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Abstract—The goal of Medical Engineering (ME) education 
is to qualify students to become engineers who can provide 
technological solutions to problems encountered in medical 
environments. The undergraduate program of ME has been 
emerging as a distinct discipline at academic institutions. 
Students in this program undergo extensive training in both 
medicine and engineering sciences. This manuscript presents 
the curriculum of the ME bachelor's degree program at 
Afeka College of Engineering, which is designed according 
to the spiral approach. This approach is based on iterative 
revisiting of topics, such that with each encounter, levels of 
difficulty and sophistication are increased, new learning is 
related to previous learning, and students' competency is 
enhanced. A survey of students and graduates indicates that 
the approach greatly contributes to an integrative under-
standing of the studied material. Our experience of using 
this approach suggests that it fosters a holistic perspective 
and that it provides graduates with skills for dealing with 
industrial and academy challenges. This manuscript could 
contribute for anyone who develops or improves curriculum, 
particularly in a multidisciplinary program. 

Index Terms—medical engineering, spiral approach, curric-
ulum design, bachelor degree, biomedical engineering edu-
cation, problem-based learning (PBL), student satisfaction. 

I. INTRODUCTION 
Medical Engineering (ME) is a multidisciplinary field 

that offers technological solutions to problems of clinical 
care delivery, general practice, and the feasibility of ex-
panding automation and self- medicine  [1]. This field has 
been gaining prominence in recent years in light of the 
emergence of new technologies for diagnosis and treat-
ment of diseases. For example, developments such as 
telemedicine, the miniaturization of sensors, and non-
invasive procedures for obtaining information from a pa-
tient's body have revolutionized medical practice. In addi-
tion, advancements in cell and tissue engineering have led 
to the production of effective implants, facilitating innova-
tive therapy and advanced research. ME consists of re-
search and development (R&D) and covers a wide range 
of subfields such as biomechanics, bioelectronics, bio-
materials, medical signal and imaging processing, biosen-
sors, medical communication, tissue engineering, and 
ethical issues  [2]. 

The undergraduate program of ME has been emerging 
as a distinct discipline at academic institutions. Students in 
this program undergo extensive training in both medicine 
and engineering sciences. The goal of ME curriculum is to 
train engineers who will be able to provide technological 
solutions to problems encountered in different medical 
environments. Previous studies were indicated that insti-
tutes in higher education may improve their students’ 

progress to some extent by means of efficient curriculum 
organization  [3], [4],  [5]. Therefore, the ME curriculum 
structure should be challenging and should encourage 
high-level thinking. The theme of knowledge integration 
has been already discussed in engineering education litera-
ture [6] [7] [8]. 

Integration of the Problem-Based Learning (PBL) ap-
proach, which emphasizes learning through self-studying, 
was found suitable to improve the learning of engineering 
education process  [3]. Thus, it is important to integrate this 
tool in the curriculum.  

The Conceive Design Implement Operate (CDIO) ini-
tiative is based on the principle that product and system 
lifecycle development and deployment are the appropriate 
context for engineering education. In an aim to advance 
engineers' training, the CDIO strives to achieve three 
overall goals: i) to master a deeper working knowledge of 
technical fundamentals; ii) to lead in the creation and op-
eration of new products, processes and systems; iii) to 
understand the societal importance and strategic impact of 
research and technological development  [5], [9]. With the 
aim of preparing the engineering graduates according to 
the needs of industry, our institute, Afeka College, has 
joined the CDIO organization in 2011 and adopted its 
pedagogical approach. 

In the presented program making connections of 
knowledge in various fields based on the development of 
skills that require a higher level of thinking, was attained 
using the spiral approach. The spiral approach is an educa-
tional methodology that operates in harmony with a cogni-
tive model and relies on curriculum concepts that Bruner 
introduced in 1960  [10]. The approach is based upon an 
iterative revisiting of topics, subjects or themes throughout 
one's studies. A spiral curriculum is not simply the repeti-
tion of a topic taught: It involves deepening students' un-
derstanding of each topic through multiple encounters, 
with each successive encounter building on the previous 
one. With each encounter, levels of difficulty and sophisti-
cation are increased, new learning is related to previous 
learning, and the students' competency and overall under-
standing of the studies are enhanced  [5],  [11],  [12]. The 
spiral method overlaps conceptually with the systems-
based Synthesis and Design Studio (SDS) model presented 
by Gattie et al.  [13]. The SDS model is structured such 
that each semester comprises traditional academic courses 
dynamically coupled with Studios, which serve as a larger-
scale context into which smaller-scale course-level content 
is mapped. The spiral and SDS approaches create a chal-
lenging learning environment for students as well as a 
challenging teaching environment for lecturers  [10].  

