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Abstract: Education plays a critical role in equipping individuals with the knowledge, skills, and competencies necessary 
for success. However, traditional educational approaches often struggle to address the diverse learning paces, styles, and 
needs of students. This challenge is particularly pronounced in technical fields such as engineering, where personalized and 
adaptive learning methods are essential. This study proposes a new approach leveraging closed-loop control systems to 
enhance the attainment of course learning outcomes. The proposed method is demonstrated through a case study on Circuit 
Analysis, a fundamental course in Electrical and Electronics Engineering. The study quantifies and systematically implements 
course learning outcomes using various assessment tools, including quizzes, exams, projects, and laboratory evaluations, 
all integrated into a closed-loop control framework. A numerical correlation is also established between course learning 
outcomes and broader program outcomes. Unlike traditional systems where assessment results are isolated, the proposed 
method incorporates adaptive mechanisms that adjust subsequent assessments and learning interventions based on earlier 
performance. This closed-loop approach enables personalized tracking of students’ progress, tailored learning materials, and 
adaptive teaching strategies that address individual strengths and weaknesses. The findings indicate that closed-loop control 
systems can transform educational methodologies, offering a robust framework for personalized learning and maximizing 
students’ potential, particularly in technical disciplines. Furthermore, this approach aligns seamlessly with quality accreditation 
processes, making it applicable across a wide range of courses. 
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1.	 Introduction

Education is undergoing a profound transformation, 
driven by dynamic and multifaceted challenges that re-
flect the evolving needs of society, institutions, and in-
dividual learners. Accreditation bodies are mandating 
increasingly rigorous standards to ensure quality and 
consistency across educational programs [1]. Simulta-
neously, government authorities emphasize heightened 
transparency, accountability, and measurable improve-
ments in educational outcomes to address public and 
economic expectations [2]. On another front, students 
are demanding a more pragmatic, career-oriented ed-
ucation that equips them with the skills and knowledge 
necessary to excel in rapidly changing professional 
environments. These forces collectively call for a par-
adigm shift, prompting a reevaluation of traditional 
teaching methodologies and an emphasis on innova-

tive, outcome-focused approaches. This transformation 
signifies a transition from conventional, lecture-based 
instruction to a more student-centered framework 
grounded in measurable, actionable learning objectives 
[3]. At the heart of this shift lies Outcome-Based Educa-
tion (OBE), a pedagogical model designed to foster active 
student engagement and produce concrete, sustainable 
learning outcomes [4, 5, 6, 7]. Unlike traditional mod-
els that prioritize the delivery of content, OBE centers 
on what learners achieve at the end of their educational 
journey. This approach is grounded in the principle that 
education should not merely impart knowledge but also 
develop critical skills and lasting understanding [8]. Al-
bert Einstein’s timeless observation, “Education is what 
remains after one has forgotten what one has learned in 
school” [9], underscores this philosophy, pointing to the 
limitations of passive, short-term learning methods. By 
adopting active, experiential learning strategies, educa-

 *Corresponding author:
Email: ekose@tarsus.edu.tr

  
© Author(s) 2025. This work is distributed under 
https://creativecommons.org/licenses/by/4.0/

History dates: 

Received: 03.07.2025, Revision Request: 25.07.2025, Last Revision Received: 05.08.2025, Accepted: 13.08.2025

Cite this article as:

Köse, E. (2025). Improving learning outcomes in engineering education with a closed-
loop control system method. European Mechanical Science, 9(3): 277-290. https://doi.
org/10.26701/ems.1733766

Research Article
EUROPEAN
MECHANICAL
SCIENCE



tors can better prepare students for the complexities of 
the modern world.

OBE flips this model by prioritizing clearly defined and 
measurable learning outcomes that students are ex-
pected to achieve by the end of their educational expe-
rience. These outcomes are usually framed in terms of 
skills, competencies, and knowledge that students can 
demonstrate, rather than simply the content they have 
been exposed to [10]. This results-oriented approach al-
lows educators to design curricula and teaching meth-
ods that are explicitly aimed at achieving these desired 
outcomes [11]. In practice, OBE encourages a shift 
from passive learning, where students are receivers of 
information, to active, engaged learning, where stu-
dents actively participate and are held accountable for 
their progress [12]. This model is especially beneficial 
in fields such as engineering, healthcare, and business, 
where the application of knowledge is critical to pro-
fessional success [13]. By making the learning process 
more transparent and goal-oriented, OBE ensures that 
students develop the practical skills and cognitive abil-
ities necessary to meet the demands of modern indus-
tries. Furthermore, OBE places a strong emphasis on 
assessment methods that are directly linked to the de-
fined learning outcomes, allowing for continuous feed-
back and improvement [14]. Traditional assessments 
such as exams or quizzes may only measure a narrow 
subset of student learning, often focusing on recall or 
basic understanding. In contrast, OBE incorporates 
diverse assessment techniques, including formative as-
sessments, project-based learning, and real-world sim-
ulations, which provide a more comprehensive view of 
a student’s ability to apply their knowledge in various 
contexts [15]. These assessments are designed to mea-
sure theoretical understanding, and also the applica-
tion, analysis, and synthesis of knowledge. Importantly, 
OBE allows for flexibility in how students achieve the 
learning outcomes, accommodating diverse learning 
styles and pacing [16]. It also involves a cyclical pro-
cess of evaluating and adjusting teaching strategies and 
learning objectives based on student performance and 
feedback. As a result, OBE fosters a more personalized 
learning experience, where students are supported in 
reaching their full potential. Indeed, this adaptive ap-
proach is particularly valuable in higher education and 
vocational training, where students often need tailored 
guidance to succeed in complex and rapidly changing 
fields.

