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Abstract

The effects of presenting information using multimedia (e.g., text, audio, illustrations) on learning
performance are inconsistent. Some studies show that multimediaimproves learning, while other
studies find no effect. It is possible that these inconsistent findings may be explained by the effects
of elaborative encoding. Elaborative encoding can be thought of as an encoding process that
enriches a stimulus, therefore making it easier to store and retrieve the stimulus. For example, if
pictures are richer than text, then multimedia that presents information using text and pictures may
be more elaborative than multimediathat uses text and auditory words. Multimediaand learner
tasks that encourage richer processing of the information may provide more links with which to
connect the new information to prior knowledge. Information that islinked better may show
higher levels of learning performance because the information is integrated with prior knowledge
and more cognitive pathways are available to retrieve the information. (38 pages, 131 references)



Chapter 1 Introduction

When peopletry to learn information that is presented simultaneoudy by severa different media
(e.g., text and sounds via computer), does the multimedia help people to learn? If so, why? This
paper examines the theory that it is not just multimedia, but multimedia that encourages el aborative
encoding processes, that can make it easier to learn information.

Multimediarefers to the simultaneous presentation of information using more than one mode of
information transmission. Mediainclude text, graphics, animations, photographs, video, sounds,
and auditory words. Multimedia are used to present information when your computer shows you a
textual message and simultaneoudly plays atoneto tell you that an error occurred.

Encoding processes refer to the trangation of physical, modal information into internal, cognitive
representations. Encoding occurs, for example, when you see the letters "c,” "a," "t" and trandlate
them into the familiar word "cat." Elaborative encoding can be thought of asan encoding process
that enriches a stimulus, therefore making it easier to store and retrieve the stimulus. For example,
if you seetheletters"c," "a," "t," trandate the lettersinto the word "cat,” then store an image of
your cat Fluffy, you WI|| probably find it easier to learn and recall theletters" "rat
Presenting information viamultimedia, such as showing the word "cat" with adrawi ng of acat,
may encourage learners to perform more elaborative processing on the information.

If multimedia helps people to learn, it is difficult to determine whether it is the multiple media, the
spontaneous el aborative encoding processes that the multiple media can encourage, or both factors
that are most responsible for learning benefits. This paper examines theoretical positions and
empirical results to support the theory that it is the elaborative encoding processes, rather than the
multiple media aone, that can make it easier to learn information that is presented via multimedia.

This examination isimportant because the use of multimediato present information for educational
purposesisincreasing rapidly. One of the best examplesis the use of multimediain computer-
based tutorials. Thisincrease appearsto be fueled by several factors. First, the cost of
multimedia-enabled computersis decreasing rapidly into price ranges that are suitable for the home
and school markets. For example, very well-equipped multimedia-enabled machines are now
available for less than $2,000 (Calica, 1994; Wodaski, 1994). Second, learners prefer to have
multimediain their educationa situations (e.g., Bosco, 1986; Bryant, Brown, Silberberg, & Elliot,
1980; Fletcher, 1989, 1990; Holliday, Brunner, & Donais, 1977; Rigney & Lutz, 1976; Samuels,
Biesbrock, & Terry, 1974; Sewell & Moore, 1980). Third, and most importantly, people believe
that educational multimediaimproveslearning. One set of statistics that is frequently cited (e.g.,
"Eloquent Idea," 1992; Hofstetter, 1994; "The Interactive Advantage,” 1990) to justify using
multimediafor educational purposesisthat "People generally remember 20% of what they hear,
30% of what they see, [and] 50% of what they hear and see ..." (Treichler, 1967, p. 15).
Unfortunately, Treichler's very compelling statistics are not based on empirical research.

If multimedia that encourages elaborative encoding processes can improve learning, then thisidea
has important implications for the design of educational software. For example, designers of
computer-based tutorials can select media and learning activities for their elaborative processing
properties rather than for their entertainment value. Expensive videos that are entertaining, but do
not promote elaborative processing of the target information, can be eliminated. The designers can
identify and use only media and activitiesthat help the learner to learn. This approach should
improve learning while decreasing the cost of devel oping computer-based tutorials.

This paper:
(1) Describesthe inconsistent effects of multimedia on learning.
(2) Describestheories of learning and cognition that relate to el aborative encoding.



(3) Examines whether elaborative encoding can reasonably explain the inconsistent effects of
multimedia on learning.



Chapter 2 Effects of Multimedia on Learning

This chapter describes studies that examined the effects on learning of using multimediato
simultaneously present mostly redundant information (e.g., text and illustrations) to learners. The
studies support the conclusion that the effects of multimedia on learning are inconsistent.

Multimedia Helps People to Learn

The following studies suggest that presenting mostly redundant information using simultaneous,
multimedia can help people to learn the information better than presenting the same information
using asingle medium. The studies are organized into categories that describe the media that were
used to present the information in the studies.

Text and Illustrations
Levie and Lentz (1982) reviewed the literature on the effects of illustrations on learning textua
information. The researchers examined over 55 experiments that used meaningful, connected,
written text and experimenter-provided representational pictures (as opposed to charts, graphs, or
diagrams). The textual materialsincluded children's stories and science text. Theillustrations
included line drawings and color photographs. The learners differed in age levels (but most were
elementary school age) and reading abilities. The experiments used a variety of measures of
learning, including free recall, cued recall, and comprehension. In atypica experiment, the
participants read the learning materials (with or without illustrations), then completed the learning
test. Levieand Lentz (1982) concluded that illustrations improved the learning of textua
information that was shown in theillustrations. The average learning improvement was 36%, a
0.5 standard deviation improvement of the learning performance of the text alone groups.

Text and Animated Graphics
Baek and Layne (1988) asked high school students to complete a computer-based tutorial on
calculating average speed when given the distance traveled and the travel time. Each student
learned in one of three conditions: (1) text aone, (2) text with still graphics, or (3) text with
animated graphics. Each student controlled his or her progress through the tutorial. Students
could move backward or forward in the tutorial. The graphics organized the textual material on the
computer screen into categories for distance, traveling time, and speed. The animated graphics
were a dashed line that was drawn at a speed that was related to the result of the average speed
calculation. During the tutorial, the students completed several sample problems. Learning
performance was based on an immediate test that included multiple-choice questions, a short-
answer gquestion, and 17 calculation problems. The experimenters cal culated a single, summed test
performance score for each participant. The experimenters found that adding animations to the text
improved learning performance compared to adding still graphics to the text or compared to the text
alone. Also, the still graphics with text group outperformed the text al one group.

Rieber (1989, 1990) created computer-based instruction on Newton's laws of motion that
presented information viatextual and graphic chunks. Fourth- and fifth-grade students learned the
information in one of three conditions. (1) text alone, (2) text and static graphics, or (3) text and
dynamic graphics. After each of the four instruction segments, the students answered multiple-
choice questions about the segment. The students also interacted with a simulation showing the
effects of forces on the motion of a"starship” in agravity-free environment. Then the students
completed alearning test that was composed of 26 multiple-choice questions. The experimenter
also measured how long it took the students to answer each question. The students who saw text
and dynamic graphics scored higher on the learning test than the students who saw text alone or
text and static graphics. The experimenter found no differences in response time between the
students in each group. In asimilar study, Goldstein, Chance, Hoisington, and Buescher (1982)
showed a 10-minute long movie clip (dynamic images) or 60 freeze frames (static images) from
two different movies to college students. The researchers asked the students to try to remember the
contents of the dynamic or still images. The researchers measured |learning by asking the students



to complete arecognition test that used targets and distractors from the same kind of images that the
students studied (dynamic or static). The study found that recognition accuracy (computed as d')
for dynamic video scenes was better than that for static video scenes.

Audio and Audio-Visual
Barrow and Westley (1959) prepared four 15-minute long auditory (radio) and auditory-visual
(television) programs that had very similar content. The writer for the programs included the same
factual information in each program and maximized the effectiveness of each program. The
researchers presented the four 15-minute long programs to 228 sixth-grade students. The students
were separated into high, medium, and low 1Q scorers on the Caifornia Test of Mental Maturity.
Equal numbers of each group of 1Q scorers were assigned to each of two groups of studentsin
each classroom. One group of studentsin each classroom received the television presentation.
The other group of students received the radio presentation. Sometimes the students participated in
a 7.5-minute long, teacher-led discussion of the information in the presentation before completing
an immediate, multiple-choice fact recall test. Other times, the students participated in the
discussion after completing the immediate test. Finally, six weeks after the last presentation, the
students completed a multiple-choice fact recall test for information from all four presentations.

Students recorded higher immediate test recall scores when they (1) received television
presentations rather than radio presentations, and (2) when they had higher 1Q scores. The
discussion groups before or after the immediate tests did not affect learning performance. None of
the interactions was statistically significant. On the delayed recall test, the researchers found no
difference between studentsin the television or radio presentation groups. Students who scored
higher on the 1Q test performed better than other students. Also, the learning performance scores
from students at some schools were better than the scores from students at other schools.

The most pertinent finding from the Barrow and Westley (1959) study is that, on the immediate
test, the students who saw and heard the television programs recognized more facts than the
students who only heard the radio programs. Other studies that measured fact recall (Frank, 1955;
Greenfield, 1984; Nelson, 1949; Nelson, Moall, & Jaspen, 1950; Nelson & VanderMeer, 1955;
Wetstone & Friedlander, 1974) obtained similar results. In arelated study by Hayes, Kelly, and
Mandel (1986), three- to six-year old children made more comprehension and recall errors when
retelling the story after they heard the story (radio condition) than after they heard and saw pictures
of the story (television condition).

Beagles-Roos and Gat (1983) presented auditory (radio) and auditory-visual (television) versions
of the same 10-minute long story to elementary school children. Asin the studies described above,
when retelling the story, children in the television condition recalled more story details than
children in the radio condition. In addition, children in the television condition were better able to
put in correct order pictures related to the story.

Menne and Menne (1972) asked 36 third-grade children to recall three different, smple,

unfamiliar, 22-word, four-line verses that were presented via sound alone, sight alone, and both
sight and sound together. The researchers used a videotape to make the presentations. After each
presentation, the researchers asked the children to recite back as much of the verse asthey could
recall. The researchers successively repeated each treatment-test combination three times for each
child. The children recalled more words when they saw and heard a verse than when the children
only saw or only heard averse. These results are consistent with similar studies by Hartman
(19614, 1961b). Also, for single media, the children recalled more words when the children saw a
verse than when the children heard averse.

Pezdek, Lehrer, and Simon (1984) presented two short, unfamiliar stories to 96 third-grade and
sixth-grade children. One group of children read one story and heard an auditory (radio) version
of the other story. The other group read one story and saw and heard an auditory and animation



(television) version of the other story. After reading or being presented each story, the children
answered comprehension and sentence recognition questions about the story. The study allowed
the researchers to compare performance in the reading, radio, and television conditions. The
children’'s comprehension and sentence recognition performance was about the same in the
television and reading conditions, and this performance was better than in the radio condition. So,
children learned better when they saw and heard an auditory and animation (television) version of a
story than when they heard an auditory (radio) version of astory.

Mayer and Anderson (1991; experiment 2b) created three different types of explanations for how a
bicycle pump works. The three explanation types were (1) auditory words, (2) silent animation, or
(3) auditory words with animation. Mechanically naive college students were randomly assigned
to each explanation type. The explanations were 30 seconds or lessin length. The participants
repeated the assigned explanation three times. After the third explanation, the participants
completed four problem-solving questions (e.g., "What could be done to make a pump more
effective, that is, to move more air more rapidly?'). On the problem-solving test, the participants
who heard and saw the auditory words with animation performed better than the participants who
heard the explanation or saw the animated explanation. Similar results were obtained in a
subsequent study (Mayer & Anderson, 1992).

Text, Audio, and lllustrations
Severin (1967) asked seventh-grade studentsto learn lists of 15 animal names under one of several
conditions: (1) text only, (2) audio only, (3) combined text and audio, or (4) combined audio and
pictures. Each visual stimuluswas presented for three seconds. After being presented with all 15
stimuli, the students completed recognition tests that used the same media that were used during
learning. So, if astudent learned the list using audio only, the student was tested using audio
only. Though not tested statistically, learning performance in the combined audio and pictures
condition was dramatically better than in the audio only condition. Learning in the combined text
and audio condition was better than learning in the audio only condition. So, learning in the
multimedia conditions was better than learning in the single media conditions. Severin (1967) aso
found that learning performance in the combined audio and pictures condition was better than in the
combined audio and text condition. Learning in the text only condition was better than in the audio
only condition. Thislast result was consistent with the findings of Menne and Menne (1972) and
Van Mondfrans and Travers (1964) who also found that when the same information was presented
visualy or via audition, the information was learned better in the visual condition.

