
 

 

Abstract— Biomedical engineering (BME) contributes to 
development through improving human health. This paper 
examines BME education to address the needs of developing 
countries.  Components of different BME programs described 
in the literature are synthesized to represent what has been 
proposed or implemented for the production of graduates able 
to address health problems in a manner suited to the local 
environment in which they occur. Published research on BME 
education is reviewed with reference to problem context, 
interventions and their mechanisms, and intended outcomes. 

I. INTRODUCTION 
Developing sustainable solutions to improve health and 

address global health disparities can only be done with 
reference to the cultural and socio-economic context in 
which they are to be applied. An “implementation gap” 
exists between health innovations and their deployment in 
the developing world, because their implementation is often 
untested, unsuitable, or incomplete [1]. In an effort to bridge 
the gap, a number of universities in developed countries have 
embarked on global health programs to train students in and 
develop solutions for the health problems of the developing 
world.  

Biomedical engineering (BME) provides a framework 
within which to educate future leaders to design and 
implement health technologies that are appropriate for and 
useful in their social context, particularly because of its 
multidisciplinary and design-oriented nature [2]. Perhaps for 
this reason, universities in the United States have included a 
BME component in their global health programs [2-4], or 
included global health and development components in their 
BME curricula [5]. 

What the developed world refers to as global health is 
often local public health in developing countries. Developing 
countries are not homogeneous societies and often display 
large socioeconomic disparities. Many developing countries 
have capabilities in BME education approaching those of 
developed countries. They may benefit from the lessons 
learnt by the latter in designing and implementing education 
programs in BME.  

BME educators from both developed and developing 
countries have described the challenges and successes as 
well as the content of their BME programs in the 
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Proceedings of this and other conferences and in other 
forums. However, the majority of the literature discusses 
BME programs in developed countries. This paper 
synthesizes research on this topic, and considers it with 
regard to the needs of developing countries.  

A research synthesis rather than a traditional narrative 
review is presented, with the aim of deriving prescriptive 
knowledge for BME programs. The approach entails 
reviewing the literature with reference to a combination of a 
problem context, for which interventions are suggested, to 
produce, through particular mechanisms, intended outcomes 
[6]. Components of different BME programs are synthesized 
to represent what has been proposed or implemented to 
produce graduates able to address health problems in a 
manner suited to their context. Literature on programs in 
both developed and developing countries is included. 
General attributes of BME programs rather than specific 
curriculum topics are covered. Finally, such educational 
programs are discussed with reference to the developing 
country context. 

II. CONTEXT 
Advances in health care and improved population health 

are driven by scientific and technological progress, the 
influence of which is mediated by BME. Health in turn 
drives employment, innovation, sustainable development and 
growth [7]. Multidisciplinary education programs are 
meeting the need to prepare students for careers developing 
and disseminating interventions that advance global public 
health, and produce researchers able to interact with 
governments, non-governmental organizations (NGOs) and 
communities to devise and implement sustainable health care 
solutions [2]. 

BME education and research rely on collaboration with 
health care providers. Engineers and clinical professionals 
tend to focus on different aspects of technology: clinicians 
are concerned with ease of use, while engineers are excited 
by innovation; this dichotomy results in a communication 
gap which may be bridged by acquainting BME graduates 
with medicine and with the way in which clinicians think; 
they should understand the language of medicine [8]. The 
same may be said for the gap between engineers and other 
professionals that deal with the social and political aspects of 
medicine and health care. Successfully addressing complex 
problems through BME requires collaborative efforts among 
individuals with diverse training and experience, and shared 

Biomedical engineering education in developing countries:    
research synthesis 

Tania S. Douglas, Senior Member, IEEE 

978-1-4244-4122-8/11/$26.00 ©2011 IEEE 3628

33rd Annual International Conference of the IEEE EMBS
Boston, Massachusetts USA, August 30 - September 3, 2011



  

meaning among members of collaborative teams. 
Biomedical engineers have certain professional and ethical 

responsibilities; graduates are expected to be able to address 
the problems associated with the interaction between living 
and non-living materials and systems [9]; they should 
consider the social and ethical implications of the solutions 
they develop and appreciate how living systems will interact 
with these solutions. Public policy and regulation affect 
BME research [10] and therefore the type of solutions that 
are developed. The dynamic nature of BME practice and the 
regular emergence of new sub-disciplines hinder the 
identification of ethical issues [9] and increase the 
complexity of policymaking and regulation. Accreditation of 
BME programs demands certain educational standards to 
ensure that graduates are able to take into account the social, 
economic and political context of their professional practice 
[11]. BME is not, however, an accredited engineering 
program in all countries where degree programs are offered. 

