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Abstract

Background: The ability to construct simple computer programs (coding) is being progressively recognized as a life skill.
Coding is now being taught to primary-school children worldwide, but current medical students usually lack coding skills, and
current measures of computer literacy for medical students focus on the use of software and internet safety. There is a need to
train a cohort of doctors who can both practice medicine and engage in the development of useful, innovative technologies to
increase efficiency and adapt to the modern medical world.

Objective: The aim of the study was to address the following questions: (1) is it possible to teach undergraduate medical students
the basics of computer coding in a 2-day course? (2) how do students perceive the value of learning computer coding at medical
school? and (3) do students see computer coding as an important skill for future doctors?

Methods: We developed a short coding course to teach self-selected cohorts of medical students basic coding. The course
included a 2-day introduction on writing software, discussion of computational thinking, and how to discuss projects with
mainstream computer scientists, and it was followed on by a 3-week period of self-study during which students completed a
project. We explored in focus groups (FGs) whether students thought that coding has a place in the undergraduate medical
curriculum.

Results: Our results demonstrate that medical students who were complete novices at coding could be taught enough to be able
to create simple, usable clinical programs with 2 days of intensive teaching. In addition, 6 major themes emerged from the FGs:
(1) making sense of coding, (2) developing the students’ skill set, (3) the value of coding in medicine, research, and business, (4)
role of teaching coding in medical schools, (5) the concept of an enjoyable challenge, and (6) comments on the course design.

Conclusions: Medical students can acquire usable coding skills in a weekend course. They valued the teaching and identified
that, as well as gaining coding skills, they had acquired an understanding of its potential both for their own projects and in health
care delivery and research. They considered that coding skills teaching should be offered as an optional part of the medical
curriculum.

(JMIR Med Educ 2019;5(1):e11940) doi: 10.2196/11940
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Introduction

In recent years, there has been an increasing recognition that
the ability to understand and construct simple computer
programs (coding) is now a core skill and likely to be even more
so in the future. This reflects the increasingly digital world in
which we live and work and the growing need for more
individuals to be able to engage with this type of technology.
For example, the National Health Service (NHS) has recognized
that when faced with an increasingly tight budget and time
constraints, technology has the potential to help improve
efficiency. Doctors and other health care professionals are in a
unique position to identify problems that could be resolved or
helped, in part, by technology. There have been numerous
examples in the past few years of technology such as computer
programs or specialist websites being used in clinical care [1-3]
or research [4], and this is likely to continue to be the trend
going forward. However, doctors and other health care
professionals usually lack the understanding of which real-life
problems could be resolved using computational approaches
and very few have the ability to code the necessary software.
Therefore, we need to increase the number of health care
professionals who have some relevant expertise. At present,
primary school children are now being taught how to code, but
there will be a gap of at least ten years in the United Kingdom
before a large number of students arrive at medical school
already possessing these skills.

With this in mind, we developed an introductory Coding for
Medics course to teach medical students basic programming
and introduce them to the concepts of computational thinking.
This is the starting point to bridge the gap between these future
doctors and the technology industry and potentially facilitate
greater collaboration between them.

In general, there are 2 main approaches to teaching computer
coding [5-7]. The coding approach focuses on teaching practical
programming skills to solve usual real-life problems. Examples
include Software Carpentry [8], which teaches coding to
researchers, New York University’s Code Academy [9] and
Duke University’s Web-based courses on coding [10]. In
contrast, the theoretical approach concentrates on computational
thinking to teach the ability to break a complex problem into
small, solvable components and automate parts or perhaps all
of this using an algorithm. Examples include Massachusetts
Institute of Technology's recent introduction of a minor course
in Computer Sciences for noncomputer science majors [11] and
Carnegie Mellon University’s Center for Computational
Thinking [12]. All the courses mentioned here have significant
overlap with each other in that they use relatively modern
computer languages and teach a combination of theory and
practice. However, they differ in whether they concentrate on
teaching practical coding to solve problems or develop
computational thinking. The Coding for Medics course described
here was designed to primarily focus on practical coding skills
with the minimal amount of theory needed to underpin these

skills. This approach was chosen in the hope that students would
develop practical skills to take away and that they could then
apply the skills independently rather than learn from a purely
theoretical approach.