Overal, the results of the above studies suggest that presenting mostly redundant information
using simultaneous multimedia can help people to learn information better than presenting the same
information using a single medium. Multimedia can help people to learn. The improvement to
learning seems to be especially strong when the multimediaincludes both verbal and pictorial
stimuli (e.g., Baek & Layne, 1988; Barrow & Westley, 1959; Beagles-Roos & Gat, 1983; Hayes,
Kelly, & Mandel, 1986; Levie & Lentz, 1982; Menne & Menne, 1972; Severin, 1967). Also,
adding animated pictures to text appears to improve learning better than adding static pictures (e.g.,
Baek & Layne, 1988; Goldstein, Chance, Hoisington, & Buescher, 1982; Rieber, 1989, 1990).
Finally, for single media, it appears that visual verbal information (e.g., text) islearned better than
auditory verbal information (e.g., Menne & Menne, 1972; Sewell & Moore, 1980; Severin, 1972;
Van Mondfrans & Travers, 1964).

Multimedia Does Not Help Peopleto Learn

The studies described above suggest that presenting roughly the same information using
simultaneous multimedia can help people to learn the information. However, other studies show
that presenting information via multimediamay not help peopleto learn. In fact, sometimes (e.g.,
Palmiter & Elkerton, 1991) multimedia may actually decrease learning compared to presenting
information using a single medium.




Text and lllustrations
In their review of the literature, Levie and Lentz (1982) concluded that illustrations helped children
learn information that was described in the text and shown inillustrations. These researchers also
concluded that illustrations did not help children learn information that was described in the text but
not shown inillustrations.

Text and Animated Graphics
Rieber (1989, 1990) used computer-based tutorials to teach fourth- and fifth-grade children about
Newton's laws of motion. The students completed one of three different kinds of computer-based
tutorials: (1) text alone, (2) text with static graphics, or (3) text with dynamic graphics. When the
children did not practice with the information they were learning (e.g., answer questions on the
section they had just studied and interact with a supportive simulation), there were no differences
in scores on a multiple-choice test.

Text and Audio
Severin (1967) found no differences in recognition when seventh-grade students learned lists of
animal names using text only versus combined text and audio. In arelated study, Barron and
Kysilka (1993) asked college students to use one hour to complete a self-paced, computer-based
tutorial on atopic with which they were unfamiliar (compact disk—read only memory), but in
which they were interested (the students were enrolled in an educational technology course). One
group of students completed the tutorial using only text. Another group of students completed the
tutoria using text with completely redundant audio. After completing the tutorial, the students
answered objective questions about the information they had learned. The study found no
differences between the groups.

Van Mondfrans and Travers (1964) arranged for college students to learn lists of nonsense
syllables, common words, or partial sentences. The students learned the stimuli under each of the
following conditions: (1) text presentation, (2) auditory presentation, or (3) combined text and
auditory presentation. So, the students learned one list of 16 nonsense syllables that was presented
viatext, another list of 16 nonsense syllables that was presented via sound, and athird list of 16
nonsense syllables that was presented via text and sound. The students repeated the same pattern
for the lists of common words and partial sentences. After each list presentation, the students
wrote down as many of the items as the students could recall in 1.5 minutes. The researchers
presented the list and test repeatedly until the student got two consecutive trials correct or the
student completed 10 trials on the list. The researchers measured the number of errors made by
each student until one of the criteriawere attained. The study found no learning differences
between the text condition and the combined text and auditory condition. So, the Severin (1967)
and Van Mondfrans and Travers (1964) studies found that adding a redundant auditory verbal
medium to atextual presentation did not improve learning. The Van Mondfrans and Travers
(1964) study also found that learning performance in the auditory condition was worse than
learning performance in the text condition and the combined text and auditory condition.

Audio and Audio-Visual
Beagles-Roos and Gat (1983) showed that elementary school children recalled explicit story
content equally well in auditory only (radio) and auditory-visual (television) conditions. However,
the children in the radio condition performed better on verbal learning measures such as accurately
recalling expressive language from the story (e.g., "leopard of the terrible teeth™) and drawing
inferences from the verbal story information. The children in the television condition performed
better on recall of audio-visua story details, ability to put in correct order picturesrelated to the
story, and ability to make inferences based on actionsin the story. Pezdek, Lehrer, and Simon
(1984) found that comprehension performance was the same for elementary school children who
read illustrated stories or heard and saw animated stories with an auditory soundtrack.




Palmiter and Elkerton (1991) taught adults computer user-interface steps by (1) procedural textual
instructions on the computer screen, (2) an animated demonstration of the steps on the computer
screen, or (3) combined animated demonstration and auditory verbal procedural instructions. The
participants received the training on how to perform atask, then performed the task independently.
The participants repeated the training until they performed the task correctly twiceinarow. Then
the study participants completed two tests of the same or very similar computer-interface steps. On
the immediate test, the animated demonstration-only group was as accurate as the animated
demonstration-combined with auditory verbal procedures group, and both groups were more
accurate than the text only group. The addition of the auditory verbal medium did not appear to
improve immediate learning. However, on the seven-day delayed test, the text-only group was
more accurate than both animated demonstration groups. It appears that the group that learned
using one medium (text only) learned better than the group that learned using two media (animated
demonstration and auditory verbal procedures).

Text, Audio, and lllustrations
Sewell and Moore (1980) created several different versions of information on how to use a college
library. Theversionswere: (1) text alone—a seven-page booklet, (2) audio alone—an audio
recording of someone reading the text, (3) text with cartoons—an 18-page booklet with simple
cartoon embellishments, and (4) audio with cartoons—an audio recording of someone reading the
text cued to dides of the simple cartoons. The researchers randomly assigned college studentsto
each version and told the students that they would be tested on the information contained in the
materials. The researchers measured learning comprehension via a 25-item multiple-choice test on
the verbal information. The study found no difference in learning performance for the studentsin
the text alone, text with cartoons, and the audio with cartoons conditions. The studentsin the text
alone and text with cartoons conditions scored higher on the comprehension test than the students
in the audio alone condition.

The results of the above studies suggest that presenting mostly redundant information using
simultaneous multimedia does not help people to learn the information compared to single medium
presentations of the information. This appears to be especialy true (e.g., Barron & Kysilka, 1993;
Severin, 1967; Van Mondfrans & Travers, 1964) when the multimedia are both verbal (e.g., text
and audio) and the single medium is verbal (e.g., audio). However, other studiesthat did not use
all verbal conditions (e.g., Levie & Lentz, 1982; Pamiter & Elkerton, 1991; Pezdek, Lehrer, &
Simon, 1984; Rieber, 1989, 1990) still found that multimedia often does not improve learning.
Furthermore, multimedia can actually (e.g., Paimiter & Elkerton, 1991) decrease learning.

Chapter Summary

So, sometimes multimedia hel ps people to learn, and sometimes multimedia does not improve
learning. The following section describes how one kind of cognitive processing of information,
called elaborative encoding, may help to explain the inconsistent effects of multimedia on learning.
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Chapter 3 Learning, Cognition, and Elaborative Encoding

This chapter describes basic learning processes, elaborative encoding, and a high-level theory of
cognition. The focus of this chapter is explaining why elaborative encoding may help people to
learn. Thislearning advantage may explain the inconsistent results of the studies that examined the
effects of multimedia on learning.

The learning processes describe the fundamental ways that people are believed to receive, store,
and retrieve information. Information that is processed elaboratively may be learned better than
information that is not. John Anderson’'s Adaptive Control of Thought framework (1976, 1983a,
1983b, 1993) provides atheoretical explanation for how these learning processes, especialy
elaborative encoding, may work.

Learning

Learning can be defined as "the act of deliberate study of a specific body of material, so that the
material can be retrieved at will and used with skill" (Norman, 1982, p. 3). Sincelearningisa
cognitive process that occurs inside people's brains, learning is usually measured indirectly
through performance on avariety of tests. For example, afree recall test measures how many
items a person can remember from alist. A recognition test measures how many items a person
recognizes from a prior learning session. A problem-solving test measures a person's ability to
apply prior knowledge in anew way. These indirect measures of learning have disadvantages,
however. The primary disadvantage is that performance on alearning test may not reflect how
much information the person actually learned. This occurs, for example, when test questions are
difficult for the test-taker to understand or the test questions do not cover the information that the
test-taker studied. Poor performance on such atest does not mean that the test-taker learned very
little information; it may mean that the test of learning is flawed. Nonetheless, tests of learning
performance are a reasonably good way to measure the cognitive learning process, especidly if the
tests are carefully constructed to reflect the learner's abilities and the information that was studied.

Learning isthought to occur viathe interaction of three basic cognitive processes. These processes
are encoding, storage, and retrieval. Encoding isthe process of trandating a stimulusinto aformat
that can be stored in the cognitive system (Best, 1992). Storage isthe process that retains the
encoded information in our memory. This paper emphasizes encoding into long-term, permanent,
memory. Retrieva isthe process of recovering the stored, encoded information. All three
processes are interrelated. For example, since we cannot directly measure how information is
encoded, we use the indirect method of asking people to retrieve encoded information. By
manipulating the information that is presented, and measuring how accurately and quickly
information is retrieved, we can get a better understanding of how information is encoded. So the
ability to retrieve information affects how we believe the information may be encoded. The easier
it isto retrieve information, the better we believe the information is encoded.

Encoding
A stimulus can be encoded in avariety of ways, including representations that are visual, spatial,

acoustic, and semantic. It also appears that people have some control over how they encode a
stimulus. The following sections describe studies that show that, when learning information,
people use different encoding techniques.

Evidence for Visual Encoding
Bahrick, Clark, and Bahrick (1967) used atechnique called "false recognition” to find empirical
support for the existence of visual codesin long-term memory. The experimenters presented to
thelr study participants drawings of 16 common objects, such asacup. Each drawing was shown
for two seconds. The participants recognition memory was tested by showing groups of 11
randomly ordered drawings of each object. One drawing in each group was the original drawing.
The other 10 drawingsin each group varied in their degree of visual similarity to the origina
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drawing. The similar drawings were created by drawing 100 variations of an original drawing,
asking 10 people to use a nine-point scale to rate the degree of visua resemblance of each drawing
to the origina drawing, then selecting 10 of the 100 drawings that represented five different
degrees of similarity.

Participants performed the recognition test immediately after seeing the original drawings, two
hours later, two days |ater, or two weeks later. The experimenters found that participants tended to
falsely recognize drawings (i.e., incorrectly identify drawings as the origina drawing) that were
highly ssimilar to the original drawing. Thisresult supports the idea that the participants visually
encoded the drawings.

Frost (1972) presented to participants drawings of 16 common objectsto study, one at atime.
Fifteen minutes after seeing the drawings, the participants performed a forced-choice (e.g., "Was
this one of the items you studied?"), timed (e.g., "as quickly as you can") drawing recognition
test. The participants were asked to report that a drawing of an object had been studied if the tested
drawing showed the same object, but the object was drawn differently from the original drawing
(e.g., the object was drawn from a dlightly different perspective).

If the participants encoded the drawings purely verbally, then there should be no differencein
reaction time to the drawings shown at a dightly different perspective because the drawings have
the same name. In fact, participants responded an average of 180 milliseconds faster to drawings
when the drawings were identical to the original than when the drawings were dlightly different.
This result suggests that the participants encoded a visual representation of the drawn objects rather
than the verbal object names.

Additional support for the existence of visual encoding comes from a series of studies by Kosslyn
(e.g., Kosslyn, 1973, 1975, 1976; Kosslyn, Ball, & Reiser, 1978; Kosslyn & Pomerantz, 1977).
These studies support the idea that people can encode an exact, analog, visual image of astimulus.
For example, in one study (Kosslyn et al., 1978) the researchers asked participants to memorize
and draw a simple map containing six obj ects until the participants drew the map nearly perfectly
from memory. Then the researchers read the name of one of the objects on the map, asked the
participants to mentally picture the entire map, and focus on the named object. After afive-second
delay, the researchers read the name of the second object and asked the participants to mentally
scan from the first imagined object to the second object, then press a key when they were at the
second object. The researchers repeated this technique with avariety of object pairs. If the
participants maintained an analog representation of the map, then the further the object pairs were
located from each other, the longer it should take to mentally scan from the first object to the
second object. The results of the study supported this hypothesis. People can encode an analog
visual image of a stimulus (also see Cooper & Shepard, 1973 and Shepard & Metzler, 1971).

