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This quantitative study compared the instructional effects of
two web-based animation strategies against static graphics by
high and low prior knowledge participants. One strategy used
animation to gain attention; the second to gain attention and
provide elaboration. Participants were 111 college student
volunteers. Two-way multiple analysis of variance (MANO-
VA) was used to analyze the data. Important findings in-
cluded equivalent, nonsignificant differences in performance
between high and low prior knowledge participants. No main
effects were found among the three treatment groups. The ef-
fects of the web-based animation strategies on the achieve-
ment of participants with low prior knowledge are discussed
in detail.

Technological advances make it possible to present computer- and web-
based multimedia instruction that includes motion, voice, data, text, graph-
ics, and still images (Moore, Burton, & Myers, 2003). One important ad-
vancement is animation, in which images are exhibited in motion (Dwyer &
Dwyer, 2003). Animation has been the focus of recent attention and interest
and has become more popular in computer and web-based instruction (CBI/
WBI). Although animation appears to attract learners’ attention and increase
their motivation to learn, it is still unclear whether animation strategies can
facilitate learning. Reiber (1990) suggested that animation can have one of
three functions in instruction: (a) attention-gaining, (b) presentation, and (c)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



330 Zhu and Grabowski

practice. However, he pointed out that not enough research had been con-
ducted to ascertain its instructional effectiveness. This lack of empirical re-
search was especially true for animated attention-gaining and practice strat-
egies.

This study sought to add to this literature by investigating the instruc-
tional effects of two specific web-based animation strategies in facilitating
participants’ academic achievement: animated attention-gaining and ani-
mated elaboration strategies and compare them against static graphics. Ani-
mated arrows that directed learners’ attention to specific image parts were
used as an attention-gaining strategy to arouse participants' interest and aid
them in attending to relevant cues and details. Animated text prompts were
used as an elaboration strategy to provide additional information and em-
phasize the most important information in a corresponding instructional text
passage.

RELATED LITERATURE
Information Processing

Many early information-processing theories (Atkinson & Shiffrin, 1968;
Klatzky, 1980) described the human brain as similar to a computer, while
human learning has been likened to a computer’s information processing
function. The memory system has three main storage structures: (a) sensory
register, which gathers stimuli in the memory system; (b) short-term mem-
ory (STM), which serves as temporary storage; and (c) long-term memory
(LTM), which permanently stores information. In the sensory register, only
a portion of the information is attended to and transferred into STM. Infor-
mation is selected through a process known as selective perception (Gagné
& Diriscoll, 1988). Short-term memory can only hold five to nine chunks of
information (Miller, 1956). Information in STM may be encoded and stored
into LTM. However, not all information stored in LTM may be retrieved.
Retrieval is more likely when appropriate cues are provided in the encoding
process (Driscoll, 2005).

Animation as an Aid in Information Processing
Reiber, Boyce, and Assad (1990) maintained that “..al-

though animation did not affect learning, it helped decrease the
time necessary to retrieve information from long-term memory and
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then subsequently reconstruct it in short-term memory” (p. 50).
Reiber (1990) further explained that animation facilitates the re-
construction process during retrieval by encouraging organization.

One animation strategy used in this study was animated arrows used
to gain attention. As noted earlier, Rieber (1990) pointed out that attention-
gaining is one of the three major functions of animation. Attention-gaining
animations provide additional ways to ensure selective perceptions of spe-
cific presentation features as they are stored and processed in the STM (R.
M. Gagné, 1985). Similarly, Hannafin and Peck (1988) suggested that ani-
mations can help emphasize important information by providing contrasts
with a static background. In addition, Levin, Anglin, and Carney (1987) ar-
gued that attention-gaining graphics can make relationships between ideas
more apparent by facilitating organization.

Another strategy used in this study was elaboration using animated text
prompts. Rieber (1990) suggested that animation can be used with accompa-
nying text to elaborate a lesson fact, concept, rule, or procedure. According
to E. D. Gagné (1985), “...elaboration is the process of adding to the infor-
mation being learned” (p. 83). Elaboration may take many forms: a logical
inference, a continuation, an example, a detail, or anything that serves to
connect information. She further stated that elaboration facilitates retrieval
by providing alternative pathways and extra information to generate answers
(E. D. Gagné, 1985).