There are only a couple of examples of doctors or medical
students being taught programming, both in the last 2 years,
which we believe indicate a growing interest in this area. A
recent paper from the University of Toronto teaches Python in
a weekly session that runs over 1 year [13]. A course in the
Netherlands ran over 2 days and aimed at teaching app building
to doctors with good success [14]. However, outside medicine,
there have been a number of courses aimed at teaching coding
and computational thinking to nonspecialists. For example,
within our own institution of Imperial College London, the
undergraduate biology students are taught bioinformatics and
some of their biology and biochemistry courses involve using
the computer language, Python, to manipulate protein structure
files.

A precourse questionnaire to find out precourse coding
experience was administered, and postcourse written anonymous
feedback was collected. In addition, a qualitative study was
designed to evaluate the program by documenting students’
achievements and exploring their perceptions of the value of
coding in medical school. The aim of this study was to address
the following questions:

1. Is it possible to teach undergraduate medical students the
basics of computer coding in a 2-day course?

2. How do students perceive the value of learning computer
coding at medical school?

3. Do students see computer coding as an important skill for
future doctors?

Methods

Design and Delivery of The Coding for Medics Course
The Coding for Medics course was developed as a 2-day course,
which aimed to take complete coding novices and develop them
to a point at which they could design and write simple computer
programs. The course was taught in the Python (Version 3)
computer language as it is used for teaching introductory courses
in other departments at Imperial College London because of its
capacity to teach the underlying concepts and as it is freely
available.

The learning objectives were structured around the simple
elements of programming (see Textbox 1). There was also a
small component on developing computational thinking. The
course was structured with an initial 2 days of intensive teaching
with 1 lead academic supported by teaching assistants (TAs)
with a ratio of 1 TA to 6 students. The TAs were mostly other
students from the Computer Science department of the same
university, adopting the example of Stanford University, which
drew TAs from its student population to teach introductory
classes [15].
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Textbox 1. The intended learning objectives of the Coding for Medics course.

By the end of this short course students will be able to:

1. Install different programming languages

2. Describe and discuss the difference between major families of computer programming languages

3. Install and use an Integrated Development Environment (IDE)

4. Describe how to structure a problem to allow the application of computational techniques

5. Find and use online resources on programming

6. Choose appropriate data types for simple computations

7. Describe and discuss difference in different control structures

8. Implement and test different control structures

9. Control simple input and output from a program

10. Read data in from an external file

11. Simple error handling and debugging

Following the intensive 2-day introduction, participants were
given 2 to 3 weeks during which they designed, wrote, and
submitted a simple project in their private study time. They
were supported by a private online forum and email during this
period. Students wrote a half-page summary of their project,
which included the background, the problem they wanted to
tackle, and how they mapped this computationally. These were
reviewed, and students attended a short, formative feedback
session to review common theme and problems emerging from
their projects. Students received their feedback and were able
to revise certain concepts (such as functions) with the teaching
staff. This session concluded with a talk signposting the next
steps available to students. The course was deliberately kept
short as we were aware that medical students particularly suffer
from curriculum overload, and we wanted to identify the
minimum amount of time that would provide the students with
usable skills.

Course Participants
The course was free and open to medical students in any year
of the undergraduate medicine program at Imperial College
London. It was scheduled during holidays or weekends to avoid
timetable clashes with compulsory medical school teaching.

Study Design
A precourse questionnaire was distributed to students to gather
basic demographics and to assess their previous experience of
coding. At the end of the course, all participants were invited
to give written feedback. This comprised open-ended,
white-space questions exploring their views on the positive
features of the course and what changes would improve future
iterations. A written feedback on the course specifics was
collected from students at the end of each iteration, and this was
analyzed thematically. A voluntary FG took place after each
iteration, the purpose of which was to determine students’views
on the potential value of coding in the undergraduate curriculum.
FGs took place in Imperial College London Medical School in
July 2015 and February 2016. FG participants were purposively
sampled from the complete cohort of 33 course attendees from
2 courses. All course attendees were invited to participate, and

13 students took part (n=9, n=4). The FGs were conducted by
a person who had not been involved in the development or
teaching of the course or the original design of the research
study. Qualitative data were analyzed thematically [16].

Ethics
The study received ethical approval from the local Medical
Education Ethics Committee (MEEC1415-28).

Results

Student Demographics and Previous Experience
The precourse questionnaire was completed by 94% (31/33) of
the participants. Their mean age was 22 years (SD 3.3), and
there were slightly more males (58%, 19/33) than females. The
students came from all years of the 6-year undergraduate
medical program with years 1, 3, and 5 contributing the highest
number of participants (8, 7, and 7, respectively). Most students
reported having no programming experience before joining the
course (87%, 27/31). In all, 85% of the students gave written
feedback at the end of the course.

