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Abstract: Human anatomy is a complex subject but how can engineering students, with
little formal background knowledge, be quickly taught this intricate and new topic?
Innovative teaching materials in the form of web-based anatomical software and human
joint models were introduced into a Masters level bioengineering course two years ago.
In the current year a visit to a dissection lab was added and, based on student feedback,
dynamic models of human joints were purchased and introduced. For the software and
the models bespoke teaching documents, which students worked through in pairs or small
groups, were produced by the author. Anatomy and the associated language can be seen
as a dry, difficult and peripheral subject by engineering students. Therefore an aim was
to use multiple, hands-on and interactive methods to help students to learn anatomy
quickly. Student feedback has been collected over two academic years and has been
equally positive about learning from the software and the models of human joints. In
addition the author noted that students appeared to interact well with the teaching
materials and the small group working encouraged discussion and sharing of opinion. At
approximately £4,400 (€5,000) for one year’s access for ten seats, the software is
expensive. Combining the positive learning benefits of non-hierarchal, small group and
peer-to-peer learning with innovative and novel teaching aids quickly and effectively
enhanced the student learning experience of atypical material by a cohort of engineering
students.
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1. INTRODUCTION

One of the fascinating yet challenging aspects of modern engineering is its remarkably
multidisciplinary nature. Straightforward examples include mechatronics, where a combination
of mechanical engineering and electronics are successfully realised in millions of consumer
products. Another multidisciplinary example is bioengineering, and data from the United States
shows this to be the fastest growing area of undergraduate engineering education in the USA
(American Society for Engineering Education, 2008). In such nascent fields there is the need to
quickly and effectively introduce engineering students to sciences and subjects they may have
not met previously.
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Bioengineering improves medical interventions in many ways and one of its most important
contributions has been through the design of replacement joints, the most well known of which
are probably those for the hip and the knee. How can engineering students quickly and
effectively be taught human anatomy and gain a full understanding of the associated medical
language such as coronal, metacarpophalangeal and inversion-eversion? One innovative method
of learning could be provided through the use of dedicated software related to the anatomy and
physiology of the human body, and by employing models of human joints.

In the School of Mechanical and Systems Engineering at Newcastle University, the subject of
Bioengineering is taught as a 15 credit module over two semesters to a combined group of fourth
year MENng undergraduate students as well as postgraduate taught MSc students. Historically,
two members of academic staff taught the module, taking 1/3 and 2/3 shares of the teaching load.
On alternate years they swapped the teaching load so that one year one taught 1/3 and the next he
taught 2/3 of the module content. Course delivery and assessment previously followed a
conventional pattern of lectures and tutorials with assessment based on a written examination at
the end of the module. In the 2008-09 academic year the author of this paper became module
leader and began to teach on the module. Based on his pedagogical views and experiences a
number of changes were introduced to the Bioengineering module. For his ‘third” of the module,
assessment was swapped from final exam to an individual, 3,000 word project based on an
engineering critique of a commercially available design of total joint replacement. As such a
critique needs to be founded on a full appreciation of the anatomy of the human joint that is
being replaced, so the challenge was how to facilitate student learning of the complex subject of
anatomy. In addition, for the majority of the bioengineering students, this would be the first time
they had been formally introduced to anatomy and the associated medical terminology. In the
2009-10 academic year a third member of staff became involved in teaching the module, so that
the share of teaching became 1/3, 1/3, 1/3. In the 2009-10 academic year, the author of this
paper delivered similar teaching content to the 2008-09 academic year, focussing on total joint
replacement.

Functional anatomy is a strongly three-dimensional subject where spatial visualisation is key
(Van Sint Jan et al., 2003). Commentators have noted that medical students frequently encounter
problems in understanding certain dynamic aspects of functional anatomy (Van Sint Jan et al.,
2003) and this is likely to be the case with engineering students too. It has also been shown that
the application of multimedia has helped students to increase their 3D anatomical understanding
by giving them spatial direction about the underlying anatomy and its dynamic behaviour (Van
Sint Jan et al., 2003). Additionally it has been noted that if students can interact with lecture
content, then their assimilation of that material should be increased compared to situations where
there is no opportunity to interrelate (Benbunan-Fich, 2002).

