Ovid: Mayer: ] Educ Psychol, Volume 95(4).December 2003.833-846 11/01/2005 11:33 AM

Full Text

E= Results Display | &} Main Search Page | Help | & LOGOFF

Journal of Educational Psychology
© 2003 by the American Psychological Association Volume 95(4), December 2003, p 833-846

[zl About this Journal [ Table of Contents | 4 Browse TOC

O’0Find Citing Articles | &1 Email Jumpstart | ElSave Article Text |
= Email Article Text | S Print Preview

Three Facets of Visual and Verbal Learners: Links
Cognitive Ability, Cognitive Style, and Learning |, . .
Preference e

Complete Reference
Full Text (PDF) 283 K
ExternalResolverBasic

[Articles]

Mayer, Richard E.1?; Massa, Laura J.1

1Depar’cment of Psychology, University of California, Santa Barbara Outline
2Correspondence concerning this article should be addressed to Richard E., Mayer,
Department of Psychology, University of California, Santa Barbara, California, 93106- e Abstract
9660. E-mail: mayer@psych.ucsb.edu. e Method

This project was supported by Office of Naval Research Grant N0O0014-01-1-1039. o Participants
We appreciate the many useful comments and encouragement of Ray Perez. _p
Received January 29, 2003; Revision received May 1, 2003; Accepted May 8, 2003 o Materials

o Procedure

Abstract 1 e Results
Descriptive Statistics
Correlational Analysis
o Factor Analysis
Internal Consistency
Sex Differences Analysis
e Discussion

o Theoretical Implications

o Practical Implications

o Future Directions
e References
e Appendix

o Original Measures

o

The authors examined the hypothesis that some people are
verbal learners and some people are visual learners. They
presented a battery of 14 cognitive measures related to the
visualizer-verbalizer dimension to 95 college students and then
conducted correlational and factor analyses. In a factor analysis,
each measure loaded most heavily onto 1 of 4 factors: cognitive
style (such as visual-verbal style questionnaires), learning
preference (such as behavioral and rating instruments involving
visual-verbal preferences in multimedia learning scenarios), spatial
ability (such as visualization and spatial relations tests and verbal-
spatial ability self-ratings), and general achievement (such as tests
of verbal and mathematical achievement). Results have
implications for how to conceptualize and measure individual
differences in the visualizer-verbalizer dimension and cognitive
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particularly relevant to the design of multimedia training because
multimedia training involves presenting words and pictures to
learners, but our interest also goes beyond multimedia training
scenarios to understanding the cognitive style construct in general.
Research on cognitive style has had a somewhat stunted growth
since the 1970s partly because of difficulties in conceptualizing and
measuring the underlying construct of visual-verbal cognitive style Three Facets of Visual an...  * ‘@
(Cronbach, 2002; Jonassen & Grabowski, 1993; Sternberg & Zhang, 2001). < Previous Page

However, the widespread development of multimedia training :

programs and new calls for exploring the concept of aptitude (Cronbach, 2002; Sternberg & Zhang, 2001)
prompted us to reconsider the role of individual differences in visualizer-verbalizer cognitive style.

Fig. No caption avai...
Fig. No caption avai...
Fig. No caption avai...
Fig. No caption avai...

An important first step in research on individual differences in multimedia learning is to clarify the
nature of the visualizer-verbalizer dimension and to establish economical ways of measuring it. A major
obstacle in understanding visualizer-verbalizer individual differences concerns how to conceptualize and
measure the visual-verbal dimension. In this research, we contribute to conceptualizing the visualizer-
verbalizer dimension by testing whether it can be decomposed into three separable facets—cognitive
ability (i.e., possessing low or high spatial ability), cognitive style (i.e., thinking with words or images),
and learning preference (i.e., preferring instruction with text or graphics). Cognitive ability refers to things
that people are capable of doing, cognitive style refers to the ways that people process and represent
information, and learning preferences refer to the ways that people like information to be presented to
them.