Student Outcomes
A total of 25 participants (75%, 25/33) submitted projects that
ranged in complexity from simple symptoms sorters to more
complicated data analysis of a Web-based dataset. Students
used the main components they had learned about in the course
and applied it to a practical small project. For example, 1 student
developed an analysis tool of a Web-based dataset on breast
cancer. Although this was not formally assessed, the project
summaries showed depth in understanding and application of
computational thinking (eg, demonstrated by sensible mapping
from the problem to the code), in addition to practical coding
skills.

Qualitative Data Analysis
A total of 6 major themes emerged from the qualitative data
analysis of both FGs and written feedback:

1. Making sense of coding
2. Developing the students’ skill set
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3. The value of coding in medicine, research, and business
4. Role of teaching coding in medical school
5. The concept of an enjoyable challenge
6. Comments on the course design

Making Sense of Coding
Students reported that a key part of the course was to develop
an understanding of what coding is; they also reported that it
broke their previously-held perceptions that coding is the
preserve of the computer-obsessed or mathematically gifted.
They reported surprise because of the fact that coding required
only a computer and a free downloadable program to get started
and that it could be done by any medical student, making it
much more accessible than they had previously thought:

Anyone can do it as long as you get taught or teach
yourself. [Student, First focus group (FG)]

Before…I didn’t know where to start. We know [now]
loosely how it fits in the world and ways to follow it
and make it relevant to our own lives. [Student A,
First FG]

Developing the Student’s Skill Set
In line with the objective measures of their ability to perform
simple projects, students felt that they had established some
basic skills in coding that would form a solid starting point for
developing further research skills in the future or developing
some kind of innovative project (such as a health app). They
recognized that they were not expert coders themselves but
valued the opportunity to learn the basics and develop the
language to be able to talk to expert coders for future
collaborations, having understood what is feasible with code.
Students also felt that having acquired the basics, it was useful
to have the next steps highlighted for them so that they could
develop their own skill set specific to their interests.

Interestingly, students also felt that they had developed new
ways of thinking and problem solving, breaking large problems
into small solvable components. They recognized that although
this is a key skill when coding, it is also applicable to other
aspects of their medical studies and research. Students felt that
as coding was an extension of their logic, it helped them think
about things in a more logical way, and this could be applied
in clinical contexts. They felt that as a large part of Medicine
is problem solving, learning basic computational thinking was
beneficial:

I found the course quite useful in just understanding
how to break things down into simple concepts.
[Student A, second FG]

I think that was probably the best part of the project
for me. Hear what problems people have tackled with
their code in ways I never even thought of even with
my own project. I was still thinking very linearly.
[Student B, second FG]

I think it would be incredibly useful for me to have
this coding knowledge so I can use it in research…I
think having this base knowledge means I can build
on it and in future perhaps go down the career path

the TAs or the course lead had. [Student A, second
FG]

In terms of trying to figure out which problems are
computable and which ones aren’t and realising that
actually what you thought isn’t computable might as
well be. [Student C, second FG]

The Value of Coding in Medicine, Research, and
Business
Students were able to imagine many different uses for coding
in developing innovation in Medicine, research, and business.
Many described limitless possibilities for what you could do
with code if you were competent enough. They could see coding
as having many potential applications including developing
business technologies in health care, data manipulation, and
analysis in research and for making efficiency savings in the
NHS:

The other thing is that the course gave us an
appreciation of how coding can help clinical research
or lab research. [Student B, first FG]

The only way to make the NHS better without
spending more money is to make it more efficient and
I think using innovations such as those that can be
instigated by computer programs, those would be
very useful. They would enrich the NHS and probably
you on a personal level as well. [Student C, second
FG]

I don’t think it’s only just within science because
coding is used to make apps and create technology
which will…solve other business problems within
medicine and outside of medicine. [Student C, first
FG]

...if we think something is feasible [to do with coding],
it probably is. [Student D, first FG]

Role of Teaching Coding in Medical School
Students felt that learning to code has a place in medical school,
particularly learning that is based within a university with a
high number of technological courses such as Imperial College
London. They expressed surprise at the fact that it was not
already widely on offer. They were clear that this course should
remain optional as they were doubtful that all medical students
would be sufficiently interested and engaged to complete it.
They were also clear that coding competency is different from
digital literacy and although all doctors should be digitally
literate, not all doctors will need to be competent coders:

I think it’s odd that…where every other degree course
does have coding involved throughout… medicine
has never had it involved at all. [Student A, second
FG]

