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This study investigated the effects of audio, animation, and
spatial ability in a multimedia computer program for high
school biology. Participants completed a multimedia pro-
gram that presented content by way of text or audio with
fean text. In addition, several instructional sequences were
presented either with static illustrations or animations. The
study examined the effects of instructional mode (text vs. au-
dio), illustration mode (static illustration vs. animation), and
spatial ability (low vs. high) on practice and posttest achieve-
ment, attitude and time. Results indicated that spatial ability
was significantly related to practice achievement and atti-
tude. Participants with high spatial ability performed better
on the practice items than those with low spatial ability. Par-
ticipants with low spatial ability responded more positively
than those with high spatial ability to attitude items concern-
ing concentration, interest, and amount of invested mental
effort. Findings also revealed that participants who received
animation spent significantly more time on the program than
those who received static illustrations. Implications for the
design of multimedia are discussed.
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Computer-based instruction (CBI) containing multimedia is increasing-
ly being used as an adjunct to traditional ¢lassroom instruction. Advances in
CBI and web-based technology make it possible for a designer to include
features such as full color, illustrations, audio, animation, and video. How-
ever, little research exists to support the notion that adding multimedia fea-
tures to instruction improves learning and performance. The current study
investigated the impact of using two multimedia features—audio and anima-
tion—on learning from CBI.

Audio has usually been added to CBI as an afterthought to gain atten-
tion and increase motivation with sound effects, musical interludes, and con-
gratulatory phrases. When audio has been added as voiced material, it has
often occurred as redundant reading of screen text. Little research has been
conducted to provide the instructional designer with guidelines for incorpo-
rating audio into CBI to promote learning. When guidelines do exist, they
are frequently general and not always based on research {Barron, 1995). In-
deed, little research exists to support the notion that adding audio to CBI can
improve learning.

Most early research on audio focused on the use of redundant audio
(i.e., a voice reading word for word the text that is printed on a page or dis-
played visuaily). Hartman (1961) summarized and evaluated early audiovi-
sual studies that fooked at audio-print and print only presentation for instruc-
tion. He concluded that redundant audio-print instruction was more effective
than either audio or print alone. In Hartman’s review, most of the studies
with positive effects for redundant audio involved grade school children.
Hartman himself suggested that the limited reading skills of the children in
the studies might have produced the audic-print superiority results. Research
findings since Hartman's review are contradictory with some studies indicat-
ing that text plus audio is more effective than either alone (Enerson & Tum-
ey, 1984; Hartman, 1961; Lauret, 1998; Menne & Menne, 1972; Nasser &
McEwen, 1976). Other studies have found ro advantage for audio-print over
print alone {Barron & Atkins, 1994; Barron & Kysilka, 1993; Barton & Dw-
yer, 1987; Furnham, Gunter, & Green, 1990; Koroghlanian & Suilivan,
2000; Nugent, 1982; Rehaag & Szabo, 1995; Shih & Alessi, 1996; Van
Mondfrans & Travers, 1964).

These contradictory results can be explained by Paivio’s dual coding
theory, which proposed that two separate systems are involved in cognition,
one for verbal information and another for image formation (Paivio, 1986).
In Paivio’s view, spoken and written language are both verbal information
and are encoded into verbal representations (Clark & Paivio, 1991). In terms
of dual ceding theory, redundant audio is single channel verba! information
and would not be expected to increase learning.
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While most audio-text research of the last 40 years has looked at the use
of text-redundant audio where the audio is identical to the text and both are
presented simultancously, three studies (Barron & Atkins, 1994, Barron &
Kysilka, 1993; Koroghlanian & Sullivan, 2000) have included text density
as a treatment variable. These studies found no difference in achievement
between full text-no audic and lean text-full andio. All three studies incorpo-
rated graphics to explain and illustrate concepts and ideas. Reducing the
amount of text on a screen leaves more area available for graphics and la-
beled illustrations, which are necessary tools for teaching certain types of
concepts.

Research examining the integration of illustrations with text and audio
is very scarce. Mousavi, Low, and Sweller (1995) and Tindall-Ford, Chan-
dler, and Sweller (1997) looked at static graphics, text and audic and found
that shifting a portion of the text to the audio channel improved learning. A
refated line of rescarch has looked at the integration of illustrations with
text. Several studies have examined traditional textbook design where the
text refers to a separate and physically distant illustration versus an integrat-
ed textbook design with text and illustration in close proximity (Chandler &
Sweller, 1991, 1992; Kalyuga, Chandler, & Sweller, 1998; Mayer, 1989,
Mayer & Gallini, 1990; Mayer, Steinhoff, Bower, & Mars, 1995; Purnell,
Solman, & Sweller, 1991}, The majority of these studies have indicated that
physically including the text in the illustration and labeling the illustrations
improved learning.

