
bnd 

Effects of Animation and Narration on 
Recall and Problem-Solving Performance 

Marcus D. Childress, Ph.D. 

Abstract 

This study examined the effects of three different 
formats of instructional multimedia presentations on 
the recall and problem-solving performance of 
novice-level adult learners. In this study, participants 
were randomly assigned to groups viewing computer- 
based presentations covering two topics (bicycle 
pumps & brass wind instruments). Participants 
receiving the words-beforepictures treatments viewed 
programs containing narration followed by animation; 
participants receiving the pictures-before-words 
treatments viewed programs containing animation 
followed by narration; participants receiving the 
words-with-pictures treatments viewed programs 
containing animation and narration simultaneously. 
Recall and problem-solving tests were administered 
immediately following the treatments to measure 
recall and problem-solving performance. There were 
no significant differences among the three treatment 
groups. Further investigation revealed that 
participants taking the recall test first scored higher in 
recall than participants taking the problem-solving test 
fust. The findings suggest that educators should give 
consideration to not onlypresentation format, but also 
to testing order and procedures for testing. 
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Introduction as recall and problem-solving perfonnance. This 
study examined the effects of three different formats 

Educators have often deliberated over ways to of instructional multimediapresentations on the recall 
explain new material to their students in an and problem-solving performance of novice-level 
understandable fashion. Most recently, educators learners. 
have asked if multimedia instruction can promote 
understanding through the presentation of sound, Previous research fifindings 
graphics, animation, video, and text. Perhaps some of Previous research has examined the relationships 
the most dynamic features of multimedia are digital between pictures and words in an instructional setting 
animation and sound. Many software developers now using films and static illustrations (Baggett, 1984; 
incorporate these features into their instructional Baggett & Ehrenfeucht, 1983; Mayer, 1989; Mayer & 
products such as multimedia encyclopedias and Gallini, 1990; Mayer, 1999; Mayer & Chandler, 
interactive books that not only allow the user to see 2001). In their study, Baggett andEhrenfeucht (1983) 
information, but also to hear sounds and narration had students watch an educational movie while being 
associated with topics of interest. Although educators presented with visual andverbal auditoryinformation. 
have embraced multimedia with optimism, little They concluded that there is no competition for 
research on how to design multimedia instruction resources. Encoding in one medium (verbal) does not 
exists. The use of features such as animation and hinder encoding in another (visual). Furthermore, it 
narration has continued to increase due to the wide- was shown that the simultaneous presentation of 
spread availability of computers, authoring systems, verbaVvisua1 information promotes recall beyond that 
and video/graphics tools. This availability has made of sequential presentation of verbal-visual 
it possible for educators to design and develop their information. However, Baggett found that 
own instructional presentations using visuals such as simultaneous verbal/visual presentation was only 8% 

better than a sequential visual-verbal presentation. 
Understanding the relationships between In 1984, Baggett extended the research by having 

animation and narration and the learning outcomes of participants watch a 30-minute film, before, after, or 
recall and problem-solving is one of the keys to in synchrony with narration. Students in the 
designing effective instructional multimedia synchronous visuals/narration group and the 
materials. Theories such as Paivio's (1979) dual- sequential visuals-narration group scored higher than 
coding theory and frameworks such as Ausubel's the narration-visuals group on an immediate recall 
(1980) advance organizers and Mayer's (1989) test. Thus, it was concluded that when recall is 
conceptual models of systems are often cited as desired, infonnation should be presented in a 
underlying principles for the use of animation and sequential visual-narration or synchronous 
multichannel instruction. Instructional designers visuaVnarration format. 
should investigate the attributes of narration and Mayer and Anderson (I 99 1) went one step further 
animation and their relationships with outcomes such by systematically testing a single-code hypothesis, a 
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separate dual-code hypothesis, and Paivio's dual-code The animation-only group received presentations in 
hypothesis. In the first experiment, Mayer and the form of AAA, and the narration-only group 
Anderson compared the effects of viewing an received presentations in the form of NNN. In 
animation of a bicycle tire pump with narration support of their contiguity principle, results showed 
(words-with-pictures) with the effects of narration that the control group performed worse in retention 
followed by animation (words-before-pictures). A than all other groups and that there was no significant 
problem-solving test was used to determine difference in the performance of those other groups. 
performance of the participants. In the study, In measuring problem-solving, the concurrent groups 
participants viewed three back-to-back presentations performed significantly better than the successive, 
of the same material in a words-before-pictures or animation-only, narration-only, and the control 
simultaneous words-and-pictures format. Results groups, which did not differ significantly ikom one 
showed that participants in the words-and-pictures another. 
group scored significantly higher on the problem- 
solving test than participants in the words-before- Hypotheses. Novice learners who are presented with 
pictures group. When tested on recall of verbal information in a simultaneous words-with-pictures 
information, there was no significant difference format should perform better inproblem-solving than 
between the words-and-pictures and words-before- novice learners who are presented information in a 
pictures groups, which reflects the earlier findings of sequential words-before-pictures or pictures-before- 
Baggett (1984) and Baggett & Ehrenhech (1983). words format (Mayer, 1989, 1993; Mayer & 

