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Abstract

Background: Biotechnology is a rapidly developing field, and Iran aims to enhance its
position in biosimilars through improved educational frameworks. Successful nations,
such as the U.S., UK, Switzerland, China, and India, exemplify the positive impact of
targeted educational programs in producing skilled graduates who advance the biotech
sector. Research indicates a significant connection between curriculum relevance and
graduate employability, suggesting that comprehensive curriculum assessment and re-
form can enhance student success and faculty involvement. This study investigated the
necessity of revising the Master's curriculum in Medical Biotechnology in Iran to align
with industry demands and global advancements.

Methods: The current curriculum's effectiveness using the Delphi method was assessed
to survey Master's students, professors, and industry stakeholders.

Results: Findings revealed that while the current curriculum moderately aligns with ed-
ucational objectives, significant gaps exist in practical training and resource availability.
Many students reported feeling inadequately prepared for employment, particularly in
essential skills such as animal cell culture, vaccine and monoclonal antibody design and
production, and human skills like effective communication and teamwork. To address
these deficiencies, some new courses focusing on practical experience and interdiscipli-
nary approaches were recommended. Recommendations included enhancing laboratory
facilities, integrating internships, and adopting team-based learning methods to improve
student engagement and skill acquisition.

Conclusion: Continuous investment in biotechnology education is crucial for maintain-
ing competitive advantages in a globalized market. Overall, this research highlighted the
importance of adapting educational programs to meet the dynamic needs of the biotech-
nology industry, ensuring graduates possess the necessary skills for successful careers
in this field.
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Introduction

Biotechnology is a multidisciplinary collaboration
among academia, industry, and government that can
potentially address health challenges and contribute to
economic growth. It offers eco-efficient solutions for

Copyright © 2025, Avicenna Journal of Medlical Biotechnology

industrial bio-products and processes, promoting sus-
tainable production methods across various sectors .
Valued at over $300 billion, the biotechnology sector is
essential for achieving sustainable development goals
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and fostering inclusive industrial growth 2. The U.S.
leads globally with over 2,840 biotech companies, fol-
lowed closely by the UK with nearly 2,800 firms, both
enhancing their innovation capacities 3. Additionally,
countries like Brazil, China, Cuba, Egypt, India, South
Africa, and South Korea are advancing in health bio-
technology by enhancing their scientific and technolog-
ical infrastructures 4. China alone is expected to ac-
count for 22% of the global biotech market by 2032,
driven by rising healthcare expenditures and robust
government support for R&D °. Iran has initiated bio-
technology medicine production, aiming to become a
key player in Asia's biosimilars market. The country
ranks 12" globally in scientific articles on biotechnolo-
gy and leads West Asia in research and product devel-
opment 8. Supportive policies, the involvement of deci-
sion-makers, and the development of human resources
are critical factors in advancing the medical biotech-
nology industry 7. The availability of well-trained sci-
entists and technicians is seen as a key advantage.
Iran's concerted efforts to build a robust biotechnology
innovation system through institutional development,
policy support, and leveraging its human resources 8.
Therefore, effective educational programs must address
both theoretical and practical aspects of biotechnology,
including business, intellectual property, and regulato-
ry frameworks °.

The professional Master’s program in biotechnology
should be designed to equip students with essential
skills in biotechnology, business management, and
regulatory knowledge, addressing the critical need for
professionals who can effectively translate research
into practical applications °. The educational landscape
supports biotechnology growth through programs em-
phasizing practical skills and research. Institutions like
the University of Aberdeen, RMIT University, Stan-
ford University, University of Westminster, and Johns
Hopkins University provide specialized curricula that
prepare graduates for careers in this expanding field >
14, Graduates often contribute to research addressing
local health and environmental issues, thereby enhanc-
ing employability and driving innovation °. For in-
stance, RMIT University's Master of Biotechnology
focuses on real-world applications via project work and
industry placements, significantly impacting the sec-
tor's advancement. Educational awareness is crucial for
preparing students to understand and engage with bio-
technological advancements. Enhancing educational
awareness in this field is essential not only for student
knowledge but also for the broader societal understand-
ing of biotechnology's implications in health, medicine,
and industry. Chidobi et al proposed several strategies
to improve awareness, including curriculum modifica-
tions and increased teacher training in biotechnology
16, Moreover, biotechnology education programs
should focus on developing practical skills in areas like
project management, finance, and industry collabora-

tion to effectively prepare students for careers in the
biotechnology sector 7.