Animation as an Aid in Dual Coding

Paivio’s (1986) dual coding theory further explained two separate infor-
mation-processing subsystems in human cognition: a visual system that pro-
cesses visual knowledge and a verbal system for processing verbal knowl-
edge. The two subsystems are structurally and functionally independent yet
interconnected in the encoding, storage, organization, and retrieval of infor-
mation. According to dual coding theory, learning is enhanced when infor-
mation is coded both visually and verbally (i.e., dually coded). The chances
of retrieval are doubled when information is dually coded because learners
have two ways to retrieve the information. This prediction has been used
to explain the superiority of pictures to words in recall (Kobayashi, 1986;
Paivio, 1991; Paivio & Caspo, 1973; Rieber, 1996). Animation, due to its
unique dynamic qualities, is more likely to be dually coded “deeper” and
“harder” into the long-term memory than are static graphics (Lin, 2001, p.
20). Therefore, animation should do a better job of facilitating the encoding
and retrieval processes than static graphics.
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In dual coding theory there are three distinct levels of processing within
and between the verbal and visual systems: (a) representational, (b) associa-
tive, and (c) referential (Paivio, 1986). Representational processing connects
incoming environmental stimuli to either the verbal or visual system. Asso-
ciative processing constructs connections within either the verbal or visual
systems, and referential processing builds connections between these two
systems (Paivio, 1986; Rieber, 1996). In this study, the animated attention-
gaining strategy facilitated associative processing by highlighting specific
parts of the heart using animated arrows. Animated elaboration strategies
enabled referential processing by emphasizing the most important informa-
tion in a corresponding text using animated text prompts.

A Model of Animation, Dual-Coding, and Information Processing

Gagné and Driscoll (1988) created a basic model of learning and mem-
ory based on modern information-processing theories. This model was re-
vised to show how animation should work as an aid to both dual-coding and
information processing (see Figure 1). Humans process visual and verbal
information from the environment simultaneously. Animation is more like-
ly to be coded as both visual and verbal knowledge because of its dynamic
qualities (Lin, 2001). Animation as an attention-gaining strategy helps in
capturing attention and ensuring selective perception, while animation as an
elaboration strategy not only helps to ensure selective perception but also
facilitates encoding and retrieval processes by connecting information and
providing alternative retrieval pathways (E. D. Gagné, 1985).

Animation Research

Previous research on animations in CBI has led to somewhat mixed
results. Rieber (1990) reviewed 13 empirical studies of animation’s effects
on CBI and found only 5 revealed significant effects for the animated treat-
ments, while 8 found insignificant differences. He pointed out that the rea-
son for the mixed results could be “...rooted in general procedural flaws
such as poor conceptualization of the research problem or inappropriate
implementation of methods” (p. 84). Park and Hopkins (1993) summarized
25 studies of the effects of dynamic versus static visual displays. Fourteen
studies revealed significant effects for dynamic visual displays. They sug-
gested that the reasons for the inconsistent results “...seem to be related to
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the different theoretical rationales and methodological approaches used in
various studies...” (p. 427).
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Figure 1. A model of animation, dual-coding and information processing.

Note. From Gagne, R. M. & Driscoll, M. P. Essentials of Learning for In-
struction, 2/e Published by Allyn and Bacon, Boston, MA. Copyright ©
1988 by Pearson Education. Adapted by permission of the publisher.

More recently, Anglin, Vaez, and Cunningham (2003) summarized the
results from 42 studies accomplished between 1949 and 2000 that included
at least one animation treatment, and identified significant animation effects
in 21 of 45 comparisons. These studies used various animated visual content
and covered a wide variety of general content areas. Participants in these
studies ranged in age from children to adults. A wide variety of tests were
used to evaluate different learning outcomes. Although the “box score” re-
sults indicated that the use of animated graphics does not facilitate learn-
ing, they concurred with Rieber (1990) and Park and Hopkins (1993) and
suggested that methodological issues need to be considered. Many studies
neither provided a rationale for using animation nor indicated that animation
was relevant or congruent with the text information presented.
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In addition, several other experimental studies conducted after 2000 in-
cluded at least one animation treatment. Some reported significant effects
for the animation treatment under certain circumstances (Blankenship &
Dansereau, 2000; Catrambone & Seay, 2002), while others reported insig-
nificant effects for the animation treatment (Chanlin, 2001a, 2001b; Ko-
roghlanian & Klein, 2000; Lowe, 2003). Chanlin (2001b) even reported that
for novice students, the use of static graphics was better than animation in
procedural learning.