By gaining a full understanding of the anatomy of human joints, the author of this paper intended
that his Bioengineering students would appreciate the inherent challenges of joint replacement
and the problems facing clinicians who have to implant such devices. To aid with this
anatomical understanding the author of this paper was able to incorporate dedicated anatomical
software as well as models of human joints into his teaching. The anatomical software chosen
was Primal Pictures Systemic edition. Details of the software can be found on the company’s
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website (http://www.primalpictures.com/). To date no formal independent evaluation appears to
have been published and this paper may therefore offer the first such pedagogical assessment of
the software. The models of human joints were purchased from 3B Scientific (Weston-super-
Mare, UK). Models of the shoulder, spine, knee, hand, hip and foot were obtained.

In the academic year which the Primal Pictures software was introduced, 2008-09, the author
taught one third of the Bioengineering module, with a focus on total joint replacement. After a
series of lectures on total hip replacement and biotribology which introduced background
knowledge through a case study of the most common and successful type of joint replacement,
students were allocated an individual project. In their projects each student was asked to critique
a specific design of replacement joint and describe the anatomy of the relevant natural joint.
Deliberately each of these projects was intended for one of the less commonly replaced human
joints, specifically the shoulder, elbow, wrist, ankle and the various finger and toe joints.

This methodology allowed case-based, problem-based, and project-based learning, where
students’ learning was organised around attempts to solve authentic problems that occur in
bioengineering. Such methods can help students develop the conditionalised knowledge and
understanding that lets them think productively about problems in the discipline (Harris et al.,
2002). This strategy was repeated in the 2009-10 academic year, except that projects became
paired. There were also two additions to the teaching. The static joint models were augmented
with dynamic joint models, those that could be flexed in the same directions as human joints.
Secondly, a two-hour visit to the dissecting room of Newcastle University’s Medical School was
arranged. Here, students were supervised by the Director of Anatomy and given access to
human knee and hip joints.

2. METHODS AND MATERIALS

Dedicated teaching materials were provided to the students in the form of bespoke training notes,
written by the author, for the Primal Pictures software. Students worked through these notes
with the software, in pairs, at their own pace, during dedicated sessions. The author of this paper
led these sessions and was available to answer any questions which arose around anatomical
principles or medical terminology. Similarly, the author produced bespoke training notes in
relation to the human joint models. Here, students worked in self-selected groups to answer pre-
set questions based around the models.

It has been noted that valuable features of web-based learning include its potential for
empowering the learner, for enabling individualised instruction and collaborative peer-to-peer
learning, and for transferring greater control to learners to decide when, how much, and to what
extent study and instruction takes place (Curran et al., 2000). By presenting information and
instructional materials in various formats, individual learning styles and preferences can be
addressed (Curran et al., 2000).

By signifying that a fundamental understanding of anatomy is required to tackle subsequent
assessed course material related to artificial joint replacement, and by pointing out how many
people have their lives improved through joint replacement, it was considered that the ‘need to
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learn’ and the ‘want to learn’ aspects of Race’s model of learning would be facilitated (Race,
1994). Supervision was deliberately small group or one-to-one and non-hierarchical so that
students felt they were gaining personal attention in a constructive learning environment, as
suggested by Tinto’s model of integration (Tinto, 1975). Additionally the value of providing
time for student-instructor and student-student interactions in the classroom has been shown
(Roselli and Brophy, 2003). Students were paired up to tackle questions related to the software,
and formed self-selected groups to answer questions related to the human joint models, thus
encouraging immediate learning by doing and augmenting this through peer-to-peer learning.
Both of these tactics supported Kolb’s ideas of experiential learning, thus facilitating deeper
learning (Kolb, 1984). Moreover, it has been recognised that opportunities to work
collaboratively can enhance students’ abilities to learn and can help students receive feedback
about their thinking.

