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Animations Are Dynamic, Effective
Tools For Science Teaching:
If You Just Follow The Rules!

Danton H. O’Day, University of Toronto at Mississauga, Canada

ABSTRACT

Textbook companies are increasingly including larger numbers of animations as complementary
resources for students and teachers. Are all animations useful as teaching tools? The answer is
no. Animations can be useful for communicating dynamic events and processes but only when
specific rules are followed. The authors review the important components of effective animations
and their extensive, original research on the value of animations in learning and long-term
memory retention. When the rules are applied, students can learn complex material more easily
and retain more of what they have learned in short and long term memory than they can by
viewing static textbook figures. Our results also indicate that learning from animations and
graphics differs between males and females. Insight gained from student feedback is highlighted
with some final comments on future research.
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INTRODUCTION

l@@ extbook companies are increasing the availability of instructional media to complement their

textbooks. Thus we’ve seen the development of websites where instructors can access supplementary

course content ranging from figures to PowerPoint slide shows to animations and fully-fledged inter-
active exercises. One area of extremely rapid development is in the area of short instructional animations. In support
of the use of animations in teaching is an extensive literature that covers many different disciplines. These studies
have shown that animations can be more effective than textbook figures (Pollock et al. 2002; Nicholls and Merkel
1996). It seems reasonable that dynamic events would benefit by being represented in a dynamic way (Tversky and
Morrison 2002).

The goal of this review is to show, using biological examples, how animations can be used as effective
teaching and learning tools. Our past and current research will show that, when appropriate rules are followed, short
term learning and long-term memory retention is enhanced through the use of animations. We then review some
new research to that provided insight into the types of learning that are most enhanced through the use of
animations versus static graphics. This work also revealed some gender-based differences. Finally we summarize
some student comments and where we see future research should be directed.

THE ATTRIBUTES OF EFFECTIVE ANIMATIONS

The cognitive load theory is based upon the concept that there is a limited amount of working memory. If
animations use visual and auditory channels effectively, working memory is increased (Mayer et al. 2001; Sweller
1994; Mayer and Anderson 1992). Similarly, overloading the learner with extraneous or confusing material in an
animation can inhibit short and long-term memory retention. Thus many of the attributes of an effective teaching
animation revolve around this issue. Table one summarizes the fundamental components that should be included in a
meaningful instructional animation. There are unlimited ways to lose a student’s attention. Discussing or lecturing
on material that is beyond their comprehension is one of these. It follows then that this is also true for animations.
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As reflected by the “apprehension principle” the material presented to students must be appropriate to the topic and
to their educational level. The content of an animation must be appropriate for a learner to be able to understand it.
Animations with too much extraneous detail can overwhelm students reducing their level of comprehension
(Tversky and Morrison 2002, Table 1). Focus is important: animations are not effective if they have too much
information (Tversky and Morrison 2002; “coherence effect”, Mayer, 2003; Table 1). Terminology is critical and
specific to each subject area but too much terminology without clarity can lead to problems with comprehension and
learning. Animations provide an effective way to link specific words or topic-specific terminology to components,
structures or events. Mayer (2003) has shown that effective learning from animations occurs when printed words or
terms are placed adjacent to corresponding pictures (“spatial contiguity effect”; Table 1). Learning is further
enhanced when words or terms are spoken at the time they appear (“multimedia effect”; Table 1). An informal
spoken narrative has been shown by numerous authors to reinforce learning (Lowe, 2003; Mayer and Anderson
1992; Sweller, 1994; “personalization effect”, Mayer, 2003; Table 1). Just as importantly, students learn how to say
critical terms correctly (O’Day, 2008). Visual representations of change can also assist students in the learning
process (Wilson-Pauwels, 1997; Table 1).

Interactivity may be simple (e.g., stop, start, rewind and replay an animation) or complex (e.g., answering
questions correctly before progressing). Various studies support the concept that interactivity reinforces the learning
process (e.g., Tversky and Morrison, 2002; Table 1). True interactivity engages the student, encouraging them to put
the new material into context with previously learned information and to formulate new ideas about that material
(Tversky and Morrison, 2002).