In this study, special attention was given to recent animation studies
that used instructional content that was identical to that used here. Wilson
(1998) tested four types of treatment groups: (a) still graphics, (b) progres-

sive reveal', (c) animation, and (d) animation and progressive reveal. Haag’s
(1995) study included four groups: (a) static graphics, (b) visual summary
with manipulation, (c) learner-manipulation, and (d) computer manipula-
tion group. Lin (2001) used additional instructional strategies in combina-
tion with animation to study static visuals, animation only, animation with
advance organizers, and animation with adjunct questions and feedback.
Owens (2002) used three treatment groups: (a) animation, (b) animation
and .attention-directing strategies, and (c) animation and visual-elaborating
strategies. The results from these studies revealed insignificant differences
in students’ achievement among treatment groups.

In sum, there have been mixed results from previous animation re-
search, while animation research using instructional content identical to
that used here suggests insignificant differences for treatments incorporat-
ing animation strategies. As previously noted, the reason for the mixed re-
sults could be rooted in methodological issues. However, if those research
studies that reported insignificant effects for animation treatments followed
correct procedures and utilized sound methodologies, then animation may
not be significantly effective under certain circumstances. Animation may
be equally effective as static graphics under certain conditions.

Prior Knowledge

Prior knowledge has been considered the most important single factor
influencing learning (Ausubel, 1968). Jonassen and Grabowski (1993) de-
fined prior knowledge and achievement as the knowledge, skills, or abilities
brought by learners to the learning environment before instruction. Accord-
ing to Dwyer (1994), because prior knowledge of lower-level objectives pre-
dicts performance in higher-order objectives, it should be included in any
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study of higher-order learning. Hannafin (1997) suggested that compared to
individuals who have lower prior knowledge, individuals who have higher
prior knowledge can quickly determine their own learning needs, gener-
ate their own learning strategies, and assimilate new information into their
existing knowledge structure. Rieber (2000) also stated that related prior
knowledge provides the learners with a unique relevant elaboration of the
content that is not available to learners with low prior knowledge. Therefore,
it is suggested that high prior knowledge learners will encode information
more meaningfully and retrieve it more easily than will low prior knowledge
learners.

Mayer and Anderson (1992) found that students who possessed low
prior knowledge attained a higher degree of learning when verbal and visual
information were presented simultaneously. They suggested that students
with high prior knowledge might be able to build referential connections be-
tween verbal and visual information and their existing knowledge on their
own. In the web-based instruction used in this study, verbal (textual) and vi-
sual (the graphic illustration or animation) information was presented simul-
taneously to support referential connections of low prior knowledge partici-
pants. Therefore, one purpose of this study was to investigate whether these
two animation strategies would result in equal or higher performance of low
prior knowledge students as compared with high prior knowledge students,
such as those found in Mayer and Anderson’s (1992) study.

RESEARCH PURPOSE AND QUESTIONS

The purpose of this research was to investigate the instructional ef-
fects of two web-based animation strategies compared with static graphics
on achievement of college-level students with high and low levels of prior
knowledge. Three research questions explored this comparison: (a) Do ani-
mations used only to gain attention or to gain attention and elaborate on the
content improve participants’ performance on tests measuring four types of
educational objectives? (b) Do animations used only to gain attention or to
gain attention and elaborate on the content improve performance of the par-
ticipants identified as possessing high and low levels of prior knowledge on
tests measuring four types of educational objectives? (c) Is there an interac-
tion between treatment group and prior knowledge level?
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METHOD
Participants

One hundred and fifteen (115) college student volunteers participated in
this study. Most were freshmen. Fifty eight (58) were classified as high prior
knowledge participants while 57 were classified as low. One hundred and
eleven (111) participants completed the study.