This manuscript presents in detail the implementation of 
the spiral method in ME education.  
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II. CURRICULUM METHODOLOGY 

A. ME Education at Afeka College 
The ME bachelor's degree at Afeka – Tel-Aviv Aca-

demic College of Engineering is a four-year accredited 
program (Council for Higher Education in Israel  [14]). To 
graduate, students must accumulate 160 credit points, of 
which 121 credits are associated with mandatory courses. 
The program was designed to prepare graduates to provide 
technological solutions to complex problems arising from 
diverse medical needs in the industrial world, and to pre-
pare them for advanced education.  

The academic staff at the ME department teaches engi-
neering according to the spiral approach, based upon an 
iterative revisiting of topics. The curriculum aims to de-
velop students' knowledge and skills in engineering sci-
ence, medical devices, clinical research and medical in-
formation systems. The program begins with basic scienc-
es (mathematics, physics and chemistry), which are the 
scientific foundations for all engineering subjects. Stu-
dents subsequently proceed to acquire multidisciplinary 
knowledge comprising elements from the fields of medical 
physiology and technological engineering. 

The program focuses on three fields: The first is me-
chanics of physiological systems (MPS), which integrates 
the study of physiological systems with mechanical engi-
neering. This discipline qualifies students to develop new 
mechanical solutions such as orthopedic implants, synthet-
ic vessel bypasses, catheters and pumps for the cardiovas-
cular system. The second field is digital signal processing 
and image processing (DSPIP), which focuses on enhanc-
ing medical knowledge through a variety of physiological 
signals and images. DSPIP studies include courses on 
medical information systems that integrate computer soft-
ware with medical engineering. The third field is clinical 
engineering (CE), which provides tools for managing 
medical technological systems. This field focuses on plan-
ning and control of clinical experiments as well as logisti-
cal management of new medical products. These three 
specialization branches of the curriculum are presented in 
the "Golden Triangle" shown in Fig. 1. The triangle was 
designed to highlight the practical focus of the ME curric-
ulum. A breakdown of the courses is provided in Table 1.  

B. Implementation of the Spiral Approach 
As noted above, the curriculum of the ME bachelor's 

degree, presented in the previous section, is based on the 
spiral approach method, which aims to challenge students. 
Fig. 2 illustrates how the Golden Triangle is reflected in 
this method, where the right side includes MPS courses, 
the left side includes DSPIP courses, and the clinical engi-
neering (CE) courses are shown at the center. As shown in 
Fig. 2, the first year of undergraduate studies includes a 
basic course called "Introduction to Medical Technology", 
which exposes the students to the world of medical science 
and engineering. During the course the students absorb 
terms used in ME and are exposed to advanced, state-of-
the-art medical technologies. Concurrently, the students 
participate in basic science courses, including courses in 
mathematics, physics, chemistry and medicine. Studies in 
the English language are incorporated into ME courses 
beginning from the first semester and throughout the years 
of study. For example, students learn scientific and medi-
cal terminology in English and are required to use English 
in  classroom  practice  sessions,  home  assignments  and  

 
Figure 1.  The ME "Golden Triangle". 

exams. This emphasis on the English language is neces-
sary in order to provide ME graduates with the skills they 
will need to perform future professional tasks  [15]. 

During the second year, the curriculum comprises deep-
en knowledge in mathematics, physics and medicine, in 
parallel to the fundamental elements of engineering. Key 
courses at this stage include "Thermodynamics and Heat 
Transfer", "Fluid Mechanics", "Digital Signal Processing 
(DSP)", "Image Processing" and "Clinical Engineering 
and Health Technology Management" (Table 1, "Basic" 
row). 