In an attempt to extend their research, Mayer and Anderson, 1991, 1992; Mayer & Gallini, 1990). If 
Anderson (1992) changed their design while this is the case, the first research hypothesis should be 
investigating what they call the contiguity principle. true: 
Thls instructional design principle implies that the 1. Novice-level participants in the words-with- 
effectiveness of multimedia instruction increases pictures group will perform significantly better 
when words and pictures are presented contiguously. than novice-level participants in the words-before- 
In their 1992 study, Mayer and Anderson included pictures, and pictures-before-words groups in 
control groups and presented participants with problem-solving performance. 
concurrent (A+N), successive (AN or NA), Researchers such as Mayer and Anderson (1992, 
animation-only (A), and narration-only (N) 1993) have also concluded that learners recall 
presentations. In the control group, participants virtually the same amount of information regardless 
received no instruction. The concurrent group was of whether the information is presented in a words- 
presented with three concurrent animation and with-pictures, words-before-pictures, or pictures- 
narration presentations of the same instructional before-words format. The research of Baggett and 
material (A+N, A+N, A+N). The three successive Ehrenfeucht (1983) and Baggett (1984), however, 
groups were presented with three types of leads to the conclusion that learners viewing 
presentations (ANANAN, NANANA, or AAANNN). instruction in a words-with-pictures and pictures- 
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questionnaire for bicycle pump knowledge was a 
replica of the questionnaire used by Mayer in his 199 1 
study. The subject questionnaire for brass instrument 
knowledge was developed fiom the same fiamework 
as the bicycle pump questionnaire and was made to 
conform as closely as possible to the bicycle pump 
questionnaire (see Appendix A). The recall and 
problem-solving tests for the bicycle pump 
presentations were replicas of those used in Mayer's 
199 1 study. Brass instrument problem-solving and 
recall tests were developed with the same 
specifications to closely match the format and intent 
of Mayer's bicycle pump tests (see appendices B & 
P\ 

Procedure 
Participants were randomly assigned to one of three 
treatment groups: words-and-pictures, words-before- 
pictures, and pictures-before-words. The words-with- 
pictures groups received a simultaneous words-with- 
pictures presentation, followed by either a words- 
before-pictures or pictures-before-words presentation 
covering a topic other than the first presentation; the 
words-before-pictures groups received sequential 
words-before-pictures presentation, followed by either 
a pictures-before-words or words-with-pictures 
presentation covering a topic other than the first topic; 
the pictures-before-words groups received a 
sequential pictures-before-words presentation, 
followed by either a words-before-pictures or words- 
with-pictures presentation covering a topic other than 
the first topic. Participants were randomly assigned to 
treatments and were tested individually. A list of 
random numbers was generated and each of the 
participants were randomly assigned to a 
presentationltesting group according to the generated 

