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The current study examines whether instructional 
interactivity, specifically multiple choice questions, 
enhances online learning outcomes in teaching 
introductory principles of pharmacogenetics. A pilot 
online course, designed with three 2-D animated 
sections, was evaluated by fourteen practicing 
pharmacists using online questionnaires, pre- and 
post-tests and final evaluation feedback forms. 
It was expected that multiple-choice questions 
parsed between animated scenes would provoke 
contemplation and facilitate reflection and abstract 
thinking. The results failed to find a statistical 
difference between the test scores of those who 
viewed the linear, non-interactive program and those 
who viewed the interactive program with strategically 
placed multiple choice questions inserted between 
sections. While overall learning outcome did increase 
between both groups, only those who viewed the 
linear, non-interactive animated program scored 
significantly higher in the post-test compared to their 
pre-test.

Introduction
Recent discoveries in pharmacogenetics suggest that the field 

will radically alter the way in which medicine is discovered, 
developed, and used (Brock et al. 2002). However, visual materials 
used in support of education of pharmacogenetic principles are 
currently few in number and often lacking in instructional, as well 
as aesthetic quality. This is symptomatic of the current drought 
of continuing education initiatives dedicated to translating novel 
scientific knowledge for use by health-care professionals in 
Canada. Large gaps remain between best evidence and practice 
(Davis et al. 2003). However, online courses allow swift delivery 
of information to clinicians with little geography and time 
constraints (Qureshi 2002). Thus, online courses can facilitate 
communication of health research findings, and aid in attaining 
research’s ultimate goal of yielding positive health outcomes in 
practice.

Animation and Learning
Animations possess a presentation and clarification function 

not available in still images. They are especially useful in 
presenting complex and dynamic conceptual information, 
such as systems that are impacted by simultaneous influences, 
changes over time, and systems not visible to the naked eye 
(Weiss, 2002, Tversky et al. 2002). 

On the other hand, conflicting studies suggest that animations 
may be less effective learning tools than still pictures, 
especially in instances involving novice learners. In these 
cases, animations are thought to be more difficult to perceive 
and understand (Lowe 1999 and ChanLin 2001). Elements of 
motion in animation might require more extensive efforts 
in constructing connections between textual and graphical 
information in integrating knowledge (ChanLin 2001).

With the advent of computer-assisted learning, the role of 
animation has become increasingly prominent in multimodal 
learning. Further research is required to examine the necessary 
conditions for the specific and effective use of animations 
and interactivity in education (Lewalter 2003).  The role of 
animations in learning and the mechanisms behind cognitive 
processing of animations are unclear thus far and constitute 
fertile ground for research.

Interactivity in Multimedia Learning
Interactivity’s important role in online learning (Schittek 

et al. 2001) as well as its useful role in knowledge acquisition 
and the development of cognitive skills (Sims 1997) are well-
documented.

Some experts generalize interactivity in web-based learning 
into two major categories: social interactivity and instructional 
interactivity (Gilbert and Moore 1998). Social interactivity 
encompasses body language and greetings/socializing with 
examples such as videoconferencing, electronic bulletin boards 
and moderated discussions. Instructional interactivity includes 
activities such as questioning, confirmation of learning, and 
controlling navigation (Gilbert and Moore 1998). 

Narayanan and Hegarty (2002) utilized pop-up multiple-
choice questions where students were asked to predict various 
behaviours of a system before viewing any animations. 
The researchers proposed that the questions supported the 
construction of a dynamic mental model by encouraging mental 
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stimulation. Other elements of interactivity included clicking 
on labels and revealing other corresponding components or 
seeing explanatory text. This model produced better learning 
outcomes than conventional presentations. 

Schittek et al. (2001) reviewed computer-assisted learning and 
also determined that interaction between users and content is an 
important aspect. Increased levels of interactivity in web sites 
have been shown to increase web users’ perceived satisfaction, 
effectiveness and efficiency of learning, value and overall 
attitude of their experience (Teo et al. 2003).