In Iran, the latest educational program for Medical
Biotechnology was updated in 2012 %8 (more than 10
years ago); while medical biotechnology is rapidly
evolving necessitating a critical examination and revi-
sion of the curriculum for Master's degree programs to
ensure they meet both national requirements and the
latest global advancements. As the biotechnology sec-
tor continues to expand, driven by innovations in areas
such as gene editing, personalized medicine, and bio-
pharmaceutical development, educational institutions
must adapt their curricula to meet the evolving needs
of the industry and prepare graduates for the complexi-
ties of this dynamic field. Curriculum mapping is a
vital process that allows for the assessment of learning
outcomes and the detection of redundancies, ultimately
enhancing student achievement and faculty involve-
ment %°, Effective educational research highlights the
importance of integrating interdisciplinary approaches
that encompass molecular biology, bioinformatics, and
regulatory affairs within the Master’s program in Med-
ical Biotechnology. Additionally, the curriculum must
address emerging trends and technologies reshaping
the biotechnology landscape. This includes a focus on
bioethics, sustainability, and the commercialization of
biotechnological innovations. For instance, the curricu-
lum at the University of Illinois, Chicago incorporates
essential topics such as biotechnology product devel-
opment, regulatory issues, and applied medical bio-
technology, reflecting the critical competencies re-
quired in the workforce 2. Similarly, programs such as
the Medical and Pharmaceutical Biotechnology mas-
ter's degree at IMC Krems emphasize an interdiscipli-
nary mindset and a strong practical focus, ensuring that
students are well-prepared to meet industry needs
through hands-on laboratory experiences and exposure
to current trends in biopharmaceuticals and biotechnol-
ogy applications 2*. Edinburgh Napier University high-
lights the importance of business and entrepreneurship,
preparing students to navigate the commercial aspects
of biotechnology alongside scientific inquiry ?2. There-
fore, in this study the Master’s curriculum was com-
prehensively reviewed using the Delphi method to
identify gaps and redundancies, ensuring that the pro-
gram aligns with the evolving demands of the global
market fosters a culture of innovation, and effectively
prepares graduates for the complexities of modern bio-
technology environments.

Materials and Methods
Participants
To evaluate how well the current curriculum pre-
pares students for industry and future careers, a survey
involving Master's students and professors was con-
ducted. The study focused on graduates or second-year
Master's students specializing in Medical Biotechnolo-
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Table 1. Eligibility criteria for all participants (students, graduates, professors, and commercial stakeholders) in this study

Including criteria

Description

Master's degree graduates in Medical Biotechnology
Master’s students in Medical Biotechnology
Faculty members of the University of Medical Sciences

CEOs of production-research companies

Individuals who have completed at least their research thesis and have successfully

defended their thesis

Individuals who are working on their thesis course at least for 6 months
Individuals who are core members of the Medical Biotechnology or related

departments

Actively engaged in the field of Medical Biotechnology

gy, who had defined their thesis topics and were en-
rolled in various public universities across Iran. Addi-
tionally, professors from different institutions who
taught medical biotechnology were included. To better
understand industry needs, commercial companies
were also surveyed. The eligibility criteria for partici-
pation are summarized in table 1. Participants were
contacted through email and SMS, and informed con-
sent was obtained from each individual before their
involvement. The sampling method was purposive
non-probability which recruited eligible participants
including professors, students/graduates, and industrial
stakeholders across various universities with different
ranges of academic standings and rankings located in
both small towns and larger metropolitan areas 232,
Out of 65 invited participants, 42 completed the ques-
tionnaire, resulting in a non-participation rate of 28%.
Figure 1 illustrates an overview of the universities af-
filiated with professors and students/graduates, along-
side a depiction of the company's field of specializa-
tion.