The text and illustration proximity result is referred to as the split atten-
tion effect. It is postulated that the mental effort required to integrate distant
information sources leaves fewer cognitive resources available for learning
the information contained within the sources. By physically integrating the
information sources, the mental integration effort is reduced, freeing more
cognitive resources for learning the information (Chandler & Sweller, 1991).

Similarly, when integration of diverse elements is crucial for learning,
as is often the case for scientific or technical illustrations and accompanying
text, audio-illustration instruction may decrease the burden on working
memory that text-illustration instruction might impose. By distributing the
total information between the verbal and visual channels, the burden on
working memory for any one channel is lower; this expansion of working
memory is an intrinsic tenant of cognitive load theory (Mousavi et al., 1995;
Tindall-Ford et al., 1997).

Cognitive foad theory is based on the idea that people have a limited
working memory (Miller, 1956) and an enormous long-term memory (Chase
& Simon, 1973). This cognitive architecture implies that the biggest obsta-
cle to effective learning is working memory’s limited capacity. Cognitive
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load theorists seek techniques to increase working memory by reducing cog-
nitive load, which in turn should result in improved instructional design,
learning efficiency, and effectiveness. In terms of audio and text, Baddeley
(1992) theorized that working memory consists of two independent process-
ing systems, a visual-spatial sketchpad for visual information and a phono-
logical foop for verbal information, with a central executive coordinat-
ing the two systems. If this is the case, then working memory can be ex-
panded by presenting complementary information to both processing
systems simultaneously.

One way to reduce cognitive load and increase working memory is by
physically integrating disparate information such as illustrations and text. In
instructional materials, illustrations and text often represent two sources of
information, each uninteliigible in isolation until mentally integrated intc a
unified whole. This is particularly true for math, science, and technology
content where illustrations are heavily used for instructional purposes (He-
garty & Just, 1989; Mayer, 1994).

While most illustration and text studies have used print media, these re-
search results may be applicable to multimedia CBI and could provide guid-
ance for the design of instruction in that medium. In fact, multimedia CBI
allows additional features of illustrations to be exploited for instruction,
such as pop-up labels and explanations as well as animations which can be
conceptualized as a sequence of illustrations displayed in a timed sequence
to provide the illusion of movement or change.

Audic combined with animation is a relatively new research field that
evolved from research regarding the effective integration of text with illus-
trations. Some studies investigating animation and auwdio narration have
found simultaneous audio narration and animation more effective than either
alone or nonconcurrent audio narration and animation (i.c., audio narration
followed by animation or animation followed by audio narration) (Mayer &
Anderson, 1991, 1992; Maver & Sims, 1994), while another found no dif-
ference in achievement (Childress, 1995). Other studies examining various
combinations of animation, static illustration, text, and audio have produced
mixed findings (Atlas, Cornett, Lane & Napier, 1997; Lee, 1956; Lee, 1997;
Moreno & Mayer, 1998; Mayer & Moreno, 1999; Palmiter & Elkerton,
1993; Wilson, 1998).

The efficacy of animation with audic is mixed and may depend upon
the function of the animation, type of learning measured and characteristics
of the learners. Indeed, Mayer and Sims (1994) found a strong link between
spatial ability and animation efficacy with higher spatial ability learners ben-
efiting more from animation with audic narration than lower spatial ability
learners.
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The role spatial ability plays in learners’ interpretation and comprehen-
sion of animated and static illustrations is unclear. A few studies have inves-
tigated spatia} ability in conjunction with animated or static illustrations
(Blake, 1977, Hays, 1996; Hegarty & Sims, 1994; Hegarty & Steinhoff,
1997; Mayer & Sims, 1994; Winn, 1982). Some of these studies found
animation bencficial to low spatial ability learners (Blake, 1977, Hays,
1996) while the others found animation more beneficial to high spatial abili-
ty learners (Hegarty & Sims, 1994; Hegarty & Steinhoff, 1997; Mayer &
Sims, 1994).