Although interactivity’s effect in education has not yet been 
thoroughly studied, it is hypothesized that interactivity can 
help overcome the difficulties in perception and comprehension 
of animations by encouraging an active (rather than strictly 
passive) viewing of animations (Tversky et al. 2002). 

Objectives
The main objective of this research project was to develop 

a prototype website for a visually-based online course in 
pharmacogenetics targeted at community pharmacists as a 
continuing professional development module. 2-D biomedical 
animations incorporating multiple-choice questions as a form 
of interactivity were developed and their effectiveness tested 
against traditional animations with the same informational 
content.

A major goal of this research was to determine whether 
instructional interactivity, specifically, multiple-choice question 
interactivity, promotes learning when it is incorporated into 
animations depicting complex and dynamic concepts such as 
those in pharmacogenetics. It is expected that the integration 
of multiple-choice questions that encourage reflective thinking 
will increase the educative value of instructional animations.

Methodology

Content Development
The prototype course is comprised of three sections, each 

building upon the knowledge presented in the previous 
section. The first section, I. Introduction to pharmacogenetics 
introduces terms and concepts by giving an overview of basic 
concepts in pharmacogenetics. The second section, II. From 
genes to proteins, teaches fundamentals of DNA. This section 
integrates knowledge gained from section I by illustrating the 
interaction between concepts from both sections. The third 
section III. CYP2D6 case study, takes a widely taught example 
in pharmacogenetics and integrates the concepts from the 
previous two sections in an applied perspective for a practicing 
pharmacist.

Each section is comprised of a 2-D animation approximately 5 
minutes in length. The storyboards were developed from content 
information drawn from relevant literature and textbooks and 
reviewed by an expert panel. 

Animated sequences were developed using the following 

software applications: Flash MX™ (Macromedia, 2004) with 
graphics created in Flash MX™ (Macromedia 2004), Photoshop 
CS™ (Adobe Systems 2004), Illustrator CS™  (Adobe Systems 
2004), Maxon Cinema 4D™ (Maxon Computer 2003), and Swift 
3D™ (Electric Rain 2004). Narration was recorded in Peak DV 
3™ (BIAS 2003). 

Animations were adapted in 2 ways: 1) A linear narrative 
(non-interactive) where the animation played non-stop from start 
to finish; and 2) An interactive narrative where 4-5 multiple-
choice questions were inserted between each scene relating to 
content from the previous scene. Questions were based solely 
upon presented content so as to prevent any additional learning 
through the questions themselves. Since later sections relied 
on knowledge from previous sections, the complexity of the 
questions increased and required mastery of earlier concepts. 
Answering incorrectly resulted in the user being taken back 
to view the previous scene and progressing to the next section 
only upon answering all questions correctly (Figures 1, 2). As 
a result, a model was developed where learners viewed content 
that presented progressively complex levels of learning while 
simultaneously encountering progressively complex multiple-
choice questions throughout. 

Multiple-choice questions were chosen as the mode of 
instructional interactivity in this module since they are an 
established form of interactivity that can be easily tracked and 
have its effects isolated.

Evaluation
Preliminary testing was conducted after the prototype was 

complete. Testing consisted of a questionnaire, pre- and post-
test, and questions evaluating participants’ learning experience. 
A comment box was placed on each page of the content pages so 
that participants could pause the lesson and submit immediate 
feedback before continuing. 

Figure 1. Screen capture of multiple-choice interactivity as seen in the 

interactive version of I. Introduction to pharmacogenetics section.
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I. Participants

 Fourteen practicing pharmacists, with no specialized 
knowledge of pharmacogenetics, were gathered from a 
convenience sample in the Greater Toronto Area. Informed 
consent was obtained from all participants prior to the 
evaluation.

II. Procedure

The participants were randomly assigned into two groups. 
One group (n=8) viewed the non-interactive prototype program 
while the second group (n=6) used the interactive version. 
Participants were asked to log into the websites at their leisure, 
but to finish the session in one sitting.