The syllabus for the third year includes advanced-level 
courses for each discipline; these courses aim to enhance 
students' understanding of the topics taught in the previous 
courses. These advanced courses include "Physiological 
Mechanics of the Musculoskeletal System", "Heat and 
Mass Transfer in Biological Systems", "Advanced Flow 
and Its Medical Application", "Advanced Signal Pro-
cessing and its Medical Application", "Advanced Applica-
tions of Image Processing and its Medical Applications" 
and "Clinical Trials". In addition, courses such as "General 
and Systemic Pathology" and "Introduction to Tissue En-
gineering" provide in-depth physiological knowledge, 
based on the previous courses in exact sciences, medicine 
and engineering. This phase of the curriculum increases 
the depth and complexity of the acquired knowledge, as 
well as of the tasks assigned to students. To perform the 
tasks required of them in these advanced courses, students 
must draw from the knowledge and skills that they have 
acquired in all studied fields. For example, in the course 
"Computational Methods in Engineering", students are 
required to solve physiological problems based on compu-
tational simulation, using prior knowledge from fields 
such as biomechanics, heat transfer and biofluid engineer-
ing. Towards the end of the third year, each student choos-
es a topic for his or her final project in engineering, which 
will be carried out during the fourth year. 

The curriculum for the fourth year is the final step of the 
spiral program. This year combines content reflecting all 
the abilities that students have acquired throughout their 
years in the program and focuses on preparing students for 
entering the ME industry and for postgraduate education. 
A course called "Exposure to the Medical Industry and 
Medical Centers" exposes students to ME practice through 
weekly visits to medical and industrial centers. The visits 
include professional lectures and on-site demonstrations of 
leading technologies and advancements in the ME field. 
This course is based on the knowledge and experience that 
students have accumulated throughout their studies. More-
over, students are required to analyze and evaluate tech-
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nologies and needs, from a medical engineer's point of 
view. In addition, students participate in an ME "Seminar" 
course in which they carry out a thorough, critical investi-
gation of an ME topic and present it. Following the 
presentation, a discussion takes place. Students also create 
a review manuscript by summarizing and editing survey 
articles. Additionally, as an integral part of their "Material 
for Medical Engineering and Implants" course, students 
are divided into teams. They are required to design and 
present a novel medical device that provides a solution for 
a medical need. This task includes meeting with profes-
sional staff in order to define a topic, performing an exten-
sive literature review, designing the engineering solution, 
planning the clinical regulation process and assessing the 
economic feasibility of producing the device. All these 
steps are based on previous studies in various disciplines. 
The students who design the top 5 ventures present their 
work in front of the class, the academic staff and a panel 
of specialists, which includes investors, industrialists and 
expert engineers. 

Concurrently, students execute the final project of their 
ME degree, the scope of which is approximately 400 
hours. The project is an opportunity to acquire experience 
in dealing with an entire engineering challenge, inde-
pendently and creatively, under the guidance of a profes-
sional advisor. The students carry out an R&D assignment 
in which they must complete a comprehensive engineering 
design, set milestones for construction of the project, and 
build a prototype, as is customary in the ME academy or 
industry. Finally, students are required to participate in a 
"Medical Ethics" course, as it is important not only to 
provide engineering experience but also to raise ME stu-
dents' awareness regarding the ethical issues that ME en-
gineers may encounter throughout their careers. 

III. INTERNAL SURVEY 
A survey was conducted in order to assess students' and 

graduates' evaluations of the contribution of the spiral 
approach to their training. The survey was carried out 
among both graduates students and fourth year students 
(N=40). Participants responded to each survey item by 
rating a scale ranging from 1 to 5 (slight to high degree of 
contribution, respectively). They also provided additional 
assessments as free text. The results of this survey show 
that the students and graduates expressed the retrospective 
view, that the spiral approach helped them to understand 
and to internalize the studied material (4.5 ± 0.6). They 
also indicated that the course “Exposure to the Medical 
Industry and Medical Centers” contributed to the imple-
mentation of the spiral approach (4.6 ± 0.7). They empha-
sized indicated that the approach had greatly contributed to 
their integrative understanding of the studied material. 
Furthermore, they stated that during the first year they had 
been exposed to new terms from various disciplines, and 
that throughout subsequent years of study, the repetition 
and the deepening explorations of the topics led them to 
better understand and apply the studied material.  