The relevance and efficacy of OBE are increasingly 
supported by empirical research. Logan et al. (2021) 
proposed an innovative teaching strategy based on 
self-regulated learning theory, enabling students to 
learn at their own pace while addressing their unique 
educational needs [17]. Applied in graduate nursing 
education, this approach demonstrated significant im-
provements in engagement and learning outcomes, 
highlighting the importance of personalization in mod-
ern teaching. Similarly, Yamarik’s comparative study 
of cooperative learning versus traditional lectures in 

intermediate macroeconomics revealed that collab-
orative methods led to higher exam scores, providing 
evidence of the benefits of active learning on academic 
performance [18]. In the context of global educational 
reforms, Isusi-Fagoaga et al. (2023) explored the impact 
of teaching methodologies on competency development 
among higher education graduates in Belarus [19]. 
Their findings emphasized the critical role of adapt-
able, skill-focused education in meeting the demands of 
a transitioning market economy, particularly as Belar-
us seeks to cultivate a competitive workforce. Addition-
ally, Clark and Hsu (2023) examined the optimization 
of Program Learning Outcomes (PLOs) to improve as-
sessment, curriculum design, and overall student expe-
riences in undergraduate biology programs. Their work 
highlights the value of aligning educational goals with 
practical, measurable outcomes [20].

Further supporting these trends, Marín-Vinuesa 
and Rojas-García (2023) investigated the adoption of 
e-learning platforms and their impact on student per-
formance [21]. Their study revealed that the acceptance 
and integration of digital tools into traditional and 
blended learning environments significantly enhanced 
learning outcomes, underscoring the importance of 
technology in contemporary education. Building upon 
these perspectives, this study explores the role of OBE 
in developing global competencies, particularly within 
the context of engineering education. Engineering grad-
uates today face challenges that extend beyond techni-
cal expertise; they must navigate diverse, multicultural, 
and highly competitive global markets. This necessi-
tates an educational approach that imparts technical 
knowledge as well as fosters adaptability, problem-solv-
ing, and cross-cultural communication skills. By em-
phasizing these competencies, OBE equips students to 
thrive in an interconnected, globalized world. To struc-
ture and evaluate educational objectives systematically, 
Bloom’s Taxonomy serves as a foundational framework. 
Developed by Benjamin Bloom and colleagues in 1956, 
this taxonomy organizes cognitive objectives into hier-
archical levels, from basic knowledge recall to complex 
analysis and synthesis. Widely applied in engineering 
education, Bloom’s Taxonomy aids in designing target-
ed learning experiences, assessing student progress, 
and fostering higher-order thinking skills [22]. Addi-
tionally, in a different study highlights the positive per-
ceptions of both teachers and students toward MMLA 
in healthcare simulations, noting its effectiveness in 
enhancing feedback, reflection, and adaptive learning 
behaviors. However, it also identifies key challenges, in-
cluding the system’s complexity, trust in data accuracy, 
and the need for more qualitative insights to fully sup-
port collaborative learning [23].

This study also integrates the principles of systems en-
gineering, specifically the concept of closed-loop control 
systems, into the educational domain. A closed-loop 
system operates on feedback and iterative adjustments 
to maintain alignment with desired targets. Similarly, 
effective education requires continuous assessment, re-
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al-time feedback, and iterative refinements to ensure 
that learning objectives are met. This systems-based 
approach reinforces the adaptability and resilience of 
educational frameworks, enabling them to respond to 
dynamic challenges and disturbances. Through a com-
prehensive analysis of these themes, this study aims 
to illuminate the essential steps for implementing stu-
dent-centered, outcome-focused education. By integrat-
ing educational theory, empirical research, and systems 
thinking, it offers actionable insights for educators and 
educational administrators. The future of education is 
undoubtedly oriented toward active engagement, mea-
surable outcomes, and continuous improvement, and 
this study serves as a roadmap for successfully navigat-
ing this transformative journey.

2.	General Definations

2.1. Course Learning Outcomes

Each course is designed with a specific set of learning 
outcomes that outline the knowledge, skills, and compe-
tencies students are expected to acquire upon comple-
tion. For instance, the learning outcomes of a Control 
Systems course might include:

i) Understanding the fundamental concepts and princi-
ples of control systems.  

ii) Developing mathematical models for various sys-
tems.  

iii) Implementing controller design strategies.  

iv) Analyzing and evaluating the performance of con-
trol systems.  

These outcomes are crafted based on the course objec-
tives and content, providing students with a clear road-
map of what they are expected to learn and achieve. 
Indeed, while a university’s mission and vision define 
broad institutional goals, the missions of faculties and 
departments adapt these goals to their specialized 
fields [24]. Course-specific learning outcomes, in turn, 
establish precise objectives for individual courses. To-
gether, these outcomes support educational institutions 
in fulfilling their overarching goals and addressing the 
diverse needs of students.

The process of determining and implementing course 
learning outcomes involves a systematic series of steps 
designed to align instructional objectives with measur-
able student achievements. The step-by-step process for 
defining these outcomes is illustrated in Figure 1. Ini-
tially, the general objective of the course must be defined 
(Step 1), summarizing the core knowledge and skills in-
tended for student acquisition. This objective, often out-
lined in the course description or curriculum document, 
serves as the foundation for subsequent planning. Next, 

the main topics and headings that constitute the course 
content are identified (Step 2). This step entails detail-
ing the critical areas of knowledge and understanding 
that students must master, along with examining the 
importance and interrelationships of these topics. Once 
the content structure is established, specific learning 
outcomes are determined for each heading (Step 3). 
These outcomes clearly articulate the knowledge, skills, 
and understanding that students should achieve by the 
end of the course, ensuring alignment with the overall 
course objective.  