Evidence for Spatial Encoding
Kerr (1983) asked sighted and congenitally blind participantsto learn the spatial layout of seven
simple geometric figures that were on aboard. For the blind participants, the figures were raised
so the figures could be felt. After the participants learned the layout, the experimenters asked them
to "focus' on a specific geometric figure. Then the experimenters read the name of another
geometric figure. The participants task was to imagine araised dot traveling from the first
geometric figure to the second geometric figure. When the dot arrived at the second geometric
figure, the participants pressed a button. It islikely that congenitally blind participants could not
encode the information visually, but they could encode it spatially. The study results showed that,
for both sighted and congenitally blind participants, the greater the spatial distance between the two
geometric figures, the longer it took to press the button. The results provide evidence for spatial
encoding of information.
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Santa (1977) found that geometric stimuli are encoded spatially, but verbal stimuli are encoded
linearly. Santa presented to participants arrays of three geometric shapes (e.g., adrawing of a
circle, atriangle, and asguare). Then recognition accuracy and recognition time were tested using
(2) identical arrays, (2) arrays with the same elementsin alinear configuration, (3) arrays with
different elements in the same configuration, or (4) different elementsin alinear configuration.
The participants were instructed to identify atest array as the same as a studied array when the
same elements were in the test array, even if the order of the elementsin the test array was different
than astudied array. Recognition time was faster when the geometric shapes were the same and
were in the same arrangement as a studied array than when the geometric shapes were the same,
but werein alinear arrangement. Thisresult suggests that the spatial information was encoded
visually. When Santa replaced the geometric shapes with their names (e.g., replaced a drawing of
acircle with the word "Circle"), participants showed shorter recognition times when the test items
were shown in the same linear order in which the original spatial configuration of the shape names
would have been read (e.g., left to right, top down such as "Circle Triangle Square") than when
the shape names were shown in the same spatial configuration asastudied array. So verbal
information was encoded and stored linearly (the way it was read).

Evidence for Acoustic Encoding
Nelson and Rothbart (1972) showed that people can encode acoustic information for textual
words. The experimenters asked participants to learn two sets of paired-associates. In set 1, the
stimulus word was a two digit number and the response term was a simple, common word (e.g.,
27-tacks, 81-jury). The participants were asked to supply the response word when given the
stimulus word. The participants practiced until they mastered the set 1 paired-associates. One
month later, the participants were unexpectedly asked to return to the laboratory. The participants
were first asked to generate each set 1 response term when given each set 1 stimulusterm. Then
the participants learned a second set of paired-associates. The set 2 stimulus words were the same
asthe set 1 stimulus words. Some stimulus words were paired with the same response words as
inset 1. Some stimulus words were paired with aresponse word that was acoustically the same as
the response word in set 1 (e.g., set 1 used 27-tacks, set 2 used 27-tax). Some stimulus words
were paired with response words that were unrelated to the set 1 response terms (e.g., set 1 used
63-prey, set 2 used 63-dough). The experimenters recorded the time it took for the participants to
learn the set 2 paired-associates.

For set 1 response words that the participants forgot on the unexpected, one-month delayed test, it
took lesstimeto learn new set 2 response words that were acoustically similar to the supposedly
forgotten set 1 response words than to learn new set 2 response words that were unrelated to set 1
response words. These results support the idea that the participants acoustically encoded the set 1
response words.

Evidence for Semantic Encoding
Grossman and Eagle (1970) read to participants alist of 41 different words (e.g., "car"). After
five minutes, the participants completed a recognition test that included nine words that were
synonyms of nine wordsin the origina list (e.g., "auto" is asynonym for "car") and nine words
that were unrelated to words on the original list. Participants incorrectly identified an average of
1.05 of the nine unrelated words as being on the original list. But participants incorrectly identified
an average of 1.83 of the nine synonyms as being on the original list. Since participants mistook
synonyms for words from the original list, it appears that the participants encoded the meaning of
the words as well as the words themselves. Anisfeld and Knapp (1968) obtained similar resultsin
arelated study.

Bousfield (1953) read to participants in random order alist of 60 words, one word every three
seconds. The list was composed of 15 animal names (e.g., muskrat, panther), 15 professions
(e.g., blacksmith, baker), 15 vegetables, and 15 names of people (e.g., Jason, Howard). After
hearing the list, participants performed a free-recall test in which they wrote down as many of the
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words as the participants could remember. The participants tended to recall together words from
the same semantic category. The recall of a sequence of three or more words from the same
semantic category was greater than that expected by chance. So, it appears that the participants
semantically encoded the words.

Elaborative Encoding
Elaboration is one of the most effective ways to help encode information. Elaboration can be
thought of as an encoding process that enriches a stimulus, therefore making it easier to store and
retrieve the stimulus. For example, Bradshaw and Anderson (1982) asked participantsto learn
obscure information about famous people. There were two conditions. 1n one condition, the
participants studied one fact (e.g., "Mozart made along journey from Munich to Paris."). Inthe
other condition, participants studied two more facts that were causally linked to thefirst fact (e.g.,
(2) "Mozart made along journey from Munich to Paris’ (the target sentence), (2) "Mozart wanted
to leave Munich to avoid aromantic entanglement,” (3) "Mozart was intrigued by musical
developments coming out of Paris." The additional sentences served as verbal elaborations on the
target sentence. One week later, the experimenters asked the participants to take a cued recall test
of the target sentence (e.g., the participants were given the word "Mozart" and were asked to recall
the target sentence). The percentage of target sentences correctly recalled was greater for target
sentences with elaborating sentences than target sentences that were not elaborated. It appears that
verba elaborations created additional memory records that improved the ability of the participants
to retrieve the origina memory (the target sentence) (Anderson, 1994).

Dua Coding
It appears that pictures can encourage el aborative processing of verbal information. Thistechnique
iscaled dual coding (e.g., Paivio, 1971, 1986, 1991). According to dual coding theory,
information is generally processed through one of two generally independent channels. One
channel processes verbal information such as text or auditory words. The other channel processes
nonverbal information such asillustrations and sounds. When information is processed through
both the verbal and pictorial channels, recall is better than when information is processed through
only one channel (e.g., Mayer & Anderson, 1991; Paivio, 1967, 1991; Paivio & Csapo, 1973).

The dua coding theory is supported by awide variety of studies (e.g., Clark & Paivio, 1991;
Mayer & Anderson, 1991; Paivio, 1967, 1971, 1986, 1991; Paivio & Csapo, 1973; Paivio &
Foth, 1970). For example, Paivio and Csapo (1973) presented words and picturesin arandom
sequence that included presenting (1) aword twice, (2) apictorial representation of the word twice,
or (3) the word once and the picture once. A free-recall test found that learning was best when the
word and its picture were each presented once. So, learning was best when the participants
appeared to perform dual coding of the information.

Dual coding learning benefits can result even when physical stimuli are not presented. For
example, Paivio and Foth (1970) asked college students to learn pairs of concrete nouns using
either an imagery technique or averbal technique. In theimagery technique, the students imagined
and drew a picture linking both words. This technique encouraged the students to perform dual
coded processing of the word pairs. In the verbal technique, the students developed and wrote
down aword, phrase, or sentence that linked the two words. This technique did not encourage
dual coding. Recall was higher with the dual coded imagery technique than with the verbal
technique. Paivio and Csapo (1973) also found higher recall for concrete words that were read and
imaged than concrete words that were read and pronounced. Bower (1972) asked participantsto
study 20 paired-associates (e.g., dog-bicycle). He asked half of the participants to simply study
the word pairs and the other half of the participants to create a visua image in which both elements
of the word pair were interacting (e.g., adog riding abicycle). On acued recall test, memory was
better for the group that imaged (recalled 75% of the items) than the group that did not image
(recalled about 45% of the items). It appears that encoding interacting visual images improved
memory for the textua information. Dual coding was better than verbal coding aone.

14



Effort
It appears that successful elaborative encoding is most likely to occur when the learner uses some
effort to actively elaborate and encode the information. For example, Bower and Winzenz (1970)
had groups of participants use different strategies to associate each response word with its stimulus
word for 90 paired associates (three lists, 30 different pairs of unrelated concrete nouns (e.g.,
book-cat) per list). Thelearning strategieswere: (1) repetition—rehearse each pair silently for the
five seconds they were shown, (2) sentence presentation—when shown the word pairsin a
sentence, use the sentence to remember the word pair (e.g., "The book fell on the cat"), (3)
sentence generation—create a meaningful sentence or phrase that included the two words from
each pair, and (4) imagery—form amental image in which both words are interacting (e.g., a book
faling onacat). Immediately after seeing each of the three lists, participants took a cued recall test
(half of the stimulus words from the list were presented, participants were asked to provide the
matching response words) and a recognition test (participants were given a stimulus word and
were asked to select the matching response word from alist of five candidates).

The repetition condition produced the worst performance for both tests. For the cued recall test,
performance improved from repetition to sentence presentation to sentence generation to imagery.
It appeared that the sentence provided by the experimenters in the sentence presentation condition
helped participants link together the stimulus and response words. Using effort to create the
sentence in the sentence generation condition appeared to cause the participants to more fully
process and encode the relationship between the two words. Thisresult is consistent with the
generation effect (e.g., Bobrow & Bower, 1969; Jacoby, 1978; Slamecka & Graf, 1978) in which
learning is better when participants actively generate the second word in aword pair than when
participants passively read the word pair. Also, as expected (e.g., Paivio & Foth, 1970; Bower,
1972), the effects of dual coded, interacting imagery led to superior learning in the imagery
condition.

Other studies support the idea that effort at encoding improves learning. For example, Walker,
Jones, and Mar (1983) asked participants to read a series of paragraphs. Then the participants took
acued recdll test in which they were asked to provide the last sentence of each paragraph. The last
sentence in each paragraph included aword or phrase that related to an earlier sentencein the
paragraph. This made the last sentence in each paragraph difficult to understand and encouraged
the participants to use more effort to process the sentence. The experimenters found that when the
last sentence was difficult to understand, and presumably required more effort to understand and
process, the sentence was recalled better. Similarly, Kolers (1979) found that participants
remembered upside-down sentences better than right-side-up sentences. Studies by Jacoby, Craik,
and Begg (1979) and Salomon (1984) a so support the idea that effortful processing increases
elaborative encoding, and increased elaborative encoding improves learning.

Information Integration
Elaboration may also help the learner to integrate the stimulus with prior knowledge. For example,
Stein and Bransford (1979) presented to participants ten sentences that described a ssimple, not
integrated idea (e.g., "The fat man read the sign"), an irrelevant verbal elaboration that did not
support integration of information (e.g., "The fat man read the sign that was two feet high"), or a
relevant verbal elaboration that supported integration of information (e.g., "The fat man read the
sign warning about thinice"). After ashort delay, the experimenters asked the participants to
provide the missing adjective from sentences that described the ssmple, not integrated ideas (e.g.,
"The man read the sign"). Participants who read the simple sentences recalled the adjective
42% of thetime. Participants who read the sentences with irrelevant elaborations recalled the
adjective only 22% of the time. But participants who read the sentences with relevant elaborations
recalled the adjective 74% of thetime. It appearsthat elaborations helped the learners integrate new
knowledge (e.g., "The fat man read the sign") with prior knowledge (e.g., thin ice may be
dangerous for afat man), thereby improving memory for the new knowledge.
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In asimple example, Frase (1975) found that learning was improved when Frase periodically
asked participants to answer questions about the text they were reading. Other studies (e.g.,
Palmere, Benton, Glover, & Ronning, 1983; Pressley, McDaniel, Turnure, Wood, & Ahmad,
1987; Reder, 1979) also support the idea that elaborative encoding helps integrate new information
with prior information. Some researchers (Alba & Hasher, 1983) believe that thisintegrated
information isaunified mental representation composed of the stimulus, context, and prior
knowledge.

So, it appears that el aborative encoding improves that ability of alearner to integrate new
information with prior knowledge. Integrated information is easier to store and retrieve. The next
section also suggests that information that is organized is learned better than information that is not
organized.