Mayer and Sims (1994) looked at animation, audio, and spatial ability.
They did not examine static illustrations but rather investigated the synchro-
nization of audio with animation and measured problem solving achieve-
ment for high and low spatial ability adult participants using scientific ex-
planative content. They found that high spatial ability participants achieved
more as measared by transfer/problem selving items than low spatial ability
participants. Mayer and Sims explained these findings in terms of dual cod-
ing theory; high spatial ability learners can more easily build a visual repre-
sentation and therefore invest greater cognitive resources towards building
referential connections. Low spatial ability learners spend more time and ef-
fort building the visual representation leaving fewer cognitive resources
available for building referential connections (Mayer & Sims, 1994). Sinece
the Mayer and Sims study did not include a static condition, it is impossible
to say whether animation somewhat offset low spatial ability.

The research on audio with illustrations and animations may be broadly
summarized into four main points.

1. Audio research has generally indicated no increase in achievement for
redundant audio-text versus text enly instruction. Some research suggests
text can be shifted from the screen to the audio channe] without decreas-
ing achievement, but the number of such studies is very small.

2. Audio-illustration research is scarce. What does exist suggests moving
text from the screen to the audio channel improves learning if the text in-
formation must be integrated with the illustration for comprehension.

3. Audic-animation research is contradictory. The existing research sug-
gests the effectiveness of audic-animation in instruction may depend on
the function of the animation, the type of leamning measured, and the
characteristics of the learners.

4, Research suggests that spatial visualization ability may be related to the
interpretation and inferring of motion from diagrams and illustrations of
a scientific or technical nature. Low and high spatial ability learners may
differentially benefit from animation.
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The present study investigated the effects of audio, animation, and spa-
tial ability using a multimedia CBI program concerning a scientific process.
The major independent variables were instructional mode (text versus au-
dio), illustration mode (static versus animated) and spatial ability (low ver-
sus high). Dependent variables included achicvement, attitude, total time-in-
program, time-in-instruction, and time-in-practice.

Instructional modes consisted of two versions, text and audio. In the
text version, the instruction was presented as screen text, while in the audio
version, the instruction was presented as spoken words with limited screen
text. The spoken words of the audio version matched the text of the text ver-
sion.

There were two versions of the illustration mode, static and animated.
The static version consisted of a graphic depicting the scientific process with
no visual movement to show the process in operation, while the animated
version showed the process with visual movement to demonstrate the pro-
cess in operation.

Spatial ability represented ancther variabie in this study. All partici-
pants were classified as low or high spatial ability based on learners’ scores
on the Paper Folding Test (Ekstrom, French, & Harmon, 1976).

Achievement was measured by practice item scores and a posttest. Atti-
tude survey items measured interest, motivation, and perceived amount of
invested mental effort. Time spent on instruction and on practice items, as
well as the total time spent in the program, was measured and recorded for
each participant.

METHOD
Participants

One hundred and nine students from an urban high school biclogy
course parlicipated in this study. Participants were blocked by spatial ability
and randomly assigned to one of four treatments (Text-Static Iilustration,
Audio-Static [Hlustration, Text-Animation, Audio-Animation).

Materiais

A computer-based instruction (CBI) program, The Cell Cycle, constitut-
ed the instructional materials for this study. The CBI program was based
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upon the objectives and content of the biology course and covered the topics
of mitosis and meiosis. The researcher developed the CBI program and in-
corporated animated sequences obtained with permission from The Biology
Project website (The University of Arizona, http://Awww.biology arizona.edu/).
Information sources for the CBI included the classroom teacher, a biology
textbook (Wallace, 1997), and the biology web site previously mentioned.

The CBI program consisted of five sections: (a) an introduction, (b) a
review of prerequisite knowledge, (¢) instruction on mitosis, (d) instruction
on meiosis, and (¢) a conclusion. The instructional portions of the CBI pro-
gram included information, examples, activities, practice with feedback, and
review. Participants were able to view previous screens within each section
of the program and were offered the choice of viewing eight instructional se-
quences as many times as they choose. While participants had some choices
as they navigated through the program, they were required to view all in-
structional screens and complete all practice items.

Four versions of the CBI program were designed, corresponding to the
four treatment conditions of this study: Text-Static Ilustration, Audio-Static
THustration, Text-Animation, and Audio-Animation. The CBI program took
approximately 53 minutes to complete. Figure I shows sample instructional
screens for Text-Static IHustration and Audio-Static Illustration program
Versions.