A

mIran University of Medical
Sciences

mMashhad University of Medical
Sciences

mHamadan University of Medical
Sciences

WFasa University of Medical
Sciences

mShahrekord University of Medical
Sciences

Figure 1. Overview of the universities affiliated with (A) professors and (B) students/graduates, as well as (C) a depiction of the company's field of

activity.

Questionnaire design

The questionnaire comprised 50 items aimed at
evaluating the effectiveness of the current curriculum
regarding to its objectives, skills, and content. Addi-
tionally, it was designed to assess the educational
needs and to determine the necessity of curriculum
revision. This instrument incorporated both closed-
ended and open-ended questions to elicit qualitative
insights. An initial draft of the questionnaire underwent
pilot testing with a cohort of seven experts, including
faculty members and industry stakeholders. The feed-
back obtained from this pilot study prompted revisions
to enhance clarity and relevance.

Data collection and analysis

The questionnaire was administered online using
Porsline (https://survey.porsline.ir). Data collection
took place over four months from September 1, 2023,
to January 30, 2024. The follow-up reminders were
effective in increasing participation who had not yet
completed the survey. In this research, the Delphi
method which harnessed the opinions and experiences

m Hamadan University of Medical
Sciences

® Iran University of Medical
Sciences

m Tarbiat Modares University

W Tabriz University of Medical
Sciences

m Esfahan University of Medical
Sciences

mBojnord University of Medical
Sciences

m High Institute for Education and
Research on Transfution Medicine

m Hamadan University of Medical
Sciences

M [ran University of Medical
Sciences

M Tarbiat Modares University

m Tabriz University of Medical
Sciences

M Esfahan University of Medical
Sciences

mBojnord University of Medical
Sciences

mHigh Institute for Education and
Research on Transfution Medicine
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of participating expertise who acted as panel members
was employed to investigate three components: the
objectives, acquired skills, and content of the Master's
program in Medical Biotechnology. Initially, these
elements were assessed through a questionnaire, fol-
lowed by an in-depth analysis. Subsequently, special-
ists in the field were engaged in face-to-face discus-
sions and group dialogues to further explore and evalu-
ate these components.

Data were analyzed using the SPSS software. De-
scriptive statistics were calculated for demographic
variables and questionnaire responses. Inferential sta-
tistics, including t-tests and ANOVA, were conducted
to examine differences in well-being scores based on
demographic factors.

Ethical considerations

Participant confidentiality was maintained by anon-
ymizing responses and securely storing data in a pass-
word-protected database. All participants were in-
formed of their right to withdraw from the study at any
time without any consequences.

Results

Demographic data of all participants

In this study, twelve professors from various univer-
sities in Iran, including Hamadan, Mashhad, Shahre-
kord, Iran, and Fasa University of Medical Sciences
participated, with approximately 67% of them being
male (Figure 1A). About 75% of the participating fac-
ulty members have over five years of teaching experi-
ence (Table 2). Additionally, a total of 19 master's de-
gree students in medical biotechnology from different
universities across the country, including Tarbiat Mo-
dares University, Hamadan, Iran, Tabriz, and Isfahan
University of Medical Sciences, as well as the Iranian
Blood Transfusion Organization responded to the ques-
tionnaire (Figure 1B). Less than half of the employed
students hold jobs related to their field of study
(31.6%), and only 10.5% are working in knowledge-
based companies (Table 2). Furthermore, eleven differ-
ent commercial companies, approximately 82% of
which are knowledge-based, participated in this study
to evaluate the skills required for attracting skilled per-
sonnel and to incorporate these skills into the curricu-
lum (Table 2).