Storage
Information appears to be organized when it is stored. For example, Tulving (1962) presented to

participants alist of words that had no obvious relationships (no obvious categories). On repeated
freerecalls of the list, Tulving found that the participants tended to recall the wordsin clusters, and
that these clusters tended to remain intact. So the participants appeared to organize the list of
words. Rundus (1971) asked participants to rehearse list items out loud. Even though the items
were presented in arandom order, he found that items that were related tended to be rehearsed
together. Jenkins and Russell (1952) found that when words from alist were randomly paired
together, and several pairings of each word were provided, pairs with obvious associations (e.g.,
table-chair, black-white) tended to be clustered together during recall. Bousfield (1953) presented
in arandom order 60 words, 15 words each from four taxonomic categories (animals, professions,
vegetables, and names). During free recall, the words were recalled in apparent category clusters.
The results of these studies suggest that the participants stored and retrieved the words using
organized groups.

Organizing information a so appears to improve storage capacity. Mandler (1967; Mandler &
Pearlstone, 1966) found that if people organized alist of words into up to seven conceptual,
unnamed (e.g., these words go together) categories, more items from the list were recalled than
when the participants did not organize the words into conceptual categories. Bower, Clark,
Lesgold, and Winzenz (1969) and Cofer, Bruce, and Reicher (1966) found that telling participants
the categories before they got alist of words increased the number of words recalled and the degree
of clustering. Hudson (1969) gave to participants lists of words that could be organized into non-
obvious categories (e.g., "globe," balloon, " and "button™ can be placed in a category called
"round;” "snow", "ivory," and "linen" can be placed in a category called "white"). The group of
participants that was told the category names before getting the list recalled words by clusters more
than the group that was told the category names after getting the list. These studies support the
idea that information can be organized when it is encoded.

Organizing information also appears to improve the ability to store and retrieve information other
than word lists. For example, students remembered more information from ambiguous auditory
textual paragraphs when the paragraphs had atitle that allowed the students to use prior knowledge
to understand and organize the ambiguous paragraphs (for example, "Washing Clothes") than
when the paragraph lacked atitle (Bransford & Johnson, 1972). Seeing an explanatory cartoon
before hearing an ambiguous textual passage improved learning the text compared to seeing an
explanatory cartoon after seeing the text or seeing no cartoon (Bransford & Johnson, 1972). The
explanatory cartoon may have allowed the participants to understand, organize, store, and retrieve
the text.

So, it generally appears that when information is organized asit is being stored, learning is
improved. Thisorganizing function can be performed by semantic categories, titles, or even
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pictures. The organization appears to make it easier for learners to encode, store, and retrieve the
information.

Retrieval

Theretrieval process can be thought of as generating candidate information, then searching
organized cognitive information for the candidate (e.g., Rabinowitz, Mandler, & Patterson, 1977).
There are two general kinds of retrieval activities—recall and recognition. To recall information,
the person generates a candidate, then searches cognitive memory to recognizeit (e.g., Hulse,
Deese, & Egeth, 1975). Recall occurs, for example, when you learn alist of words and then are
asked to write down the words. To recognize information, the person searches cognitive memory
to recognizeit. The person does not generate candidates (e.g., Johnson, Dark, & Jacoby, 1985).
Recognition occurs, for example, when you learn alist of words, are presented a list of words that
include some of the studied words, and are asked to identify the words that you studied.
Recognition performance is generally better than recall performance (e.g., Wessels, 1982).

Theretrieval search isimproved if the learning and retrieval contexts are similar. This often occurs
in studies that unexpectedly find recall performance to be superior to recognition performance. For
example, Watkins (1974) asked participants to learn pairs of five-letter and two-letter nonsense
words in which each nonsense word was meaningless, but the combined seven-letter nonsense
words were meaningful (e.g., SPANI-SH, INVOL-VE). On arecognition test, participants were
given two-letter stimuli that included the two-letter, second half of studied nonsense word pairs
(e.g., SH, VE). Recognition accuracy was only nine percent. On alater cued-recall test,
participants were given the five-letter, first half of the studied nonsense word pairs (e.g., SPANI,
INVOL) and were asked to recall the two-letter, second half of the word pair. Cued-recall
accuracy was 67 percent. The explanation for these results is that there was a much better match
between the information that was processed at encoding (e.g., SPANI-SH) and the cue that was
used for retrieval for the cued-recall task (e.g., SPANI) than for the recognition task (e.g., SH).
The encoding and retrieval contexts were more closely matched for this cued-recall test than for the
recognition test. This phenomenon is known as encoding specificity (Flexser & Tulving, 1978,
1982).

So, retrieval isthe process of finding cognitive information that is already stored. Sincelearningis
usually measured by performance on learning tests, information that is easier to retrieve may show
higher levels of learning on learning performance tests. Also, encoding specificity demonstrates
that all three learning processes—encoding, storage, and retrieva—are interrelated. With encoding
specificity, the way information is encoded affects the learner's ability to retrieve the information.

Elaborative encoding is alearning process in which astimulusis enriched so that it easier to
encode, store, and retrieve. The next section describes atheory for how this process occurs and
why it appears to improve memory.

Anderson's Theory of Cognition

John Anderson (1976, 1983a, 1983b, 1993) developed atheory of cognition that may explain how
and why elaborative processing works. According to the Adaptive Control of Thought (ACT)
theory, long-term memory consists of an interconnected network of propositions. A propositionis
afact, such as"The doctor isin the park™ or a concept, such as"love" (Anderson, 1983b). The
propositions serve as the nodes in the network. The nodes are connected to each other. For
example, the propositional nodes "The doctor isin the park™ and "The doctor isin the church" are
connected by the concept "doctor.” The proposition "The dog isin the park™ is connected to the
proposition "The lawyer isin the park” by the concept "park.” Asaperson learns new
information, the person adds interconnected propositions to the network (Anderson & Reder,
1979). At recall, the person can activate only a subset of the interconnected propositions. This
means that the richer, more redundant, more interconnected a proposition is, the easier it will beto
retrieve (Anderson & Bower, 1972, 1973; Anderson & Ortony, 1975; Foss & Harwood, 1975;
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Jones, 1980). Thisis because a proposition that is elaborated will have more linksto itself. When
the person tries to retrieve the original proposition, more cognitive pathways to the target
proposition are available to follow (Anderson, 1980; Anderson & Reder, 1979; Reder, 1980).
Also, since a proposition may decay with time and disuse, a proposition that is easily and
frequently activated will be easier to recall (Anderson, 1976, 1983a, 1983b, 1993).

According to Anderson's (1983a) theory, there are three ways that el aborative processing improves
recall—inferential reconstruction, elaborative sources for activation, and redirecting activation.
Inferential reconstruction is the processin which the learner uses recalled elaborations to
reconstruct the studied information. The learner recalls the elaborations, re-processes them, and
re-generates the studied information. Inferential reconstruction improves recal, but isalso likely to
result in alarger number of unintended recollections (intrusions) and slower recall time (Anderson
& Reder, 1979; Bradshaw & Anderson, 1982; Reder, 1980). Inferential reconstruction appearsto
be amore significant influence on recall than elaborative sources for activation or redirecting
activation (Walker, 1986). Elaborative sourcesfor activation is the process in which the learner
follows cognitive pathways from recalled elaborations to the studied information. Unlike
inferential reconstruction, the learner does not build new cognitive pathways but follows existing
pathways. This process depends on (1) the learner being able to recall the elaborations that the
learner developed for the studied information (Anderson, 1976; Anderson & Bower, 1973;
Anderson & Ortony, 1975) and (2) the learner retaining the pathways from the elaboration to the
studied information (Walker, 1986). Redirecting activation is the process in which elaborations
change the direction of cognitive activation from incorrect, interfering pathways to the correct
pathways to the studied information.

According to Anderson (1983a, 1983b), elaborative processing that produces cognitive pathways
leading to the studied information is called arelevant fan. Conversely, elaborative processing that
produces cognitive pathways leading away from the studied information is an irrelevant fan (see,
for example, Anderson, 1974). Relevant fansimprove recall accuracy, but also increase recall time
(Anderson, 1974). The reason for this unexpected increase in recall timeis the spread of activation
(e.g., Anderson, 1983b). When alearner triesto recall alearned proposition, the learner follows
propositional network pathways to the target proposition (thisis the activation process described
above). When elaboration produces many pathways to the target proposition (arelevant fan),
activation is spread across the elaborated pathways. Asaresult, it takeslonger for the activation
spreading from the various concepts in the network to intersect at the target proposition. It also
takes longer to reach the threshold level of activation that causes the learner to decide that the target
proposition was reached.

In ACT (Anderson, 1983a), recognition performance is better than recall performance because a
recognition task only requires the learner to confirm that thereis a pathway between the presented
item and thelist of learned items. With recall, the learner must repeatedly generate an item, then
confirm whether there is a pathway from the generated item to the list of learned items.

So, elaborative encoding is effective because it enriches a stimulus, creating alarger number of
relevant interconnections to the stored stimulus. Inferential reconstruction, elaborative sources for
activation, and redirecting activation make an elaborated stimulus easier to retrieve. Sinceitis
easier to retrieve, an elaborated stimulus shows higher levels of learning performance on tests of
recall or recognition (Anderson & Bower, 1972, 1973; Anderson & Ortony, 1975; Bradshaw &
Anderson, 1982; Foss & Harwood, 1975; Jones, 1980; Mayer, 1980; McDaniel, Dunay, Lyman,
& Kerwin, 1988).

For example, in the Bradshaw and Anderson (1982) study that was discussed earlier, there were
two conditions. In one condition, the participants studied one, unelaborated fact about a famous
person (e.g., "Mozart made along journey from Munich to Paris."). In the other condition,
participants studied two other elaborated facts about the famous person. The elaborated facts were
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causally linked to the first fact (e.g., (1) "Mozart made along journey from Munich to Paris’ (the
target sentence), (2) "Mozart wanted to leave Munich to avoid a romantic entanglement,” (3)
"Mozart was intrigued by musical developments coming out of Paris'). One week later, a cued
recall test for the target sentence found that recall was greater for target sentences with elaborating
sentences than target sentences that were not el aborated.

Elaborative Encoding Summary

Elaborative processing isan (e.g., Bower & Winzenz, 1970) encoding process that enriches a
stimulus, integrating the information with prior knowledge (e.g., Stein & Bransford, 1979), and
increasing the number of interconnections it has with other information (e.g., Bradshaw &
Anderson, 1982). These interconnections form arelevant fan to the information. The relevant fan
makesit easier for the learner to retrieve the information because more information pathways can
be followed to the target information. One of the most effective forms of elaboration isto encode a
simple, concrete stimulus (such asthe word "chair") in both verbal and pictorial forms. This
techniqueis called dual coding (e.g., Paivio, 1971, 1991) and appears to be more effective than
encoding a stimulus using verbal or pictorial encoding alone (e.g., Paivio & Csapo, 1973).
Finally, encoding effort can improve the ability to learn information (e.g., Bower & Winzenz,
1970; Kolers, 1979; Walker, Jones, & Mar, 1983).

Chapter Summary

Learning is the cognitive process of encoding, storing, and retrieving information. Learning is
measured indirectly via performance on tests of learning that use common retrieval processes such
asrecall or recognition. People can encode information a variety of ways, including visualy,
gpatialy, acoustically, or semantically. Elaborative encoding enriches a stimulus, increasing the
number of interconnections available to prior knowledge, and making it easier to store and retrieve
the stimulus. Elaborative encoding may a so explain the inconsistent effects of multimediaon
learning. Multimediathat encourages the learner to elaboratively process the information may
improve learning compared to multimedia that does not encourage el aborative processing.

The next chapter re-examines the studies on the effects of multimedia on learning. Thistime, the
studies are examined to determine whether elaborative encoding may reasonably explain the
inconsistent effects of multimedia on learning.
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Chapter 4 Elaborative Encoding and Multimedia Learning

Elaborative encoding may explain why multimedia helps people to learn in some situations but
does not help peopleto learn in other situations. In particular, multimediathat encourages the
learner to elaboratively process the information (for example, by using both verbal and pictoria
codes, relevant motion, or by requiring the learner to use more effort) may improve learning more
than multimedia that does not encourage elaboration. This chapter re-examines the studies
reviewed in the previous chapter on the effects of multimediaon learning. The purpose of this
examination isto determine whether elaborative processing may be a reasonable explanation for the
inconsistent effects of multimedia on learning.

Multimedia Helps People to Learn
This section re-examines the studies that suggested that learning isimproved when information is
presented via somewhat redundant, simultaneous, multimedia.