Upon logging in, participants were prompted to complete the 
questionnaire and pre-test. The questionnaire inquired of their 
background in pharmacy, pharmacy education and background 
in genetics and pharmacogenetics. The pre-test consisted of five 
multiple-choice questions that tested pre-existing knowledge of 
pharmacogenetics. Upon their completion, the main menu was 
made available to participants. The main menu consisted of the 
three available sections and led to the teaching portion of the 
program.

After viewing all three sections, the participants completed a 
post-test by answering questions regarding the material covered.  
The post-test consisted of five multiple-choice questions and 
were different from the pre-test questions.

Immediately after, participants were prompted to complete a 
final evaluation consisting of six questions relating to the user’s 
learning experience with this prototype module. Three of these 
questions asked participants to rate their learning experience 
as well as the clarity and level of difficulty of the information 
presented on a scale of 1 to 10. Participants who viewed the 

Figure 2b. A sample sequence of events in 
the interactive version of III. CYP2D6 case 
study.

Figure 2c. A sample sequence of events 
in the non-interactive version of I. 
Introduction to pharmacogenetics.

Figure 2a. Example of a sequence of 
events while testing the interactive 
version.
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interactive version were asked to answer four additional 
questions about their experience with multiple-choice question 
interactivity.

III. Data analysis

The pre- and post-test data were analyzed by single factor 
and two-factor without replication ANOVA (ANalysis Of 
VAriance). Feedback gathered from the comments box and the 
final evaluation was analyzed qualitatively. Average score was 
calculated on questions that asked users to rate a point on a scale 
of 1 to 10.

Results

Participants’ Background
Approximately 64.29% had not taken an undergraduate 

course in genetics and none worked with genetic information on 
a daily basis. However, 42.86% had taken a course or attended 
a seminar about pharmacogenetics or pharmacogenomics. 
When asked about participants’ current knowledge about 
pharmacogenetics or pharmacogenomics, 71.43% indicated that 
they were ‘not knowledgeable’, and 28.57% indicated that they 
were ‘somewhat knowledgeable’.

Knowledge Acquisition
Knowledge acquisition was assessed by comparing pre- 

and post-test scores (Figure 3). A preliminary comparison 
was made with a two-way without replication ANOVA, with 
time test taken (pre- vs. post-test) as between-subject measure 
and version of prototype program viewed (non-interactive or 
interactive) as between-subject measure. The analysis revealed 
a significant effect of time test taken, F(1, 13)=9.66, p<0.05, but 
did not detect a significant difference in scores between non-
interactive or interactive versions. Upon further analysis using 
single factor ANOVA, a significant difference was found in pre- 
and post-test scores only in participants who viewed the non-
interactive version, F(1, 14)=6.16, p<0.05 and not in participants 
who viewed the interactive version, F(1, 10)=2.96, p>0.05.

Summary of Learner Assessments
Participants’ learning experience with the prototype module 

was positive overall (Figure 4). Visual learners especially 
appreciated this alternative mode of learning. Predictably, 
responses on the level of difficulty of information presented 
varied depending on participants’ background in genetics 
and/or pharmacogenetics. Those with previous knowledge of 
the material found the module to be “basic information” or “a 
good overview.” On the flip side, participants who had never 
encountered genetics in their schooling found the information 
to be somewhat difficult. Overall, the level of difficulty was 
scored close to the mid-way point, at 5.4/10 (Figure 4). When 
asked about the clarity of the information, those who had a 
background in genetics found it easy to understand while those 
who did not had more difficulty. The clarity of information 
scored an average of 7.6/10 (Figure 4).

Among participants who tested the interactive version and 
answered additional questions about their experience, reviews 
of multiple-choice interactivity were mixed. Some participants 
liked them and felt more attentive as a result. Others thought 
they were distracting and were better left to the end of each 
section. However, most participants found they reflected more 
on the information when asked to answer multiple-choice 
questions while viewing a section, and that it did assist their 
attentiveness. When asked whether participants would prefer 
learning about pharmacogenetics with sections that did not 
stop to ask questions in between, 66.67% answered “no”, while 
33.33% said “yes”.