Instructional Materials

The self-paced web-based instruction used in this study was adapted
from paper-based text materials developed by Dwyer and Lamberski (1977)
about the human heart. The original script for the heart content contained
approximately 1,800 words divided into three sections: the parts of the heart,
circulation of blood, and cycle of blood pressure. Integration and positioning
of the animation strategies were determined by an item analysis that identi-
fied where students were having difficulties based on their performance on
the criterion tests from a previous pilot study conducted in summer 2003.
The item analysis identified 23 test items in which student achievement was
less than 53%. The content referred to in the 23 test items was located on 13
web-based instructional screens.

Treatments

Static graphic (Control group, T1). This treatment contained 1 page
of directions and 20 pages of web-based instructional screens with instruc-
tional text on the left and the corresponding static graphic on the right. Two
navigation buttons were located at the bottom of each screen: “Back” and
“Next.” Participants clicked through each screen at their own pace. A sample
screen shot of the static graphic treatment is shown in Figure 2.

Blood enters the heart through veins. Only veins carry

plood to the heant The supenior and infenior vena cavas SUPERIOR -
are the two veins which deposit blood in the nght auncle; VENA CAVA ™SS
there are no valves at the openings of these veins

The supenior vena cava deposits blood mnto the nght

auricle from all body pans above heart level, for example, INFERIOR”
the head and arms. The infertor vena cava cares blood VENA CAV.
from parts of the body below heatt level, for sxample, the 3 A
trunk and legs, depositing blood in the nght dunicle

As blood from Yhe body fills the right auncle, some of it
Degins to flow 1nto the nght ventricle immediatsly, through
4 Common opening

Figure 2. A sample screen shot of the static graphic treatment.
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Animation as attention-gaining strategy (T2). This treatment was the
same as the control group (T1) except that 13 of the 20 web-based instruc-
tional screens contained embedded attention-gaining animations. The other
seven screens contained only static graphics since the item analysis did not
indicate student difficulties with those items.

These 13 screens contained animations with the static graphic on the
right side of the screen and a “Click to See the Animation” button below.
Animated arrows were used to direct participants’ attention to specific parts
of the heart. To lower students’ cognitive load, animations were chunked.
When one animation finished, a “Continue” button appeared. The partici-
pants then clicked on the “Continue” button to see the next animation. After
all of the animations were shown, the static graphic was restored and a set
of three buttons appeared: “BACK,” “NEXT,” and “Replay the Animation.”
See sample screen shots in Figure 3.

SUPERIOR - 0 SUPERIOR

VENA CAVA VENA CAVA
o

INFERIOR

VENA CAVA

Click to Sse \\w,
the Antmation Continue P

Frame 1 (Base frame) Frame 2 {First animated arrow)

SUPERIOR
VENA CAVA

INFERIOR
VENA CAVA

Replay \

the Animation

Frame 3 (Second animated arrow)

Figure 3. Progression of screen shots of the animation as attention-gaining
strategy treatment (corresponding instructional text is presented simultane-
ously to the left of the graphic in this treatment).
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Animation as attention-gaining and elaboration strategy (T3). This treat-
ment was the same as treatment 2 (T2) except that the 13 web-based instruc-
tional screens contained embedded elaboration animations in addition to at-
tention-gaining animations. An animated text pop-up window highlighting the
most important information in the corresponding instructional text was used
in combination with animated arrows. See sample screen shots in Figure 4.

i A 2 »—:::“\ o /
SUPERIOR~ 7 PN AD AN\ SUPERIOR -, S
VENA CAVA @B 0 ) ) VENA CAVA™
ww} 2N 0’—( ‘ /
,,,,, (i, s
inFeRion” F /
VENA CAVA R

~
Click to Seo &3
the Animation

Framo 1 (Base frame) Frame 2 (First animated arrow pius animated toxt prompt)

INFERIOR
CAVA dep

SUPERIOR.

VENA CAVA N/
INFERIOR” |
VENA CAVA &

e

Frame 3 (Second animated arrow plus animated text prompt)

Figure 4. Progression of screen shots of the animation as attention-gaining
and elaboration strategies treatment (corresponding instructional text pre-
sented simultaneously on the left of the graphic in this treatment).

