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Research suggests that high student engagement is associated with increased learning. Student
engagement generally arises as a result of active learning accompanied by good teaching. An
effective classroom resource should therefore incorporate these factors in order to maximise
student learning.

Three resources relating to learning about human embryonic development were evaluated in a
first-year Human Biology unit at The University of Western Australia, in terms of the extent to
which they engaged students and assisted their understanding of embryology. The extent to which
these effects were dependent on the presence of a tutor was also investigated. Resources were
classified two ways: 1) ‘active’ vs ‘passive’ and 2) ‘tutor-supported’ vs ‘student-directed’ based on
the level of student interaction and tutor involvement with the resource respectively. Two hundred
and forty-five students completed a questionnaire which evaluated their perceptions of the
individual resources. The questionnaire included questions relating to student interest and
improvements in understanding and confidence as a result of interaction with the resource.

Student engagement, using interest as a proxy, was not associated with a self-perceived
improvement in understanding. However, tutors significantly influenced student responses in
terms of interest and self-reported improvement in understanding of embryology. The study
demonstrates that student engagement is not always associated with increased self-perceived
student learning, but it is likely to be moderated by the effectiveness of the tutor. It indicates that
even with the use of self-directed resources in the classroom, the input of tutors plays a significant
role in successful implementation.
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Introduction

Active learning accompanied by high quality teaching is generally associated with student
engagement. University classroom resources should ideally incorporate these factors. To successfully
engage students, resources have to be chosen and/or designed carefully, then effectively implemented
within the classroom setting. It is important that resources are kept up to date so that they stay relevant
to the course outcomes, and are compatible with student learning styles. It is particularly important to
try to engage students since research suggests that engagement is associated with increased student
learning (Carini, Kuh & Klein 2006).

Background

The embryology component of Human Biology 1, in its current form, was first taught in 2006 at UWA
and has been consistently raised by students and tutors as a particularly difficult area to understand. In
particular, the concept of embryonic folding (the process by which the two-dimensional embryo
becomes three-dimensional) has traditionally presented as a significant challenge for students to grasp,
despite a variety of active, passive, tutor-led and self-paced resources and activities relating to folding
being integrated into lab sessions. Two key resources which have been used for some years are a
colouring activity and a foam model (described in detail below). The recent addition of computer-
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projection facilities to the lab classrooms in 2011 made possible the introduction of an online
animation. It was hypothesised that students would relate to and interact more comfortably with this
familiar medium. This, and the colouring activity, also had the potential to be converted into take-
home activities.

There was first a need to evaluate the three resources in terms of the extent to which they engaged the
students and assisted their understanding of embryonic folding and whether these effects were
dependent upon the presence of a tutor.

It was expected that students would perceive resources that they actively engaged in to be more
valuable in improving their understanding of embryology. It was also predicted that resources that
promoted “active learning” as opposed to “passive learning” would lead to an increase in self-
perceived student understanding, since the literature suggests that “active learning” leads to increased
student engagement and ultimately greater retention (Umbach & Wawrzynski 2005). It was also
expected that the ‘passive’ activities would be most sensitive to variations in tutor attributes.

Methods

Colouring activity

The colouring activity involves students colouring in diagrams of embryos at various stages of
embryonic folding (example presented in Appendix A). The three germ layers are emphasised in the
diagrams, and are to be coloured differently so that students can see how cells of different origins
migrate as the embryo folds to form different organs and systems in the body. Students are also
instructed to label various embryonic structures on the diagrams. Tutors are not required to be directly
involved in the activity, other than providing a brief explanation on what to do, and to answer any
questions that arise as students proceed. This activity generally takes 20-30 minutes to complete,
therefore making up a substantial portion of the 1.5 hour lab.

Foam model

Models made of coloured foam are used to illustrate embryonic folding. Two models are used – one
representing a transverse section of embryo, and the other representing a longitudinal section (example
presented in Appendix B). Tutors manipulate the models to illustrate the embryonic folding process,
highlighting the different germ layers and the various structures they form. Since the models can be
awkward and cumbersome to handle, there is potentially a high degree of variation between tutor
demonstrations.