Figure 1. Step-by-step framework for defining and implementing 
course learning outcomes, highlighting key stages from establishing 
course objectives to continuous improvement for aligning instruction-
al goals with measurable student achievements

Subsequently, the learning outcomes are ranked and 
prioritized (Step 4) based on their relevance to the 
course’s core purpose and their significance for stu-
dents’ academic and professional development. This 
prioritization guides the organization of course con-
tent and instructional strategies. In Step 5, appropriate 
measurement and evaluation tools are planned to as-
sess the achievement of each learning outcome. These 
tools, which may include exams, projects, assignments, 
or presentations, are designed to effectively evaluate 
students’ mastery of the intended outcomes. Clear com-
munication of these learning outcomes and associated 
assessment processes to students is also essential (Step 
6). Typically, this is achieved through course syllabi or 
initial instructional sessions, ensuring transparency 
and engagement by informing students when and how 
they will achieve the outcomes. Lastly, continuous im-
provement is integral to the process (Step 7), involving 
the ongoing monitoring of student performance, evalu-
ation of learning outcomes, and iterative adjustments 
to course delivery to optimize student achievement. 
This iterative approach enhances the course, as well 
as ensures that students meet the intended outcomes. 
Learning outcomes thus form the cornerstone of course 
planning and student assessment, necessitating careful 
definition and implementation. In Turkey, for instance, 
the Association for Evaluation and Accreditation of En-
gineering Programs (MÜDEK) establishes Engineer-
ing Program Outcomes in alignment with the Bologna 
Process and the Turkish Higher Education Qualifica-
tions Framework, providing a standardized foundation 
for the accreditation of engineering programs [25].
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2.2. MÜDEK – Engineering Program Outcomes

In alignment with the Bologna Process, the MÜDEK 
engineering program outcomes define the essential 
skills and knowledge that students should acquire 
during their engineering education. These outcomes 
are typically categorized into two primary areas: Tech-
nical/Engineering Competence and Professional/Soft 
Skills Development, as illustrated in Figure 2. This dual 
categorization highlights the dual focus of engineering 
education: equipping students with robust technical 
expertise while fostering professional adaptability and 
interpersonal skills.

The Technical/Engineering Competence category em-
phasizes the core technical knowledge, skills, and meth-
odologies necessary for engineering practice. Students 
are expected to develop a strong foundation in the the-
oretical principles of their engineering discipline, en-
abling them to understand and apply fundamental con-
cepts effectively. A key component of this foundation is 
the ability to analyze complex engineering problems us-
ing principles from mathematics and physical sciences, 
such as differential equations, physical laws, and sta-
tistical methods. In addition to analytical capabilities, 
students must hone their problem-solving skills, which 
involve identifying, formulating, and solving engineer-
ing challenges through modeling and simulation. Engi-
neering education also prioritizes design competence, 
equipping students with the ability to conceptualize 
and execute projects, whether in product development, 
system design, or process optimization. Furthermore, 
proficiency in technological tools is vital, as students 
must learn to use software and tools commonly em-
ployed in engineering, such as computer-aided design 

(CAD), simulation platforms, and data analysis soft-
ware. Moreover, experimental work skills are essential, 
encompassing the design and execution of experiments, 
data collection, and the interpretation of results in both 
laboratory and fieldwork contexts.

The Professional/Soft Skills Development category fo-
cuses on fostering interpersonal and professional com-
petencies that complement technical expertise. Effec-
tive teamwork is a critical skill, requiring students to 
collaborate within both discipline-specific and interdis-
ciplinary teams, often involving leadership and commu-
nication abilities. Communication skills extend beyond 
teamwork, as students must be adept at conveying com-
plex engineering concepts through written reports, oral 
presentations, and technical documentation. Ethical 
awareness and sustainability are also central to mod-
ern engineering practice, with students expected to un-
derstand the environmental impacts of their work and 
adhere to ethical standards. Lifelong learning ability 
is another essential outcome, ensuring that graduates 
remain current with technological advancements and 
continuously enhance their skills in an ever-evolving 
field. Additionally, knowledge of workplace practices, 
including project management, risk assessment, and 
change management, prepares students for real-world 
applications of their expertise. Social and environmen-
tal awareness further enriches this category, encour-
aging students to consider the societal, environmental, 
and legal implications of their engineering projects.

Together, these learning outcomes form the founda-
tion of engineering education, preparing graduates to 
achieve professional success and contribute meaning-

Figure 2. Categorization of engineering program learning outcomes into two primary domains: Technical/Engineering Competence and Profession-
al/Soft Skills Development, highlighting the dual focus of engineering education on technical expertise and professional adaptability
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fully to society. Each engineering program builds upon 
these principles, tailoring specific learning outcomes to 
align with program requirements and goals. Moreover, 
the integration of ethics and social responsibility into 
these outcomes indicates the importance of profession-
al integrity in the engineering profession. Designing 
effective educational programs to achieve these out-
comes, however, presents challenges, as students learn 
at different paces and possess unique needs. Innovative 
approaches, such as integrating closed-loop control sys-
tems into educational design, can offer new perspectives 
to enhance learning outcomes and improve the overall 
educational experience. This study explores how such 
methodologies, supported by assessment frameworks 
such as Bloom’s Taxonomy, can help optimize student 
learning and competency development.

2.3. Bloom’s Taxonomy (BT)

Bloom’s Taxonomy, introduced by Benjamin Bloom in 
1956 as the “taxonomy of educational objectives,” out-
lines a hierarchical framework for understanding how 
individuals process information and develop cognitive 
abilities. It classifies cognitive achievements into six 
distinct levels, progressing from basic knowledge ac-
quisition to higher-order thinking skills. As learners 
advance through these levels, they engage in increas-
ingly complex cognitive processes, culminating in criti-
cal evaluation and synthesis. The levels of the cognitive 
domain are depicted in Figure 3. At the Knowledge lev-
el, students recall and recognize fundamental facts and 
information. In the comprehension level, learners not 
only grasp the material but also interpret and explain 
it in diverse ways, developing skills such as summari-
zation, explanation, and comparison. The application 
level requires students to utilize acquired knowledge in 
real-world contexts, fostering problem-solving abilities 
and the capacity to adapt concepts to new situations. 
The analysis level involves a deeper examination of in-
formation, enabling students to understand relation-
ships and structures within the material. This stage 
hones skills such as dissecting information, identifying 
connections, and analyzing cause-and-effect dynamics. 
At the synthesis level, learners integrate disparate piec-
es of information to create something novel. This level 
emphasizes the generation of new ideas, the combina-
tion of concepts, and the creation of innovative projects. 
The evaluation level demands critical assessment of 
information to form well-reasoned conclusions. At this 
stage, students develop skills in argumentation, com-
paring alternatives, and making informed decisions. 
Each level builds upon the preceding one, guiding stu-
dents toward a comprehensive and sophisticated un-
derstanding of subject matter.