I wouldn’t force it on everyone because not everyone
is going to want to do it… I know that it’s a really
digital world out there and you are going to come
across code but you might never need to code.
[Student D, first FG]

I’d quite like it to be a BSc on Bioinformatics or
Computer Science. [Student F, first FG]
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If [the medical school] wants to teach us research
skills, I think then this kind of coding should very
much be part of it. [Student C, second FG]

The Concept of an Enjoyable Challenge
Students reported that although difficult at times, with a lot to
learn in a short period of time, it was fun to learn coding. In
general, they reported that they enjoyed the course and enjoyed
learning a new skill. They felt that it challenged them in a
different way when compared with how they normally learn in
medical school. The written feedback was largely positive, with
students feeling that they had achieved something by the end
of the course and had enjoyed themselves. The key negatives
were the pace of the course and a steep learning curve:

I think a lot of medics would enjoy this because it’s
problem solving and that’s kind of what we do in
medicine, problem solving. [Student D, second FG]

Course Specifics
Much of the written feedback received was about specific parts
of the course such as individual sessions or topics. In general,
students liked the task-orientated focus of the course and
appreciated that they were able to try to write code as they went
along and not only at the end of the session. They also reported
that it was better when these tasks were relevant to clinical
topics. They liked the informal nature of the course and indicated
an enthusiastic teacher and a high TA-to-student ratio (1:6) were
the keys to success as they would have struggled with the steep
learning curve without that level of support:

I liked the fact that it moved very quickly on to a sort
of hands-on approach and the fact we covered a large
amount. [Written anonymous feedback, first course]

The TAs were extremely useful – I wouldn’t have been
able to do it without them. [Written anonymous
feedback, first course]

Discussion

Principal Achievements
We have demonstrated that medical students who were complete
novices at coding could be taught enough to be able to create
simple usable clinical programs with 2 days of intensive
teaching. Therefore, it would be feasible to introduce teaching
of basic computing skills without overloading the medical
curriculum, particularly if it were to be introduced as an option.
This is one of the first courses specifically designed to teach
undergraduate medical students to code and is in contrast to the
other published example [14], teaching students over an intense
period of time rather than over 1 year. This demonstrates that
there can be a variety of ways to get content into the curriculum.
Interestingly, the other published course also uses Python and
covers similar material [14].

The students identified that the course needed to be practical,
with low student-to-TA ratio, and made relevant to clinical
problems. Of note, out of original 33 students who completed
this course, 2 have now gone on to work with the course lead
on extended projects of their own. Moreover, 1 student is writing
a program to transform and analyze routine publishable data on

cancer outcomes and the other is helping to develop a software
for a prognostic tool for oncology patients.

A wider consideration about teaching coding to medical students
is about its value to future doctors. Technology is increasingly
being used in the day-to-day work of a doctor and/or clinical
researcher, for example, electronic health records, electronic
prescribing, wearable technologies (such as heart rate and
exercise monitors), medical devices, and telemedicine as well
as a plethora of interactive health apps and websites. By
completing this course, students are acquiring skills that allow
them to interact and manipulate the digital tools needed to
develop their own apps, websites, research tools, and innovative
technologies; this goes far beyond the requirements for digital
literacy stipulated by the General Medical Council [16]. It may
be that the definition of computer literacy will change as more
pupils leave school with coding skills and thus the average
person becomes more and more skilled in using computers. This
course provided a simple starting point for students to start
developing skills in this area and potentially go on to develop
their own projects.

Interestingly, and unexpectedly, students recognized that their
own skill set had increased after the course by developing not
only practical coding skills but also the ability to think
computationally. They not only identified that breaking a large
problem down into smaller solvable steps was key for coding
but also identified that it had uses in other parts of their lives.
This was also seen in the paper detailing the University of
Toronto course, which found a similarly in the students’ thinking
about the course improving their approach to solving problems
[14]. This has direct application in research where a big research
question is often addressed by breaking it down into a series of
smaller studies. The fact that students felt that this way of
thinking might help them with solving clinical problems was
an unexpected gain from attending this course. Although this
is a limited observation, it supports the idea that computational
thinking teaches key abstract, transferrable thinking patterns;
it would be worth exploring this concept in further studies
designed for this purpose.

Limitations
A limitation of this study is that this project was relatively small
and therefore provides no information about the scalability of
teaching coding en masse to medical students. If medical schools
do want to teach coding to their students on a large scale, further
studies would be needed. In addition, the students were a
self-selected group who we might expect to be more enthusiastic
about learning about coding than the average student. Another
limitation is that we also do not have information about how
much time students spent on self-study between the main course
and submitting a project for formative feedback.

