are very important for industrial projects since those projects are
multidisciplinary and require teamwork.

3. Results and discussion

In the inaugural phase of model implementation, the project team embarked on a
collaborative journey with industry partners and esteemed course instructors to
construct a dynamic database brimming with hands-on projects tailored to meet the
diverse needs of students, industry supervisors, and graduate professionals actively
immersed in the industry. Drawing upon a wealth of collective expertise, the team
conceived an array of project ideas meticulously curated to cater to students at varying
levels of proficiency and experience. A cornerstone of this endeavor was the
meticulous selection of equipment, tools, and Kits, each meticulously chosen to align
seamlessly with the unique requirements of the envisioned projects. By ensuring the
availability of specialized resources tailored to the specific demands of each project,
the team laid a robust foundation for an immersive and enriching learning experience.
Furthermore, the iterative refinement of the CERL-Web module stood as a testament
to the project team’s unwavering commitment to excellence and adaptability. Periodic
updates to the module, informed by invaluable feedback solicited from students
actively utilizing the CERL, served to enhance its functionality and relevance,
ensuring that it remained a dynamic and indispensable resource for all stakeholders
involved. This collaborative effort exemplified the fusion of academic rigor with
real-world applicability, as industry insights were seamlessly integrated into the
educational framework, bridging the gap between theory and practice. The resulting
database not only provided a wealth of opportunities for experiential learning but also
served as a catalyst for innovation and interdisciplinary collaboration, fostering a
vibrant ecosystem of exploration and discovery within the academic community.

The integration of the CERL model across diverse courses has yielded profound
benefits, notably enhancing students’ practical skill sets by infusing class projects into
the curriculum. By incorporating hands-on projects from the extensive CERL-Web
database, students are empowered to engage with projects aligned with their interests
and proficiency levels, thereby fostering a personalized and immersive learning
experience. The breadth and depth of projects available within the CERL module
afford students the opportunity to cultivate a diverse array of practical skills and
knowledge domains, transcending traditional classroom boundaries. This multifaceted
approach not only augments students’ understanding of the foundational concepts
underlying their chosen courses but also nurtures a spirit of exploration and
innovation.

The tangible impact of this pedagogical approach is evidenced by the high
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retention rates observed in classes adopting the CERL model. Figure 4, depicting
exemplary student grades across select courses, attests to the efficacy of this
methodology in facilitating academic excellence. Such outcomes underscore the
transformative potential of the CERL model, signaling its capacity to elevate retention
and graduation rates across a broader spectrum of courses within the EE Department
and beyond. The scalability and versatility of the CERL model position it as a potent
tool for enhancing academic outcomes and fostering student success. By extending its
application to a wider range of courses within the engineering discipline, institutions
stand to reap the benefits of heightened engagement, retention, and ultimately,
elevated graduation rates. As a catalyst for academic excellence and student
empowerment, the CERL model represents a paradigm shift in engineering education,
heralding a future where hands-on learning and real-world application converge to
shape the engineers of tomorrow.
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Figure 4. Grade distributions of the students in the selected courses.

Furthermore, based on observing students before and after the CERL model as
well as feedback from students, incorporation of this model into a curriculum will
produce strong leaders. Because of the leadership and practical skills that students
learn in the CERL, students obtained industrial or corporate internships and received
job offers. Thirteen (13) students of our research team received industrial internships
and five (5) students received job offers from different companies.

Publicity of the CERL model occurs through organizing workshops for students.
Organizing such workshops helps high school students learn about electrical and
computer engineering and it helps undergraduate students (on the research team) to be
leaders and gain self-confidence on how to present and organize such events.

One of the important objectives of the CERL model is to allow high school
teachers to acquire practical skills in implementing robotics-based experiments so that
they can teach and implement them with students in their classrooms. During the
implementation of the CERL model, many teachers were trained at different schools
(middle and high schools) on how to implement such projects and they also received
lectures on the importance of electrical and computer engineering in real life and
industry. This will help teachers and pre-college students better understand
engineering, and thus help more students select engineering as their major in college.

Enrolment data from the institution (Ismail, 2019) shows that there is an increase
in the number of EE students by approximately 70% in Fall 2021 compared to Fall
2020. This increase is expected after the visits to different high schools in the area.
These visits to high schools were made by the research team to introduce students to
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the EE program through projects from the CERL-Web module. In addition to these
visits, the research team organized several workshops at the CERL for high school
students to implement several projects.

It is also noted that the graduation rate of EE students (Ismail, 2019) increased
by approximately 20% in Fall 2021 compared to the graduation rate in Fall 2020. This
increase is expected because student grades are higher in major courses since projects
are related to course subjects. This graduation increase is considered a success
indicator for the EE Department.

Additionally, the CERL model helped students who are classified in the disability
services category and who registered for EE courses. The CERL-Web provides these
students with projects that help them understand EE course materials and help them
pass their courses.

A formative evaluation was completed by students in selected courses in the EE
Department. After completing a project(s), students completed a questionnaire, and
the results were tabulated. Moreover, a survey was also conducted with high school
students after they completed projects at workshops using the same questionnaire.
Based on their knowledge level, appropriate projects were selected for the high school
and undergraduate students during the workshops. They were required to give a
summary of what they liked and disliked in the offered projects and if there were any
suggestions.

Formative highlights

In the inaugural year, undergraduate participation comprised 50% seniors, 26%
juniors, 6% sophomores, and 18% freshmen. The initial questionnaire category gauged
students’ readiness for CERL-Web projects to fulfill academic goals, yielding
overwhelmingly positive responses with 84% feeling “well prepared or prepared.”
Subsequently, the assessment of project team supports garnered exceptional feedback,
with 98% expressing satisfaction. Transitioning into the second year, the team
organized workshops for high school students, resulting in 95% feeling adequately
prepared for academic pursuits and 96% satisfied with project team assistance. Despite
demographic shifts, with 30% seniors, 44% juniors, 7% sophomores, and 19%
freshmen, satisfaction levels remained high at 93% readiness and 95% satisfaction
with project team support. Entering the third year, high school student feedback
remained overwhelmingly positive, with 99% satisfied with project team support.
Among undergraduates (57% seniors, 34% juniors, 9% sophomores), 100% reported
feeling prepared for academic goals and 100% expressed satisfaction with project team
assistance. Leveraging comprehensive survey data, an external evaluator conducted
an assessment leading to CERL resource enhancements, ensuring alignment with
student needs and expectations.

4. Conclusion

A research/educational CERL model has been successfully implemented in the
Electrical Engineering (EE) Department. The model improves the research and
practical skills of EE students. The model successfully increased enrolment in the EE
Department by approximately 70% in Fall 2021 compared to Fall 2020. This increase
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is due to several high school visits and workshops that were organized and conducted
by the research team. After implementing the proposed model in the EE Department,
the graduation rate increased by approximately 20% in Fall 2021 compared to the
graduation rate in Fall 2020. This is due to the extensive efforts done by the research
team inside the classrooms for most of the major courses in the EE Department. The
model can be implemented in any department after the projects have been designed
for that department. The model proves its usefulness in High and Middle Schools. The
feedback from the school students indicates that they benefit from the projects and
their knowledge or understanding of engineering increased through implementing
selected projects from the CERL model. Implementing this model in an engineering
department will produce high-quality leaders who will be better equipped to join the
work industry or pursue graduate studies.
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