Table 1: Essential components of an effective teaching animations

Essential Component

Terminology/Meaning

References

Stage-appropriate content

Absence of extraneous
content

Text is adjacent

to relevant image

Term spoken as it appears

Conversational narration

Student control

Visual cues reflect change

Directing attention to
specific items

(after O’Day, 2008)

“Apprehension principle”
The material must not be too
difficult or complex

“Coherence effect”
increased irrelevant content
means decreased retention

“Spatial contiguity effect”
Relationship between items
reinforces learning

“Multimedia effect”
Reinforces association between
term and structure/event

“Personalization effect”
Non-pedantic, sociable
narrative encourages learning

Interactivity

Allows learning at personal rate;

ranges from start/stop/rewind
to full interactivity

Visual Cues
Changes in color/sShape
show an event has occurred

Attention Cueing
Indicating salient items
ensures they are noticed

Tversky & Morrison, 2002

Mayer, 2003

Mayer, 2003

Mayer, 2003

Mayer, 2003; Sweller,

1994; Lowe, 2003

Tversky & Morrison, 2002

Wilson-Pauwels, 1997

De Koning et al, 2009
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RESEARCH DATA ON THE VALUE OF ANIMATIONS IN BIOLOGY

While it is generally agreed that animations are valuable aids for teaching dynamic events, the specific
research that has been done on the value of animations for teaching the life sciences is limited. In a small study,
Stith (2004) showed that students who viewed an animation obtained significantly higher test scores than those who
only saw static graphics of the event. McClean et al. (2005) carried out a more comprehensive and controlled
experiment again showing that students who viewed an animation obtained significantly higher test scores than the
group that didn’t. O’Day (2006) did a larger study allowing statistical comparison to be carried out. In keeping with
the previous studies, the students who viewed the animation scored better on a subsequent test than those who
viewed a graphic with an equivalent legend but only after sufficient time was provided (Figure 1).
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Figure 1
A bar graph showing the results of the four groups on questions based upon viewing the animation or static graphic. The mean
and standard error for each group are shown. As detailed in the results, ANOVA one-way analysis of variance revealed that the
results for group D were significantly (P <0.05) different from groups A, B and C while group C was significantly (P <0.05)
different from groups A and B. (after O’Day, 2006)

A follow-up study with over 200 students supported those results (O’Day, 2007). The second part of that
study provided data on the value of animations in long-term memory retention (Figure 2). Three different un-
narrated animations were used and for all of them, the students who viewed the animations lacking the narration
scored significantly higher on the retention tests than those who viewed the equivalent graphic even when a legend
was present (O’Day, 2007). Surprisingly, for two of the animations the students retained 87-93% of the information
they originally remembered. That was the first study on the value of animations in long-term memory retention and
provides strong evidence that students retain information learned from animations longer than from graphics.

Narration is considered to be an important attribute of educational animations (Mayer, 2003; Lowe, 2003;
Sweller, 1994). Based on studies in other disciplines showing the value of a proper narrative, the expected result was
that the three separate cases of un-narrated animations in this study would all lead to lower mean marks as compared
to a previous equivalent study with a narrated animation (87.5%; O’Day, 2005). In keeping with this, the mean
initial retention average (76.9%) for the three un-narrated animations used in this study was about 10% less than
observed previously supporting the view that narration is a valuable, if not essential, component in biological
animations. However, future research which focuses specifically on narrated versus un-narrated animations
compared to graphics with and without an equivalent legend would allow us to make stronger conclusions in this
matter.
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Questionnaire results for initial exposure and retention analysis. The mean and standard error of the mean (+ SEM) grades for the
results were calculated for the four groups (Initial exposure: animation and graphic; Retention: animation and graphic) for two
cases (Apoptosis and Cholesterol Uptake analyses) and for the Initial exposure and Retention: animation only for the third case

(Influenza Virus analysis). (After O’Day, 2007)

ONGOING RESEARCH: DIFFERENT RESULTS BETWEEN MALE AND FEMALE STUDENTS

In his study, Stith (2004) suggested that questions involving rote memory (definition) did not benefit from
the animation but those involving dynamic processes (“order or location of events™) did. The evaluation of specific
questions in one of my studies partly supported this idea (O’Day, 2007). However in-depth evaluation of those
questions versus the others as to difficulty, question type or complexity did not yield any insight into a potential
cause.

There are few articles on gender-based differences in the value of animations. On the whole research
supports the idea that, on a populational basis, females will benefit less from scientific animations than males. There
are two main reasons for this conclusion (Sainz & LoOpez-Saez, 2010; Sanchez & Wiley, 2010). First, amongst
females there is a comparative lack of interest in the areas of science and technology. Second, females, as a group,
show weaker spatial abilities. Several studies show that spatial abilities are directly related to the use and benefit
from animations (see, Cohen & Hegarty, 2007). However, a recent earth science study suggests that females do
benefit from animations that detail spatial events and this can overcome sex-based differences (Sanchez & Wiley,
2010). So it is important not to have preconceived ideas when attempting to understand gender-based differences in
learning but to be sensitive that at times these may come into play.