An internal survey, updated to 2015, indicates that 90% 
of the graduates of the Afeka ME department hold engi-
neering positions in a wide variety of ME fields in the 
industry as well as in the Israeli Health Ministry. About 
10% of graduates continue on to advanced studies. Fur-
thermore, there are employers who repeatedly recruit new 
graduates. Here, for example, an assessment of Vice Pres-
ident in ME company: "These graduates have a broad and  

 
Figure 2.  Illustration of the spiral approach  

as reflected in the ME curriculum. 

integrated approach, including linking between various 
disciplines. They also have practical tools based on theo-
retical knowledge".  

IV. SUMMARY  
An ME curriculum needs to link knowledge from vari-

ous engineering disciplines (mechanical, electrical, soft-
ware), as well as from medicine, in order to train creative 
and open-minded medical engineers. Effective organiza-
tion of the curriculum leads to improve student achieve-
ments  [4]. As described above, the spiral approach intro-
duces students to basic subjects at first, and then focuses 
on more advanced subjects. This methodology is based on 
high-level thinking that challenges both students and lec-
turers. Our experience in the ME department at Afeka 
College suggests that the use of the spiral approach pro-
vides students with a holistic perspective and offers them 
tools for dealing with problems encountered in the indus-
try and in the academic research world. The advanced 
courses that are offered during the fourth year exemplify 
the implementation of this approach, since they combine 
different tasks that integrate skills obtained throughout the 
entire program: selecting and researching a seminar topic 
("Seminar"), designing a medical device that can be feasi-
bly produced ("Material for Medical Engineering and 
Implants"), and writing feedback reports about innovative 
medical technologies ("Exposure to the Medical Industry  

34 http://www.i-jep.org



PAPER 
MEDICAL ENGINEERING EDUCATION BASED ON THE SPIRAL APPROACH 

TABLE I.   
A BREAKDOWN OF THE ME PROGRAM AT AFEKA COLLEGE 

 • Introduction for Medical Engineering (0.5) 
Basic Science Medical Engineering 

Exact Science Medical Science MPS MIS CE 
Basic • Differential and Integral Calculus 

1 & 2 (10) 
• Linear Algebra (5) 
• Computer Programming in C 

Language (5) 
• Engineering Software Applica-

tions-Matlab (0.5)  
• Computer Communication (3.5) 
• Ordinary Differential Equations 

(2.5) 
• Partial Differential Equations 

(2.5) 
• Introduction to Probability (3.5) 
• Physics Mechanics & Laboratory 

(6) 
• Physics - Electricity & Mag-

netism & Laboratory (6) 
• Introduction to Electrical and 

Electronic Engineering (3) 
• Electronics & Electronic Labora-

tory (4) 
• Numerical Analysis (3.5) 
• Complex Functions (2.5) 
• Harmonic Analysis (2.5) 

• Chemistry for 
Medical (5) 

• Engineering (5) 
• Biology for 

Engineers (2.5) 

 

• Solid Mechanics and 
its Medical Applica-
tions (3.5) 

• Physiology for Engi-
neers (3) 

• Physiology and Sys-
tems Control in the 
Human Body (2.5) 

• Thermodynamics and 
Heat Transfer (3.5) 

• Fluid Mechanics (3.5) 
• Physiological Mechan-

ics of the Musculoskel-
etal System (3) 

• Medical Sensors (2.5) 
• Radiation in Medicine: 

Imaging and Therapy (4) 
• Digital Signal Processing 

(DSP) (2.5) 
• Digital Systems in Medi-

cine (2.5) 
• Image Processing(2.5) 
• Algorithms and Data 

Structures (3) 
• Database and Data-

Warehouse Systems (3.5) 
• Heat Transfer and Flow 

(3) 
• Information Systems 

Analysis(4) 
• Health information Sys-

tems and Data Security (3) 
• Decision Support Systems 

and Health Record Sys-
tems (3.5) 

• Clinical Engineer-
ing and Health 
Technology Man-
agement (2) 

• Medical Ethics (2) 
 

Ad-
vance 

• Wave Theory for Medical Engi-
neering (2.5) 

• Modern Physics for Medical 
Engineering (3.5) 

• Linear Systems and Control 
Theory (2.5) 

• Computer Embedded System 
Process Control (2.5) 

• Medical Engi-
neering Labora-
tory (2) 

• General and 
Systemic Pa-
thology (2) 

• Introduction for 
Tissue Engi-
neering (2) 

• Heat and Mass Trans-
fer in Biological Sys-
tems (2.5) 

• Computational Meth-
ods in Engineering 

• Advanced Flow and its 
Medical Applications 
(2.5) 