Online animation

The online animation was sourced from Indiana University’s public website
(http://www.indiana.edu/~anat550/genanim/latfold/latfold.swf). The webpage shows two animations –
one showing the transverse section of an embryo, the other a longitudinal section. Each animation lasts
approximately 30 seconds and shows a fluid diagrammatic presentation of embryonic folding.
Animations are accompanied by captions describing each stage of folding, and labels of important
structures. The ability to pause, replay, forward and rewind each animation is embedded within the
webpage. The animations are played during the lecture relating to embryonic folding as well as the
lab. Animations are projected onto the board in front of the whole class during the lab. Tutors are
encouraged to talk to the animation, and to highlight important points to the students. Based on
informal tutor feedback, there appears to be a range in tutor involvement with the resource, however, –
some tutors give highly detailed descriptions as the animation runs, pausing and replaying sections of
the video, whereas other tutors play the animation without talking about it, relying on the descriptors
within the video to convey information to the students.

The three activities/resources investigated were presented within the context of a combined
laboratory/tutorial session (hereafter referred to as a “lab”) which all students are required to attend
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once a week for 1.5 hours. Each lab session revolved around several topics relating to human biology.
Students attended the same session with the same tutor each week. In 2011, a total of 48 classes ran
every week in 18 timeslots, with 2-3 sessions operating concurrently. Twenty three tutors were
involved in 2011. One class was randomly selected to be included in the study at each time slot,
resulting in 18 classes being surveyed. Students were surveyed the week after completing the
embryology lab. In all cases, instructions and the questionnaire were administered by the primary
investigator (as opposed to the class tutors). To avoid tutor bias, there was an attempt to avoid
surveying multiple classes run by the same tutor. This was largely successful, with a single tutor
having two classes surveyed. Each student answered questions relating to all three resources.

Classification of resources

Resources were classified as either ‘active’ or ‘passive’. An ‘active’ resource required students to be
involved in the production of the outcome. The colouring activity was therefore classified as ‘active’.
The foam model and online animation were classified as ‘passive’ resources because they did not
involve direct student interaction. In both cases, students only watched the resource itself (online
animation) or watched the resource being demonstrated by their tutor (foam model) rather than having
any ‘hands-on’ interaction.

The level of tutor involvement required for each activity was also considered. The foam model was the
most reliant on tutor support, followed by the online animation. In contrast, the colouring activity was
relatively student-directed as while tutors were available to assist and answer any questions related to
the activity, their involvement was not required for the activity to proceed.

The questionnaire

The questionnaire was completed by 245 students. It included questions relating to demographics (age,
sex, whether it was their first semester of university, how interested they were in embryology), and a
series of questions relating to student perception of the three resources. Students were asked to rate
each resource according to a series of statements using a Likert scale ranging from 1 (strongly agree)
to 4 (strongly disagree), and given a space to provide comments on each of their responses. The four
statements used were a) “The activity was easy to follow and understand” b) “The activity was
interesting) “The activity improved my understanding of embryonic folding” and d) “I feel more
confident of my understanding of embryonic folding as a result of this activity”. The first two
statements related to ease of use and student engagement using interest as a proxy, while the second
two statements related to student perceptions of how academically useful each resource was.

All questionnaire information was non-identifying, but it was possible to identify which tutor each
student had from the time at which they were collected. Responses were combined to reduce the Likert
scale from four to two (“agree” and “disagree”) to improve statistical reliability. Statistical analyses
were carried out using Genstat 13.0. Chi-square testing of contingency tables was used to analyse
overall responses to the resources, and to investigate if student responses varied according to their
tutor. One-way analyses of variance (ANOVA) were used to analyse students’ combined agreement
rates to the three activities overall according to tutor characteristics, including tutor sex and
occupational status. Due to a lack of comments from students, qualitative data was not included in
analyses.

Results

Nearly 80% of respondents were at university for the first time. Their mean age was 18.9 years, with
85% under 20 years of age. Females made up 61.6% of respondents.
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Overall responses to resources

Chi-square values relating to analyses of the overall responses to the resources are displayed in Table
1.