Future Development
The feedback we have had from those on the course has led to
us continuing to offer it and to additionally extend it to a new
10-week module in Computational Medicine, which is now
offered as an option to all students in their BSc year. This has
allowed us to ease the pace of the course and add new coding
work to include R and databases. Using R to develop statistical
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programming skills is a key part of the BSc option and it
complements the core coding skills teaching. The extended
option also increases the amount of computational thinking and
theory and introduces a new element to encourage students to
develop their experience in presenting and discussing technical
topics to their peers. The BSc option culminates in an extended
project. We have also continued to offer the 2-day Coding for
Medics, and applications continue to grow. It is offered 2 to 3
times per year, and we now have at least eighty places per
iteration. Despite this, it is oversubscribed, which we feel
demonstrates a real appetite for this among students. Now, we
also aim to include about 25% postgraduate health care
professionals or researchers per iteration of the course. In

addition, former students of the Coding for Medics course have
gone on to found a medical student coding society, which
currently has 200 members.

Conclusions
It is possible to teach medical students the basics of computer
coding in only 2 days. Students considered that coding skills
teaching should be offered as an optional part of the medical
curriculum. Students are open to and value coding opportunities
in medical school. They reported that it teaches computational
thinking, which is a transferable skill (ie, breaking a larger
problem into small solvable components), in addition to the
practical skill of coding. They consider it to be an important
skill for the future.

Acknowledgments
The authors thank the Medical Education Research Unit of Imperial College London for providing funding for this study and for
financial support of CEM. The authors would like to thank Dr Ann Chu and Ashish Hemani of Imperial College London for
carrying out the FGs. In addition, the authors would like to thank our students for participating in this study and for providing us
with their thoughts and feedback.

Authors' Contributions
CEM and MW designed the study. MW designed the Coding for Medics course and taught on this with MG. CEM and TL analyzed
the data. CEM and SFS wrote the original manuscript.

Conflicts of Interest
None declared.

References

1. Xia H, Asif I, Zhao X. Cloud-ECG for real time ECG monitoring and analysis. Comput Methods Programs Biomed 2013
Jun;110(3):253-259. [doi: 10.1016/j.cmpb.2012.11.008] [Medline: 23261079]

2. Arnold RJ, Stingone JA, Claudio L. Computer-assisted school-based asthma management: a pilot study. JMIR Res Protoc
2012;1(2):e15 [FREE Full text] [doi: 10.2196/resprot.1958] [Medline: 23612058]

3. Aggarwal AN, Gupta D, Jindal SK. Development of a simple computer program for spirometry interpretation. J Assoc
Physicians India 2002 Apr;50:567-570. [Medline: 12164412]

4. Powell D. Computer program aims to rank vaccine development decisions. Nat Med 2012 Dec;18(12):1720. [doi:
10.1038/nm1212-1720] [Medline: 23223043]

5. Fincher S. What are we doing when we teach programming? In: Frontiers in Education. 1999 Presented at: Frontiers in
Education Conference; November 10-13, 1999; San Juan, Puerto Rico URL: https://ieeexplore.ieee.org/document/839268
[doi: 10.1109/FIE.1999.839268]

6. Guzdial M, Forte A. Design process for a non-majors computing course. In: Proceedings of the 36th SIGCSE technical
symposium on Computer science education. New York, USA: ACM Press; 2005 Presented at: SIGCSE technical symposium
on Computer science education; February 23-27, 2005; St Louis, MO, USA p. 05. [doi: 10.1145/1047344.1047468]

7. Hilton A, Bracy A. Google Play Store. 2016. All of Programming URL: https://play.google.com/store/books/
details?id=-zViCgAAQBAJ [accessed 2017-09-26] [WebCite Cache ID 6tlATro2A]

8. Software Carpentry. 2017. URL: https://software-carpentry.org/ [accessed 2017-09-26] [WebCite Cache ID 6tlAfEA3U]
9. Code Academy. 2017. URL: https://www.codecademy.com/ [accessed 2017-09-26] [WebCite Cache ID 6tlAq9r8A]
10. Coursera. 2017. Duke University URL: https://www.coursera.org/duke [accessed 2017-09-26] [WebCite Cache ID

6tlBOV94p]
11. MIT. MIT Electrical Engineering & Computer Science. 2017. Minor in Computer Science URL: https://www.eecs.mit.edu/

csminor [accessed 2017-09-26] [WebCite Cache ID 6tlBn60WC]
12. Center for Computational Thinking Carnegie Mellon. What is Computational Thinking? URL: https://www.cs.cmu.edu/