Alignment of course objectives with current curriculum
goals

The alignment of course objectives with the overall
goals of the current program from the university pro-
fessors' and students'/graduates' points of view is pre-
sented in figure 2A. Both students/graduates and pro-
fessors expressed that the existing curriculum content
provides a moderate level of essential and specialized
concepts relevant to the field. However, students/
graduates expressed concerns that these topics are not
presented practically during classes (Figures 2B and
2C). Additionally, both groups indicated that laborato-
ry practical classes are delivered slightly effectively

Table 2. Demographic data and detailed information of participants
including professors, students/graduates, and industrial stakeholders

Professors
Gender Female 33.3%
Male 66.6%
Above 5 years 75%
Teaching experience 5;;:\5,68“ 3to5 25%
Founder or shareholder of the ~ Yes 41.6%
knowledge-based Company No 58.4%
Students/graduates
Female 68%
Gender Male 32%
Current educational status Graduated o8%
Master student 42%
Yes 47%
Current employment status No 3%
. . Yes 31.6%
Relevant job position No 68.4%
Industry stakeholders
Knowledge-based (based on Yes 82%
the rules in Iran) No 18%
Above 20 staffs 82%
10-20 staffs -
Total number of staff 5-10 staffs 9%
1-5 staffs 9%
Above 20 staffs 63.63%
The number of staff with 10-20 staffs 27.271%
MSc degree 5-10 staffs
1-5 staffs 9%
Above 20 staffs 36%
MSo degree nmedical 020%™ %
biotechr?ology 5-10 staffs 9%
1-5 staffs 46%

and appropriate for achieving the program's objectives
(Figure 3A). In terms of laboratory infrastructure and
institutional resources, such as access to appropriate
informational resources (including internet, libraries,
journals, and databases) and adequately equipped la-
boratories, both groups have rated these aspects from
poor to average (Figures 3B and 3C). This suggests a
significant gap in the resources necessary to support
effective teaching and learning within the program.
Relationship between acquired skills based on the current
curriculum and employment requirements

To investigate the relationship between the skills,
knowledge, and information that students acquire dur-
ing their Master's program by passing both major-
specialized and optional-compensatory courses and the
skills necessary for their employment, questions were
responded to by both professors and students/gradu-
ates’ groups.

As shown in table 3A, from the perspective of stu-
dents/graduates, the most relevant course among the
core-specialized courses is "Practical Genetic Engi-
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A Curriculum alignment with the programm B 80- Currency of course syllabi
801 objectives (outcome) 75 70k
701 63.1 60
o = 50
g0 2 40
2 40 5
S & 39
= 21.05
200 15.7 — 16.7 20
10 8.3 10
0 y 0 5
Students Professors Students Professors
MLower than medium  MMedium [OHigher than medium MLower than medium  MMedium [ Higher than medium
C Practical nature of course syllabi
80r
70F
L 833
60 52.5 plsE
E 50
5 4o 315 33.33
=5 a
30F
20+ 15.7
10} 8.33
0 :
Students Professors

MLower than medium  MMedium Higher than medium

Figure 2. The relationship between the overall objectives of curriculum and education programs.

A 801 The desired level of practical course B 80r Optimal lab facility
70k effectiveness 70F
60k 57.8

Percent
Percent

Students Professors Students Professors
C L
30 Institutional infrastructure
70+
60k 58.33

Students Professors
MLower than medium  MMedium OHigher than medium

Figure 3. Students’/graduates’ and professors’ satisfaction with practical courses and their attitude regarding (A) the desired level of practical course
effectiveness, (B) optimal lab facility, and (C) institutional infrastructure.

neering", whose content is completely related to the neering" and "Principles of Working with Laboratory
biotechnology field and has been rated as satisfactory Animals", with approximately 74% of the votes, are the
(63% of students/graduates chose rank 1). This is fol- most relevant course units, and the content presented
lowed by "Principles of Working with Laboratory An- has been described as completely satisfactory.