Text and Illustrations
Levieand Lentz's (1982) literature review concluded that illustrations improved the learning of
textua information that was shown in theillustrations. So, information that was shown both
textually and pictorially was learned better than information that was shown only textually. This
finding is consistent with studies (e.g., Mayer & Anderson, 1991; Paivio, 1967, 1991; Paivio &
Csapo, 1973) that found learning benefits for situations that encouraged dual (verbal and pictorial)
coding. Itispossiblethat theillustrations provided another, richer way to connect the information
to prior knowledge. The learners may have been able to connect the information to both verbal and
pictorial cognitive nodes. Thisinterpretation is supported by several studies (Levin, Bender, &
Lesgold, 1976; Ruch & Levin, 1977) that found that picturesimproved the recall of ora prose
better than repetition of the oral prose.

Text and Animated Graphics
In Baek and Layne's (1988) study, high school students completed a computer-based tutorial that
taught them how to calcul ate average speed when the students were given the distance traveled and
thetravel time. The three learning conditions were (1) text aone, (2) text with ssimple still graphics
(column markers and a dotted line), or (3) text with ssimple animated graphics (column markers and
adotted line drawn at appropriate, relative speeds). The students in the text with animated graphics
group recorded higher learning levels than the students who saw text alone or text with till
graphics. It ispossible that the motion in the animated graphics condition, although quite
primitive, may have improved comprehension and encouraged the students to perform more
elaborative processing than the studentsin the other conditions. Baek and Layne (1988) also
found that the text with still graphics group outperformed the text alone group. The simple till
graphics may have provided a structure that hel ped the students to organize the information. The
finding that animated and still graphicsimproved learning is consistent with the previous
suggestion that pictures may encourage elaborative processing of textual information.

Rieber (1989, 1990) performed studiesin which elementary school children learned Newton's
laws of motion using computer-based tutorials. The children also answered questions about the
section they just completed and interacted with a helpful simulation. There were three tutorials: (1)
text alone, (2) text and static graphics, or (3) text and dynamic graphics. The children who used
the text and dynamic graphics tutorial showed higher levels of learning (as measured by 26
multiple-choice questions, including problems) than the students who used the text alone tutorial or
the text and static graphicstutorial. In asimilar study, Goldstein, Chance, Hoisington, and
Buescher (1982) found that recognition memory for dynamic video scenes was better than that for
static video scenes. It appears that relevant motion can increase the likelihood that learners will
perform additional elaborative processing of the information to be learned.
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Audio and Audio-Visual
In Barrow and Westley's (1959) study, sixth-grade children learned roughly the same information
viaauditory (radio) or auditory-visual (television) programs. The students who saw and heard the
television programs recalled more facts than the students who only heard the radio programs. In
another study (Hayes, Kelly, & Mandel, 1986), three- to six-year old children made more
comprehension and recall errors when they heard a story (radio condition) than when they heard
and saw pictures of the story (television condition). These results were repeated in other studies
that measured fact recall (Frank, 1955; Greenfield, 1984; Nelson, 1949; Nelson, Moall, & Jaspen,
1950; Nelson & VanderMeer, 1955; Wetstone & Friedlander, 1974). So, adding visual stimuli to
auditory information resulted in improved learning. It is possible that the visual media encouraged
the learners to perform more elaborative processing of the information.

In the Beagles-Roos and Gat (1983) study, elementary school children were presented auditory
(radio) and auditory-visua (television) versions of the same story. Asin the studies described
above, children in the television condition recalled more story details than children in the radio
condition. The visual media may have encouraged elaborative encoding of the information. Also,
the children in the television condition were better able to put in correct order picturesthat were
related to the story. This result appearsto be consistent with the principle of encoding specificity.
The children who learned using pictures did better on atest that used pictures.

The results of the Menne and Menne (1972) study were similar to those for the study by Beagles-
Roos and Gat (1983). In the Menne and Menne (1972) study, third-grade children learned three
different four-line verses. The researchers presented the verses using sound alone, sight alone, or
sight and sound together. Asin the Beagles-Roos and Gat (1983) study, the children recalled
more words when they saw and heard a verse than when the children only saw or only heard a
verse. Studies by Hartman (1961a, 1961b) obtained similar results. These results may be due to
(2) the extra presentation provided by the audio-visual conditions, and (2) the elaborative
processing that was encouraged by the visua stimuli. Also, the children recalled more words
when the children saw a verse than when the children heard averse. It appears that visual
information is more elaborative than auditory information, especialy for verbal recall.

Pezdek, Lehrer, and Simon (1984) presented short stories to third-grade and sixth-grade children
using (1) auditory words, (2) text and illustrations, or (3) auditory words and animated
illustrations. On tests of comprehension, learning performance was about the samein the
condition with text and illustrations and in the condition with auditory words and animated
illustrations. These performance levels were higher than those for the children in the auditory
words condition. One explanation for the similar learning performance levels in the text and
illustrations condition and the auditory words and animated illustration condition isthat, since both
conditions provided verbal and pictorial stimuli, both conditions encouraged dua coding of the
information. Thelearning levelsfor these conditions may have exceeded those for the auditory
words condition because the auditory words condition did not encourage elaborative dua coding.

Mayer and Anderson (1991; experiment 2b) created different versions of an explanation for how a
bicycle pump works. The versionswere: (1) auditory words, (2) silent animation, or (3) auditory
words with animation. College students completed one version of the explanation, then answered
several problem-solving questions on bicycle pumps. The students in the auditory words with
animation condition outperformed the other students. The same researchers obtained similar
resultsin another study (Mayer & Anderson, 1992). Since learning performance was highest in
the only condition that provided both verba and pictorial stimuli, these results may be due to the
positive effects of elaborative dua encoding. The combination of the verbal and pictoria media
may have allowed the students to better understand how a bicycle pump works and to develop a
more complete cognitive model of bicycle pump operation.
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Text, Audio, and lllustrations
In the Severin (1967) study, seventh-grade students learned lists of animal names using (1) text
only, (2) audio only, (3) combined text and audio, or (4) combined audio and pictures. Learning
was measured by recognition tests that used the same media used in the study condition. This
technique minimized the effects of encoding specificity. Learning performance in the combined
audio and pictures condition was much better than in the audio only condition. Thisresult may
have been obtained because the verbal and pictoria stimuli in the combined audio and pictures
condition encouraged elaborative dua coding while the auditory words in the audio only condition
did not. Itisalso possible that the extra presentation of the stimuli offered by the combined audio
and pictures condition encouraged an additional rehearsal of the information and enhanced
learning. Since Severin (1967) did not include a pictures only condition, it is not possible to
determine whether learning was better in the combined audio and pictures condition compared to a
pictures only condition.

Severin (1967) also found that learning in the combined text and audio condition was better than
learning in the audio only condition. The addition of another verbal medium (the text) may have
encouraged additional rehearsal of the material and improved learning. However, itisaso
possible that visual verbal material is more elaborative than auditory verbal material. Infact,
Severin (1967) also found that learning performance in the text only condition was better than
learning performance in the audio only condition. Thisresult is consistent with the results of other
studies (e.g., Menne & Menne, 1972; Sewell & Moore, 1980; Severin, 1972; Van Mondfrans &
Travers, 1964) that found learning in avisua verbal condition was superior to learning in an
auditory verbal condition.

Finally, learning performance in the combined audio and pictures condition was better than
learning performance in the combined text and audio condition. The combined audio and pictures
condition presented the information via verba and pictorial media while the combined text and
audio condition presented the information viatwo verbal media. Since learning performance was
better in the combined text and audio condition, it is possible that the combination of verba and
pictorial information encouraged the students to perform elaborative dua coding of the
information.

In general, it appears that elaborative encoding may be a reasonable explanation for the
effectiveness of multimediaon learning. When multimedia encourages el aborative processing,
learning appearsto improve. For example, multimediathat uses verbal and pictoria information
appears to be more elaborative than multimediathat uses only verbal information (e.g., Barrow &
Westley, 1959; Beagles-Roos & Gat, 1983; Hayes, Kelly, & Mandel, 1986; Levin, Bender, &
Lesgold, 1976; Mayer & Anderson, 1991; Paivio, 1967, 1991, Paivio & Csapo, 1973; Ruch &
Levin, 1977; Severin, 1967). Multimediathat includes relevant, instructive motion may be more
elaborative than multimedia that uses static pictures or no pictures at al (e.g., Bagk & Layne, 1988;
Rieber, 1989, 1990). It also appears that visual verbal information is more elaborative than
auditory verbal information (e.g., Menne & Menne, 1972; Severin, 1967; Van Mondfrans &
Travers, 1964).

So, multimedia may improve learning when the multimedia encourages el aborative processing of
the information. To find additional support for this idea, we must examine the effects on learning
when multimedia does not encourage elaborative processing. We should find that multimedia does
not improve learning in these situations.

Multimedia Does Not Help Peopleto Learn

The purpose for examining the following studies isto determine whether it is the elaborative
encoding processes, rather than the multimedia, that appear to make it easier to learn information
that is presented viamultimedia. The following section re-examines the studies in which
multimediadid not help peopleto learn.
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Text and Illustrations
Levieand Lentz's (1982) review concluded that illustrations did not help childrento learn
information that was described in text but was not shown in accompanying illustrations. This
result may be explained by elaborative encoding. Sinceillustrations were not available to
encourage elaborative encoding of the textual information, that textual information was not learned
aswell astextua information that was accompanied by relevant illustrations. So, illustrations
alone do not improve learning of textual information. Theillustrations must be closely associated
with the text so that the illustrations encourage el aborative processing of the textual information.

Text and Animated Graphics
In Rieber's (1989, 1990) studies, no differences in learning were found for el ementary school
students who practiced very little on computer-based instruction that was presented viatext alone,
text with static graphics, or text with dynamic graphics. The practice consisted of answering
multiple-choice questions about the section they had just completed and interacting with a
supportive ssimulation. It is possible that the lack of practice reduced the opportunities for the
students to perform elaborative encoding on the information that was shown viatext and graphics.
Since no information was elaboratively encoded, the studies found no differencesin learning for
the three experimental conditions.

Text and Audio
Severin's (1967) study obtained no differences in recognition performance when seventh-grade
students learned animal names using text only or combined text and audio. Since both conditions
were verbal, it islikely that the students performed similar levels of verbal processing of the
information. Neither condition was associated with alearning advantage because neither condition
provided an opportunity for elaborative dua coding of the information. The study by Barron and
Kysilka (1993) obtained similar results. In this study, college students completed a computer-
based tutorial using text only or text with completely redundant audio. On an immediate test of
learning, no differences were found between the groups. Finaly, in the Van Mondfrans and
Travers (1964) study, college students learned lists of nonsense syllables, common words, or
partial sentences under the following conditions: (1) auditory only, (2) text only, or (3) combined
text and auditory. Free-recall tests of learning found no differences between the text only condition
and the combined text and auditory condition. Also, learning in the auditory only condition was
worse than learning in the text only condition and the combined text and auditory condition.

These studies suggest that since multiple verbal media do not provide elaborative processing
advantages, multimediathat provides verba information does not improve learning compared to
single mediathat provide verbal information. So, presenting information via multimedia does not
necessarily enhance learning. To be effective, it appears that the multimedia needs to encourage
elaborative processing of the information. The studies above suggest that adding supporting
illustrations to verbal information may be one way to encourage el aborative processing of the
information. The study by Van Mondfrans and Travers (1964) also suggests that visual verbal
information is learned better (and is possibly more elaborative) than auditory verbal information
(this result may also be due to the fact that visual verba information allows people to review and
control presentation rate better than auditory verbal information).

Audio and Audio-Visual
Beagles-Roos and Gat (1983) showed that elementary school children recalled explicit story
content equally well in auditory only (radio) and auditory-visual (television) conditions. The
results of other studies (e.g., Barrow & Westley, 1959; Hayes, Kelly, & Mandel, 1986; Levin,
Bender, & Lesgold, 1976; Mayer & Anderson, 1991; Paivio, 1967, 1991; Paivio & Csapo, 1973;
Ruch & Levin, 1977; Severin, 1967) suggest that thisis an unexpected finding. Combined verbal-
pictorial media are more often associated with better learning than verbal media aone.
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However, it is also possible that the children in the Beagles-Roos and Gat (1983) study worked
harder to understand the story in the auditory only condition than the children in the auditory-visual
condition. This extra effort may have caused the students to increase their processing of the story
information (e.g., Bobrow & Bower, 1969; Bower & Winzenz, 1970; Jacoby, 1978; Slamecka &
Graf, 1978) and resulted in learning performance levels that were similar to the students who saw
and heard the story. This explanation is questionable, though, since children in other studies that
heard stories (e.g., Barrow & Westley, 1959; Hayes, Kelly, & Mandel, 1986) did not appear to
expend more effort to understand and elaboratively encode auditory stories compared to auditory-
visua stories.