~CompThink/ [accessed 2017-09-26] [WebCite Cache ID 6tlBxYJmL]
13. Kubben PL, Looije P, Scherpbier A, van Merode F. Teaching computer programming to medical doctors, nurses and hospital

staff: a pilot study. Open Acces J Neurol Neurosurg 2017 Jun 5;4(2):A [FREE Full text] [doi:
10.19080/OAJNN.2017.04.555632]

14. Law M, Veinot P, Campbell J, Craig M, Mylopoulos M. Computing for Medicine: Can We Prepare Medical Students for
the Future? Acad Med 2019 Mar;94(3):353-357. [doi: 10.1097/ACM.0000000000002521] [Medline: 30431453]

JMIR Med Educ 2019 | vol. 5 | iss. 1 | e11940 | p. 6http://mededu.jmir.org/2019/1/e11940/
(page number not for citation purposes)

Morton et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.cmpb.2012.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23261079&dopt=Abstract
http://www.researchprotocols.org/2012/2/e15/
http://dx.doi.org/10.2196/resprot.1958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612058&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12164412&dopt=Abstract
http://dx.doi.org/10.1038/nm1212-1720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23223043&dopt=Abstract
https://ieeexplore.ieee.org/document/839268
http://dx.doi.org/10.1109/FIE.1999.839268
http://dx.doi.org/10.1145/1047344.1047468
https://play.google.com/store/books/details?id=-zViCgAAQBAJ
https://play.google.com/store/books/details?id=-zViCgAAQBAJ
http://www.webcitation.org/

                                            6tlATro2A
https://software-carpentry.org/
http://www.webcitation.org/

                                            6tlAfEA3U
https://www.codecademy.com/
http://www.webcitation.org/

                                            6tlAq9r8A
https://www.coursera.org/duke
http://www.webcitation.org/

                                            6tlBOV94p
http://www.webcitation.org/

                                            6tlBOV94p
https://www.eecs.mit.edu/csminor
https://www.eecs.mit.edu/csminor
http://www.webcitation.org/

                                            6tlBn60WC
https://www.cs.cmu.edu/~CompThink/
https://www.cs.cmu.edu/~CompThink/
http://www.webcitation.org/

                                            6tlBxYJmL
https://juniperpublishers.com/oajnn/pdf/OAJNN.MS.ID.555632.pdf
http://dx.doi.org/10.19080/OAJNN.2017.04.555632
http://dx.doi.org/10.1097/ACM.0000000000002521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30431453&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Roberts E, Lilly J, Rollins B. Using undergraduates as teaching assistants in introductory programming courses: an update
on the Stanford experience. In: Proceedings of the 26th SIGCSE technical symposium on Computer science education.
Nashville, USA: ACM Press; 1995 Presented at: SIGCSE technical symposium on Computer science education; March
02-04, 1995; Nashville, TN, USA p. 95 URL: https://doi.org/10.1145/199688.199716 [doi: 10.1145/199688.199716]

16. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

Abbreviations
FG: focus group
NHS: National Health Service
TA: teaching assistant

Edited by G Eysenbach; submitted 26.09.18; peer-reviewed by T Raupach, E Toki, R Mpofu; comments to author 01.11.18; revised
version received 19.12.18; accepted 30.12.18; published 22.03.19

Please cite as:
Morton CE, Smith SF, Lwin T, George M, Williams M
Computer Programming: Should Medical Students Be Learning It?
JMIR Med Educ 2019;5(1):e11940
URL: http://mededu.jmir.org/2019/1/e11940/
doi: 10.2196/11940
PMID: 30901000

©Caroline E Morton, Susan F Smith, Tommy Lwin, Michael George, Matt Williams. Originally published in JMIR Medical
Education (http://mededu.jmir.org), 22.03.2019. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic
information, a link to the original publication on http://mededu.jmir.org/, as well as this copyright and license information must
be included.

JMIR Med Educ 2019 | vol. 5 | iss. 1 | e11940 | p. 7http://mededu.jmir.org/2019/1/e11940/
(page number not for citation purposes)

Morton et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://doi.org/10.1145/199688.199716
http://dx.doi.org/10.1145/199688.199716
http://dx.doi.org/10.1191/1478088706qp063oa
http://mededu.jmir.org/2019/1/e11940/
http://dx.doi.org/10.2196/11940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30901000&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