In both the 2008-09 and the 2009-10 academic years, at the end of his third of the module,
anonymised questionnaires were passed to the students by the author of this paper. The
questionnaires contained a number of sections and were intended to gather feedback on this part
of the Bioengineering module. The first section of the questionnaire consisted of ten questions
which requested answers on a five-point scale. The second section asked the student to offer two
good features of the course and two suggestions for improvement, before offering the
opportunity for further comments to be made. The third section focussed on the ‘innovative’
features of the course, including the Primal Pictures software and the human joint models. Here
the dedicated questions were ‘to what extent did Primal Pictures software help you to understand
human anatomy?’; ‘if you accessed Primal Pictures software outside of taught sessions, to what
extent was this useful?’; and ‘to what extent did human joint models help you to understand
human joint anatomy’. For the 2009-10 academic year another question was added requesting
feedback on the visit to the dissecting room of the Medical School of Newcastle University.

3. RESULTS

Students interacted well with the software and asked very few questions related to navigating
around the software, while the pairing mechanism encouraged pertinent discussion and sharing
of opinion. It was also interesting to note the majority of students mimicking the actions of
human joints shown on computer screens, for example by lifting their shoulders to imitate
elevation or ‘wagging’ fingers to copy their flexion-extension motion.

Student feedback on use of the Primal Pictures software was overwhelmingly positive. Students
said that using the software was ‘fun’ and ‘easy’ and one commented specifically about the
learning experience, ‘the Primal Pictures software made me appreciate what a sophisticated and
still not fully understood bearing the natural elbow joint is’. One student described the software
as ‘an excellent graphical aid and introduction to the anatomical language’. Another said the
Primal Pictures software was ‘very useful for the project, in naming bones and muscles and all
related terms to do with the joint’. A fourth student offered this review of the software. ‘It was
very good for learning about the muscles, ligaments and bones considering you had to click on
each part’. A fifth student wrote ‘the Primal Pictures software was a huge help in understanding
anatomy of joints’.
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Another student offered the following verdict: ‘I found the software easy to use with its simple
search and contents options’. ‘It was easy to navigate through the program’. ‘What I found most
useful about the software were the interactive 3D models of the area of interest which could be
rotated and altered. When looking at a specific joint it allowed me to appreciate the complexity
of it in 3D but also made it very accessible to explore as each component within the joint could
be highlighted by clicking on it, then the name and a brief description was given at the side of the
model. The 3D models could also be built up layer by layer from the bone showing the different
tendons, ligaments, muscles etc which allowed you to simplify your view of an otherwise
complex “organ” within the body’.

Perhaps the most interesting comment about the Primal Pictures software was the following:
‘With the program being so simple to use it urged me to look at other sections of the body out of
interest purely as a learning experience. The program overall does not give a great deal of in-
depth information about specifics within the body but its greatest ability is to show otherwise
complex organs, joints and systems within the body in an interactive 3D way which is very user
friendly’. As with any software, suggestions for enhancement were offered. These included:
‘could be improved to include the ability to drag joints to make them move’; and ‘would be good
if you could zoom out onto a hand/foot/knee from the whole skeleton rather than having to hunt
through tabs’.

Two formal questions were asked of the students regarding the software, and an answer
requested to each on a five-point scale. These questions were: ‘to what extent did Primal
Pictures software help you to understand human anatomy?’; and ‘if you accessed Primal Pictures
software outside of taught sessions, was this useful?’. In the 2008-09 academic year, twenty
completed questionnaires were received from students, although one student did not respond to
the second question. In the 2009-10 academic year there were fourteen questionnaires
completed. Results are shown in figures 1 and 2.

To what extent did Primal Pictures software help you to
understand human anatomy?

12 4

10 -

Number of responses
(o))

0 : — N B

A very great deal Not at all

Figure 1 Students’ answers to first specific question on use of Primal Pictures software
(2009-10 academic year in blue, 2008-09 in red).
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If you accessed Primal Pictures software outside of taught
sessions, was this useful?
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Figure 2 Students’ answers to second specific question on use of Primal Pictures software
(2009-10 academic year in blue, 2008-09 in red).