On the basis of reviews of the empirical literature, Riding (2001) concluded that one of the major
dimensions of cognitive style is the visualizer-verbalizer dimension. Jonassen and Grabowski (1993) reported
that the Verbalizer-Visualizer Questionnaire (VVQ) is “the primary instrument used” in research
concerning the visualizer-verbalizer dimension (p. 193). However, in reviewing recent research on the
visualizer-verbalizer dimension, Plass, Chun, Mayer, and Leutner (1998) concluded that the “the terms cognitive
style and learning style are not used consistently in the literature” (p. 27), and Leutner and Plass (1998)
demonstrated some of the shortcomings of the measurement instruments. Although some researchers
refer to the visualizer-verbalizer dimension as a cognitive style (Riding, 2001), others refer to the
visualizer-verbalizer dimension as a learning preference (Plass et al., 1998), and others have demonstrated
that the visualizer-verbalizer dimension is correlated with verbal and spatial ability (Kirby, Moore, & Shofield,
1988). Clearly, there is a need to understand how to conceptualize and measure the key dimensions of
cognitive style (Sternberg & Zhang, 2001).

In this research, we contribute to measuring the visualizer-verbalizer dimension by creating and
validating behavioral measures of learning preference in authentic tasks and short self-report instruments
for cognitive style and cognitive ability. In sum, our theoretical goal is to determine whether the
visualizer-verbalizer dimension is unitary or multifaceted (for cognitive ability, cognitive style, and learning
preference), and our practical goal is to produce valid and economical measures of style and ability as
well as valid and behavioral measures of learning preference.

We restrict our search for cognitive style, learning preference, and cognitive ability to individual
differences along the visualizer-verbalizer dimension within a multimedia learning environment. However,
our overall goal is to understand the construct of cognitive style in general, including contexts that extend
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well beyond multimedia training. Spatial ability is recognized as a major type of cognitive ability (Carroll,
1993), the visualizer-verbalizer dimension (or verbal-imagery dimension) is recognized as a major type of
cognitive style (Jonassen & Grabowski, 1993; Riding, 2001; Sternberg & Zhang, 2001), and the visualizer-verbalizer
dimension fits the criterion of a learning preference (Jonassen & Grabowski, 1993; Sternberg & Zhang, 2001).
Cognitive ability, cognitive style, and learning preference all fit Cronbach and Snow's (1977) classic definition
of aptitude as a characteristic that promotes performance in a certain kind of environment. By focusing on
the nature and measurement of individual differences within computer-based multimedia learning
environments, our work is consistent with Snow's vision of aptitude as a property of “person-in-situation”
(Cronbach, 2002, p. 42). In short, our aim is to understand the visualizer-verbalizer dimension within the
context of multimedia learning environments and beyond.

Method 1!
Participants 1l

The participants were 95 college students recruited from the Psychology Pool at the University of
California, Santa Barbara. All participants were students in an introductory psychology course, and their
participation fulfilled a class requirement. The mean age was 18.88 years (SD = 1.56), the mean reported
SAT Verbal score was 578 (SD = 92), the mean reported SAT Mathematics score was 599 (SD = 87), and
women constituted 72% of the sample (i.e., there were 65 women and 30 men).

Materials %l

The materials consisted of 14 measures, which are summarized in Table 1. For each measure, Table 1
indicates the number of items (1-80), the type of instrument (such as questionnaire, timed test, or on-
line behavior), and the source (i.e., seven measures were adapted from existing instruments, as indicated
by citations, and seven measures were created as original material for this study and are presented in the
Appendix). In addition, Table 1 provides a brief description of the task and scoring procedure for each
measure.