Procedures

The two-stage study included an online pretest to classify the partici-
pants into high and low prior knowledge, followed by the treatments in a
computer lab. The pretest developed by Dwyer (1978) consisted of 36 multi-
ple-choice questions on human physiology. The mean for the pretest, 57.5%,
from the original 115 participants was used as a cut-off point to distinguish
between high and low prior knowledge participants, who were then system-
atically assigned to one of the three treatment groups.
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The participants were instructed to go to a specific web site for the
web-based treatments. Afterwards, the participants took four criterion tests:
(a) drawing test, (b) identification test, (c) terminology test, and (d) compre-
hension test. They were given the paper-based drawing test first. After they
finished the drawing test, they were instructed to go to a web site to take the
three other tests online. After they finished all four tests, they were instruct-
ed to log off the computer and leave the lab quietly.

Criterion Measures

The four criterion tests were developed by Dwyer (1978) to measure
different learning objectives. Each consists of 20 multiple-choice questions.
The drawing test measures the ability to create and/or replicate items in their
appropriate context. Participants were asked to draw a simple line diagram
of a heart and place the corresponding number for each of 20 identified parts
at its respective position on the heart. The identification test measures the
ability to discriminate structures of different parts of the heart and to associ-
ate specific parts of the heart with their names. Participants identified the
parts of the heart by noting the corresponding numbered arrow on a drawing
of an outline of a heart. The terminology test measures knowledge of spe-
cific facts, terminologies, and definitions. Participants answered multiple-
choice questions by selecting the answer that best describes different parts
of the heart. A sample test item follows:

is (are) the thickest walled chamber (s) of the heart.
a. Auricles b. Myocardium c. Ventricles d. Pericardium e. Endocardium

The comprehension test measures understanding of complex procedures
and/or processes. Given the location of certain parts of the heart at a specific
time of its functioning, participants located the position of other specified
parts of the heart at the same time. An example of a test item follows:

When the tricuspid and mitral valves are forced shut, in what position is
the pulmonary valve?

a. Closed b. Beginning to open c. Open d. Beginning to close

None were timed. Each item was worth 1 point. A satisfactory internal
consistency of Cronbach’s alpha reliability was found for the four criterion
tests (Drawing = .89; Identification = .86; Terminology = .82; Comprehen-
sion = .82) (Anastasia & Urbina, 1997).
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Design and Data Analysis

The study used a 2 x 3 factorial design with two levels of prior knowl-
edge (high versus low) and three treatment groups (static graphic, animation
as attention-gaining strategy, and animation as attention-gaining and elabo-
ration strategy). The data were analyzed using SPSS. A two-way multiple
analysis of variance (MANOVA) was conducted to test for the main effects
and the interaction between the prior knowledge level and the three treat-
ments. A significance level of .05 was set for all statistical tests.

RESULTS
Physiology Pretest

The scores for the human physiology pretest were converted into percent-
ages that ranged from 33% to 78% with a mean of 57.5%. A one-way analysis
of variance (ANOVA) indicated that the three groups were not significantly
different in terms of their prior knowledge, F(2, 108) = .90, p = .914.

Posttest Achievement

Table 1 shows the means and standard deviations for the four criterion
tests and the combined total by treatment group and prior knowledge level.
The means and standard deviations for high and low prior knowledge par-
ticipants in each treatment group were similar.

Table 1
Means and Standard Deviations for the Four Criterion Tests (80 Items) and
Their Combined Total by Treatment Group and Prior Knowledge Level

Prior Drawing Identification Terminology Comprehension Total
Knowledge » M SD M SD M SD M 8D Sum  Sum
Level M SD
Static Graphic Group (T1)
Low 19 1463 490 1516 395 1168 461 1084 389 5232 1027
High 19 1347 556 1616 325 13.00 406 1205 465 5468 1213
Total 38 14.05 520 1566 3.60 1234 433 1145 427 5350 1115
Animation as Attention-Gaining Strategy (T2)
Low 16 1169 619 1544 510 950 516 925 545 4588 17.80
High 19 1295 437 1389 505 1163 465 1068 435 4916 12.55
Total 35 1237 524 1460 506 1066 494 1003 486 47.66 15.03
Animation as Attention-Gaining and Elaboration Strategy (T3)