Bloom’s Taxonomy provides a structured framework 
for educators to define learning objectives, evaluate 
student achievements, and design effective instruc-
tional strategies. In Ming’s study, the taxonomy was 
applied to assess intended learning outcomes in both 
the cognitive and psychomotor domains [26, 27]. The 

cognitive domain pertains to mental processes such as 
thinking, understanding, information processing, and 
intelligence. It encompasses how individuals acquire, 
store, process, and apply knowledge. Skills within this 
domain include problem-solving, decision-making, 
memory, language, perception, attention, and learning. 
Cognitive psychology, a subfield dedicated to studying 
these processes, explores how individuals think and 
process information. The term psychomotor combines 
elements of psychology and physiology, referring to 
the interplay between cognitive thought and physical 
movement. Psychomotor skills involve muscle control, 
hand-eye coordination, and fine motor abilities, such 
as writing, drawing, or performing tasks that require 
precision. These skills are especially vital in fields such 
as education and sports, where physical performance is 
integrated with cognitive understanding. Psychomotor 
activities also include gross motor functions and coordi-
nation required in various physical tasks. Understand-
ing the interplay between the cognitive domain and 
psychomotor skills is crucial for analyzing how individ-
uals learn, think, and perform across diverse activities 
[28, 29, 30]. Leveraging these concepts, a closed-loop 
control system can be implemented to achieve targeted 
levels of success based on assessments of course learn-
ing outcomes. Such systems enable continuous moni-
toring and adjustments, ensuring the system’s behavior 
remains aligned with desired reference points despite 
dynamic changes. This approach is particularly effec-
tive for optimizing learning processes and maintaining 
consistent performance standards.

2.4. Closed Loop Control System

A closed-loop control system is a robust approach used 
to manage and regulate processes or systems. It achieves 
this by receiving feedback from the system’s output and 
using that information to adjust its behavior, aiming to 
approach or maintain a desired target, also known as 
the setpoint. This type of control is widely employed to 

Figure 3. Hierarchical representation of Bloom’s Taxonomy cognitive 
domain levels: Knowledge, Comprehension, Application, Analysis, 
Synthesis, and Evaluation. Each level builds upon the previous, pro-
gressing from foundational knowledge to higher-order thinking skills, 
emphasizing understanding, application, critical analysis, creation, 
and evaluation
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achieve stable, precise, and accurate results. The com-
ponents of a closed-loop control system, as illustrated 
in Figure 4, include the process (or system), setpoint, 
sensors, controller, disturbance, and feedback loop. The 
process refers to the real-world system or operation be-
ing controlled, such as temperature regulation, speed 
control, pressure adjustment, or water level manage-
ment. The setpoint is the target value the control system 
strives to achieve, representing a specific desired value 
of a measurable variable. Sensors are critical elements 
that monitor the current state of the process, capturing 
real-world data and converting it into a format usable 
by the control system. This data is then processed by 
the controller, which compares the measured state to 
the setpoint. Based on this comparison, the controller 
calculates the required adjustments and generates an 
output signal to correct any deviations. The controller 
employs a specific control strategy or algorithm to de-
termine these corrective actions. In real-world applica-
tions, external factors, known as disturbances, can in-
troduce variability and challenge the system’s ability to 
maintain the desired output. Disturbances include en-
vironmental factors such as temperature fluctuations, 
humidity, wind, or noise; mechanical issues such as vi-
brations or wear and tear; and even large-scale disrup-
tions such as the COVID-19 pandemic, which severely 
impacted systems worldwide, particularly in education. 
The presence of disturbances significantly influences 
the reliability, sensitivity, and performance of control 
systems. Thus, robust control strategies must account 
for such disturbances, enabling the system to detect 
and correct for them effectively. The feedback loop is 
the mechanism through which the system continuously 
evaluates its performance. Data from sensors is trans-
mitted back to the controller, providing real-time infor-
mation about the system’s current state. This iterative 
process allows the system to make continuous adjust-
ments, ensuring it converges toward and maintains the 
target value. By integrating these components, closed-
loop control systems ensure adaptive and reliable per-
formance, even in the presence of external disturbanc-
es, making them indispensable in various engineering 
and real-world applications.

Figure 4. Closed loop control system

The working principle of a closed-loop control system 
typically involves the following steps: sensors measure 
the current state of the process and convey this infor-
mation to the controller. The controller calculates the 
difference (error signal) between the setpoint and the 

current state and produces an output signal to reduce 
or approach this difference to zero. The actuator uses 
the controller’s output to perform a physical action 
designed to bring the current state of the process clos-
er to the setpoint. Sensors again measure the current 
state, and this information is sent back to the controller 
through the feedback loop. This loop continues continu-
ously; the controller continuously monitors the current 
state and adjusts its output as needed. Closed-loop con-
trol systems are widely used in various industrial appli-
cations, automation, machine control, temperature reg-
ulation, and automation of industrial processes. These 
systems offer an effective approach to reach target val-
ues more quickly, accurately, and stably, and to correct 
variations.

2.5. Design of a Closed-Loop Control System for Evaluating 
Learning Outcome Gains

The closed loop control system design can be used to 
evaluate Learning Outcomes Gains. The design struc-
ture showing this usage is shown in Figure 5. A detailed 
description of the adaptive design in question is given 
below.