In our most recent study, we considered Bloom’s (1984) “Taxonomy of Educational Objectives” in the
design of a questionnaire with type-specific questions to determine if that could provide more critical insight into
when animations should be employed over static graphics (O’Day and Catalano, 2010). In this study, we compared
the results of males versus females on the specific question types after the students viewed an animation, a graphic
or both the animation and the graphic. We assessed their performance on a set of 15 questions that fell into three
different categories (i.e., 5 questions/category): retention of facts, sequence of events and application (problem
solving, reasoning). The results revealed that significant differences were only observed between males and females
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for the application questions. The data showed that animations are more beneficial for males than graphics alone
(Figure 3). Females displayed the same retention regardless of presentation type. This is an interesting finding as it
indicates that the mode of presentation should be catered to sex for optimal long term retention of information.
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Retention results of questionnaire for both males and females for type 3 questions. Students were either given an animation for 15
minutes, shown a graphic of the same material for 15 minutes, or given the animation for 7.5 minutes followed by the graphic for
7.5 minutes. Students then completed a questionnaire immediately after viewing the material and the same questionnaire two
weeks later. Retention test scores were then divided by initial exposure test scores for each student. The mean and standard error
of the mean were calculated for each group. Males that viewed the animation only displayed significantly better retention than
males that viewed the graphic only. (¥*P<0.05; After O’Day & Catalano, 2010).

ANIMATIONS: STUDENT COMMENTS

Student feedback is useful in assessing the pedagogical value of animations and graphics (O’Day, 2006,
2007, 2008). Students enjoy animations as a change from reading text and attempting to interpret graphics. Biology
is a visual subject often involving complex sequences of events. Animations provide one way of communicating
such complex sequences clearly and efficiently. To paraphrase the idea expressed by several students, “after viewing
the animation, reading the textbook becomes easier and more enlightening”.

Any effective teacher can tell you that different students learn in different ways. Students echo this critical
point. In the study by O’Day (2006), while the majority of cell biology students preferred an animation over
equivalent static graphics with text, they also overwhelmingly stated that each has its place in the learning process.
While the animation was valuable for showing the complete dynamic process, many students said that static
graphics allowed them to focus on specific details. More importantly many expressed concern that they don’t always
have access to multimedia players while printed material is easily accessible at all times. As access to technology
continues to change with the continued development and accessibility of hand-held multimedia devices, this issue
will likely be less of a concern in the future but today it remains an issue to consider.

There have been suggestions in the literature that students are passive viewers when watching teaching
animations (Hegarty et al, 2004). However student comments indicate that when they view educational animations
they are not doing so passively but many are actively thinking about what they are viewing (O’Day, 2006, 2010). In
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short, there is no data proving that students who view educational animations are viewing them passively as they
would a cartoon or other non-educational animation.

Table 2: Some Issues to Consider in Future Studies

Issue Comments/Questions

Length of animation Are shorter (1-3min) animations better than longer ones?
What relationship exists between length and retention?

Length of Viewing Would other studies have obtained (e.g., Lowe, 2003)
different results with longer/sufficient time for viewing?

Interactivity What level of interactivity, if any, is required for
effectiveness? Clearly interactivity enhances retention.
Do teaching animations involve active or passive learning?

Classroom Discussion What is the value of in-class discussion in assisting
(Interactivity) students understand the content of animations (e.g.,
McClean et al, 2005)?

Types of Learning There is a need to develop questionnaires that provide
deeper insight into exactly what aspects of learning are
enhanced through the use of animations.

Few studies exist using freshman/sophomore student in
college/university; none exist in life sciences on value to
high school students

(after O’Day, 2008)

What Next?

The goal of our research has been to understand the essential parameters that make animations an effective
teaching and learning tool. While the fundamental parameters of effective teaching animations have been detailed
above, many aspects remain to be studied especially as they apply to students at different levels (Table 2; O’Day,
2008). More work needs to be done on the significance of animation length and of appropriate viewing time (O’Day,
2006, 2007). McClean et al (2005) complemented their animations with in-class discussions, an area that also needs
further detailed analysis. As mentioned above, some post-viewing comments by students indicate they are not
viewing animations passively (O’Day, 2006). How much additional interactivity is needed for animations to be even
more effective teaching and learning tools? Is the use of sound effects as effective as the use of color and shape to
indicate a change has occurred in an event or item (Wilson-Pauwels, 1997)? Does background music enhance or
hinder learning? To date, most studies have focused on college/university students. It is important to determine the
value of animations for teaching high school students.
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