Low 19 1426 495 1384 461 1253 470 11.89 433 5253 1393
High 19 1474 486 1432 422 11.74 440 1179 472 5258 13.40
Total 38 1450 485 1408 436 1213 450 11.84 447 5255 13.48

Note. Each of the criterion tests contains 20 items. Each item was worth 1 point.
Thus the scores for each criterion test could range from a low of 0 to a high of 20.
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As stated previously, 23 test items were identified through a -previous
item analysis in which student achievement was less than 53%. The content
referred to in the 23 items was located in 13 instructional screens that were
improved with animation strategies. One competing hypothesis suggests that
the treatment effects would appear only on the test items where the instruc-
tions were improved using the animation strategies. To test this hypothesis,
further analysis was done with this subset of test items. Table 2 shows the
means and standard deviations for the four criterion tests scores and their
combined total by treatment group and prior knowledge level for the 23 test
items specifically taught using animation strategies. Again, the mean scores
and standard deviations for the high and low prior knowledge participants in
each treatment group were similar.

Table 2
Means and Standard Deviations for the Four Criterion Tests (23 Items) and
Their Combined Total by Treatment Group and Prior Knowledge Level

Prior Drawing Identification ~ Terminology =~ Comprehension Total

Knowledge ” (4 items) (3 items) (9 items) (7 items) (23 items)

Level M SD M SD M 8D M SD  Sum Sum
M SD

Static Graphic Group (T1)

Low 19 263 134 189 115 447 263 268 170 11.68 4.70

High 19 268 146 195 1.18 532 231 2.84 236 1279 478

Total 38 266 138 192 115 489 248 276 203 1224 471

Animation as Attention-Gaining Strategy (T2)

Low 16 225 165 200 110 350 261 275 208 1050 562

High 19 237 112 168 100 411 251 3.00 1.56 11.16 398

Total 35 231 137 183 104 383 254 289 1.80 1086 4.74

Animation s Attention-Gaining and Elaboration Strategy (T3)

Low 19 268 138 158 122 479 225 3.00 1.63 12.05 3.88

High 19 268 157 174 105 411 223 347 1.78 1200 4.66

Total 38 268 145 166 112 445 224 324 1.70 1203 423

Note. Each item was worth 1 point. Thus the score ranges for the four criterion tests
were: Drawing: 0 — 4; Identification: O — 3; Terminology: 0 — 9; Comprehension: 0 — 7.

Analysis of Null Hypothesis

A two-way MANOVA was run to provide answers to the three research
questions. Two prerequisites, equality of variances and correlations between
dependent variables, were checked before the MANOVA was run. In all cas-
es except the identification tests, the Pearson correlation coefficient was .60
or higher at the 0.01 level. A two-way ANOVA indicated no significant dif-
ferences among the three treatment groups (F(2, 105) = 1.254, p = .289) and
between the high and low prior knowledge students (F(1, 105) = .001, p =
.978) on the identification test. Table 3 shows the overall MANOVA results
using Pallai’s Trace F.
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Table 3
Summary of Two-Way MANOVA Results of the Four Criterion Tests (80
Items) by Treatment Group and Prior Knowledge Level

Source Pillai’s Value F dfl df2 £

Treatment 074 990 8 206 445
Prior Knowledge 017 452 4 102 771
Interaction 079 1.053 8 206 .398

Note. Each of the criterion tests contains 20 items.

There were no significant differences among the three treatment groups
on any of the criterion tests, F(8, 206) = .990, p = .445. Also, there were no
significant differences between participants with high and low prior knowl-
edge on any of the criterion tests, F(4, 102) = .452, p = .771. Finally, there
was no significant interaction between treatment group and prior knowledge
level, F(8, 206) = 1.053, p = .398.

To test the strength of these findings, four two-way ANOVAs for each
of the criterion tests were conducted. Again, no significant differences were
found.

The results from analyzing the subset of test items generated from con-
tent specifically addressed by the animations also revealed no significant
differences among the three treatment groups and between the high and low
prior knowledge levels, and no significant interaction between treatment
group and prior knowledge level (see Table 4).