Table 1 Fourteen Individual-Difference Measures
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Measures 1-3 were intended to assess general cognitive achievement (or general cognitive ability),
namely, verbal and mathematical achievement. Self-reported scores on the SAT Verbal and SAT
Mathematics (Measures 1 and 2, respectively) were solicited on a sheet entitled the “Participant
Questionnaire.” The Vocabulary Test (Measure 3) consisted of 18 items adapted from the Vocabulary scale
of the Armed Services Vocational Aptitude Battery (ASVAB) as selected from a test preparation book
(Barron's Educational Series, 2001).

Measures 4-6 were intended to assess a specific cognitive ability, namely, spatial ability. Measure 4
was a 3-min version of the Card Rotations Test (i.e., Part 1 of S-1) from the Kit of Factor-Referenced
Cognitive Tests (Ekstrom, French, & Harman, 1976), Measure 5 was a 3-min version of the Paper Folding Test
(i.e., Part 1 of VZ-2) from the Kit of Factor-Referenced Cognitive Tests (Ekstrom et al., 1976), and Measure
6 was a two-item Verbal-Spatial Ability Rating that was original (see the Appendix).

Measures 7-10 were intended to assess cognitive style, namely, visualizer-verbalizer style. The VVQ,
listed as Measure 7, assesses the degree to which people use verbal or visual modes of thinking and
consists of 15 statements. Although the VVQ asks for a true-false response, we altered the format to a 7-
point Likert-type scale, ranging from 1 (strongly agree) to 7 (strongly disagree). In creating the VVQ,
Richardson (1977) extracted 15 items from Paivio's (1971) Individual Differences Questionnaire. The VVQ is
probably the most commonly used measure of verbal-visual cognitive style, despite criticisms that the
VVQ lacks construct validity (Edwards & Wilkins, 1981) and does not have high levels of internal consistency
(Boswell & Pickett, 1991; Sullivan & Macklin, 1986).

The Santa Barbara Learning Style Questionnaire—Measure 8—is an original six-item questionnaire
intended to tap the same factor as the VVQ but with fewer questions (see the Appendix). The Cognitive
Styles Analysis, listed as Measure 9, contains a Verbal-Imager subtest that is based on patterns of
response times to categorizing statements based on imagery or conceptual features (Riding, 1991). For
example, test takers see a statement on the computer screen in which they are asked if two items are
the same type (i.e., belong to same category) or if two items are the same color and are asked to press
the BLUE key if the statement is right or the RED key if the statement is wrong. Relatively faster
response time to statements based on imagery features (such as the statement about color) indicates
visualizer style, and relatively faster response times to statements based on conceptual features (such as
the statement about type) indicates verbalizer style. Although the Cognitive Styles Analysis is a behavioral
measure that has been used in numerous studies (Riding, 2001), the measures are not derived from an
authentic multimedia learning situation. The Verbal-Visual Learning Style Rating—Measure 10—is an
original one-item rating task, intended to tap the visualizer-verbalizer style dimension in a single question
(see the Appendix).

Measures 11-14 were original instruments intended to assess learning preference in the context of
authentic multimedia training tasks. The Learning Scenario Questionnaire (Measure 11) asked about
preferences in five learning situations based on brief text descriptions (see the Appendix). Although this
questionnaire does not require participation in actual learning tasks, it does require preference choices
based on brief descriptions of authentic learning situations (as do some of the items on the VVQ). Thus,
the Learning Scenario Questionnaire can be considered to be on the borderline between cognitive style
and learning preference. The Multimedia Learning Preference Test is a behavioral measure of learning
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style in an authentic multimedia learning task and was inspired by Leutner and Plass's (1998)
Visualizer/Verbalizer Behavior Observation Scale (VV-BOS). The Multimedia Learning Preference Test
consists of five text frames explaining the process of lightning formation; each frame has two help
buttons—one that offers an annotated graphic (i.e., pictorial help) and one that offers a glossary that
defines selected terms (i.e., verbal help). In some cases, the information presented in corresponding
pictorial and verbal help frames was not the same, although both types of help were intended to guide
the learner's understanding of the explanation. For each of the five frames, the learner is given 1 point
for selecting visual help first—yielding a score of 0 to 5 on the Choice Scale (Measure 12). In addition,
the program asks the learner to rate which type of help was most useful on each frame, and the learner
is given 1 point each time visual help is rated as most useful—yielding a score of 0 to 5 on the
Preference Scale (Measure 13). The Multimedia Learning Preference Questionnaire (Measure 14) is a paper
version of the Multimedia Learning Performance Test and is presented in the Appendix.