General comments about the prototype included enthusiasm 
about the animation and audio. Recommendations included 
increased font size, displaying bullet points as paragraphs are read 
(instead of displaying entire paragraphs), and adding objectives 
at the beginning of each section. The section III. CYP2D6 case 
study was particularly well-received since participants found it 
most closely related to their work as pharmacists.

Figure 3. Comparison of mean scores in participants who viewed 

prototype -interactivity or +interactivity versions.

Figure 4. Evaluation of learning experience, clarity and level of 

difficulty on a 10-point Likert scale.
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Discussion
One of the purposes of this pilot study was to determine 

whether multiple-choice interactivity incorporated into an 
animated online program in Pharmacogenetics would enhance 
learning outcomes. The research data did not demonstrate 
a statistical difference between the test scores of those who 
viewed the non-interactive presentation and those who viewed 
the interactive presentation. While overall learning outcome 
did increase between both groups, only those who viewed the 
linear, animated program scored significantly higher in their 
post-test compared to their pre-test. It was expected that the 
multiple-choice questions parsed between animated sections 
would provoke the learner to contemplate what they had just 
seen and as a result facilitate more complex modes of learning, 
such as reflection and abstract thinking. 

While learners who tested the interactive version perceived 
themselves to reflect on the information more, the results from 
the pre- and post-test scores did not demonstrate this. Several 
reasons exist which might explain this incongruence. Most 
obviously, the small sample size may have skewed results. This 
is typical of pilot studies and to be expected. Another reason 
may be that the type of question may have been inappropriate 
for testing the cognitive benefits of increased processing and 
reflection. Perhaps problem-solving type questions could have 
been asked instead of straight recall questions. Another potential 
reason is that the design of the study failed to control for an 
extra-motivated non-interactive group. It is possible that these 
participants gave more thought to the content than if they were 
not in an evaluating situation (i.e. simply watching the module 
as a course).

The feedback given in the qualitative assessments was highly 
variable. While some participants preferred to answer questions 
interspersed throughout the sections, others preferred having 
them at the end. Some wanted more textual information while 
others appreciated the paucity of statistical figures on display. 
This suggests that learner preference should be considered 
carefully and more choices should be given to users to satisfy 
their individual learning needs. With advanced multimedia 
technology at our fingertips, personalization of learning 
environments can be realized.  More thought should be given 
to this concept when developing a multimedia module in the 
future.

Feedback was uniform on one matter, however. The high level 
of excitement and enthusiasm among participants of this pilot 
study offers encouragement for the use of animated content 
in professional development courses. While research is still 
providing mixed messages on the efficacy of animations in 
education, such feedback suggests that this learning method is 
well-received. Animations have the potential to help learners 
build coherent, high-quality mental models of complex change 
processes, especially since they can depict situational dynamics 
explicitly. Additionally, interactive animations provide 

opportunities for learners to deal with available information 
selectively and so avoid excessive processing demands (Lowe 
2004).

Future directions for research as a result of this study might 
include efforts to tweak its design to increase research design 
power. Including a larger sample size as well as more discerning 
test questions and interactivity elements might lead to clearer 
results as to the efficacy of interactive animations in education. 
Examples of alternative questions, such as case-based questions 
that test applied knowledge rather than memorized facts, 
would allow for more sensitive testing. Alternative types of 
interactivity, such as chatrooms or puzzles might also reveal 
the circumstances in which interactivity best assists online 
learning. 

Possible extensions of this research would explore the ability 
of online teaching modules to provide a personalized learning 
experience that accounts for an individual’s learning preferences. 
The highly diverse set of participant feedback comments on 
the module design indicates a desire among the participants 
to engage learning in a manner best-suited to their learning 
abilities. Determining whether the provision (and viability) of 
a module with content and design tailored for the individual 
as determined from user input increases learning outcomes 
would be an intriguing study. Indeed, it is entirely possible 
that interactivity itself may be a mode of learning that suits a 
particular individual well or not. Visual learners and auditory 
learners might soon be joined by interactive learners.
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