Figure 5. Closed loop control system design for Learning Outcomes

2.5.1. Input: Design of Learning Outcomes

Every closed-loop control system requires an initial in-
put, and in education, this input determines the design 
of learning or program outcomes. Learning outcomes 
reflect the fundamental objectives and goals of the ed-
ucational program. This stage is crucial in determin-
ing what knowledge, skills, and competencies students 
should acquire. These determinations should be based 
on factors such as industry needs, post-graduation 
goals, and student requirements. External factors like 
industry, society, stakeholders, and accreditation bod-
ies play a significant role in defining program learning 
outcomes [31]. For example, in determining the learn-
ing outcomes for a circuit analysis course in an electri-
cal engineering department, collaboration with indus-
try representatives and stakeholders can be essential. 
Through this collaboration, the learning outcomes for 
the circuit analysis course can be shaped to align with 
industry needs and societal expectations, ensuring that 
graduates possess up-to-date knowledge and skills. 
Additionally, student requirements should be taken 
into account. Students’ interests, learning styles, and 
career goals contribute to the determination of learn-
ing outcomes. For instance, if an electrical engineering 
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program aims for its graduates to specialize in power 
electronics, the learning outcomes may need to include 
a deep understanding of power electronics topics and 
the ability to solve problems in this field [32]. In conclu-
sion, like any closed-loop control system, educational 
programs also require inputs, and these inputs shape 
the determination of learning outcomes. These out-
comes should be designed to align with industry needs, 
post-graduation goals, and student requirements. This 
process forms the foundation of the program and en-
sures that graduates are well-equipped for success.

2.5.2. Controller: Design of Teaching Methods

The controller in a closed-loop control system rep-
resents teaching methods. Specific teaching methods, 
materials, or courses are provided to students to help 
them achieve learning outcomes. This stage is crucial in 
determining the teaching process, developing the cur-
riculum, and delivering the necessary knowledge to stu-
dents. In engineering education, the teaching methods 
provided to students enable the successful attainment 
of learning outcomes. However, these teaching methods 
should not only facilitate knowledge transfer but also 
encourage active student participation, enhance prob-
lem-solving skills, and focus on real-world applications. 
Consider wanting to impart the ability to understand 
electrical circuits to a student. Traditional textbooks 
and classroom lectures can teach this subject, but with-
out being supported by practical experiences, students’ 
abilities to solve real-world problems may be limited. 
Therefore, teaching methods such as laboratory work, 
simulations, and project-based learning are crucial 
in developing students’ abilities to analyze and design 
electrical circuits [32].

2.5.3. Process: Education Process

The process represents the education process itself. Stu-
dents encounter a specific teaching method or curricu-
lum during this process. In this stage, students attend 
classes, complete assignments, and take exams over 
a certain period to reach the learning outcomes. Stu-
dents will experience how to learn through the delivery 
of lectures, completion of projects, laboratory work, and 
other learning activities. The education process utilizes 
measurement and assessment tools to determine how 
close students are to achieving learning outcomes. Tools 
such as exams, project evaluations, assignments, and 
projects are used to monitor student performance. This 
data helps identify students’ strengths and weaknesses. 
This stage is crucial for assessing how close students are 
to achieving learning outcomes. This stage also includes 
the process of providing feedback to students. The feed-
back given to students helps them more effectively reach 
the learning outcomes. It contributes to improving their 
weaknesses and reinforcing their strengths. For exam-
ple, consider a laboratory experiment in an electrical 
engineering course. This laboratory work provides stu-
dents with an opportunity to apply their circuit analysis 
skills. The results of the laboratory work can be used to 
identify which areas students struggled with and what 

they understood better. This information provides an 
opportunity for students to engage in additional study 
or receive guidance [33].

2.5.4. Feedback Student Performance and Program 
Improvement

The feedback signal is a fundamental component of 
the closed-loop control system. It provides information 
about how close students are to achieving performance 
and learning outcomes. This feedback helps identify 
students’ strengths and weaknesses and assesses the 
effectiveness of teaching methods in reaching program 
goals. These measurements are determined based on 
the assessment of student performance using tools such 
as exams, experiments, assignments, and other instru-
ments. Providing feedback to students helps them more 
effectively reach the learning outcomes, improving 
their weaknesses and reinforcing their strengths. The 
effectiveness of teaching methods can be enhanced, and 
better results can be achieved through feedback. Addi-
tionally, these feedback mechanisms offer valuable in-
sights for program managers on how the education pro-
gram can be improved. Information about the successes 
and challenges of the program allows for making the 
program more effective. For instance, if an engineering 
program identifies that students are weak in a specific 
area, this feedback can be used to enhance the relevant 
course or provide additional support [34].

3.	 Implementation of The Proposed System

Case Study: Implementing a Closed-Loop Control Sys-
tem Design to Achieve Learning Outcomes in a Circuit 
Analysis Course

The “Circuit Analysis Course” is typically offered in 
engineering disciplines such as electrical and electron-
ic engineering, aiming to equip students with the skills 
to analyze and design electrical circuits. The learning 
outcomes and achievements of this course specify what 
students are taught regarding circuit analysis and the 
skills they should acquire. In a study conducted by Ming 
(2012), the learning outcomes for the Circuit Analysis 
Course are outlined as follows: i) Analyzing and under-
standing DC and AC electrical circuits. ii) Performing 
and interpreting circuit simulations. iii) Solving and 
interpreting transient responses of first and second-or-
der electrical circuits [27]. These learning outcomes 
and achievements should demonstrate that students 
possess the necessary knowledge and skills in circuit 
analysis, enabling them to successfully solve engineer-
ing problems. This course helps students enhance their 
understanding, analysis, and design skills for electrical 
circuits, preparing them for engineering applications. 
Additionally, these outcomes are utilized to assess and 
improve the quality of the engineering program.