The apparatus consisted of five Sony Vaio laptop computers (for administering the Cognitive Styles
Analysis and the Multimedia Learning Preference Test).

Procedure #|

Participants were tested in groups of 1 to 5 per session. Participants were seated at desks in
individual cubicles that blocked visual contact with other participants. First, the experimenter explained
that the participants would be asked to complete a series of tasks. Then, the tasks were administered in
the following order: SAT Verbal, SAT Mathematics, Verbal-Spatial Ability Rating, and Verbal-Visual
Learning Style Rating (which were all part of a single sheet entitled “Participant Questionnaire”), Santa
Barbara Learning Style Questionnaire, Learning Scenario Questionnaire, Card Rotations Test, Paper
Folding Test, Vocabulary Test, Verbalizer-Visualizer Questionnaire, Multimedia Learning Preference Test
(Choice Scale and Preference Scale), Cognitive Style Analysis, Multimedia Learning Preference
Questionnaire. The tests were administered in an order that was intended to minimize carryover effects
and provide variety. The Paper Folding Test, the Card Rotations Test, and the Vocabulary Test each had
3-min time limits; all other instruments did not have time limits so participants progressed through the
tasks at their own pace. The Cognitive Style Analysis and Multimedia Learning Preference Test were
administered on Sony Vaio laptop computers. The paper-based instruments where either untitled or had
generic titles such as “Learning Questionnaire.” On completion of the tasks, each participant was thanked
and debriefed. Throughout the project, the rights of the participants were protected, and applicable
human subjects guidelines were followed. The entire session lasted between 30 and 45 min.

Results 1!

The major goal of this study was to determine the relationships among measures tapping general
achievement, spatial ability, cognitive style, and learning style.

Descriptive Statistics 1l

Table 2 lists the mean score, standard deviation, and sample size for each of the 14 measures.
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Table 2 Descriptive Statistics for Analyzed Measures

4N

19
"
12N
1
I

[Help with image viewing]

[Email Jumpstart To Image]

Correlational Analysis 1l

Table 3 is a correlation matrix showing the Pearson product-moment correlation for all possible pairings
of the 14 measures. The three measures of general achievement (1, 2, and 3) correlated highly with each
other, the three measures of spatial ability (4, 5, and 6) correlated highly with one another, three of the
four measures of cognitive style (7, 8, and 10) correlated highly with one another, and the four measures
of learning preference (11, 12, 13, and 14) correlated highly with one another. The Santa Barbara
Learning Styles Questionnaire (Measure 8), the Verbal-Visual Learning Style Rating (Measure 10), and the
Learning Scenario Questionnaire (Measure 11) each correlated significantly with many of the measures of
learning preference, cognitive style, and spatial ability. The Cognitive Styles Analysis (Measure 9) had low
correlations overall and did not correlate significantly with any other measure except one.

Table 3 Correlation Matrix for Fourteen Measures

[Help with image viewing]

[Email Jumpstart To Image]

Factor Analysis 1l

An exploratory factor analysis using maximum likelihood extraction and varimax rotation revealed four
factors with eigenvalues greater than 1. In the case of missing data (i.e., for 15 participants who did not
report SAT scores), the factor analysis was based on pairwise deletion rather than subjectwise deletion.
The four-factor solution explained 49.83% of the total variance. Table 4 shows the factor loadings for each
of the 14 measures. For each measure, the highest factor loading above .300 is indicated in bold.
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Table 4 Factor Loadings for Fourteen Measures
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We labeled the four factors as cognitive style, learning preference, general achievement, and spatial
ability. Four measures loaded most strongly on the first factor, which we labeled as cognitive style: 10, 8,
11, and 7. Three measures loaded most strongly on the second factor, which we labeled as general
achievement: 2, 1, and 3. General achievement could also be labeled as general ability because the
underlying tests were likely to tap both general cognitive achievement and general cognitive ability.