Effects Of Animation and Narration 55 

number. Participants were randomly assigned to one 
of the following six possible presentation 
combinations and test formats, as seen in Table 1. 
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Presentation 
The participant was first prompted to "Click here 

to begin." Upon the clicking of the mouse, the '. 
participant viewed a color, digitized video of either 1) .' 
how a brass instrument produces a sound or 2) how a 
bicycle pump works (narration presented before video . 1  
in the words-before-pictures groups, video presented ,' 

before narration in the pictures-before-words groups, 
and narration presented simultaneously with video in , 
the words-with-pictures group). The words-with- 1"' 
pictures group viewed a presentation lasting 40 
seconds. Due to the sequential nature of the ' 

presentations, the pictures-before-words and words- 
before pictures presentations lasted 80 seconds. 
The narration for the brass instrument presentation: '*: 

< ' 

When a player buzzes into the mouthpiece, each 
air burst from the vibrating lips causes the molecules 
in the tube to crowd together and push against each 
other. The pushing and shoving creates a wave-like 
ripple that moves rapidly out toward the bell, where it 
leaves the tube and continues through open air until 
your ear hears it as sound. 

I 

The narration for the bicycle pump presentation: 
I t  

When the handle is pulled up, the piston moves 
up, the inlet valve opens, the outlet valve closes, and 
air enters the lower part of the cylinder. When the 
handle is pushed down, the piston moves down, the 
inlet valve closes, the outlet valve opens, and air 
moves out through the hose. When the handle is 
pulled up, the piston moves up, the inlet valve opens, 
the outlet valve closes, and air enters the lower part of 
the cylinder. When the handle is pushed down, the . 
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Scoring 
Recall. For the recall portion of the test, 

Schenlallc Design of Research Procedure participants were given one point for each correctly 
identified action recalled from the presentations, for 
a total of ten points. When scoring the recall 
responses, judges referred to the following checklists 
containing each of the ten actions involved in the 
brass instrument and bicycle pump presentations (see 

Table 2 

Checkl~st ofAct~ons 

Brass rnstrurnent 

1 player buzzes lnto mouthpiece 1 handle 1s pulled up 
2 am burst from vibrabng l l p ~  2 plston moves Up 
3 causes molecules in tube 3 rnlet valve opens 
4 crowd other together and push against each 4 outlet valve closes 

5. au enters cyllnder 
5. puslung and shoving 6 handle 1s pushed down 
6 creates wave-hke nppie 7 plston moves down 
7. moves rapdly out toward bell 8 lnlet valve doses 
8 leaves tube 9 outlet valve opens 
9. continues through open alr 10 an moves out through hose 

Words-before-P~ctures 10. ear hears 11 as sound 

Problem-Solving. When scoring the problem- 
solving responses, the judges referred to a list of Recall /Problem-Solving or Problem-Solv~n~IReca~ 
possible appropriate responses. Participants were 
given one point for each correct answer on the 
problem-solving tests, a maximum of four points for 
questions one, two, and three; a maximum of two 
points for question four. 

The identity of the treatment group to which the 
participants were assigned was unknown to the two 
judges. Inter-judge agreement measured for the 
problem-solving analyses was .95 (forced agreement 

Recall /Problem-Solving or Problem-SolvinglRecaII 
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on 5%). Inter-judge agreement measured for the Table 3 

recall analyses Was .96 (forced agreement On 4%). 
Mean problem-SO~VI~~ Scores ar a Funclron ofPresentotlon Type 

Presentat~on Type 

were considered for presentation type (words-with- words-w~th-~lctutes  
pictures, words-before-pictures, pictures-before- 

Words before-Pictures words), question type (problem-solving, recall), and 
topic (bicycle pump, brass instrument). The level of PIC~U~~S-be fore -words  

significance of all of the analyses was set at .05. In 
the secondary analysis, a one-way Analysis of 

Hypothesis two: Novice-level participants in the Variance was used to test whether there was a 
significant interaction between presentatioil type and words-with-pictures and pictures-before-words groups 

will perfom1 significantly better than novice-level test order. 

