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The objectives of this study were to investigate the 
quantity and quality of undergraduate medical 
students’ learning from a three-dimensional 
animation, and to evaluate whether timeline 
pacing used as a post-production cueing strategy 
can improve the educational effectiveness of the 
animation. First- and second-year undergraduate 
medical students (n = 89) at the University of Toronto 
evaluated a three-dimensional animation depicting 
the interaction of Plasmodium falciparum malaria 
with HIV-1 within the placenta. The students were 
assigned by means of permuted block randomization 
to view the animation either with timeline pacing 
(edited version) or without (unedited version). The 
double-blinded evaluation consisted of the students’ 
completion of a randomized computer generated pre- 
and post-test and a feedback form. To ensure that all 
participants had similar baseline knowledge of the 
subject, the results of participants who scored 30% or 
above on the pre-test (n = 7) were omitted. Mean test 
scores for students in both groups improved after they 
watched the animation only once (unedited version: t

39
 

= 23.0, p ≤ 0.001; edited version: t
41

 = 24.7, p ≤ 0.001). 
However, no significant difference in learning was 
detected between the two versions of the animation 
(t

80
 = 0.762, p ≤ 0.230). For both groups, the mean 

difference between scores for pre-and post-testing of 
recall questions was significantly higher than that for 
testing the application questions (unedited version: 
t
39

 = 8.23, p ≤ 0.001; edited version: t
41

 = 9.09, p 
≤ 0.001). A complex three-dimensional animation 
aided first- and second-year undergraduate medical 
students’ learning, particularly learning factual 
knowledge. Timeline pacing did not have an impact 
on the learning outcome.

Introduction
Over the past decade, the use of three-dimensional (3D) 

animations in higher learning has been on the increase (Azer 
2007; Mayer and Moreno 2002), and, like most educational 
material, the effectiveness of these teaching aids depends heavily 
on the quality of their design (Lowe 2004). Since animations 
have the potential to distract students from the intended message 
(Choules 2007), designers need to actively manipulate the way 
content is presented to guide students to relevant information. 

This manipulation, or cueing of content, although useful in all 
types of instruction, is particularly important to the design of 
instructional 3D animations because of their linear, often non-
interactive nature, which makes controlling the rate of learning 
in classroom settings difficult. Current types of successful cueing 
techniques used by animation designers include narration (Mayer 
and Anderson 1991, 1992); overt changes in the characteristics 
of the focal objects such as changes in form (transformation), 
position (translation), and inclusion (transition) (Lowe 2003; 
Rensink 2000); and surface structure such as colour, texture, and 
level of detail (Weiss et al. 2002; Wilson-Pauwels 1997). 

Studies (Bolls and Muehling 2003; Lang et al. 2000, 2003) 
evaluating the effects of the design of television news and 
commercials on viewers’ attention and comprehension suggest 
that the use of post-production cues such as pacing are effective. 
In particular, this research (Bolls and Muehling 2003; Lang 
et al. 1999, 2000, 2003) looked at altering pace, which is the 
speed at which visual information is presented to the viewer for 
cognitive processing. From this research, Potter and Lang (1999, 
2001) devised a set of seven post-production guidelines to make 
stories easier to understand. One of these guidelines suggests 
the use of slow-to-moderate pacing, or timeline pacing, for 
complex stories. Timeline pacing, the speed at which the linear 
representation, or timeline, of a film or animation is viewed, is 
a standard post-production editing technique used in cinematic 
narrative, particularly in the action-adventure genre (Peebles 
2004). However, the effectiveness of timeline pacing in other 
dynamic media such as in instructional animation has not been 
investigated.

For this study, a complex 3D animation was used to investigate 
the quantity and quality of undergraduate medical students’ 
learning from 3D animation, and to evaluate whether timeline 
pacing used as a post-production cueing strategy could improve 
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the educational effectiveness of the animation. For the primary 
outcomes, it was hypothesized that the students would learn 
from the animation and achieve significantly higher post-test 
than pre-test scores, and that students exposed to the animation 
with timeline pacing used as a cueing strategy would achieve a 
larger mean difference in pre- and post-
test scores than the group viewing the 
animation without the timeline pacing.  
For the secondary outcomes, it was 
hypothesized that the students would 
perform better on recall questions than 
on application questions and that this 
difference would be greater for the 
group viewing the edited version of the 
animation. 