Three measures loaded most strongly on the third factor, which we labeled as learning preference:
13, 14, and 12. Three measures loaded most heavily on the fourth factor, which we labeled as spatial
ability: 5, 4, and 6. Spatial ability is a specific type of cognitive ability, so we also refer to this factor as
cognitive ability. The Cognitive Styles Analysis did not load strongly on any of the factors; the Cognitive
Styles Analysis had its strongest loading of .175 on the first factor (cognitive style). The results of our
study do not offer a validation of the Cognitive Styles Analysis as a test of visual-verbal cognitive style.

Internal Consistency 1l

Cronbach's alpha coefficients were computed to evaluate the internal consistency of the questionnaires
(Measures 7, 8, 11, and 14). Acceptable Cronbach's alphas were found for the Verbalizer-Visualizer
Questionnaire (.71), the Santa Barbara Learning Style Questionnaire (.76), and the Multimedia Learning
Preference Questionnaire (.80). The Learning Scenario Questionnaire had a low alpha coefficient of .38.
Similar levels of reliability have been reported for the Verbalizer-Visualizer Questionnaire (Jonassen &
Grabowski, 1993; Richardson, 1977); the other three questionnaires are original and therefore have not
previously been tested.

Sex Differences Analysis 1

Sex differences in spatial and verbal ability have been the focus of much research and discussion
(Halpern, 2000). Although our study was not designed mainly to assess sex differences, we compared the
mean scores of men and women on each of the 14 measures using two-tailed t tests. In our sample,
there were no significant sex differences on any of the measures of cognitive style or learning preference.
On tests of spatial ability, men (M = 58.4, SD = 15.8) scored significantly higher than women (M = 47.5,
SD = 20.2) on the Card Rotations Test, t(93) = 2.618, p = .010; men (M = 7.0, SD = 2.5) scored
significantly higher than women (M = 5.9, SD = 2.4) on the Paper Folding Test, t(93) = 2.125, p = .036;
and men (M = 0.2, SD = 0.8) scored marginally higher than women (M = -0.1, SD = 0.8) on the Verbal-
Spatial Ability Rating, t(93) = 1.750, p = .084. On tests of general ability, men (M = 611, SD = 70)
reported significantly higher scores than women (M = 562, SD = 97) on the SAT Verbal scale, t(78) =
2.304, p = .024; men (M = 643, SD = 87) reported significantly higher scores than women (M = 578, SD
= 80) on the SAT Mathematics scale, t(78) = 3.277, p = .002; and men (M = 9.5, SD = 3.1) scored
marginally higher than women (M = 8.3, SD = 3.0) on the Vocabulary Test, t(93) = 1.885, p = .063. The
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sex differences on tests of spatial ability and on the SAT in our sample are somewhat consistent with
previous findings (Halpern, 2000; Zwick, 2002). The pattern of finding of sex differences with tests of spatial
ability, but not with measures of cognitive style or learning preference, provides further support for
making distinctions among these three facets of visual and verbal learners.

Discussion 1|

An important first step in adapting multimedia training to the needs of visual and verbal learners is to
determine how to conceptualize and measure individual differences in the visual-verbal dimension. We
explore how to conceptualize the visual-verbal dimension in the Theoretical Implications section and how
to measure the visual-verbal dimension in the Practical Implications section.