Table 1: Student responses to the different types of resources

Overall “Active” vs
“Passive”

Within “passive” -
Foam vs Online

Interest χ2(2)=8.90, p=0.012
Foam>Colour>Online ns χ2(1)=8.73, p=0.003

Foam>Online

Easy to understand ns ns χ2(1)=5.54, p=0.019
Online>Foam

Improved
understanding

χ2(2)=7.67, p=0.022
Online>Colour>Foam ns χ2(1)=7.67,p=0.006

Online>Foam

Increased confidence χ2(2)=6.29, p=0.043
Online>Colour>Foam ns χ2(1)=5.18, p=0.023

Online>Foam

The students rated the three resources significantly differently in terms of how interesting they were.
There was no difference in this respect between the “active” colouring task and the two “passive”
tasks, but of the ‘passive’ tasks the foam model was rated as significantly more interesting than the
online animation. Similarly, while there was no significant difference overall in how easy students
thought the resources were to understand, the online animation was seen as significantly easier to
follow, to better contribute to understanding and to better enhance confidence than the foam model.

The role of tutors

Tutors significantly influenced student responses to the resources, as shown in Table 2. Furthermore, it
was the activity which had the greatest tutor involvement, the foam model demonstration, which
showed the greatest variation in relation to interest and ease of understanding. On the other hand,
students’ ratings of the contributions of all three resources to their understanding and confidence
depended on which tutor they had, although this constituted a non-significant trend in the colouring
activity.

Table 2: Student responses to resources, as influenced by tutor

Foam model Online animation Colouring

Interesting χ2
(16)=28.94, p=0.024 ns ns

Easy to
understand χ2

(16)=48.94, p<0.001 ns ns

Improved
understanding χ2

(16)=29.04, p=0.024 χ2
(16)=27.34, p=0.038 χ2

(16)=34.38, p=0.005

Increased
confidence χ2

(16)=28.00, p=0.032 χ2(16)=26.92, p=0.042 *χ2
(16)=25.93, p=0.055

* Non-significant trend

The sex of the tutor impacted on how both male and female students responded to the resources.
Students with male tutors were more likely to say that an activity was interesting (p=0.007) and
increased their confidence (p=0.008) compared to students with female tutors. There was also a
tendency for students to find male tutors easier to follow (p=0.055). Their perception of whether
activities increased their understanding of embryology was not affected by the sex of the tutor.
Students with postgraduate or postdoctoral tutors were more likely to agree that an activity improved
their understanding (p=0.005), increased their confidence (p=0.008), and was easy to follow (p=0.033)
than those with tutors who were academics or other casual employees. Tutor status did not affect how
interesting students found an activity (p=0.339).
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Discussion

The key findings of this study were that student engagement was not necessarily associated with self-
perceived learning, and that students’ experiences of their learning environment were significantly
influenced by their tutor.

The dissociation between student engagement (using self-reported student interest as a proxy) and
self-reported student learning is surprising. Although the foam model was rated as more interesting
than the online animation, the online animation was rated as being easier to follow, better at improving
understanding, and increasing confidence. Current educational research promotes constructivism, the
concept that students actively construct their own learning path, as the best way to enhance student
learning (Nie & Lau 2010). Student engagement is generally associated with students being actively
involved with their learning environments. Activities that promote greater interaction may therefore be
more likely to successfully engage and enhance student learning. This, however, was not the case in
our study. The dissociation between engagement and perceived learning was seen in responses to the
“active” colouring activity, and the two “passive” resources. Moreover, the resources that student rated
as being the most interesting and most valuable to improving their understanding were the “passive”
resources.

One possible explanation for these findings is that there exists a discrepancy between what students
think they know and what they actually know. Any increase in understanding embryology as a result
of the resources may have been subconscious, and therefore not reflected in the students’ self-reported
answers to the questionnaire. It is also possible that the “passive” resources made the students feel
more comfortable because these activities were not reliant on the students themselves to proceed,
whereas the “active” resource may have caused discomfort by highlighting gaps in student knowledge.
Increased comfort may therefore have been confused with increased learning.

Tutors may also help explain these results; the tutor plays a vital role in determining how students
respond to an activity, and what they take away from it. Our results indicate the influence of tutors on
student perceptions of their learning environment should not be underestimated, with student
responses to the various resources varying significantly depending on their individual tutor. Responses
to the passive activities were particularly variable by tutor. These resources required greater
involvement of the tutor, suggesting that different tutors interact in different ways with the passive
resources, with varying degrees of effectiveness.