11 participants in the words-before-pictures groups in I, 
recall performance. Results 

Pnnlniy A~ralysis Means scores from the recall tests for each group 
Hypothesis one: Novice-level participants in the were subjected to an analysis of variance. The 

words-with-pictures group will perform significantly analysis was adjusted for unequal cell size. The 
better than novice-level participants in the words- resulting F statistic was not significant for the three 
before-pictures and pictures-before-words groups in experimental groups. None of the experimental 

groups scored significantly higher on recall than any problem-solving performance. 
Mean scores from the problem-solving tests for of the other groups. The second hypothesis was 

I each group were subjected to an analysis of variance. rejected at the .05 level. Table 4 shows the and 
I '  
I The analysis was adjusted for unequal cell size. The' standard deviation of responses on the recall test as a 1 resulting F statistic was not significant for the three function of type of presentatioil which was used with 

1 experimental groups. None of the experimental each treatment group. 
groups scored siglificailtlyhigher on problem-solving 

I 1 1  than any of the other groups. 1 able 4 

! I The first hypothesis was rejected at the .05 level. Mean Recall Scores as CI Furlcfron ojpresentatlon Type 
Table 3 shows tlle mean and standard deviation of 

I ' responses on the problem-solving test as a function of 
Presentat~on Type M SD 111 type of presentation which was used with each n 

treatmel~t group. 
Words-w~th-Plctures 4 333 2 330 51 

I 

I Words before-Plctures 4 036 1688 5 5 

I ( (  Pictures-before- Words 3 889 1 8 6 7  63 
I 

1 1  I ( 
I 

I 
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Secor~dary Analysis who had taken the recall tests first and the problem- 
With the use of two testing formats: 1) problem- solving tests second, versus the recall scores of 

solving followed by recall (PSIR) and 2) recall novices who had taken the problem-solving tests first 
followed by problem-solving (R/PS), it seemed and the recall tests second. Novices who took the 

! logical to investigate the relationship, if any, between tests in a recall/problem-sc 
test scores and test order. When analyzing differences significantly higher than novic 

I 

I in problem-solving scores of novices who had taken a problem-solving/recall format. Table 6 shows the 

I 
the recall tests first and the problem-solving tests mean and standard deviation of responses on the 
second versus the problem-solving scores of novices recall test as a function of test order. 
who had taken the problem-solving tests first and the 
recall tests second, no significant differences were Table 6 

found. Novices who took the tests in a problern- 
Mean Recall Scores as a fiuncf~on of Test Order solving/recall format didnot score significantlyhigher 

than novices who took the tests in a recall/problem- 
solving format. Test Order M SD H 

There was no significant difference in novice 
3 534 I838 88 problem-soIving/recall test takers and recall/problem- problem-solving I Recall 

solving test takers in problem-solving performance. Recall I problem-SOIVITI~ 4 654 1938 81 

Table 5 shows the mean and standard deviation of 
responses on the problem-solving test as a function of 
test order. 

I, 

Table 5 i *I 
Mean Probletn-Solvtng Scores as a Funrfron of Test Older I 

1 Test Order M SD 

I I '1 n 

Problem-Solv~ng /Recall 5 023 2 133 88 

1 I Recall / Problern-Solvlng 5 160 1639  81 

yificant differences were found when 1 
I analyzing differences between recall scores of novices 
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Discussion significantly higher in recall than participants who 
In this study, presentations were developed in took the problem-solving test first and the recall test 

contiguous words-with-pictures, isolated words- second. These results agree with previous studies 
before-pictures, and isolated pictures-before-words which show that recall may be hindered by the length 
formats. There were two research hypotheses applied of delay between presented material and recall of the 
to this study. The first hypothesis was rejected. material. With this in mind, participants who are 
Participants in the words-with-pictures group did not asked to recall material first should and do score 
perform significantly better than participants in the hlgher on recall than participants who are asked to 
words-before-pictures, and pictures-before-words complete a problem-solving test prior to a recall test. 
groups in problem-solving. Primary results from the Differences of recall scores between problem- 
study showed that there were no significant solving/recall and recalYproblem-solving test takers 
differences in problem-solving or recall performance may also be explained by interference. The problem- 
among any of the treatment groups (words-with- solving test may act as interference for those taking 
pictures, pictures-before-words, words-before- the recall test second, resulting in lower recall scores 
pictures). These results disagreed with the findings of for the problem-solving/recaIl test takers. 
Mayer (1991) in which contiguous words-with- Upon closer examination, it became apparent that 
pictures presentations produced higher problem- alternative approaches to the design of this study 
solving performance. However, these results seem to could have been taken. Participants could have 
confirm Rieber's (1990) claim that "The few serious viewed the same presentation style for both topics, 
attempts to study the instructional attributes of with the test order counterbalanced. Also, each 
animation have reported inconsistent results" (p.84). presentation style for the first topic could have been 