The Beagles-Roos and Gat (1983) study also found that the children in the auditory only condition
performed better on verbal learning measures than the children in the auditory-visua condition.
This result may be due to the effects of encoding specificity. The children who learned the
information in the verbal only (auditory) condition performed better on the verbal tests than the
children who learned the information in the verbal-pictorial (auditory-visual) condition. This
seems like a reasonabl e explanation because children in the auditory-visual condition also
performed better on tests that measured their ability to put in correct order picturesrelated to the
story.

The study by Pezdek, Lehrer, and Simon (1984) found similar performance on comprehension
tests by elementary school children who (1) read illustrated stories, or (2) heard and saw animated
stories with an auditory soundtrack. Since both conditions involved verbal-pictoria stimuli, itis
possible that the children in both conditions performed el aborative dual coding, so there were no
differencesin learning performance.

Palmiter and Elkerton's (1991) study appears to support the idea that effortful encoding can
improve learning. In this study, college students learned computer user-interface steps via (1)
procedural textual instructions on the computer screen, (2) an animated demonstration of the steps
on the computer screen, or (3) combined animated demonstration and auditory procedural
instructions. Based on the prior studies that included verbal and verbal-pictorial conditions, the
expected result is that the verbal-pictorial animated demonstration and auditory instructions
condition would be associated with the highest learning levels. On an immediate test of learning,
the students who saw the pictorial demonstrations outperformed the students who saw only text.
One explanation for thisresult is that pictorial demonstration information was more el aborative than
the verbal textual information.

Learning did not improve when auditory verbal procedures were added to the pictoria
demonstration. So, another explanation relates to attention. It is possible that the learners focused
on the eye-catching movement in the dynamic, pictorial, procedural demonstrations and ignored the
auditory, verbal, procedural instructions. For example, on the seven-day delayed test, learning
performance in the verbal text condition was higher than either pictorial demonstration group.
Learning was higher in the condition with one verbal medium (displayed text) than in the condition
with both verba and pictorial media (auditory verbal instructions and pictorial animated
demonstration). This unexpected result may be due to encoding effort. The seven-day delayed test
required the learner to access information that had been encoded well because information that was
encoded well would be more likely to be available after aweek than information that was not
encoded well. It ispossible that the studentsin the text only condition found it difficult to
understand the procedures and had to expend more effort than students in the other conditions to
understand and encode the instructions well. The students in the demonstration conditions may
have passively watched the highly salient animation, ignored the auditory verbal information, and
encoded the procedure less well.

So, it appears that the benefits of elaborative dual (verbal and pictorial) encoding can be mitigated
by effortful encoding by the learner. Although learning appears to be superior in combined verbal-
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pictoria conditions, encoding effort (and associated el aborative processing) can cause learning
performance in verbal conditionsto equal that in combined verbal-pictorial conditions.

Text, Audio, and Illustrations
In the study by Sewell and Moore (1980), college students completed a computer-based tutorial in
one of the following conditions: (1) text alone—a seven-page booklet, (2) audio alone— an audio
recording of someone reading the text, (3) text with cartoons—an 18-page booklet with simple
cartoon embellishments, and (4) audio with cartoons—an audio recording of someone reading the
text cued to dides of the simple cartoons. Learning performance was the same for studentsin the
text alone, text with cartoons, and the audio with cartoons conditions. Adding illustrations did not
improve learning. Thisresult may have been obtained because the ssimple cartoon embel lishments
did not relate closely to the text but merely served as decorations (Levie & Lentz, 1982). Asa
result, the cartoons did not encourage the students to elaboratively encode the accompanying verbal
information. The study also found that students in the text alone and text with cartoons conditions
recorded higher learning scores than students in the audio alone condition. Thisresult is consistent
with other studies (e.g., Menne & Menne, 1972; Severin, 1967; Van Mondfrans & Travers, 1964)
which found that learning from visual verbal information tends to be better than learning from
auditory verbal information. It is possible that self-paced text alows learnersto perform more
elaborative encoding (and learn better) than machine-paced audio.

Chapter Summary

In general, it appears that elaborative encoding may be a possible explanation for the effects of
multimedia on learning. Multimedia appears to improve learning when the media encourage
elaborative encoding of the information. For example, combinations of textual or auditory verbal
information and supportive, relevant illustrations appear to be more elaborative than textual or
auditory verbal information that is presented together or alone (e.g., Barrow & Westley, 1959;
Beagles-Roos & Gat, 1983; Hayes, Kelly, & Mandel, 1986; Levin, Bender, & Lesgold, 1976;
Mayer & Anderson, 1991; Paivio, 1967, 1991; Paivio & Csapo, 1973; Ruch & Levin, 1977;
Severin, 1967). Adding explanatory (but not procedural) motion to textual or auditory verbal
information may be more elaborative than using static pictures or no picturesat all (e.g., Baek &
Layne, 1988; Rieber, 1989, 1990). Regarding single media, visual verbal information appears to
be more elaborative than auditory verba information (e.g., Menne & Menne, 1972; Severin, 1967;
Van Mondfrans & Travers, 1964).

Multimedia does not appear to improve learning when the media uses two versions of verbal
information (e.g., textual and auditory verbal information) (e.g., Barron & Kysilka, 1993;
Severin, 1967; Van Mondfrans & Travers, 1964) or when the multimedia uses illustrations that do
not support the accompanying verbal information (e.g., Levie & Lentz, 1988; Sewell & Moore,
1980). It also appears that when learners expend effort to encode the information, learning
performance improves (e.g., Bobrow & Bower, 1969; Bower & Winzenz, 1970; Jacoby, 1978;
Kolers, 1979; Palmiter & Elkerton, 1991; Rieber, 1989, 1990; Slamecka & Graf, 1978; Walker,
Jones, & Mar, 1983).

However, in some ways the el aborative encoding explanation for the effects of multimedia on
learning may be considered to be acircular argument. In the preceding literature review, it was
argued that whenever multimediaimproved learning, it was because the multimedia encouraged the
learner to perform elaborative encoding. When multimedia did not improve learning, it was
because the learner did not perform elaborative encoding. To break out of this circular argument,
we need an independent measure of elaborative encoding. For example, according to Anderson's
(1976, 19833, 1983h, 1993) ACT theory, elaboration produces a relevant fan of propositions that
improve recall accuracy, but increases recall time (e.g., Anderson & Reder, 1979; Bradshaw &
Anderson, 1982; Reder, 1980). So one candidate independent measure of elaborative encoding
may be recall or recognition latency. The longer the latency, the greater the elaborative encoding.
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Based on the preceding chapters and sections, we can draw the following conclusions:

(1) Theresults of studies on the effects of multimedia on learning are not consi stent.
Presenting information via multimedia sometimes hel ps and sometimes does not help people
to learn the information.

(2) Elaborative encoding appears to improve learning. This effect appears to be especially
pronounced when the elaborative encoding is intentional and conscious (e.g., when learners
created sentences that used the studied words in Bower and Winzenz, 1970).

(3) Some media seem to encourage spontaneous el aborative encoding more than other
media. For example, when information is presented via text and accompanying

pictures (verbal-pictorial conditions), learning is often higher than situations in which the
information is presented viatext and audition (verbal-verbal conditions). Relevant,
supportive, animated motion also appears to improve learning of verbal information better
than static pictures or no pictures at all.

(4) When learners actively expend effort to understand, elaborate, and encode information,
learning performance appearsto improve. This effort may increase the amount of elaboration
that the learner performs on the information, increasing the number of connections available
to prior knowledge and improving the integration of the new information with prior
knowledge.

So, elaborative encoding may be a reasonable explanation for the inconsistent effects of multimedia
on learning. Multimedia alone does not improve learning. Rather, presenting information via
multimedia that encourages elaborative processing of the information (e.g., when information is
presented via both verbal and pictorial media versus two verbal media) appearsto improve
learning. Thislearning improvement is obtained because elaboration improves the ability of the
learner to perform inferential reconstruction of the learned information (Anderson, 1983a).
Inferential reconstruction is the processin which the learner uses recalled elaborations to
reconstruct the studied information.
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Chapter 5 Interpretation

| believe that multimedia can improve learning. However, this effect is most likely to occur when
the multimedia:

» Are presented simultaneously—Presenting the information via different media at the
same time seemsto improve learning compared to separating the presentations in time
(e.g., Baggett, 1984; Baggett & Ehrenfeucht, 1983; Mayer & Anderson, 1991).

» Show information that is closely related—Showing closely related, supportive information
via different media appears to improve learning (e.g., Bransford & Johnson, 1972;
Levie & Lentz, 1982; Peeck, 1974). Conversely, showing less related, less supportive
information via different media appears to have no impact on learning or a negative
impact on learning (e.g., Bahrick & Gharrity, 1976; Evans & Denney, 1978; Levie &
Lentz, 1982; Samuels, 1967, 1970; Sewell & Moore, 1980).

» Usedifferent processing channels (i.e., verbal and pictorial)—Providing opportunities for
the learner to perform elaborative dual coding (Paivio, 1971; 1986; 1991) appearsto have
strong positive impacts on learning (e.g., Barron & Kysilka, 1993; Barrow & Westley,
1959; Beagles-Roos & Gat, 1983; Hayes, Kelly, & Mandel, 1986; Levin, Bender, &
Lesgold, 1976; Mayer & Anderson, 1991; Paivio, 1967, 1991; Paivio & Csapo, 1973;
Ruch & Levin, 1977; Severin, 1967; Van Mondfrans & Travers, 1964).

* Do not interfere with each other—Presenting information so that the information in one
medium completely captures the learner's attention may decrease the likelihood that the
learner will process the information from the other medium. For example, the animated
demonstration in the study by Palmiter and Elkerton (1991) may have kept learners from
processing the auditory verbal information that was being presented simultaneously.

* Arepresented to learners with low aptitude or low prior knowledge in the domain—Using
multimediato provide more opportunities for the learner to connect new information to
prior knowledge appears to be especially helpful when the learner is naive or has low
aptitude (e.g., Blake, 1977; Kunz, Drewniak, & Schott, 1989; Mayer & Gallini, 1990;
Wardle, 1977, cited in Levie & Lentz, 1982). Learnerswith high aptitude or high prior
knowledge in the domain appear to be able to learn without the advantages of multimedia,
possibly because these learners already have arich set of prior knowledge to explain and
connect the new knowledge.

* Areevaluated on learning measures that reflect the information presented for learning—
Measuring learning using ametric that istied to the information that was learned (e.g.,
verbal testsfor verbal learning) resultsin learning improvements (e.g., Beagles-Roos &
Gat, 1983).

| believe that, given the conditions described above, multimedia can help people to learn because
multimedia can encourage elaborative encoding. Multimedia can improve the number of
opportunities that learners have available to connect new information to prior knowledge (e.g.,
Palmere, Benton, Glover, & Ronning, 1983; Pressley, McDaniel, Turnure, Wood, & Ahmad,
1987; Reder, 1979). When the new information isintegrated with prior knowledge, it is organized
into the learner's existing cognitive structure of knowledge. This organization improves the ability
of the learner to store and retrieve the information (e.g., Bransford & Johnson, 1972), resulting in
improved learning.
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Measures of Learning

However, the word "learning” can have many definitions. These definitions range from the
biological ("asuccession of changesin the neurological states that a given brain could enter, or
compute, as afunction of its experiences with certain types of stimuli” (Best, 1992, p. 20)) to the
cognitive ("the act of deliberate study of a specific body of material, so that the material can be
retrieved at will and used with skill" (Norman, 1982, p. 3)). Therange includes very general
definitions ("acquired wisdom, knowledge, or skill* (Berube, et al., 1982, p. 720)) and very
specific definitions (the description of the learning situation characteristics, including the learner,
learning activities, learning materials, and test of learning (Bransford, 1978)).

Most of the studies used to support the conclusionsin the bullet list above are based on measures
of cued recall, recall, and recognition. These measures reflect the learner's rote memory.
However, | believe that "learning” should reflect not just rote memory, but the ability of the learner
to meaningfully apply what was learned. This means that the learner cannot simply retrieve or
recognize what was stored. The learner must interpret, manipulate, and apply the knowledgein a
new, meaningful way.

| define "learning” using Donald Norman's (1982, p. 3) statement that learning is "the act of
deliberate study of a specific body of material, so that the material can be retrieved at will and used
with skill." Probably the best way to measure the ability of alearner to use knowledge "with skill"
isto measure the learner's ability to solve problems that require more than the the rote retrieval of
learned information (e.g., not just recalling the procedures to solve amath problem). So, | believe
that the best measure of this definition of learning is problem-solving transfer.