The foam model, the resource that required the greatest level of tutor involvement, was logically the
most highly variable by tutor. When overall responses were examined independent of tutors, the foam
model was rated as being more interesting than the online animation, but did not contribute to their
understanding and confidence as much as the online animation. It is possible that students found the
foam model interesting because it is a medium that is not often used in classrooms, as opposed to the
online animation and colouring activities, which are standard ways of communicating information to
students (online activity, pen and paper activity). However, the foam model was seen to be unhelpful
overall in improving self-perceived student understanding. The high variability in the ability of the
foam model to improve understanding and confidence makes sense when tutors are taken into account.
Tutors who are confident and understand how to manipulate the model themselves are more likely to
successfully transmit this to their students, whereas tutors who are unsure of themselves may conduct
an interesting demonstration, but without increasing students’ learning experience.

Students with male tutors rated the activities overall as being easier to follow, and better at increasing
understanding and confidence. It is plausible that male tutors are more likely to come across as
authoritative figures that are confident with the material themselves. As mentioned above, this may
transmit to students, increasing their own confidence in the subject.

It was interesting that students with postgraduate/postdoctoral tutors responded more positively to the
resources than those with other sessional staff tutors, particularly in terms of improving understanding
and confidence. The non-student tutors were not inexperienced - they compromised of academics and
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casual teaching staff who had previously taught the unit and/or other units in the department for
several years. It is possible that postgraduate/postdoctoral tutors, having less experience with the
course content, simplify concepts while they are learning them themselves in preparation for teaching.
This simplification may result in greater clarity for the students. On the other hand, ‘seasoned’ tutors
are more likely to have a deep understanding of the course content, and require less simplification for
their own thought processes. This may result in their transmission of information to students being less
effective. They may also be more likely to confuse students with “extra” unnecessary information
compared to student-tutors who simply tell students what they need to know, and no more. The only
measure that did not differ according to tutor status was student engagement (interest), indicating that
these results are unlikely to be explained by students perceiving postgraduate/postdoctoral tutors as
more relatable.

This study is not without limitations. We recognise that our indicators of student learning are
subjective and simply tell us what students think they take away from an activity. It would be useful to
follow this up with objective measures of student academic performance. Nevertheless, it is important
to take into account how students feel about their university environment, particularly in first year as
this has a great impact on the rest of their university experience. Our findings that student responses
vary according to tutor should also be approached with caution. It would be useful to survey equal
numbers of students who had male and female tutors, as only 2 of the 17 tutors included in the study
were male. There is traditionally a large female-male ratio in the biological sciences, however, so this
situation was difficult to avoid.

Conclusions

The study demonstrates that student engagement is not always associated with increased self-
perceived student learning, but this is likely to be moderated by the effectiveness of the tutor. As
university class sizes grow, student interaction with the tutor may diminish, but the importance of the
interaction does not. This study indicates that when resources are used in the classroom, the input of
tutors plays a significant role in their successful implementation.

The introduction of the online animation into the Human Biology I classroom appears to be largely
successful. Students rated it relatively highly in terms of increasing their understanding and confidence
in embryology. However, there is room for improvement since it not did rate highly as being as
interesting. Furthermore, the effectiveness of this resource in its current form is likely to be diminished
if the online activity is converted into an entirely self-directed at-home activity. The foam model, was
rated as interesting; this resource may have had a ‘novelty’ factor for students but was too variable by
tutor to be useful overall to perceived student learning. In contrast, the use of the online animation
during the lab may have lost any novelty for students due to it being a familiar medium, and because it
had previously been shown in a lecture. One possible solution might be to combine elements from
these two resources – for example, showing a video of a tutor demonstrating the foam model activity
to students while allowing students to interact with the model itself at the same time during lab
sessions.

First year students tend to be particularly difficult to teach since they are novices at university life
(Rhoden & Dowling 2006). This study highlights the importance of training tutors to effectively deal
this unique cohort. The substantial variation in student response by tutor indicates that differences
between teaching styles exist. Some of this may simply be due to experience - as discussed above,
experience may have a positive or negative effect. However, there are evidently still opportunities for
improving both tutor training and the quality of classroom resources.
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Appendix B: Example of foam model
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