To achieve these specified learning outcomes, each 
sub-assessment element should be clearly aligned with 
a specific learning outcome. This includes methods 
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such as midterm and final exams, quizzes, lab work, as-
signments, projects, and presentations. Each question 
in exams, each lecture, and each application should be 
aligned to assess one of the specified learning outcomes. 
The scores derived from these alignments will be used 
to evaluate the attainment of learning outcomes. Sub-
sequently, an analysis of program outcomes attainment 
based on the achievements of course learning outcomes 
will be conducted. The numerical quantification of 
course learning outcomes can be considered a crucial 
step. Elsheikh et al. (2017) proposed a procedure for 
the quantification of learning outcomes, involving list-
ing course topics, assigning appropriate Bloom’s Tax-
onomy cognitive levels, integrating topics, formulating 
learning outcome statements, matching course learn-
ing outcomes with program outcomes, aligning assess-
ment assets with course learning outcomes, and finally, 
balancing and fine-tuning processes [35]. In this study, 
some of these methods have been employed. According 
to the Bologna quality process, university courses span 
one semester with a planning of 14 weeks, typically 
comprising 8 weeks of midterms and 16 weeks of final 
exams. The weekly course activities and assessment 
methods are detailed and shared with students at the 
beginning of the semester, and this information is up-
loaded into the Bologna quality system in the course in-
formation system. This course information is accessible 
to students and other users.

3.1. Procedure for Developing Course Learning Out-
comes

3.1.1. Listing Course Topics

In this step, the topics are listed, and each topic is as-
signed a percentage representing its weight compared 
to other topics. The weighting assignment is subjective. 
A simple way to determine the percentage weight is to 
consider the time spent on the topic.

3.1.2. Assigning the Appropriate Bloom’s Taxonomy (BT) 
Cognitive Level

In the second step, each topic is assigned a level in 
Bloom’s Taxonomy, indicating the learning level that the 
student should achieve. Steps 1 and 2 are shown in Table 
1. The table presents a possible topic list for the Circuit 
Analysis course, along with the weight assigned to each 
topic based on the number of weeks devoted to teaching 
these topics [36]. Additionally, a Bloom’s Taxonomy level 
(cognitive domain) is assigned for each topic.

3.1.3. Integration of Topics

Closely related topics can be grouped together. During 
grouping, considerations include suitability, applied 
teaching and learning methods, assessment techniques, 
and the desired Bloom’s Taxonomy level to be achieved. 
The number of groups is limited to be equal to or great-
er than the assigned Program Outcome number. The 
number of course learning outcomes should not be 
excessive; for example, in a 3-credit hour course, 3-5 

course learning outcomes will suffice [34].

Program Outcome Number ≤ Course Learning Out-
come Number = Number of Groups (3)

Note that weights are now assigned to groups instead 
of individual topics. The group weight is simply the sum 
of the weights assigned to the topic titles. On the other 
hand, the Bloom’s Taxonomy level for the group is the 
highest among all the topics within the group.

3.1.4. Writing Course Learning Outcome Statements

A course learning outcome statement is crafted for 
each group of topics. The first part of the statement, be-
ginning with “At the end of the semester, the student 
should be able to,” is common for all course learning 
outcomes. The second part of the statement is unique 
to each group. This second part starts with an action 
verb and represents the topics covered in the group. The 
choice of action verbs should be deliberate, as the verb 
indicates the level of learning the student is expect-
ed to achieve [35]. Table 3 lists three course learning 
outcomes for the Circuit Analysis course. The course 
learning outcomes draw their weights from the groups 
in Table 2. Additionally, note the removal of the Bloom’s 
Taxonomy (BT) level column in Table 3, as it is now rep-
resented by the action verb at the beginning of the sec-
ond part of the course learning outcome [35]. Course 
learning outcome 1 and course learning outcome 3 in-
dicate a BT level of 6 for the action verb “design,” while 
course learning outcome 2 indicates a BT level of 4 for 
the action verb “evaluate.”

3.1.5. Matching Course Learning Outcomes with Program 
Outcomes

After the Course Learning Outcomes are established, 
they can be easily matched with Program Outcomes. 
It is crucial to ensure the following: 1. Each assigned 

Table 1. List of topics with assigned weight and IT cognitive level 

# Topic Weeks Weight 
(%)

Bloom’s 
Taxonomy 

Level (Cogni-
tive)

1 Basic Concepts 1 5 2

2 Circuit Laws 2 and 3 15 5

3 Node Voltage Method & 
Mesh Current Method

4 and 5 15 5

4 Fundamental Theorems 6 and 7 15 5

5 Capacitor and Inductor 8 and 9 5 2

6 RL and RC Circuits 10 and 
11

15 5

7 Alternating Current 12 and 
13

15 5

8 Analysis of AC Circuits & 
Power Calculations

14 (=1) 15 5
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Program Outcome is matched with at least one course 
learning outcome. 2. A course learning outcome is 
matched with one and only one Program Outcome. 
Table 4 illustrates how Course Learning Outcomes 
are matched with Program Outcomes. The weights of 
Course Learning Outcomes should be appropriately as-
signed. In Table 4, the values assigned to Program Out-

comes for Circuit Analysis Course are seen with their 
corresponding percentage weights.

3.1.6. Matching Assessment Artifacts with Course Learning 
Outcomes

An example assessment plan for the Circuit Analysis 
course is listed in Table 5. Each assessment artifact is 

Table 2. Grouping of topics (Step 3) 

Group No. Topics in the Group Weight (%) Bloom’s Taxonomy Level

1 *Basic Concepts, Circuit Laws, Node Voltage Method and Mesh Current Method, 
Fundamental Theorems

40 6

2 *Capacitor and Inductor, RL and RC Circuits 30 5

3 *Alternating Current, Analysis of AC Circuit and Power Calculations 30 5
  

Table 3. Developed course learning outcomes 

No. Course Learning Outcome Weight (%) Bloom’s Taxonomy Level

By the end of the semester, the student is expected to:

1 *Analyze circuits using methods employed in the solution of direct current circuits 40 6

2 *Articulate the functions, operating principles, and types of capacitors and inductors 10 4