imals™ with 47% in second place. However, from the Both professors and students/graduates’ groups in-
professor's point of view, "Theoretical Genetic Engi- dicated that the content provided in the course "Medi-
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Table 3. Alignment of (A) core-specialized course syllabi and (B) Optional-compensatory course content with overall goals of the Master’s academia program

A
. . Principle of Principle
;g:?«;llized n?;:ézhalg-r bi o'\élt?grirfizlt ry engienr:eitl!?ng engienr;?;rlicng Stfir;d;;?;;?;;‘i” working  Bioinformatics biLTI:;;rilgt-ry Semli nar gﬂei?t??sl
courses biology (theory) (practice) products . r\1l\ilrlrt1I;Is
Students/graduates
Rank 1% 44.44 16.67 44.44 - 27.78 50.00 44.44 16.67 44.44 16.67
Rank 2™ 38.89 44.44 44.44 22.22 55.56 33.33 21.78 33.33 2222 3889
Rank 3¢ 16.67 21.78 1111 1111 16.67 16.67 27.78 38.89 27.78 27.78
Professors
Rank 1% 33.33 8.33 _ 58.33 - 50.00 41.67 - 25.00
Rank 2" 33.33 41.67 25.00 25.00 33.33 16.67 33.33 33.33 1667  25.00
Rank 3¢ 25.00 25.00 8.33 8.33 8.33 16.67 833 1667 2500
Rank 4 8.33 16.67
B
S)Fr);lg::slf:ltory Intmr?:r?;l-on © bi%ﬁﬁ?ggé‘ Principle of Seminar 2 Pathobiology  English Research Animal cell in'f\gﬁg:;ililcs
courses biotechnology law economy methodology culture systems
Students/graduates
Rank 1 26.32 15.79 16.67 38.89 33.33 31.58 36.84 47.37 15.79
Rank 2 31.58 _ 22.22 11.11 22.22 15.79 4211 42.11 42.11
Rank 3¢ 36.84 10.53 33.33 33.33 27.78 26.32 10.53 10.53 26.32
Rank 4" 5.26 15.79 27.78 16.67 16.67 26.32 10.53 - 15.79
Professors
Rank 1% 50.00 58.33 58.33 - 25.00 41.67 58.33 - 33.33
Rank 2 33.33 16.67 25.00 16.67 25.00 41.67 33.33 8.33 33.33
Rank 3¢ 8.33 16.67 16.67 8.33 41.67
Rank 4 8.33 8.33 _ 8.33
‘-est percentile Highest p-|
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cal Biochemistry" does not adequately meet profes-
sional needs. Additionally, they expressed that the
course on "Medical Genetics" is not relevant to their
field of study and should be replaced with another
course (Table 3A).

Among the optional-compensatory courses as illus-
trated in table 3B, students and graduates perceive that
the courses on "Animal Cell Culture”, "Seminar 2",
and "Research Methodology™" have the strongest align-
ment with the objectives of the biotechnology program
with the content provided being entirely satisfactory. In
agreement with this perspective, professors have also
identified "Animal Cell Culture", "Seminar 2", "Princi-
ples of Economics and Intellectual Property"”, and "Bi-
osafety, Ethics, and Law" as the most relevant educa-
tional units related to the goals of this field, noting that
the content provided is fully satisfactory.

According to the data presented in table 3B, from
the student's/graduates' point of view, certain courses
such as "Biosafety, Ethics, and Law", "Research Meth-
odology"”, and "Medical Informatics Systems" do not
adequately address their professional needs. Addition-
ally, the content of the "Nanobiotechnology"” course
requires updating and revising. However, from the pro-
fessor's point of view, the "Specialized English Lan-
guage" course does not meet professional needs, and
the syllabus of the "Pathobiology" course should be
revised and updated.