Problem-solving transfer can be defined as "solving problems that differ from anything in the
learning materials' (Mayer, 1993, p. 260). For example, problem-solving transfer occurs when a
learner completes atutorial that describes how a simple system works (e.g., a bicycle pump), then
answers questions that require the learner to use information that was not specifically provided in
the tutorial (e.g., "Why does air enter apump?'). Thistype of problem-solving transfer has been
investigated extensively by Richard Mayer (e.g., Mayer, 1975, 1980, 1989a, 1989b, 1993; Mayer
& Anderson, 1991, 1992; Mayer, Cook, & Dyck, 1984; Mayer & Gallini, 1990) using text and
static illustrations.

Najjar Elaborative Encoding Theory

To be used as an effective explanation, elaborative encoding needs to be refined further.
Elaborative encoding needs to be made into more of atheory. According to Stanovich (1992, p.
21), atheory is"an interrelated set of concepts that is used to explain abody of data and to make
predictions about the results of future experiments.” A theory must generate predictions that can be
falsified. Inresponseto thisneed, | generated the Ngjjar Elaborative Encoding Theory (NEET).
Thefirst draft of the theory is asfollows:

» The concept of "elaborative encoding” is defined as cognitive processing of a
stimulus that integrates the stimulus with prior knowledge.

» The concept of "learning” is defined as "the act of deliberate study of a specific body of
material, so that the material can be retrieved at will and used with skill" (Norman, 1982, p.
3) (so the theory emphasizes meaningful learning, such as problem-solving, versus ssmple
recall or recognition).

* The concept of "relevant encoding features of astimulus’ is defined as features that are

related to the measure of learning (so, for example, color is arelevant feature of a stimulus
if color helpsto explain the information that is learned and measured).
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» Elaborative encoding can be encouraged by presenting to the learner stimuli that are
rich in possible relevant encoding features.

» Elaborative encoding is more likely to occur when the learner actively, consciously
develops elaborations for the target information.

» Elaborative encoding improves learning because it builds aricher set of integrated
memories compared to encoding that is not elaborative.

Needed Research

If we accept that (1) multimedia can improve learning by encouraging elaborative encoding, and (2)
learning is measured by problem-solving transfer, then aresearch gap needsto befilled. Although
thereisalarge body of studiesthat examine the effects of multimedia on cued recall, recall, and
recognition, the number of studies|ooking at problem-solving transfer isrelatively small (e.g.,
Baek & Layne, 1988; Mayer'swork). To improve the effectiveness of multimediainstruction, the
effects of other multimedia combinations, such as audio verbal instructions + video, on problem-
solving transfer need to be examined.

These studies need to determine whether multimedia can provide elaborative encoding advantages
(seethe Nagjjar Elaborative Encoding Theory described above) to learners. For example, we can
(2) try to keep the information the same, but manipulate the combinations of mediato seeif the
media themselves offer elaborative encoding advantages (e.g., evaluate whether audio verbal +
video is superior to audio verbal + text or audio verbal + static illustrations), and (2) manipulate
active, conscious, elaborative encoding (e.g., ask the learner to answer intermittent questions that
encourage elaborative encoding, such as "Why does ...?") to determine whether this technique
improves learning. These studies will extend and validate the Najjar Elaborative Encoding Theory
while aso providing practical guidelinesto educational multimedia user interface designers.

29



References

Alba, J. W., & Hasher, L. (1983). Is memory semantic? Psychological Bulletin, 93, 203-

231.

Anderson, J. R. (1974). Retrieval of propositional information from long-term memory.
Cognitive Psychology, 6, 451-474.

Anderson, J. R. (1976). Language, memory, and thought. Hillsdale, NJ: Lawrence Erlbaum
Associates.

Anderson, J. R. (1980). Cognitive psychology and its implications. San Francisco:
Freeman.

Anderson, J. R. (1983a). The architecture of cognition. Cambridge, Massachusetts. Harvard
University Press.

Anderson, J. R. (1983b). Retrieval of information from long-term memory. Science, 220
25-30.

Anderson, J. R. (1993). Rules of the mind. Hillsdale, NJ: Lawrence Erlbaum Associates.

Anderson, J. R. (1994). Learning and memory: An integrated approach. New Y ork: Wiley.

Anderson, J. R., & Bower, G. H. (1972). Recognition and retrieval processesin free recall.
Psychological Review, 79, 97-123.

Anderson, J. R., & Bower, G. H. (1973). Human associative memory. Washington, DC:
Winston.

Anderson, R. C., & Ortony, A. (1975). On putting applesinto bottles—a problem of
polysemy. Cognitive Psychology, 7, 167-180.

Anderson, J. R., & Reder, L. M. (1979). An elaborative processing explanation of depth of
processing. InL. S. Cermak & F. |. M. Craik (Eds.), Levels of processing in human memory.
Hillsdale, NJ: Erlbaum.

Anisfeld, M., & Knapp, M. E. (1968). Association, synonymity, and directionality in false
recognition. Journal of Experimental Psychology, 77, 171-179.

Baek, Y., & Layne, B. (1988). Color, graphics and animation in a computer assisted
learning tutorial lesson. Journal of Computer Based Instruction, 15, 131-135.

Baggett, P. (1984). Role of temporal overlap of visual and auditory material in forming dual
media associations. Journal of Educational Psychology, 76, 408-417.

Baggett, P. & Ehrenfeucht, A. (1983). Encoding and retaining information in the visuals and
verbals of an educational movie. Educational Communication and Technology Journal, 31, 25-32.

Bahrick, H. P., Clark, S., & Bahrick, P. (1967). Generalization gradients as indicants of
learning and retention of arecognition task. Journal of Experimental Psychology, 75, 464-471.

30



Bahrick, H. P., & Gharrity, K. (1976). Interaction among pictorial components in the recall
of picture captions. Journal of Experimental Psychology: Human L earning and Memory, 2, 103-
111.

Barron, A. E., & Kysilka, M. L. (1993). The effectiveness of digital audio in computer-
based training. Journal of Research on Computing in Education, 25(3), 277-289.

Barrow, L. C., & Westley, B. H. (1959). Comparative teaching effectiveness of radio and
television. Audio Visual Communication Review, 7, 14-23.

Beagles-Roos, J., & Gat, I. (1983). Specific impact of radio and television on children's
story comprehension. Journal of Educational Psychology, 75, 128-137.

Berube, M. S, et a. (1982). The American heritage dictionary. Boston: Houghton Mifflin.

Best, J. B. (1992). Cognitive psychology. St. Paul, MN: West Publishing.

Blake, T. (1977). Motion in instructional media: Some subject-display mode interactions.
Perceptual and Motor Skills, 44, 975-985.

Bobrow, D. G., & Bower, G. H. (1969). Comprehension and recall of sentences. Journal
of Experimental Psychology, 80, 455-461.

Bosco, J. (1986). An analysis of evaluations of interactive video. Educational Technology,
25, 7-16.

Bousfield, W. A. (1953). The occurrence of clustering in the recall of randomly arranged
associates. Journal of General Psychology, 49, 229-240.

Bower, G. H. (1972). Mental imagery and associative learning. In L. W. Gregg (Ed.),
Cognition in learning and memory (pp. 51-88). New Y ork: Wiley.

Bower, G. H., Clark, M. C., Lesgold, A. M., & Winzenz, D. (1969). Hierarchical retrieval
schemesin recall of categorized word lists. Journal of Verbal Learning and Verbal Behavior, 8,
323-343.

Bower, G. H., & Winzenz, D. (1970). Comparison of associative learning strategies.
Psychonomic Science, 20, 119-120.

Bradshaw, G. L., & Anderson, J. R. (1982). Elaborative encoding as an explanation of
levels of processing. Journal of Verbal Learning and Verbal Behavior, 21, 165-174.

Bransford, J. D. (1978). Human cognition. Belmont, CA: Wadsworth.

Bransford, J. D., & Johnson, M. K. (1972). Contextual prerequisites for understanding:
Some investigations of comprehension and recall. Journal of Verbal Learning and Verbal
Behavior, 11, 717-726.

Bryant, J., Brown, D., Silberberg, A., & Elliot, S. M. (1980). Humorous illustrations in
textbooks: Effects on information acquisition, appeal, persuasability and motivation. Paper
presented at the Speech Communication Association Convention, New Y ork. (ERIC Document
Reproduction Service No. ED 196 071)

31



Calica, B. (1994, December). The best multimedia PCs. Home machines under $2,000.
NewMedia, 4(12), 78-92.

Cofer, C. N., Bruce, D. R., & Reicher, G. M. (1966). Clustering in free recall as a function
of certain methodological variations. Journal of Experimental Psychology, 71, 858-866.

Cooper, L. A., & Shepard, R. N. (1973). Chronometric studies of the rotation of mental
images. In W. G. Chase (Ed.), Visua information processesing. New Y ork: Academic Press.

Eloquent idea stresses that learning isaverb. (1992, July 30). Financial Times (London),

13.

Evans, T., & Denney, M. R. (1978). Emotionality of pictures and the retention of related and
unrelated phrases. Bulletin of the Psychonomic Society, 11, 149-152.

Fletcher, D. (1989). The effectiveness and cost of interactive videodisc instruction. Machine-
Mediated Learning, 3, 361-385.

Flexser, A. J., & Tulving, E. (1978). Retrieval independence in recognition and recall.
Psychological Review, 85, 153-171.

Flexser, A. J., & Tulving, E. (1982). Priming and recognition failure. Journal of Verbal
Learning and Verbal Behavior, 21, 237-248.

Fletcher, D. (1990). The effectiveness and cost of interactive videodisc instruction in defense
training and education (IDA Paper P-2372). Alexandria, VA: Institute for Defense Analyses.

Foss, D. J., & Harwood, D. A. (1975). Memory for sentences: implications for human
associative memory. Journal of Verbal Learning and Verbal Behavior, 14, 1-16.

Frank, J. H. (1955). An evaluation of closed circuit television for interceptor pilot training
(Doctoral dissertation, Indiana University, 1955). Dissertation Abstracts, 15, 2060-2061.

Frase, L. T. (1975). Prose processing. In G. H. Bower (Ed.), The psychology of learning
and motivation (Vol. 9). New York: Academic Press.

Frost, N. (1972). Encoding and retrieval in visual memory tasks. Journal of Experimental
Psychology, 95, 317-326.

Goldstein, A., Chance, J., Hoisington, M., & Buescher, K. (1982). Recognition memory
for pictures. Dynamic vs. static stimuli. Bulletin of the Psychonomic Society, 20(1), 37-40.

Greenfield, P. M. (1984). Mind and media: The effects of television, video games, and
computers. Cambridge, MA: Harvard University Press.

Grossman, L., & Eagle, M. (1970). Synonymity, antonymity, and association in false
recognition responses. Journal of Experimental Psychology, 83, 244-248.

Hartman, F. R. (19614). Recognition learning under multiple channel presentation and
testing conditions. AV_Communication Review, 9(1), 24-43.

Hartman, F. R. (1961b). Single and multiple channel communication: A review of research
and a proposed model. AV_Communication Review, 9(6), 235-262.

32



Hayes, D. S, Kdly, S. B., & Mandel, M. (1986). Media differences in children’s story
synopses: Radio and television contrasted. Journal of Educational Psychology, 78, 341-346.

Hofstetter, F. T. (1994, Winter). Is multimedia the next literacy? Educator's Tech Exchange,
2(3), 6-13.

Holliday, W. G., Brunner, L. L., & Donais, E. L. (1977). Differential cognitive and
affective responses to flow diagramsin science. Journal of Research in Science Teaching, 14, 129-
138.

Hudson, R. L. (1969). Category clustering for immediate and delayed recall as afunction of
recall cue dominance and response dominance variability. Journal of Experimental Psychology,
82, 575-577.

Hulse, S. H., Deese, J., & Egeth, H. (1975). The psychology of learning (4th ed.). New
York: McGraw-Hill.

Jacoby, L. L. (1978). On interpreting the effects of repetition: Solving a problem versus
remembering a solution. Journal of Verbal Learning and Verbal Behavior, 17, 649-667.

Jacoby, L. L., Craik, F. 1. M., & Begg, |. (1979). Effects of decision difficulty on
recognition and recall. Journal of Verbal Learning and Verbal Behavior, 18, 585-600.

Jenkins, J. J., & Russell, W. A. (1952). Associative clustering during recall. Journal of
Abnormal and Social Psychology, 47, 818-821.