3 *Perform analysis using methods applied in the solution of alternating current circuits 
and calculate various power expression types

50 6

  
Table 4. Matching course learning outcomes to program outcomes (Step 5) 

Program Outcome 1: Possesses 
sufficient knowledge in mathematics, 
natural sciences, and electrical-elect-
ronics engineering topics

Program Outcome 2: Identifies, defines, models, 
and solves engineering problems, selecting and 
applying appropriate analytical methods and 
modeling techniques for this purpose

Program Outcome 3: Develops, sele-
cts, and utilizes modern techniques 
and tools necessary for engineering 
applications

Course Learning 
Outcome 1

20% 15% ---

Course Learning 
Outcome 2

--- --- 30%

Course Learning 
Outcome 3

20% 15% ---

Total 40% 30% 30%
 

Table 5. Mapping assessment to course learning outcomes (Step 6) 

Quiz 1 
Questions

Midterm Exam
Qustions HW Lab Quiz 2 

Questions Final Exam Questions

Course Learning Outcomes

Weight of Cour-
se Learning 
Outcomes in 
the 14-Week 

Course

1 2 1 2 3 4 1 1 1 2 1 2 3 4

1. Can analyze using the 
methods used in direct 
current circuit solution

40% 5% 5% 15% 15% --- --- 15% 15% --- --- 15% 15% --- ---

2. Can express the function, 
operating principle, and 
types of capacitor and 
inductor

10% --- --- --- --- 20% --- 40% 40% --- --- --- --- --- ---

3. Can analyze using the 
methods used in alternating 
current circuit solution and 
can make calculations for 
various power expression 
types

50% --- --- --- --- --- 20% 15% 15% 5% 5% --- --- 20% 20%
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assigned to the appropriate Course Learning Outcome. 
Similar conditions to Step 5 apply: 1. Each assigned 
Course Learning Outcome is matched with at least 
one assessment artifact. 2. An assessment sub-element 
is matched with one and only one Course Learning 
Outcome. The weight of each assessment assigned to a 
Course Learning Outcome can be easily calculated. The 
matching done in Step 5 is crucial to ensure accurate 
and transparent matching required for accreditation. 
Finally, the course design is evaluated by comparing the 
Course Learning Outcome weight in Table 3 (derived 
from the distribution of weights on topics) with the 
Course Learning Outcome weight in Table 5 (derived 
from the distribution of assessment grades). If the num-
bers in both tables match, the procedure is concluded.

4.	A Case Study for a Circuit Analysis Course

The Circuit Analysis I course accommodates 47 students. 
This study is conducted based on the assessment dataset 
comprising 47 student evaluations. These data rely on pre-
viously obtained information from the recommended meth-
od. Periodic evaluations will be conducted according to the 
percentage weights provided in detail in Table 5, based on 
the measurement methods. However, certain assumptions 
need to be made for the assessment of the achievement lev-
els. To determine that sufficient proficiency is achieved in 
each Learning Outcome of the Circuit Analysis Course, let 
the success threshold be ≥ 60% [27]. The condition for be-
ing considered successful should be set as ≥ 60% after each 
evaluation given in Table 5. However, it is not necessary for 
each assessment tool to be ≥ 60%; it may be wise to establish 
a ratio associated with their percentage weights. Additional-
ly, for each learning outcome to probabilistically reach the ≥ 
60% success threshold at the end of the year, a ratio associ-
ated with the percentage weights of assessment tools stands 
out. A case study example regarding these ratios is provided 
below:

•	 For Quiz 1, a minimum success rate of ≥ 50% is 
accepted, and if it is not achieved, additional mea-
sures such as extra study sessions, additional expla-
nations, additional assignments, and solving ques-
tions together with the student are incorporated 
into the system as an On/Off control.

•	 For the Midterm Exam, a minimum success rate of 
≥ 55% is accepted, and if it is not attained, addi-
tional measures are implemented using an On/Off 
control for extra study sessions.

•	 For the assignment, a minimum success rate of ≥ 
80% is accepted, and if it is not achieved, additional 
measures are implemented using an On/Off con-
troller for extra study sessions.

•	 For the Laboratory, a minimum success rate of ≥ 
80% is accepted, and if it is not attained, additional 
practical exercises are incorporated using an On/
Off control.

•	 After Quiz 2, the overall success is calculated, and 
if it does not reach ≥ 60%, collaborative efforts are 
initiated to assist in achieving the desired success 
in the Final Exam.

•	 After the Final Exam, the overall success is calcu-
lated, and if it does not reach ≥ 60%, collaborative 
efforts are provided to assist in achieving the re-
quired success for either the makeup exam or sum-
mer school.

•	 For the achievement level of Learning Outcomes 
and Program Outcomes, a success rate of ≥ 60% 
will be considered as passing.

To facilitate easier comparison and evaluation of the 
success scores of assessment elements, normalized val-
ues will be used. In this study, the Rescaling (min-max 
normalization) method has been employed.

4.1. Rescaling (min-max normalization)

Also known as min-max scaling or min-max normal-
ization, rescaling is the simplest method and consists in 
rescaling the range of features to scale the range in [0, 
1] or [−1, 1]. Selecting the target range depends on the 
nature of the data. The general formula for a min-max 
of [0, 1] is given as:

	                                                               (1)

where  is an original value,  is the normalized value. 
If this formula is applied to the success grades in the 
exam,  Normalized exam score,  Student exam 
score,  highest score in the exam,  
lowest score in the exam [37]. The normalized result 
values obtained from the dataset of 47 students for 
Quiz 1, according to the percentage weights given in 
Table 5, are presented in Table 6 to encompass the lev-
el of achievement.

According to the results shown in Table 6 for Quiz 1, the 
normalized average value for Quiz 1 is 0.47. Regarding 
the condition ≥ 0.50, indicating the success status of Quiz 
1, the number of students surpassing this level is 24, and 
the Achievement Level is calculated as 24/47=51.06. 