In summary, all four versions of the CBI program contained the same il-
fustrations delivered by either static illustrations or animations, the same in-
formation delivered either by screen full text or by audio with lean text, the
same activities, the same practice items and the same reviews. Both audio
versions allowed participants to replay the audio and in both, the text and
audio were presented simultancously. In all four versions, participants were
offered the opportunity to replay the eight instructional sequences suitable
for animation. For the static versions, this meant the participants were al-
lowed, at their discretion, to view the sequence of screens again. For the ani-
mated versions, the participants were able to replay the animation if they so
chose.
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Procedures

A spatial ability test was administered to the participants approximately
one week prior to the study. Scores from all participants were ranked and a
median split was used to classify participants as high or low spatial ability.
For this study, 103 participants completed the Paper Folding Test with a me-
dian score of 12 out of a total possible score of 20. Participant assignment to
each of the four treatments was counterbalanced by spatial ability. On the
first day of the study, participants received instructions from the rescarcher
and worked through the CBI program. On the second day of the study, par-
ticipants completed the CBI program, an attitude survey and a posttest. All
events occurred during normally scheduled class time.

The participant information sheet, spatial ability test, attitude survey,
and posttest were paper-based. The participant information sheet and spatial
ability test took approximately 20 minutes to administer while the treatment,
attitude survey and posttest required 55-90 minutes over two days. All
events occurred during normally scheduled class time. All participants wore
headphones while working through the CBI program.

Criterion Measures

There were three criterion measures employed in this study: an attitude
survey, practice item results, and posttest scores. Enroute time data was also
collected and examined.

A 10-item Likert-type attitude survey (5 point scale from Strongly
Agree to Strongly Disagree) was administered prior to the posttest. The
Cronbach Alpha reliability of the attitude survey was .79. The attitude sur-
vey included items to measure interest, motivation, and amount of invested
mentat effort (AIME).

AIME was measured using three items similar to those developed by
Salomon (1984). These three items concerned the amount of effort and con-
centration expended by the participants as well as how well they thought
they understood the material. These items were, “The information presented
in this program was easy to understand,” “I concentrated on learning the ma-
terial throughout the entire program,” and “I tried hard to understand the n-
formation presented in the program.” The Cronbach Alpha reliability of the
AIME measure was .57.

Achievement was measured by a 27-item posttest. The posttest included
15 selected response and i2-constructed response items with each item
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worth one to three points for a total of 30 possible points. The reliability of
the postiest was .82.

The practice items were similar in form and content to the posttest and
included 17 selected response and 11-constructed response items with each
item worth one to three points for a total of 30 possible points. The reliabili-
ty of the practice items was .70,

Enroute time data, including total time-in-program, time-in-instruction,
and time-in-practice were collected in a data file. For the purposes of this
study, total time-in-program was defined as the time elapsed between the
participant entering and exiting the CBI program; time-in-practice was de-
fined as the time the participants spent completing the practice items within
the CBI program; and time-in-instruction was defined as the difference be-
tween total time-in-program and time-in-practice. Since the practice screens
were identical in all four treatments, time-in-instruction represented the time
participants spent within treatments (Text versus Audio, Static illustration
versus Animation).

Design and Data Analysis

This study was a posttest only control group design. It was a 2 (text ver-
sus audio) x 2 (static illustration versus animation) x 2 (high versus low spa-
tial ability) factorial design. Instructional mode, illustration mode and spatial
ability were between-participants variables.

A 2 x 2 x 2 analysis of variance (ANOVA) was conducted for practice
scores, posttest scores, attitude responses, and enroute time data. A signifi-
cance level of .05 was set for all statistical tests.

RESULTS

While 109 participants completed the CBI program, attitude survey,
and posttest, 103 participants completed the spatial ability measure. Due to
network failures and computer problems during the first day of the study,
enroute time data for 25 participants was lost or incomplete. Therefore,
complete enroute time data were collected for 84 participants.




The Effect of Audic and Animation in Multimedia Instruction 33

Practice Achievement

Means and standard deviations for practice achievement are reported in
Table 1. The overall mean practice score was 15.45 (SD = 4.41) or 51.5%.
A 2 x 2 x 2 ANOVA performed on the practice data indicated that partici-
pants with high spatial ability (M = 16.44, SD = 4.09} performed significant-
ly better on the practice items than those with low spatial ability (M = 14.41,
SD = 4.54), F (1, 76) = 4.041, p = .048, ES = 46. No other significant re-
sults were found for practice achievement,

Table 1
Practice Achievement Means and Standard Deviations
Instructionat Mode llustraiion Mode Spatial Ability
Text Static Low
M 15.95 M 15.59 7] 14.44
SD 4.47 So 4.68 SD 4.54
N 44 N 41 N 41
Audic Anpimation High
M 14.90 i 15.33 M 16.44
S 4.33 8D 4,19 SD 4.09
N 40 N 43 N 43
Note. 30 points possible with a minimum score of 4 and a maximum scere of 24.