Table 4
Summary of Two-Way MANOVA Results of the Four Criterion Tests (80
Items) by Treatment Group and Prior Knowledge Level

Source Pillai’s Value F dfl df2? P

Treatment 071 945 8 206 .480
Prior Knowledge .007 184 4 102 946
Interaction .045 591 8 206 785

Note. The drawing test contains 4 items, the identification test contains 3 items, the
terminology test contains 9 items, and the comprehension test contains 7 items.

DISCUSSIONS AND CONCLUSIONS

Given that prior knowledge has been considered the most important
single factor influencing learning (Ausubel, 1968), the finding that low pri-
or knowledge students performed equally as well as those with high prior
knowledge is important. Also, given that the creation of web-based anima-
tion is also time-consuming and costly, the finding that participants in the
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static graphics groups performed equally as well as those in the animation
strategies group adds to the growing literature that supports the power of
static graphics and questions the instructional value of animation.

Static Graphic versus Animation Strategies

This study sought to examine two types of web-based animation strate-
gies described in previous research. Insignificant differences were found be-
tween the animation strategies groups and the static graphics control group.
The results showed that participants in the static graphics group performed
equally well to those in the animation strategies groups. This overall finding
continues the debate about the value of animation versus static visualization.
Web-based static visualization was included in all treatments and visual and
verbal information was presented simultaneously. These strategies seemed
to be powerful enough to aid learning of this material. The results accorded
with those reported in previous literature and animation-related studies. For
example, Mayer (1997) found that using the coordinated presentation of ex-
planations in a visual format (illustrations) was effective. Wilson (1998) as-
certained that, among study participants, the mean score for static graphic
treatment was somewhat better than that for any dynamic treatment. Ow-
ens (2002) revealed a nonsignificant trend in decreased student performance
once animation strategies were added to instructional screens.

Theoretically, our study results strengthen the results and conclusions
of some previous animation-related studies. On a practical level, the results
also raise a very important question about the practices of instructional de-
signers, that is, is it really worthwhile to design and develop instructions us-
ing web-based animation strategies versus simply using static graphics if the
latter have been shown to be at least as effective as animation? After all,
static graphics are more cost-effective and cost-efficient than animation. In
future instructional design projects, it may be better to use web-based static
graphics as much as possible and use animation only when it is integral to
the learning objective (Rieber, 1990).

High versus Low Prior Knowiedge

The results also showed that participants with lower prior knowledge
performed equally well to those with high prior knowledge in all three treat-
ments. This result was contrary to much previous research that showed that
high prior knowledge students performed better than low prior knowledge
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students regardless of treatment. The researchers believe this can be ex-
plained using dual coding theory. Students with low prior knowledge receive
greater assistance when verbal and visual information is presented simulta-
neously (Mayer & Anderson, 1992). In this study, the instructional text and
the static visuals or animations were put side by side. Based on the previous
literature, the researchers believe that this layout would encourage the learn-
ers to read the instructional text as well as build referential connections be-
tween the instructional text and the static graphic or animation. This was es-
pecially helpful to participants with lower prior knowledge. There was a sig-
nificant difference between the high and low prior knowledge participants in
the pretest, but the differences became insignificant in the four achievement
tests after they went through the treatments.

RESEARCH SUGGESTIONS

First, this study should be rerun with a more generalized population.
Second, although the researchers believe the results of this research may
be generalized to other domain knowledge, further studies need to be done
to test this belief. Third, this study tested the effects of animation as atten-
tion-gaining and elaboration strategies. The elaboration strategy used in
this study was only one type of presentation strategy referred to by Rieber
(1990). Fourth, two functions of animations suggested by Rieber (1990), at-
tention-gaining and presentation, were tested in this study. However, the ef-
fects of the other function of animation, animations as a practice strategy,
still need to be explored. Finally, future studies may assess the effectiveness
of animation strategies in facilitating higher-order thinking, such as prob-
lem-solving.
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Notes

! Progressive reveal is “a dynamic visual enhancement that entails a sudden
color change, or a sudden addition of graphic elements” (Wilson, 1998, p.
33).
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