Methods

Participants
A convenience sample of 89 first- and 

second-year undergraduate medical 
students attending the courses Brain and 
Behavior (BRB 111S) and Foundations 
of Medical Practice (FMP 211S) at the 
University of Toronto was recruited by 
the primary researcher between May 
1 and May 10, 2006. According to the 
Central Limit Theorem, a minimum 
sample size of 30 students was required 
for each of the two treatment groups 
(Fowler et al. 1998). 

Undergraduate medical students 
were chosen as the target audience 
because of their general understanding 
of embryology, anatomy, HIV-1 and 
malaria, which gave them the necessary 
level of education to participate in the 
study. The pre-test was used to test 
prior knowledge specific to the content 
presented in the animation and the 
results of participants who scored 30% or 
above (n = 7) were omitted. Participation 
was voluntary. To provide an incentive 
to participate in the study, participants 
were entered in a draw for an Apple iPod 
Shuffle (Apple Inc., Cupertino, CA). The 
study was approved by the University of 
Toronto Ethics Review Office (protocol 
reference # 17211), and participants 
gave written, informed consent before 
participating in the study.  

Creation of the animation
The animation created for the study 

explained the complex series of events that cause pregnancy-
associated malaria and the interaction between malaria 
(Plasmodium falciparum) and HIV-1 within the placenta. The 
content expert, Dr. Kevin C. Kain, ensured that the information 
presented was medically accurate and complete.

Figure 1. Selected frames from the animation by Kari Visscher entitled “Malaria, HIV-1, and 
Pregnancy: A Cycle of Affliction.” Images are from the opening sequence (a), second sequence (b), 
third sequence (c–g), and closing sequence (h).
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The resulting five-minute, fully narrated animation called 
“Malaria, HIV-1, and Pregnancy: A Cycle of Affliction,” created 
by Biomedical Communication’s graduate Kari Visscher, began 
with silhouetted video footage of a pregnant woman in African 
dress being bitten by a mosquito (Figure 1a), which set the context 
for the animation. The second sequence used two-dimensional 
animation to introduce the baby in vivo and the physiology of 
the normal placenta (Figure 1b). The third sequence used 3D 
animation to describe the events of pregnancy-associated malaria 
and the hypothesized role of monocyte interaction in increasing 
the HIV-1 viral load within the placenta (Figures 1c–g). The 
closing sequence used video footage similar to that shown in the 
introduction to describe how this interaction between malaria, 
monocytes, and HIV-1 could have an impact on the mother and 
child (Figure 1h).

To test the effectiveness of timeline pacing as a post-production 
cueing strategy, two versions of the animation were created. In 
one version (the unedited version), the timeline was not altered. In 
the second version (the edited version), the timeline was paused 
(freeze-framed) for three seconds at the seven key points that 
presented information essential to understanding the complete 
story to assess whether timeline pacing could guide learners’ 
attention during instruction and thus increase their ability to 
recall highly relevant information. The narration was identical 
for both versions and corresponded to the visual events in the 
narrative.

The video was edited with QuickTime Pro 7 TM (Apple Inc, 
Cupertino, CA) and Adobe After Effects 6.5 TM (Adobe Systems 
Inc., San Jose, CA). The narration was edited in BIAS Peak 3 
TM (Berkley Integrated Audio Software Inc., Petaluma, CA). The 
two-dimensional animation was created in Adobe Illustrator CS2 
TM (Adobe Systems Inc., San Jose, CA ) and Adobe Flash MX 
2004 TM (Adobe Systems Inc., San Jose, CA). The 3D animation 
was created in MAXON Cinema 4D R9 TM (MAXON Computer 
Inc., Newbury Park, CA), and the entire piece was composited 
and edited in Adobe After Effects 6.5 TM (Adobe Systems Inc., 
San Jose, CA).

Evaluation
One second-year medical student and a graduate student, 

both of whom had expert knowledge about the content of the 
animation, served as pilot subjects to validate the materials 
(the two versions of the animation), establish the quality of the 
testing instruments (pre- and post-tests and feedback form), and 
determine an appropriate length of time for the evaluation.

Study participants were asked to sign up for one of the five 
predetermined testing dates and times. Using permuted block 
randomization, the primary researcher randomly assigned the 
animation versions to the testing dates so that about half of 
the participants would evaluate the edited version and half, the 
unedited version.  The evaluations took place in the Microcomputer 
lab and Biomedical Communications computer lab in the Medical 
Sciences Building at the University of Toronto. 

Each participant was assigned to a computer with the online 

evaluation (designed in Macromedia Flash MXTM) enabled. 
Random number ID’s were generated and each participant was 
assigned a unique ID generated by the Flash program. Answers 
to the online test questions were automatically recorded to a 
secure MySQLTM database server (MySQL Inc., Seattle, WA). 
Two trained volunteers who were blinded to the group assignment 
were present during the evaluations to answer questions and play 
the animation. 