Generally, the findings revealed that the trainees'
skills in both Collaboration and Independent conduct
of research projects were average according to the as-
sessments of the two groups involved (students and
professors). However, the trainees' skills in collaborat-
ing in the registration of inventions or conducting them

Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025
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Table 4. Ranking the expected competencies and skills required for employment based on the current curriculum. The color indicates each cell value range. mAb,
monoclonal antibody; PCR, polymerase chain reaction

Initial

Initial

Working techniques Initial Initial techniques Initial PCR In silico and
11s . In anima . . . n techniques loinformatics
Skill Communication with . imal techniques  techniques - hni techniques bioinf -
skill laboratory instemcell  invaccine . - & data -
- cell - recombinant in mAb : analysis
animals culture culture production protein analysis
Students/graduates
Lower than
medium 52.63 4211 4211 63.16 - 31.58 - 10.53 4211
Medium 26.32 26.32 26.32 15.79 10.53 36.84 26.32 36.84 31.58
Greater than 21.05 3158 3158 21.05 15.79 3158 - 52.63 26.32
medium
Professors
Lower than 16.67 25.00 8.33 33.33 8.33 50.00 - 25.00
medium
Medium 41.67 58.33 25.00 50.00 16.67 41.67 25.00 50.00
Greater than 41.67 16.67 ! 16.67 16.67 25.00 8.33 ! 25.00
medium
|.uest percentile Highest pe-‘
independently were found to be below average or at an & Mgy reiited (e Noreitsd
average level. The results showed that while students g
effectively learned animal lab skills and PCR tech- .
niques, the current curriculum did not adequately pre- oo
pare them for initial techniques in vaccine and mono- & 400
clonal antibody production (Table 4). Students/gradu- 2000
ates indicated that their competencies and skills in an- g
- . . . Introductionto  Microbiology for ~ Programming Industrial 3-month 6-month English
imal cell culture, stem cell isolation and characteriza- ol Wewcmooger lnquge  Newooy o ivensive couse
tion, and in silico analysis did not fulfill the require- g ey
ments necessary for employment (Table 4). 100
To modify the curriculum for the Master's degree in -
Medical Biotechnology, six courses were proposed, .
and their relevance to the program's objectives and =
employment opportunities was assessed. The suggested 2
courses include "Application of stem cells and Intro- i
duction to tissue engineering”, "Microbiology for Bio- : inroducion o Micobologyfor  Programming _Indusrial  Smonth G month Eng
- " . . stem cel iotechnologist anguage iotecnology nternship intensive course
technologist”, "Introduction to a Programming Lan- application and

guage"”, "Internship (three months, during the first
summer term)”, “Industrial Biotechnology (principles
of fermenters and industrial-scale production, with a
practical unit in the form of an internship)”, "Academic
specialized language (intensive six-month course)".
This proposed curriculum aims to enhance the educa-
tional framework and better prepare graduates for the
job market.

More than 50% of students/graduates considered all
six proposed courses to be highly relevant to their field
of study and satisfactory. Both professors and students/
graduates believe that "application of stem cells and
Introduction to tissue engineering” and “internship
(three months, during the first summer session)" will
meet employers' needs and significantly contribute to
the employment of learners (Figures 4A and 4B). Fig-
ure 5 outlines the key requirements identified by em-
ployers and industry leaders. The most in-demand-

tissue engineering

Figure 4. The relevance of suggested new courses with the Master’s
Medical Biotechnology objectives as well as the needs of employees
from students/graduates (A) and professors (B) point of view.

skills in the job market, particularly within manufactur-
ing, include proficiency in operating various devices
and equipment, as well as mastering calibration tech-
niques. Additionally, essential wet lab skills in molecu-
lar and cellular techniques—such as PCR, electropho-
resis, and the cultivation of animal and bacterial cells
(both industrial and lab scale) should be integrated into
the curriculum of this academic program (Figure 5A).
In the context of dry lab skills, employers have demon-
strated a particular preference for proficiency in primer
and probe design and expertise in big data analysis
(Figure 5B). Moreover, social and communication
skills are recognized as essential competencies, along-
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A