Postiest Achievement

Mean scores and standard deviations for posttest achievement are re-
ported in Table 2. The overall mean for the posttest was 17.34 (8D =
5.50) or 57.8%. A 2 x 2 x 2 ANOVA performed on the posttest data re-
vealed no significant results for instructional mode (Text, M = 17.76;
Audio, M = 16.92), illustration mode (Static, M = 17.93, Animation, M
= 16.64), or spatial ability (Low, M = 16.48; High, M = 18.15).

Table 2
Posttest Achievement Means and Standard Deviations
Instructional Mode Hustration Mode Spatial Ability
Text Static Low
M 17.786 M 17.83 M 16.48
SO 5.68 SD 5.64 SD 5.61
N 51 N 56 N 50
Audio Animaticn High
M 16.92 M 16.64 M 18.16
SO 5.38 SD 5.30 sSD 5.31
MN 52 N 47 N 53

Note. 30 points possible with a minimum score of 5 and a maximum score of 28.
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Student Atlitude

There were 10 items on the attitude survey and participants responded
to each on a 5-point Likert scale ranging from 5 (strongly agree) to 1
(strongly disagree). In general, participants found the program interesting
(M =3.96, SD = 0.75), easy to understand (M = 4.03, SD = 0.79), and moti-
vational (M = 3.93, SD = 0.92). Participants indicated they tried hard to un-
derstand the information presented in the program (M = 4.11, SD = 0.96)
and believed the pictures/animations made the explanations easier to under-
stand (M = 4.28, SD =0.78). A 2 x 2 x 2 ANOVA was performed on each of
the attitude items {Stevens, 1996). Results indicated that iilustration mode
had a significant effect for the item, “The information in this program was
easy to understand,” F' (1, 95) = 4.029, p = .048, ES = .38. Participants in
the Animation treatment (M = 4.19) responded more positively to this item
than those in the Static illustration treatment (M = 3.89).

Results also revealed that spatial ability was significantly related to
threc attitude items. For all three items, participants with low spatial ability
responded more positively than their high spatial ability counterparts for the
following items: (2) “Learning on a computer keeps me motivated and inter-
ested in the material,” F (1, 95) = 5.868, p = .017, ES = 48, (b) “1 would
like to learn more about biology,” F' (1, 95) = 6.028, p = .016, ES = .50, and
() “I concentrated on learning the material throughout the entire program,”
F(1,95)=5412, p=.022, ES = 45.

Three of the attitude items were used to measure the Amount of Invest-
ed Mental Effort (AIME). Means and standard deviations for AIME by in-
structional mode, illustration mode and spatial ability appear in Table 3. The
overall mean for AIME was 4.04 (SD = 0.65). A2 x 2 x 2 ANOVA per-
tormed on the AIME data revealed a significant difference between Low
and High spatial ability participants, F (1, 95) = 7.065, p = .009, ES = .52,
with low spatial ability participants (M = 4.21, SD = 0.58) indicating greater
AIME than high spatial ability participants (M = 3.87, SD = 0.67). No other
significant resuits were found.

Tabie 3
Amount of Invested Mental Effort Means and Standard Deviations
instructional Mode lliustration Mode Spatial Ability
Text Static Low
M 3.96 M 3.98 M 4.21
8D 0.66 SO 0.71 SD 0.58
N 51 N 56 N 50
Audio Animation High
M 4.11 M 4.11 M 3.87
SD (.63 So 0.56 SD 0.67
N 52 N 47 N 53
Note. The three items comprising the AIME were summed and divided by 3.
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Time

Means and standard deviations for total Time-in-Program by instruc-
tional mode, illustration mode, and spatial ability are presented in Table 4.
The overall total Time-in-Program was 53.30 minutes (SD=10.87). AZx 2
x 2 ANOVA performed on the Total Time-in-Program data indicated that
participants in the Animation treatment (M = 56.35, SD = 9.48) spent signif-
icantly more Time-in-Program than those in the Static illustration (M =
5040, SD = 11.41), F (1, 72) = 5.866, p = 018, ES = .55. No other signifi-
cant results for Time-in-Program were found.

Table 4
Time-in-Program Means and Standard Deviations
Instructional Mode Hustration Mode Spatial Ability
Text Static Low
Y] 54.46 M 50.40 M 53.32
sSD 10.42 SD 11.41 SD 13.05
N 44 N 41 N 37
Audio Animation High
M 51.89 M 56.35 M 53.28
8D 11.38 SD 9.48 SD 8.73
N 36 N 39 N 43
Note. Time-in-Program is reported in minutes.