Each participant completed the five steps of the evaluation: 
granting informed consent, completion of the pre-test, viewing the 
animation (without user control), completing the feedback form 
and completing the post-test. Participants were given unlimited 
time to provide their written consent, then about five minutes to 
complete each of the final four sections, although extra time was 
allotted if necessary.  

The pre- and post-tests (tests A and B) contained 13 similar 
multiple-choice questions (nine factual and four application 
questions). The multiple-choice format consisted of one answer, 
two distracters, and one “Don’t know” option to decrease the 
amount of guessing on the test and to increase the test’s reliability, 
as recommended by Maxwell (1994). Only one question appeared 
on the screen at a time. To prevent participants looking for 
answers to test questions from within the questions themselves, 
participants were unable to return to previous questions once 
they had answered them.  

Example of a retention question

Membrane fragments from ruptures RBCs cause: 

A.  Activation of monocytes causing them to release 
chemokines and inflammatory cytokines

B.  Activation of monocytes causing them to increase 
their rate of phagocytosis

C.  Activation of monocytes causing them to release 
opsonizing proteins

D.  Don’t know

Example of a transfer question

The global push to extend the use of antiretroviral drugs 
is potentially dangerous because (choose the least likely 
answer):

A.  Interactions between antiretroviral and malaria drug 
treatments could be problematic

B.  The interaction between HIV and malaria may alter 
the benefits achieved with the drugs for treatment

C.  The antiretroviral drugs may prevent woman from 
getting pregnant

D.  Don’t know

Figure 2. Example of recall and application multiple choice questions 
used in the evaluation.
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The factual questions tested for participants’ ability to recall 
the material being taught, and the application questions tested for 
their ability to use this material in new situations (for sample test 
questions, see Figure 2).  To ensure consistency in the level of 
difficulty of the pre- and post-tests, the Flash module randomly 
assigned half of the participants to receive test A as the pre-test 
and test B as the post-test, and the other half to receive test B as 
the pre-test and test A as the post-test.

Data analysis
A Student’s paired t-test was used to determine whether 

participants achieved significantly higher post-test than pre-test 
scores after viewing the animation. A Student’s independent 
t-test was also used to measure differences in post-test scores 
for participants viewing the edited and unedited versions of the 

animation. Since multiple independent tests were completed, 
Bonferroni’s correction was used to correct the alpha level to 
0.017 to decrease the probability of a type I error. 

Bonferroni’s correction was also used to analyze whether (1) 
participants achieved higher post-test than pre-test scores for the 
recall questions for each version of the animation, (2) the mean 
difference in test scores for the recall questions for the edited 
version were higher than that for the recall questions for the 
unedited version, (3) the participants achieved higher post-test 
than pre-test scores for the application questions for each version, 
(4) the mean difference in test scores for the application questions 
for the edited version was higher than that for the application 
questions for the unedited version and (5) the mean difference in 
recall scores was higher than that for the application scores for 
each version.

Figure 3. CONSORT flow diagram of the progress through the phases of this randomized trial.
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To clarify how the statistics are meant to be read, “unedited 
version: t

39
 = 23.0, p ≤ 0.001” means that a Student’s paired t-test 

was used to compare the marks of 40 students who completed the 
pre- and post-tests before and after watching the unedited version 
of the animation. The number 39 is the degrees of freedom (n-1) 
used for this calculation, and since p ≤ 0.01 we are 99% confident 
that the difference detected is not due to chance alone.

To see the animation and a visual explanation of the study 
please visit www.bmc.med.utoronto.ca/~kari and click on the 
“Master’s research” link.  

Results
Figure 3 summarizes the number of students who completed 

the study. A total of 89 first- and second-year medical students 
were enrolled in the study; however, results for seven students 
were excluded from the analysis because their pre-test scores 
were >30%.

For both versions of the animation, participants had significantly 
higher mean post-test then pre-test scores (unedited version: t

39
 = 

23.0, p ≤ 0.001; edited version: t
41

 = 24.7, p≤ 0.001). The post-test 
scores for the edited and unedited versions were not significantly 
different (t

80
 = 0.762, p ≤ 0.230) (Figure 4).