PCR, electrophoresis, and data analysis
mAb development
Cloning and recombinant protein production

Vaccine development
Bacterial culture techniqes, larg
Eukaryotic cell culture techniques. 1

Bacterial culture techniges. lab scale

Stem cell culture techniques, lab scale
Eukaryotic cell culture techniques, lab scale

Working with laboratory animals

Careful handling, monitoring equipment and resources
Instrument callibration ability

Equipment operation and application

o

=]

Percent

®Lower than medium mMedium

10 20 30 40 50 60 70

B
Expertise in a programming language
Big data analysis pe—
Multiepitope vaccine design e ——
Protein structure prediction and docking
Bioinformatics in primer and probe designing j—————

C

Percent
Report writing ability | —
Research proposal writing ability /——

Expertise in a foreign language

Effective communication in the workplace

80 90 100 0 10 20 30 40 50 60 70 80 90100

Percent

Greater than medium

Figure 5. In-demand skill sets and competency areas for a career. (A) Wet laboratory skills, (B) Dry laboratory skills, (C) Individual attributes.

side individual attributes such as proficiency in foreign
languages and report writing, considered highly bene-
ficial for professional advancement (Figure 5C).

Discussion

Effective curriculum revision is essential for align-
ing educational programs with the evolving needs of
society and the job market. Universities and higher
education institutions play critical roles in the curricu-
lum revision process to prepare students for the evolv-
ing demands of the 21%-century workplace 2526, For the
revision process, collaboration among academic staff,
educational developers, and administrative bodies is
vital for successful implementation. There are chal-
lenges faced by universities, such as bureaucratic hur-
dles and the need for more comprehensive engagement
from stakeholders, to ensure that curricula remain rele-
vant and effective in fostering student learning and
employability 2. Universities in Asia must augment
their teaching programs by incorporating skill-based
education into the curriculum 26, Moreover, the results
of this study indicated the majority of respondents
(more than 64%) felt that the current courses and cur-
riculum are moderately aligned with the objectives of
this major/degree (Figure 2). Therefore, it is essential
to review and reform the university curriculum in lIran
to create sustainable pathways for graduate careers,
which is a key mission of the higher education system.
The aim of the study was consequently to investigate
the necessity of reviewing and reforming the curricu-
lum of the Master's degree program in Medical Bio-
technology.

Considering the research-oriented nature of Medical
Biotechnology, one of the fundamental requirements
enhancing the skills and knowledge of learners is the
availability of modern- and state-of-the-art laboratories
which is in line with skills and competencies stated by
manufacturing stakeholders including proficiency in
operating relevant tools and equipment, the ability to
calibrate devices, and the careful handling and protec-
tion of utilized equipment and resources that company
owners heavily prioritized when recruiting skilled la-
bor. Nevertheless, over half of students/graduates re-

ported that the laboratory facilities at their educational
institution are below average (Figure 2), and approxi-
mately 66% of professors indicated that university la-
boratory facilities are at an average level or below.
Therefore, it is recommended as a fundamental and
vital measure that the laboratories at universities be
adequately equipped. This enhancement is expected to
significantly improve students’ skills and competencies.
As proposed by Bridge D. %, the present study findings
indicated that one of the most essential skills sought by
employers is human skills including effective commu-
nication, interpersonal interaction, and the ability to
perform assigned tasks within the workplace (Figure
5A). To enhance human skills, it is recommended that
a team-based learning method and a three-month in-
ternship in a relevant industrial center, which has been
identified as a need by more than 90% of both profes-
sors and students/graduates (Figure 4), provide stu-
dents with practical experience and competencies val-
ued by potential employers.