Johnston, W. A., Dark, V. J., & Jacoby, L. L. (1985). Perceptual fluency and recognition
judgments. Journal of Experimental Psychology: Learning, Memory, and Cognition, 11, 3-11.

Jones, G. V. (1980). Interaction of intrinsic and extrinsic knowledge in sentence recall.
Attention and Performance VI11. Hillsdale, NJ: Erlbaum Associates.

Kerr, N. H. (1983). Therole of vision in "visual imagery" experiments: Evidence from the
congenitally blind. Journal of Experimental Psychology: General, 112, 265-277.

Kolers, P. A. (1979). A pattern analyzing basis of recognition. InL. S. Cermak & F. I. M.
Craik (Eds.), Levels of processing in human memory. Hillsdale, NJ: Erlbaum.

Kosslyn, S. M. (1973). Scanning visua images. Some structural implications. Perception
and Psychophysics, 14, 90-94.

Kosglyn, S. M. (1975). Information representation in visual images. Cognitive Psychology,
7, 341-370.

Kosslyn, S. M. (1976). Can imagery be distinguished from other forms of internal
representation? Evidence from studies of information retrieval time. Memory and Cognition, 4,
291-297.

Kosdyn, S. M., Ball, T. M., & Reiser, B. J. (1978). Visual images preserve matric spatial
information: Evidence from studies of image scanning. Journal of Experimental Psychology:
Human Perception and Performance, 4, 47-60.

Kosslyn, S. M., & Pomerantz, J. R. (1977). Imagery, propositions, and the form of internal
representations. Cognitive Psychology, 9, 52-76.

33



Kunz, G. C., Drewniak, U., & Schott, F. (1989, April). On-line and off-line assessment of
self-regulation in learning from instructional text and picture. Paper presented at the annual meeting
of the American Educational Research Association, San Francisco.

Levie, W. H., & Lentz, R. (1982). Effects of text illustrations. A review of research.
Educational Communication and Technology Journal, 30, 195-232.

Levin, J. R., Bender, B. G., & Lesgold, A. M. (1976). Pictures, repetition, and young
children's oral proselearning. AV_Communication Review, 24, 367-380.

Mandler, G. (1967). Organization and memory. In K. W. Spence & J. T. Spence (Eds.),
The psychology of learning and motivation, Vol. 1 (pp. 327-372). New Y ork: Academic Press.

Mandler, G., & Pearlstone, Z. (1966). Free and constrained concept |earning and subsequent
recall. Journal of Verbal Learning and Verbal Behavior, 5, 126-131.

Mayer, R. E. (1975). Different problem-solving competencies established in learning
computer programming with and without meaningful models. Journal of Educational Psychology,
67, 725-734.

Mayer, R. E. (1980). Elaboration techniques that increase the meaningful ness of technical
text: An experimentd test of the learning strategy hypothesis. Journal of Educational Psychology,
72, 770-784.

Mayer, R. E. (1989a). Models for understanding. Review of Educational Research, 59(1),
43-64.

Mayer, R. E. (1989b). Systematic thinking fostered by illustrations in scientific text. Journal
of Educational Psychology, 81, 240-246.

Mayer, R. E. (1993). Illustrations that instruct. In R. Glaser (Ed.), Advances in instructional
psychology. Hillsdale, NJ: Lawrence Erlbaum Associates.

Mayer, R. E., & Anderson, R. B. (1991). Animations need narrations: An experimental test
of adual-coding hypothesis. Journal of Educational Psychology, 83, 484-490.

Mayer, R. E., & Anderson, R. B. (1992). The instructive animation: Helping students build
connections between words and pictures in multimedia learning. Journal of Educational
Psychology, 84, 444-452.

Mayer, R. E., Cook, L. K., & Dyck, J. L. (1984). Techniques that help readers build mental
models from scientific text: Definitions pretraining and signaling. Journal of Educational
Psychology, 76, 1089-1105.

Mayer, R. E., & Gdlini, J. K. (1990). When is an illustration worth ten thousand words?
Journal of Educational Psychology, 82, 715-726.

McDaniel, M. A., Dunay, P. K., Lyman, B. J., & Kerwin, M. L. E. (1988). Effects of
elaboration and relational distinctiveness on sentence memory. American Journal of Psychology,
101, 357-369.

Menne, J. M, & Menne, J. W. (1972). The relative efficiency of bimodal presentation as an
aid to learning. Audio Visual Communication Review, 20, 170-180.

34



Nelson, H. E. (1949). The relative contributions to learning of video and audio elementsin
films (Progress Report Number 13). State College, PA: Pennsylvania State College, Instructional
Film Research Program.

Nelson, H. E., Moall, K. R., & Jaspen, W. (1950). Comparison of the audio and video
element of instructional films (Technical Report SDC 269-7-18). Port Washington, NY : Specia
Devices Center.

Nelson, T. O., & Rothbart, B. (1972). Acoustic savings for items forgotten from long-term
memory. Journal of Experimental Psychology, 93, 357-360.

Nelson, H. E., & VanderMeer, A. W. (1955). The relative effectiveness of differing
commentaries in an animated film on elementary meteorology (Technical Report SDC 269-7-43).
Port Washington, NY : Special Devices Center.

Norman, D. A. (1982). Learning and memory. New Y ork: W. H. Freeman and Company.

Paivio, A. (1967). Paired-associate learning and free recall of nouns as a function of
concreteness, specificity, imagery, and meaningfulness. Psychological Reports, 20, 239-245.

Paivio, A. (1971). Imagery and verbal processes. New Y ork: Holt, Rinehart & Winston.

Paivio, A. (1986). Mental representations. A dual-coding approach. New Y ork: Oxford
University Press.

Paivio, A. (1991). Dual coding theory: Retrospect and current status. Canadian Journal of
Psychology, 45, 255-287.

Paivio, A., & Csapo, K. (1973). Picture superiority in free recall: Imagery or dual coding?
Cognitive Psychology, 5, 176-206.

Paivio, A., & Foth, D. (1970). Imagina and verbal mediators and noun concretenessin
paired-associate learning: The elusive interaction. Journal of Verba Learning and Verbal Behavior,
9, 384-390.

Palmere, M., Benton, S. L., Glover, J. A., & Ronning, R. (1983). Elaboration and recall of
main ideas in prose. Journal of Educational Psychology, 75, 898-907.

Palmiter, S., & Elkerton, J. (1991). An evauation of animated demonstrations for learning
computer-based tasks. In S. P. Robertson, G. M. Olson, & J. S. Olson (Eds.), CHI'92
Conference Proceedings (pp. 257-263). Reading, MA: Addison-Wesley.

Peeck, J. (1974). Retention of pictoria and verbal content of atext with illustrations. Journal
of Educational Psychology, 66, 880-888.

Pezdek, K., Lehrer, A., & Simon, S. (1984). The relationship between reading and
cognitive processing of television and radio. Child Development, 55, 2072-2082.

Pressley, M., McDaniel, M. A., Turnure, J. E., Wood, E., & Ahmad, M. (1987).
Generation and precision of elaboration: Effects on intentional and incidental learning. Journal of
Experimental Psychology: L earning, Memory, and Cognition, 13, 291-300.

35



Rabinowitz, J. C., Mandler, G., & Patterson, K. E. (1977). Determinants of recognition and
recall: Accessibility and generation. Journal of Experimental Psychology: General, 106, 302-329.

Reder, L. M. (1979). The role of elaborationsin memory for prose. Cognitive Psychology,
11, 221-234.

Reder, L. M. (1980). Therole of elaboration in the comprehension and retention of prose.
Review of Educational Research, 11, 221-234.

Rieber, L. (1989). [ The effects of visua grouping of textual and animated presentations on
intentional and incidental learning]. Unpublished raw data.

Rieber, L. (1990). Using computer animated graphics with science instruction with children.
Journal of Educational Psychology, 82, 135-140.

Rundus, D. (1971). Analysis of rehearsal processesin free recall. Journal of Experimental
Psychology. 89, 63-77.

Rigney, J. W., & Lutz, K. A. (1976). Effect of graphic analogies of concepts in chemistry
on learning and attitude. Journal of Educationa Psychology, 68, 305-311.

Ruch, M. D., & Levin, J. R. (1977). Pictoria organization versus repetition in children's
prose: Evidence for processing differences. AV_Communication Review, 25, 269-280.

Salomon, G. (1984). Televisionis"easy" and print is "tough”: The differential investment of
mental effort in learning as afunction of perceptions and attributions. Journal of Educational
Psychology, 76, 647-658.

Samuels, S. J. (1967). Attentional processesin reading: The effect of picturesin the
acquisition of reading responses. Journal of Educational Psychology, 58, 337-342.

Samuels, S. J. (1970). Effects of pictures on learning to read, comprehension and attitudes.
Review of Educational Research, 40, 397-407.

Samuels, S. J,, Biesbrock, E., & Terry, P. R. (1974). The effect of pictures on children's
attitudes toward presented stories. Journal of Educational Research, 67, 243-246.

Santa, J. L. (1977). Spatia transformations of words and pictures. Journal of Experimental
Psychology: Human Learning and Memory, 3, 418-427.

Severin, W. J. (1967). The effectiveness of relevant picturesin multiple-channel
communications. Audio Visual Communication Review, 15, 386-401.

Sewell, E. H., Jr., & Moore, R. L. (1980). Cartoon embellishments in informative
presentations. Educational Communication and Technology Journal, 28, 39-46.

Shepard, R. N., & Metzler, J. (1971). Mental rotations of three-dimensional objects.
Science, 171, 701-703.

Slamecka, N. J., & Graf, P. (1978). The generation effect: Delineation of a phenomenon.
Journal of Experimental Psychology: Human L earning and Memory, 4, 592-604.

Stanovich, K. E. (1992). How to think straight about psychology. New Y ork:
HarperCollins.

36



Stein, B. S., & Bransford, J. D. (1979). Constraints on effective elaboration: Effects of
precision and subject generation. Journal of Verbal Learning and Verbal Behavior, 18, 769-777.

The interactive advantage. (1990). Interactive Video Y earbook 1990, 8.

Treichler, D. G. (1967). Are you missing the boat in training aids? Film and A-V
Communication, 1, 14-16.

Tulving, E. (1962). Subjective organization in free recall of "unrelated” words.
Psychological Review, 69, 344-354.

Van Mondfrans, A. P., & Travers, R. M. W. (1964). Learning of redundant material
presented through two sensory modalities. Perceptual and Motor Skills, 19, 743-751.

Walker, N. (1986). Direct retrieval from elaborated memory traces. Memory & Cognition,
14, 321-328.

Walker, N., Jones, J. P., & Mar, H. H. (1983). Encoding processes and the recall of text.
Memory & Cognition, 11, 275-282.

Wardle, K. F. (1977). Textbook illustrations: Do they aid reading comprehension? Paper
presented at the annual convention of the American Psychological Association.

Watkins, M. J. (1974). When isrecall spectacularly higher than recognition? Journal of
Experimental Psychology, 102, 161-163.

Wessels, M. G. (1982). Cognitive psychology. New Y ork: Harper & Row.

Wetstone, H. S., & Friedlander, B. Z. (1974). The effect of live, TV, and audio story
narration on primary grade children's listening comprehension. Journal of Educational Research,

68, 32-35.
Wodaski, R. (1994). Multimedia madness. Indianapolis, IN: SAMS.

37



Biography

Larry Najjar attended the College of the Holy Crossin Worcester, Massachusetts. He
graduated with aBSin psychology in 1980. In 1983, he was awarded an M S in engineering
psychology from the Georgia Institute of Technology in Atlanta, Georgia.

After graduating, Larry worked for Systems Research Laboratories in Hanover, Maryland. He
designed the software and hardware user-interface for an advanced word processing and audio
transcription work station. 1n 1984, he joined the IBM Corporation in Rockville, Maryland. Larry
helped design the user-interface for the next-generation US air traffic control system, including the
digital flight strips, keyboard, work station, and user warnings. 1n 1989, he transferred to Atlanta,
Georgia, where he designed and tested user-interfaces for awide variety of commercial
applications.

Larry left IBM in 1993 to pursue his PhD in engineering psychology at the Georgia Institute of
Technology. Heisagraduate research assistant at the Georgia Tech Research Ingtitute. On his
current project, he is helping to design and build a wearable computer that provides multimedia
training for poultry plant workers. For his dissertation, Larry plans to examine the effects of
multimedia user-interface design on learning.

Larry's World Wide Web page is located at
http://mimel.marc.gatech.edu/imb/people/larry.html.

38