Theoretical Implications 1l

What does our research contribute to understanding the visualizer-verbalizer hypothesis? Overall,
these results are consistent with the differentiation of three ways of distinguishing verbal versus visual
learners—on the basis of spatial ability (e.g., high vs. low spatial ability), on the basis of cognitive style
(e.g., visual vs. verbal style), and on the basis of learning preference (e.g., visual vs. verbal preference
within multimedia learning situations). Our results are consistent with the idea that the visualizer-
verbalizer dimension is multifaceted, including individual differences in ability, style, and preference.
These three facets are summarized in Table 5.

Table 5 Three Facets of the Visualizer-Verbalizer Dimension
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The factor analysis revealed four clear factors: cognitive style (or learning style), learning preference,
cognitive ability (or spatial ability), and general achievement. Each of the measures of general
achievement—SAT Verbal, SAT Mathematics, and Vocabulary Test—loaded on the same factor; each of
the three measures of spatial ability—Paper Folding, Card Rotations, and Verbal-Spatial Ability Rating—
loaded on the same factor; three of the four measures of cognitive style—Verbalizer-Visualizer
Questionnaire, Santa Barbara Learning Style Questionnaire, and Verbal-Visual Learning Style Rating—
loaded on the same factor; and three of the four measures of learning preference—Multimedia Learning
Preference Test Choice Scale, Multimedia Learning Preference Rating Scale, and Multimedia Learning
Preference Questionnaire—loaded on the same factor.

The Learning Scenario Questionnaire, which we originally designed as a measure of learning
preference, loaded most heavily on the cognitive style factor. Learning preference measures loading on
the learning preference factor all involved choices within the context of an authentic multimedia lesson,
whereas the Learning Scenario Questionnaire provided only general descriptions of choices—such as
learning about an atom from a “paragraph describing each part” or a “labeled diagram showing each
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part.” Presumably, the more general descriptions of the Learning Scenario Questionnaire tapped the same
cognitive style factor as other questions with general statements. We conclude that learning preference
refers to choices made within the context of authentic multimedia learning tasks, whereas cognitive style
refers to ratings of more general questions.

The emergence of learning preference as a distinct factor from cognitive style is a particularly
interesting outcome of our study. The learning preference factor is consistent with Snow's situative view of
aptitude in which the “concept of aptitude in the person's head should be replaced by aptitude as a
property of person-in-situation” (Cronbach, 2002, p. 41). Unlike questionnaires about cognitive style, which
focus on aptitude as a property of the learner's mind, behavioral measures of learning preference in
authentic tasks focus on aptitude as a property of the learner's interaction with a particular learning
situation.

The Cognitive Styles Analysis—which we originally listed as a measure of cognitive style—did not load
on any of the factors and did not correlate significantly with any other measure. We conclude that we
were unable to validate the Verbal-Visual scale of the Cognitive Styles Analysis as a measure of cognitive
style or learning preference. In short, we are not able to specify what the Cognitive Styles Analysis
measures, but it does not seem to measure what other instrument designers think of as cognitive style or
learning preference. In contrast, Riding and Watts (1997) found that verbalizers (based on the Cognitive
Styles Analysis) tended to prefer verbal methods of instruction, whereas visualizers (based on the
Cognitive Styles Analysis) tended to prefer pictorial methods of instruction in a classroom learning task.
Further research is needed concerning the validity of the Verbal-Visual scale of the Cognitive Styles
Analysis. Although we found relations among our measures based on linear correlations, it is possible that
there are also interactive effects in which relations among measures may depend on other factors such as
the sex of the learner. Sensitivity to possible interactive effects is particularly important in interpreting
research in which students with different levels of cognitive style learn under different instructional
conditions.