For both groups, participants had significantly higher mean 
post-test scores than pre-test scores for the recall questions 
(unedited version: t

39
 = 22.0, p ≤ 0.001; edited version: t

41
 = 25, 

p ≤ 0.001). Scores for the edited version were not significantly 
different from those for the unedited version (t

75
 = 1.084, p ≤ 

0.141) (Figure 5).
For both groups, participants had significantly higher mean 

post-test scores than pre-test scores for the application questions 
(unedited version: t

39
 = 5.15, p ≤ 0.001; edited version: t

41
 = 6.32, 

p ≤ 0.001). Mean post-test scores for the edited version were 
not significantly different from those for unedited version (t

78
 = 

–0.327, p ≤ 0.628) (Figure 6).
 For both the edited and unedited versions, the mean difference 

in scores for the recall questions was significantly higher than the 
mean difference in scores for the application questions (unedited 
version: t

39
 = 8.23, p ≤ 0.001; edited version: t

41
 = 9.09, p ≤ 0.001) 

(Figures 5 and 6).

Discussion
The results of our study suggest that since the first- and second-

year undergraduate medical students achieved significantly 
higher post-test than pre-test scores (65-70% increase) after 
viewing either version of the animation, they were able to learn 
the content presented (Figure 4). The complex animation did not 
seem to overload working memory, which is a major concern for 
instructional material that involves multiple-channel systems 
(visual channels, including pictorial and textual images, and 
auditory channels) (Moore et al. 2004; Anglin et al. 2004). 

The amount of learning also did not seem to be affected by the 
use of timeline pacing as a cueing strategy. Since cueing strategies 
are designed to help overcome the limitations of working-
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Figure 6. Box (median and IQR) and whisker (range) plots showing 
test scores (%) on the application questions of the pre-test and post-test 
for the unedited version group (light grey) and the edited version group 
(dark grey). Grey dots represent outliers. 

Figure 4. Box (median and interquartile range [IQR]) and whisker 
(range) plots showing test scores (%) on the pre-test and post-test for 
the unedited version (light grey) and the edited version (dark grey) of 
the animation. Grey dots represent outliers.

Figure 5. Box (median and IQR) and whisker (range) plots showing test 
scores (%) on the recall questions of the pre-test and post-test for the 
unedited version group (light grey) and the edited version group (dark 
grey). Grey dots represent outliers. 
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memory capacity by loosely chunking information (Bruer 2003), 
this neutral result may reflect our finding that working-memory 
was not overburdened by the content presented in the animation. 

These results highlight the importance of knowing the 
characteristics and capabilities of the target audience for which 
an instructional animation is designed (Newby et al. 2006). For 
example, in the current study, the positive feedback received 
during the evaluation and high turnout suggests that the 
participants were motivated to learn the subject matter. Also, 
because the target audience was medical students, it is reasonable 
to assume that the participants were skilled, efficient learners. 
Consequently, this target audience may not have been sensitive 
to timeline pacing as a cueing strategy because they would be 
able to learn from virtually any well-designed instructional 
medium as long as they were motivated and given enough time to 
process the information (Lumsden et al. 2005). Future research 
that tests timeline pacing on a variety of target audiences may 
more accurately reveal the usefulness of this cueing strategy in 
instructional animations.

In addition to the primary outcomes both groups performed 
significantly better on recall questions than on application 
questions (Figures 5 and 6), suggesting that the instructional 
animation engaged the medical students primarily in rote learning 
(filling the memory with new factual knowledge), as opposed to 
skill learning (learning a new skill) or constructivist learning 
(constructing new and meaningful models that integrate prior 
knowledge) (Mayer 2003). This result may have implications for 
methods of integrating instructional animations into the existing 
medical curriculum. For example, an animation could be made 
available before a corresponding lecture so that the medical 
students could learn the appropriate, accurate facts in a relatively 
short amount of time.

The limitations of this study include a small to moderate 
sample size and as such, the results may not be completely 
generalizable to the broader medical student body. Also, 
selection bias would be a factor since the student’s volunteered to 
participate. Furthermore, since the participants were not retested 
after a longer period of time (weeks to months) it is uncertain that 
the learning of new factual knowledge is permanent or merely a 
transient phenomena. 

Conclusions
In the current study, after viewing a five-minute animation 

once the undergraduate medical students were able to increase 
their factual knowledge of the topic by approximately 65–70% 
(Figures 4 and 5). This finding may have implications for how to 
best integrate complex animations into higher education. 

The use of timeline pacing as a post-production cueing 
strategy had no effect on learning (Figure 4). However, the true 
effectiveness of this cueing strategy may not have been properly 
investigated because of masking factors such as the target 
audience’s learning expertise and level of interest in the lesson 
material. 
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