Figure 6. On-Off closed loop control system structure for post-quiz 
gains.
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However, elevating the Quiz 1 average value from 0.47 to 
≥ 0.50 can be a crucial step in meeting the desired con-
ditions for learning outcomes. To achieve this step, the 
closed-loop control system structure provided in Figure 
6 will be utilized. Within this structure, the use of On-
Off controller is deemed appropriate. The foundation of 
the On-Off control is to provide full power to the system 
until the desired setpoint is reached. When the setpoint 
is reached and exceeded in feedback, the power is com-
pletely turned off.

The activities carried out for Quiz 1 examination are 
performed separately for the Midterm Exam, Assign-
ment, Laboratory, Quiz 2, and the Final Exam. After 
each new assessment and the inclusion of addition-
al learning techniques into the system, the results 
are evaluated. Additionally, disruptive events such as 
COVID-19 or similar significant incidents will be in-
troduced into the system. A design is provided in the 
system modeling to incorporate the effects of this in the 
design.

The assessment tools obtained based on the 47-student 
evaluation dataset, derived from the method proposed 
earlier, are presented in Table 7 with the normalized 
values for Learning Outcomes. In Table 8, the achieve-
ment levels based on Learning Outcomes are displayed. 
For the Learning Outcome: “Can perform analysis us-
ing the methods employed in alternating current cir-
cuit analysis and calculate various power expressions,” 
the average is 0.591, and the success rate remains at 

57.44%. It is necessary to raise this success level above 
≥60%. For this purpose, the proposed method can be 
utilized.

In Table 9, the alignment of Course Learning Out-
comes with Program Outcomes and their correspond-
ing success levels is presented. Program Outcome 1 
and Program Outcome 2 exhibit a success level of only 
57.44%. It is necessary to elevate this success level to ≥ 
60%. The inadequacies in the success levels obtained 
through the evaluation tools in the current systems 
are not addressed by incorporating different training 
methods into the system until the next assessment tool. 
The proposed method can be used to implement these 
educational interventions with the aim of achieving the 
desired improvement in success levels.

5.	Conclusion

This article emphasizes how closed-loop control systems 
can enhance learning outcomes in engineering educa-
tion and contribute to students’ more effective learning. 
This approach, which is addressed through the design 
of program outcomes, teaching methods, the training 
process, and assessment processes, has the potential 
to make engineering education more effective and stu-
dent-centered. The example of electrical-electronic 
engineering is used to demonstrate the applicability of 
this approach, but similar methods can be applied in 
other engineering disciplines as well. This approach 

Table 6. Achievement level based on course learning outcomes for Quiz 1  

Quiz 1 Questions Quiz 1 
(mean)

Minumum suc-
cess for Quiz 1 Objectives Achieve-

ment LevekCourse Learning Outcomes 1 2

1. Can analyze using the methods used in direct current circuit 
solution

0.452 0.487 0.470 ? 0.50 Could not be reached, 
Do additional study

51.06

2. Can express the function, operating principle, and types of 
capacitor and inductor

Non Non --- --- --- ---

3. Can analyze using the methods used in alternating current 
circuit solution and can make calculations for various power 
expression types

Non Non --- --- --- ---

 
  
Table 7. Numerical matching of evaluation with course learning outcomes 

Quiz 1 Ques-
tions

Midterm Exam
Qustions

HW Lab Quiz 2 
Questions

Final Exam Questions

Course Learning Outcomes 1 2 1 2 3 4 1 1 1 2 1 2 3 4

1. Can analyze using the methods used in 
direct current circuit solution 0.452

5%
0.487

5%
0.55
15%

0.50
15%

S1
0.90
15%

L1
0.82
15%

0.40
15%

0.60
15%

2. Can express the function, operating prin-
ciple, and types of capacitor and inductor 0.65

20%

S2
0.82
40%

L2
0.85
40%

3. Can analyze using the methods used 
in alternating current circuit solution and 
can make calculations for various power 
expression types

0.48
20%

S3
0.87
15%

L3
0.75
15%

0.52
5% 0.55 5% 0.53

20%
0.46
20%
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may contribute to improving the quality of engineering 
education and better aligning graduates with industry 
requirements. In this study, a case study is presented 
with a digitized example model for the course learning 
outcomes of Circuit Analysis I, developed and intro-
duced to the literature based on the implementation of a 
closed-loop control system. The presented model struc-
ture is explained step by step and analyzed in detail for 
the accessibility of course learning outcomes. The pre-
sented system has a dynamic structure, suitable for the 
addition of new training techniques and methods.

In the current education system, the results of exams 
and other assessment tools are considered separate 
components that do not influence each other. Howev-
er, the proposed method offers the opportunity to in-
clude additional study and different learning methods 
into the system based on the results students achieved 
in previous assessments, potentially impacting the re-
sults of subsequent assessment tools. This approach 
allows for adaptive management of the education sys-
tem. When the proposed method is used, students’ 
progress can be observed, and personalized learning 
materials can be provided by analyzing their learning 
speeds. This way, each student’s educational experi-
ence can be made more effective and personalized. This 
approach enables the education system to operate in a 
more flexible and student-centered manner, providing 
the opportunity to maximize each student’s potential. 
Closed-loop control systems in education can offer a 
new perspective. Monitoring how close students are 
to achieving learning outcomes, evaluating teaching 
methods, and continuously improving the program can 
lead to more effective learning and efficient education 

programs. The use of closed-loop control systems in 
education could be a powerful tool to increase student 
success and enhance the quality of educational institu-
tions. Additionally, this study may serve as a valuable 
guide for universities in the assessment of courses in 
the Bologna Quality processes. Furthermore, as educa-
tion continues to embrace digital transformation, inte-
grating feedback-driven systems can bridge traditional 
instruction with AI-powered adaptive learning. Future 
work should explore the application of this framework 
across multidisciplinary programs and investigate its 
long-term impact on student success metrics.
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