Means and standard deviations for Time-in-Instruction by instructional
mode, illustration mode and spatial ability are presented in Table 5. The
overall Time-in-Instruction was 41.66 minutes (SD = 8.45). A 2x2x 2
ANOVA performed on the Time-in-Instruction data revealed that partici-
pants in the Animation illustration mode {M = 44.30, SD = 7.17) spent sig-
nificantly more Time-in-Instruction than those in the Static iflustration mode
(M = 39.16, SD = 8.89}, F (1, 72) = 8.100, p = 006, ES = .61. There were
no other significant results for Time-in-Instruction.

Table 5
Time-in-Instruction Means and Standard Deviations
instructional Mode Hiustration Mode Spatial Ability
Text Static Low
M 42.51% M 39.16 M 42.17
SO 7.67 SD 8.89 SD 10.28
N 44 N 41 N 37
Audio Animation High
M 40.63 M 44.30 M 41.23
Sb 9.3z SD 747 SD 6.62
i 36 N 39 N 43
Note. Time-in-instruction is reported in minutes.
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The overall Time-in-Practice was 11.15 minutes (SD = 2.84). A2 x2x
2 ANOVA performed on the Time-in-Practice data indicated that there were
no significant results for instructional mode, illustration mode or spatial
ability.

DISCUSSION

The purpose of this study was te investigate the effects of audio, anima-
tion, and spatial ability in a multimedia program for biology. Participants
completed a CBI that presented instructional material by way of text or au-
dic with lean text. In addition, cight instructional sequences were presented
either with static illustrations or animations. All participants were classified
as either low or high spatial ability and assigned to one of the four treat-
ments (Text-Static Hiustration, Audio-Static Tlustration, Text-Animation, or
Audio-Animation). The study examined the effects of instructional mode
(text vs. audio), illustration mode (static illustration vs. animation) and spa-
tial ability (low vs. high) on practice and posttest achicvement, attitude, and
time.

This study found no main effect results for posttest achievement. The
posttest resuits for Illustration mode are consistent with the half of all previ-
ous animation research findings indicating no benefit for animation over
static illustration (Caraballo, 1985; Caraballo-Rios, 1985; ChanLin, 1998;
Lai, 1998; Park, 1998; Peters & Daiker, 1982; Reed, 1985; Rieber, 1989;
Ricber & Hannafin, 1988; Robison, 1996; Schnotz, Boeckheler, & Grzondz-
iel, 1999; Spangler, 1994; Spotts & Dwyer, 1996; Towers, 1994; Wilsen,
1998; Wright, Milroy, & Lickorish, 1999). Additionally, the finding for In-
structicnal mode indicating no loss of achievement when moving some text
from the screen to audio is also consistent with previous research (Barron &
Atkins, 1994; Barron & Kysilka, 1993; Koroghlanian & Sullivan, 2000).
However, the posttest achievement results for spatial ability are not consis-
tent with previous research. The present study does not support previous
findings that animation benefits low spatial ability learners in terms of
achievement (Blake, 1977; Hays, 1996) nor does it support the finding that
high spatial ability learners benefit more from animation than low spatial
ability learners (Mayer & Sims, 1994). It should be noted that the Hays
(1996) study examined gains scores while the Mayer and Sims (1994) study
examined achievement in terms of transfer and problem solving. The current
study did not examine gains scores nor was transfer and problem solving the
sole type of achievement measured.
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Closer examination of the posttest data reveals some interesting pat-
terns. High Spatial Ability participants achieved more than Low Spatial
Ability participants in the Static Hustration mode for both Text and Audio.
This result was expected as high spatial ability learners probably build visu-
al representations more easily than low spatial ability learners and thus have
more cognitive resources available for integrating the verbal information
with static illustrations (Hays, 1996; Hegarty & Sims, 1994; Hegarty &
Steinhoff, 1997; Mayer & Sims, 1994).

Looking at the posttest achiecvement for Animation mode, High and
Low Spatial Ability participants achieved comparably but High Spatial
Ability participants achieved less in the Animation mode than High Spatial
Ability participants in the Static mode. This result contradicts the explana-
tion offered previously for high spatial ability learners and static illustra-
tions. If high spatial ability learners build visual representations more easily
than low spatial ability learners, it seems logical that providing an animation
instead of static illustrations would allow easier and faster building of visual
representations; thus leaving more cognitive resources available for integrat-
ing verbal information with the animations. However, as Hays (1996) and
Schnotz et al. (1999) observed, participants with higher cognitive abilities
must use those abilities for learning advantages to occur.