Figure 1 shows the mutual impact between BME 
education and other factors in its environment. 

III. INTERVENTIONS AND MECHANISMS 
In addition to a curriculum covering topics common to 

many BME programs around the world [12], a key 
intervention found in the literature is exposure to real-world 
situations in which BME problem-solving is required. The 
mechanism for achieving such exposure is typically through 
forging collaborative linkages and partnerships with 
governments, NGOs, clinical practices, communities and 
industry. Partnerships between universities in developed 
countries and health care providers in developing countries 
[2] and public-private partnerships that extend from 
developed country universities and industry to developing 
country universities [13] have been initiated. 

Students are given opportunities to apply engineering 
expertise and knowledge of medical equipment in a clinical, 
research, manufacturing or service setting [14]. Experiential 
training includes research and development in 
interdisciplinary teams [15]. Disease-based case studies are 
used to attune BME students to clinical context [8]. Lectures 
by clinical professionals and interactive observation of 
surgical procedures provide a clinical perspective [16]. 
Student-initiated community engagement and peer-to-peer 
training events and seminars [17] broaden the student 
experience. 

A multidisciplinary BME-design based undergraduate 
program at an American university covers the following 
topics in a bioengineering and global health module [2]: 
current problems in health and how they differ in developed 
and developing countries; who pays to solve health 
problems; how technology can be used to solve global health 
problems; and how technologies move from the bench to the 
bedside. 

Student exposure to science policy and ethics is facilitated 
by seminars and informal discussion groups [10]. Formal 

ethics education should address fundamental ethics, to 
provide a foundation on which to base sophisticated thinking 
about ethical dilemmas, but also research, professional and 
social ethics; moral reasoning may be taught using a case 
study approach [9]. 

IV. OUTCOMES 
Key outcomes identified in the literature include training 

biomedical engineers to understand the social, 
environmental, economic and political context of 
engineering decisions and enabling them to discuss the 
broader impact of BME research; giving students real-life 
practical experience in biomedical engineering practice; and 
enabling them to work in interdisciplinary teams in which 
they are able to communicate effectively with collaborators. 
Students are also expected to emerge with a career interest in 
global health technology, research or policy. 

V. DISCUSSION 
BME education in developing countries is tied to survival 

and sustainability in a unique way, because of public health 
crises that exist in these countries [18].  BME education in 
these countries must therefore be guided by the need to 
address pressing national health threats and challenges. 
Developing country students with access to higher education 
in BME are more likely to come from the developed rather 
than the developing sectors of such countries and may face 
socioeconomic and cultural gaps when working in 
marginalized communities. 

The need for developed world engineers to have an 
international perspective in the face of globalization has been 
emphasized in the literature. Developing country BME 
programs, on the other hand, should ensure that they 
incorporate a local perspective, so that their engineers are 
able to address the needs and consider the constraints of 
impoverished communities in their environment. It is 
acknowledged that engineering is most successful when it 
caters to local design constraints and develops solutions for 
the local environment [19]. 

Although awareness of context and exposure to real-world 
situations are key components of the educational 
interventions reviewed, the literature often fails to explain 
how equitable engagement with communities in 
developmental contexts may be achieved. Real-world 
exposure often takes the form of student placements in 
developing country settings. These have been criticized as a 
new form of colonialism, benefiting the visiting student more 
than the host community, but have the potential to promote 
social justice and development, if equitable and sustainable 
engagement is pursued [20].  

Partnerships are emphasized in the interventions, yet not 
all partnerships are equally developmental. BME programs 
in developing countries have an opportunity to engage in 
close long-term partnerships with local communities and 
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community-based organizations as well as healthcare 
facilities serving the marginalized, and adapt their curricula 
to changing community needs so that student involvement 
benefits not only the student but also the community. 

Appropriately chosen partnerships for experiential 
training, along with other educational interventions used in 
developed countries to ensure an inclusive perspective in 
BME graduates, can be used in those developing countries 
with sufficient educational resources in BME, to emphasize 
and address the needs of marginalized communities.  
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Fig.1. BME education in its socioeconomic context. 
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