The second hypothesis was also rejected. matched to each other presentation style for the 
Participants in the words-with-pictures and pictures- second topic. Therefore, order of presentation style 
before-words groups did not perform significantly per topic was not tested. 
better than the participailts in the words-before- As with any experimental study, there are other 
pictures groups in recall. The results of this study are factors which may have influenced the results of this 
consistent with the findings of Mayer (1991). When study. Because of computer speed, at times the 
recall is the desired outcome, the presentation order narration portion of the presentations skipped or 
may not be as important as the content of the "clipped-out" for a fraction of a second. Although 
presentation in which verbal information is presented. this clipping of the narration seemed to not interfere 
The placement of verbal information with, before, or with the understanding of the narration, it could be 
after animation does not seem to matter, as long as the seen as a distraction to the participants encountering 
verbal information is indeed presented. this. Also, this study used only written answers for 

When examining the effect of test order on recall recall and problem-solving questions. Other methods 
and problem-solving, participants who took the recall of data collection could have been used, such as 
test first and the problem-solving test second scored drawings, sketches, and verbal interviews. 
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Although care was taken to pattern the brass only the presentation format (words-and-pictures, 
questionnaires and tests as closely after Mayer's pictures-before-words, and words-before-pictures), 
(1991) as possible, it appears that the questionnaires but also the order of the testing, and the procedure 
and tests may not have been equivaIent to each other. used for testing. Designing instructional multimedia 

I 
For example, the bicycle pump questionnaire asks presentations involves much more than incorporating 
general household repair questions, while the brass production features such as presentation format. 
instrument questionnaire asks questions specific only 
to brass instrument playing experience. Therefore, the 
novice-level bicycle pump participants may have been b b 

of a different level than the novice-level brass 
instrument participants. 

Whether the recall tests actually measured recall I 

must also be addressed. The recall tests asked the 
participant to "Please write down an explanation of 
how a bicycle tire pump (or brass instrument) works. 
Pretend that you are writing to someone who does not 
know much about pumps (or brass instrument)." 
While recall deals with remembering the verbal 
narration of the presentation, it appears that the recaIl 
test may encourage the participant to reconstruct the 
presentation for the purpose of explaining, rather than 
recall. Further research should investigate the types 
of tests used to evaluate recall and problem-solving 
performance. On several of the tests, participants 
sketched diagrams and illustrations of their answers. 
How can these drawings be included in the scoring? 
How do these drawings help the participants in recall 
or problem-solving? 

Conclusion 
The results of this study have implications for 

developers of instructional materials using animation 
and narration. Instructional designers need to be more 
aware of the different attributes used in the 
development of a multimedia instructional 
presentation. They should take into consideration not 
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Appendix A 
Brass Questionnaire 

ID Number 
Gender (M/F) Age 
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Appendix B 

Put a check next to the things which apply to you: 
I own a brass wind instrument (such as a 1. What could be done to make the brass instrument 

Trum~et or Trombone) more effective. that is. to nroduce more sound? 

instrument. 
I have blown into the mouthpiece of a brass 

wind instrument. 
I have seen the inside of a brass wind 

instrument. 

more reliable, that is, to make sure it would not 
fail? , 

, 
I 

I 

,I 
3. Sunnose vo11 buzz into the mouthniece of the I 

Put a check mark indicating your knowledge of how have gone wrong? 
to play a brass wind instrument: 
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Appendix C 

Brass Recall Test 

ID Number 

Please write down an explanation of how a brass 
instrument makes a sound. Pretend that you are 
writing to someone who does not know much about 
musical instruments. 

PLEASE KEEP WOFUUNG UNTIL YOU ARE 
TOLD TO STOP 