A strong interesting skill among employers is exper-
tise in animal cell culture, both at laboratory and indus-
trial scales, as well as in large-scale bacterial cell cul-
ture. Approximately two-thirds of the professors (66%)
reported that students acquire these skills at a high or
very high level upon completing their courses. Surpris-
ingly, however, students/graduates felt that their ability
to perform animal cell culture was below average. The
primary cause of this discrepancy is the high cost of the
techniques involved. Consequently, students have often
been unable to learn practical and foundational cell
culture techniques independently. While the majority
of respondents acknowledged the relevance of the "an-
imal cell culture" course to the program's aims, they
also suggested revisions to its content. Currently, this
course is structured as a 2-credit (theoretical-practical)
class; however, it is recommended that it be offered as
a purely practical 2-credit course. This change could
lead to enhanced skill acquisition and increased satis-
faction among learners by the end of the program.

Practical skills in PCR (Polymerase Chain Reac-
tion), electrophoresis, and the evaluation and interpre-
tation of results are considered essential by employers.

Avicenna Journal of Medical Biotechnology, Vol. 17, No. 2, April-June 2025



Ahmadie-Yazdi Ah, et a/

The overall response to the question demonstrated a
high level of satisfaction with the learner's ability in
these techniques. It is recommended that the course
curriculum regarding this topic remain unchanged
compared to the previous approach.

The present study findings unexpectedly revealed
that vaccine production, design, and big data analysis-
key global topics especially after the widespread global
outbreak of the coronavirus- have not yet been widely
adopted by manufacturing companies in Iran. Given
the expert opinion in biotechnology and the need for
diverse vaccine production platforms in the post-
COVID era, it is recommended that foundational vac-
cine production techniques be taught to master's stu-
dents. However, since the master's program is of short
duration, practical training in vaccine production may
be better suited for doctoral students, who have more
time for education and research, as well as larger thesis
budgets.

Conclusion

The study aims to provide decision-makers with ev-
idence-based recommendations to adapt the education-
al program in Medical Biotechnology and ensure grad-
uates are equipped with the necessary skills for suc-
cessful careers in this rapidly evolving field. The find-
ings indicated that revising the Master's curriculum in
Medical Biotechnology is an undeniable necessity to
align with global advancements and the needs of em-
ployers and relevant industry companies. Furthermore,
the availability of well-equipped laboratories with
modern facilities in universities and institutions is cru-
cial for enhancing students' skills and employability.
Introducing a three-month internship during the first
summer session, following the completion of theoreti-
cal courses, or alongside the thesis at relevant industri-
al, production, or research centers will significantly
contribute to developing communication skills and
interaction in the workplace.

To further enhance learners’ skills and capabilities,
it is recommended that course content and syllabi be
delivered through team-based learning methods. More-
over, "animal cell culture" should be offered as a pure-
ly practical 2-credit course; currently, this unit is pre-
sented in a theoretical/and practical format. Moreover,
a six-month intensive English language course is high-
ly recommended to enhance learners' skills in interna-
tional communication and deepen their understanding
of foundational and contemporary concepts.

Strengths and limitations

This study is the first of its kind in Iran, surveying
employers and industrial stakeholders to review, organ-
ize, and reform the curriculum. One of the study’s most
significant strengths is its identification of the critical
link between unemployment and the lack of relevant
job opportunities for university graduates. By imple-
menting the results and recommendations from this

research, there is the potential to enhance employment
prospects for graduates of the Master’s program in
Medical Biotechnology by aligning their skills with
industry demands. Another notable strength of this
study is the design of an electronic questionnaire sup-
plemented by follow-up SMS messages to encourage
participation. This method enabled the distribution of
the questionnaire to more remote cities, including Fasa,
Tabriz, and Mashhad. In addition, the number of ques-
tions in the questionnaire was optimized allowing re-
spondents to complete it in a brief period, typically
between 15 to 20 min. This efficiency significantly
motivated eligible individuals to participate in the
study. However, as this research is a pilot study, one
limitation that may impact its robustness is the sample
size. Therefore, it is recommended that collaboration
be established with the Ministry of Health and Medical
Education, the Biotechnology Board, and the Educa-
tional Deputy of universities nationwide to effectively
implement the findings of this study.
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