Practical Implications 1l

First, we found that one or two self-ratings can yield effective and economical measures of spatial
ability and learning style. For example, the Verbal-Spatial Ability Rating—in which people rate their spatial
and verbal abilities on 5-point scales—loaded on the same factor as timed spatial tests (i.e., the Paper
Folding Test and the Card Rotations Test) and correlated strongly with them. Similarly, the Verbal-Visual
Learning Style Rating—in which people simply rate the degree to which they are more verbal or more
visual learners on a 7-point scale—loaded on the same factor as traditional multi-item questionnaires
(i.e., Verbalizer-Visualizer Questionnaire and Santa Barbara Learning Style Questionnaire) and correlated
strongly with them. In some cases, a simple self-rating of spatial ability or of learning style can be an
effective substitute for longer, more time-consuming instruments.

Second, we found encouraging evidence for the usefulness of behavioral measures for assessing
people's learning preferences for multimedia training. The Multimedia Learning Preference Test yielded
measures that correlated with one another and with paper-based measures of preference (i.e., Multimedia
Learning Preference Questionnaire) and which loaded on a factor tapping learning preference. The
Multimedia Learning Preference Test serves to extend the pioneering work of Leutner and Plass (1998) on
developing behavioral measures of learner's choices in authentic learning situations. Like Leutner and
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Plass, we found that an important aspect of our behavioral measure of learning preference is the use of
an authentic learning scenario-such as a multimedia lesson on lightning formation in which learners could
choose help information in the form of graphics or text. Although we had success in developing a
behavioral measure of learning preference that correlated with questionnaire measures, the Cognitive
Styles Analysis did not prove to yield a behavioral measure of cognitive style that correlated with
questionnaire measures.

Third, measures of visual-verbal preference within the context of an authentic learning scenario—such
as a multimedia lesson on lightning formation—represent a separate factor that is distinct from general
measures of verbal-visual cognitive style—such as the Verbalizer-Visualizer Questionnaire. The factor
analysis revealed that choices made within the context of an authentic learning scenario (as measured by
the Multimedia Learning Preference Test Choice Scale, Multimedia Learning Preference Test Rating Scale,
and Multimedia Learning Preference Questionnaire) tap a different factor (which we call learning
preference) than do general questionnaires about whether people are visual or verbal learners (such as
the Verbalizer-Visualizer Questionnaire, the Santa Barbara Learning Styles Questionnaire, and the Verbal-
Visual Learning Style Rating).

Future Directions *

Animportant next step is to determine how these measures of individual differences along the
visualizer-verbalizer dimension relate to multimedia learning. In particular, we recommend studies in
which measures of ability, style, and preference are correlated with measures of learning outcome (such
as transfer test scores based on a multimedia lesson) and with measures of learning process (such as the
choice of visual vs. verbal help during training). The ultimate goal of subsequent research should be to
revisit the classic issue of Attribute x Treatment interactions concerning visual versus verbal learners (as
the attribute) and pictorially based versus text-based instruction (as the treatment). The present results
provide an important first step by helping to clarify the multifaceted nature of the visualizer-verbalizer
dimension as consisting of ability, style, and preference subfactors and by suggesting straightforward
methods of measuring each subfactor. Finally, the most striking outcome of our study is the identification
of a verbal-visual learning preference (as measured by behavioral tests in authentic multimedia tasks) as
distinct from a verbal-visual cognitive style (as measured by responses to more general questions). The
Multimedia Learning Preference Test (i.e., a computer-based instrument) and the Multimedia Learning
Preference Questionnaire (i.e., a paper-based instrument) now join Leutner and Plass's (1998) VV-BOS as
prototypes for measuring aptitude as a property of learners-within-learning situations. The situational
nature of these instruments is a defining difference between measures of cognitive style and measures of
learning preference. Future research is needed to determine the respective roles of these factors in
multimedia learning.
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Appendix 1
Original Measures 1!

Verbal-Spatial Ability Rating (VSAR, Version 1.0)
Please rate your verbal ability (check one):

- Very high

- Somewhat high
- Average

- Somewhat low
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- Very low
Please rate your spatial ability (check one):

- Very high

- Somewhat high
- Average

- Somewhat low
- Very low
[Context Link]
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