As can be seen from figure 1 the majority of students (90% in 2008-09 and 100% in 2009-10)
thought that the software helped them to understand human anatomy a ‘great deal’ or a ‘very
great deal’. In addition, as indicated in figure 2, the majority of students (94% in 2008-09 and
100% in 2009-10) thought that it was ‘very useful’ or ‘mostly useful’ to be able to access the
Primal Pictures software outside of the taught sessions. The feedback on the human joint models
was equally as positive. Responses to the question ‘to what extent did human joint models help
you to understand human joint anatomy’ are shown in figure 3. As can be seen, the majority
(80% or 16/20 in 2008-09, and 86% or 12/14 in 2009-10) answered in the two highest categories
available.

To what extent did human joint models help you to understand
human joint anatomy?

Number of responses
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A very great deal Not at all

Figure 3 Students’ answers to question on use of human joint models (2009-10 academic
year in blue, 2008-09 in red).
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From feedback at the end of the 2008-09 academic year, one student voiced the opinion that
dynamic models, those which could be articulated, would have been preferred. This had been
the original intention, but issues of cost (dynamic models are approximately three times the cost
of static models) meant that less expensive static versions had to be selected. However, taking a
lead from this student feedback, funding was obtained to allow the purchase of a small number
of dynamic models (Adam Rouilly, Sittingbourne, Kent, UK). These were employed alongside
the static models in the 2009-10 academic year.

As has been stated, in the 2008-09 academic year each student was assigned an individual project
which concerned a critique of a currently available artificial joint. As part of this evaluation,
students were asked to describe the anatomy of the relevant natural joint, describing the main
bones, muscles and ligaments. The average mark awarded on this section of the projects was
62% and almost all the students had used Primal Pictures software to describe the appropriate
natural joint thereby indicating the important role that the software had in their understanding of
anatomy. This situation was repeated in the 2009-10 academic year, again almost all of the
students employing data from the software to describe the joint they were critiquing.

Throughout his third of the module, in both academic years, the author of this paper employed
small group and interactive teaching wherever possible. General feedback from students should
therefore be seen in this light but students’ comments as to positive aspects of the module
included the following: ‘entirely new and interesting topic, self directed learning (project)’; ‘the
project is good and I learned a lot’; ‘very interactive learning, encouraged thinking/problem
solving’; ‘the software was useful, the teaching was very clear to us’; and ‘course work
assessment, no biology knowledge assumed’.

For completeness, it was also interesting to note student comments on their visit to the dissecting
room of the Medical School of Newcastle University in the 2009-10 academic year. These
remarks included: ‘awesome experience’; ‘fantastic class. Helped to reinforce what we had
learnt in classes. Good to see firsthand how the materials differ and are similar to those of the
prostheses’; ‘extremely useful in understanding the joints’; ‘greater appreciation for the
complexity of the human body’; ‘great chance to see real examples of joints and their relative
movements’; ‘anatomy class was superb’; and ‘if time permits we should have more of these in
future’.

4. DISCUSSION

The software is expensive, at approximately £4,400 (€5,000) for one year’s access for ten seats.
However, it can be accessed from any computer connected to the World Wide Web, so that
students are not restricted to where or when they can learn. Formal feedback showed that
students appreciated this flexibility. According to the Primal Pictures website, the software is
used in over 450 universities in more than 20 countries and in 2010 over 500,000 students will
use it to learn anatomy. While the testimonials on the website are upbeat, no formal independent
evaluation of the software appears to have been published; therefore this paper may offer some
of the first such observations.
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As with the software, there appears to be little in the pedagogical literature assessing the usage of
human joint models. These were far less expensive and remain available for future years, and
student feedback on them was almost as positive to that for the software. Student comments
regarding the human joint models included: ‘the clearest way to see and understand joint
anatomy and movement’; ‘good to get hands on, helped to gain an understanding about the scale
of the joint’; and ‘very interesting to see models you can touch’. For the 2009-10 academic year,
dynamic models were used alongside static models. The difference between the two types was
noted by student comments including ‘the dynamic models were a great addition’ and ‘the
models that move are much more effective than the static ones’.

In conclusion the anatomical software, augmented by the use of models of human joints, allowed
students to rapidly become familiar with a new area of learning from outside engineering.
Combining the positive learning benefits of non-hierarchal, small group and peer-to-peer
learning with innovative and novel teaching aids quickly and effectively enhanced the student
learning experience of atypical material by a cohort of engineering students.
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