Alternatively, high spatial ability participants in this study may have
found the combination of animation with text or audio distracting and failed
to focus on the pertinent visual and verbal information. Some recent re-
search studies have suggested animations can increase rather than decrease
cognitive load in some circumstances for some learners (Kalyuga et al,
1998: Lowe, 1999; Wright et al., 1599).

In summary, in terms of posttest achievement, the inclusion of anima-
tion or audio was neither beneficial nor detrimental for Low Spatial Ability
participants. However, the inclusion of animation and possibly the inclusion
of audio appeared to be detrimental for High Spatial Ability participants.

Results for practice achievement indicated that High Spatial Ability par-
ticipants achieved more than Low Spatial Ability participants. Again, this
result was expected as high spatial ability learners probably build visual rep-
resentations more easily than low spatial ability learners, freeing cognitive
resources for integrating verbal and visual information (Hays, 1996; Hegarty
& Sims, 1994; Hegarty & Steinhoff, 1997; Mayer & Sims, 1994).

Closer examination of the practice data reveals a pattern similar to that
found in the posttest achievement data. High spatial ability participants
achieved less in the Animation than in the Static mode and within the Ani-
mation mode, participants in the Audio treatment achieved less than those in
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the Text treatment. Again, the inclusion of animation or audio was neither
beneficial nor detrimental for Low Spatial Ability participants but High Spa-
tial Ability participants may have found animation or audio detrimental to
achievement. While the high spatial ability learners have more cognitive re-
sources available, they may fail to put forth the effort necessary to integrate
the verbal and visual information as well as they might (Hays, 1996;
Schnotz et al., 1999). This lack of effort might be related to their perception
of the nature and role of animation and audic in media (Salomon, 1984).

Participants in general, responded favorably to the CBI program. There
was one item for which a difference by Illustration mode was significant,
“The information in this program was easy to understand,” with participants
in the Animation treatment responding more positively than those in the
Static Hlustration treatment. This may represent a perception on the part of
the participants that animation is an easier to understand medium than static
illustrations, somewhat similar to Salomen’s (1984) findings for teicvision
and print. Other studies examining attitudinal differences between audio and
text (Barron & Atkins, 1994; Barron & Kysilka, 1993, Koroghlanian & Sul-
livan, 2000; Rehaag & Szabo, 1995) or between animation and static illus-
trations (Kim, 1998; Szabo & Pookay, 1996) have generally found no attitu-
dinal differences.

[n all three items for which significant differences were found by spatial
ability, the Low Spatial Ability participants responded more positively than
High Spatial Ability participants. The items concerned concentration and in-
terest (Learning on a computer keeps me motivated and interested in the ma-
terial, I would like to learn more about biology, I concentrated on learning
the material throughout the program) and the responses may be a reflection
of High Spatial Ability participants perceiving themselves to be efficacious
and the material to be easy. In contrast, Low Spatial Ability participants may
have realized that the material was difficult and the support provided may
have increased their interest and concentration (Salomon, 1984).

Not surprisingly, AIME results differed by spatial ability with Low Spa-
tial Ability participants reporting greater AIME than High Spatial Ability
participants. Again, low spatial ability learners have to try harder to visual-
ize processes presented through static illustrations or animations, so natural-
ly they perceive a greater amount of mental effort than high spatial ability
learners. The largest differences in AIME between High and Low Spatial
Ability participants occurred for Audio-Static Illustration and Audio-Anima-
tion treatments. This provides further evidence for the idea that providing
support to learners who do not need support (in this case, high spatial ability
learners) may reduce demands on the learner to perform mental processes




The Effect of Audic and Animation in Multimedia Instruction 39

for themselves that are essential to learning and achievement (Schnotz, et
al., 1999).

Since the practice screens were identical in all treatments, it was not
surprising there were no differences in terms of Time-in-Practice. However,
this finding is somewhat contradictory to findings of Rieber, who in a num-
ber of studies found animation as opposed to static illustrations or no illus-
trations can shorten the amount of time necessary to answer posttest items
(Rieber, 1989, 1590, 1991; Rieber, Boyce, & Assad, {990). Rieber postulat-
ed this time difference was probably a result of more efficient storage and
retrieval of information to and from long term memory followed by efficient
reconstruction of the information in short term memory. Although this study
looked at Time-in-Practice rather than posttest, a similar resuit might have
been expected for practice but was not found.

While significant differences for total Time-in-Prograrm and Time-in-In-
struction by illustration mode were found, with the Animation mode taking
five to six minutes longer than Static [ilustration mode, this difference was
expected and supports the finding of Baek and Layne (1988). The eight Ani-
mated instructional sequences took 9 minutes and 20 seconds to play assum-
ing no sequence was replayed by the participant. The corresponding eight
Static Hlustration instructional sequences should have taken less time for the
participants to complete as they need not have waited for an animation to
finish before proceeding.