• Material for Medical 
Engineering and Im-
plants (2.5)  

• Medical Mechanics 
Laboratory 

• Decision Support Systems 
and Health Record Sys-
tems (3.5) 

• TeleMedicine (2) 
• Advanced Signal Pro-

cessing and its Medical 
Application (2.5) 

• Advanced Image Pro-
cessing and its Medical 
Applications (2.5) 

• Clinical Trails (2.5) 
• Medical Quality 

Assurance and Risk 
Management (2) 

• Medical Engineer-
ing Laws (2) 

 • Seminar (2) 
• Exposure to the Medical Industry and Medical Centers (2) 
• Final Project (8) 

 
and Medical Centers"). The spiral approach facilitates 
comprehensive teaching of three fields of specialization 
(MPS, DSPIP, and CE) as well as the linkage among them 
(Fig. 2). 

Adoption of the spiral approach as a guideline for con-
structing an academic curriculum is compatible with other 
reported educational methods in the field of biomedical 
engineering  [2]. According to these methods, courses that 
encourage self-learning using home projects and routine 
feedback discussions in class enhance students' achieve-
ments. Such interactions receive particular emphasis dur-
ing students' final projects, wherein students present the 
progress of their projects and receive constructive feed-
back from classmates. This interactive approach is sup-
ported by previous studies that have concluded that peer 
interaction contributes towards inculcating thinking 
skills  [16]. 

The curriculum structures particularly integrates well 
with the methods that support active leaning, such as PBL 
and CDIO [3], [5], [9]. In ME department at Afeka col-
lege, the PBL method is combined in varied courses such 
as “Material for Medical Engineering and Implants” which 

was detailed above. Based on our experience, PBL has 
been shown as an efficient bridge to the gap between theo-
ry and practice. Thus, combined this method with the 
spiral approach is contributes to more effective self-
learning skills. 

Additionally, our experience indicates that active learn-
ing improves also the ability to deal with problems and 
challenges. This conclusion / insight is supported by pre-
vious studies in engineering pedagogy [17].  

Incorporation of English-language studies, for non-
English speakers, as an integral part of the curriculum was 
found to be an effective tool in ME training, an observa-
tion supported by previous educational reports  [15]. Stu-
dents in the ME program at Afeka are exposed to English-
language content beginning from their first year. Initially, 
students are taught medical and engineering terminologies, 
and they proceed to deal with complex English-language 
content, such as professional literature. In advanced stages 
of the program, students are required to write reports and 
assignments in English. Incorporation of English training 
into ME education aligns with the target skills and the 
required future professional tasks of ME graduates. 
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In the spirit of the spiral approach, in the curriculum de-
tailed in this manuscript, tasks that students are assigned, 
particularly in laboratory courses, educational visits and 
the final project, are linked to knowledge acquired in pre-
vious courses and are providing engineering experience. 
Student assessments have already been found to contribute 
to improving engineering skills in an authentic work envi-
ronment  [18],  [19]. The results of the survey also clearly 
indicate that the students themselves recognize the contri-
bution of the approach to their academic and professional 
skills. Graduates' and employers' assessment surveys are 
attained each year by the employment advisory internal 
division. According do these surveys, employers also 
appreciate the benefits of our training and recruit new 
graduates yearly.  

In contrast to the traditional method of learning material 
gradually, drawing solely from existing knowledge, the 
spiral approach challenges students with new and complex 
knowledge at the outset. According to this approach, com-
prehensive knowledge and understanding are attained 
throughout the years of study. 

V. CONCLUSION  
Based on our experiment, we conclude that ME educa-

tional curriculum, which adopted the spiral approach, 
could train medical engineers to have broad knowledge, 
creative thinking and a holistic perspective. Furthermore, 
implementing this approach would contribute to an envi-
ronment that challenges both students and lecturers. Simi-
lar to other programs, here also, the cooperation of the 
academic staff contributes achieving the goals of the pro-
gram  [19], [20]. By doing so, an ME program would 
achieve the vision of training engineers who will be able to 
provide technological solutions to medical problems, and 
who will integrate well into the ME industry as well as 
into the academy. This manuscript could contribute for 
anyone who develops or improves curriculum, particularly 
in a multidisciplinary program. 

The authors declare that they have no conflict of inter-
est. 
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