More interesting findings are buried in the time data. Participants spent
approximately the same amount of Time-in-Program for the Text as the Au-
dio mode (54.56 minutes for Text, 51.89 minutes for Audio). Based on pre-
vious studies (Barron & Kysilka, 1993; Koroghlanian & Sullivan, 2000) and
common sense, one would have expected the Audio to take longer than the
Text and thus have a lower learning efficiency. It should be noted that 41
minutes was the shortest possible Time-in-Program for the Audio-Static 1-
fustration mode while 30 minutes was the shortest possible Time-in-Program
for the Text-Static Ilustration mode. The corresponding Animation versions
took an additional five minutes. These shortest possible times suggest Text
participants would have been expected to finish 10 to 15 minutes sooner
than the Audio participants, but this was not the case. Perhaps participants in
the Text mode spent those 10 to 15 minutes rereading the text, examining
the static illustration/animation or trying to integrate the text information
with the static illustration/animaticn. Investigating the reasons for this time
equaltization between Text and Audio mode might prove interesting.

The results of this study supports previous research that suggests mov-
ing some text from the screen to audio neither hinders nor improves leamn-
ing. This finding has important implications for multimedia development. if
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screen “real estatc” is needed for something other than instructional text,
which is especially true for simulations and concepts difficult to explain
with words alone, then text can be moved from the screen to audio with no
loss in achievement. This is an important and useful instructional technique
for instructional designers to consider, especially when designing materials
with scientific or technical content.

The implications of this study are less straightforward in terms of ani-
mation. Animatien did not improve learning for this content and age group.
Animation did take more instructional time than static ilfustrations with no
corresponding improvement in achievement or difference in attitude. Wheth-
er to include animation or not in multimedia CBI programs is still a matter
of instinct, not research, and the final decision may be dictated by pragmatic
concerns such as budget or time.

While this study was conducted with computer-based instructional ma-
terials; the results have wider implications for multimedia instruction in gen-
eral. Web-based instruction, for example, increasingly incorporates multi-
media attributes such as audio and animation. The incorporation of these at-
iributes should be based on instructional design principles and rescarch to
ensure effective and efficient instruction.

Several avenues of future research are suggested by the findings of this
study. Although spatial ability appeared to be related to some aspects of this
study, it is possible that other learner characteristics might have a more di-
rect relationship. Perhaps examination of reading ability, self-efficacy, and
general intelligence, as well as spatial ability, would provide insight into the
processes involved in learning from illustrations and animations. It may also
be more fruitful in the future to use ability measures as a covariate rather
than a blocking variable or to include in the data analysis only those partici-
pants scoring in the top and bottom quarter of any learner characteristic. In-
cluding a large number of individuals, who score in the middle and are arbi-
trarily assigned to high or low ability groupings when in fact their abilities
are very similar, may obscure the details necessary to see significant differ-
ences. If animation, for example, is postulated to principally benefit learners
with low abilities, this benefit may be obscured by the bulk of learners of in-
termediate ability lumped into the low ability category by a median split.

Another area that warrants further investigation is the physical combina-
tien of audio and animation. Some rescarchers might argue that the present
study did not minimize the spiit attention effect and thereby did not optimize
the instruction or research conditions. Future research could examine super-
imposing text on the illustrations and animations as well as utilizing audio
only with illastrations or animations followed by text at the end of the se-
quence. These sequencing and layout situations would tend to minimize the
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split attention effect and might clarify research results and subsequent in-
structional design decision making.

One puzzling and fascinating result of the present study concerns the
activities and mental processes of the participants. Participants spent the
same amount of time in the Text as in the Audio versions although partici-
pants in the Text version would have been expected to finish sconer than
those in the Audio version. Interposing questions during the instruction or
formally observing participants as they work through the CBI program
might provide information of use and interest to the researcher and instruc-
tional designer.

Further research into text density and structure would be valuable to in-
structional designers designing both traditional CBI and web-based instruc-
tion. Reducing instructional screen text while providing the majority of in-
struction through an audio track, is an extremely useful technique in situa-
tions with highly complex processes or simulations where there is a need to
maximize screen space for nontext purposes. Research inte the amount of
text required when text is combined with audio and the manner in which that
text should be structured and presented warrants further investigation.

Audio and animation are powerful tools for the instructional designer.
Deciding when and how to use these tools is an important field of inquiry
that deserves more attention and effort.
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