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In two experiments we systematically explored whether people consider the format of text materials
when judging their text learning, and whether doing so might inappropriately bias their judgements.
Participants studied either text with diagrams (multimedia) or text alone and made both per-paragraph
judgements and global judgements of their text learning. In Experiment 1 they judged their learning to be
better for text with diagrams than for text alone. In that study, however, test performance was greater for
multimedia, so the judgements may reflect either a belief in the power of multimedia or on-line
processing. Experiment 2 replicated this finding and also included a third group that read texts with
pictures that did not improve text performance. Judgements made by this group were just as high as those
made by participants who received the effective multimedia format. These results confirm the hypothesis
that people’s metacomprehension judgements can be influenced by their beliefs about text format. Over-
reliance on this multimedia heuristic, however, might reduce judgement accuracy in situations where it is
invalid.
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Metacomprehension is a type of metacognition*
thought about thought*that focuses on people’s

ability to evaluate their learning and comprehen-
sion of text materials. In most laboratory studies

on metacomprehension, participants read text
passages and then judge how likely they will be

to correctly answer test questions about what they
have read. Their learning of the materials is then

tested. The accuracy of the metacomprehension
judgements is estimated in numerous ways, such as

by evaluating whether a particular factor (e.g., text
difficulty) has a similar influence on judgement

magnitude and on criterion test performance.
Accuracy is important because the judgements

play a functional role in the control of study (cf.

Metcalfe & Finn, 2008) and such control is more

effective when the judgements are more accurate

(Thiede, Anderson, & Therriault, 2003). For this

reason, much research has focused on explaining

the low accuracy of metacomprehension judge-

ments and exploring ways to make them more

accurate (for reviews, see Dunlosky & Lipko,

2007, Lin & Zabrucky, 1998; Maki, 1998; Thiede,

Griffin, Wiley, & Redford, 2009; Weaver, Bryant,

& Burns, 1995).
One potential source of inaccuracy for meta-

comprehension judgements that has not received

much empirical scrutiny is how people incorporate
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their knowledge and beliefs about reading materi-

als into their judgements (but see Cuevas, Fiore, &

Oser, 2002; McCabe & Castel, 2008; Waddill &

McDaniel, 1992). People’s theories and beliefs

about learning do not always reflect the actual

influences of various factors on performance

(Koriat, 1997), so basing judgements of text

learning on them may introduce systematic biases

into the judgements. For instance, people may

believe that rereading improves text learning, and

hence consistently judge that their text learning

would be better after reading twice than after a

single reading. This judgement would certainly

reflect actual learning under some conditions, but

it would inappropriately bias judgements under

conditions where rereading does not improve

learning (Callender & McDaniel, 2009; Rawson

& Kintsch, 2005). Even if people’s beliefs influ-

ence their judgements of text learning, these

judgements may also be influenced by on-line

monitoring of text processing, such as how easy a

particular text was to read (e.g., Rawson &

Dunlosky, 2002) or how much information was

accessed about a text in the moments prior to

making the judgement (Baker & Dunlosky, 2006;

Morris, 1990). Thus an issue arises as to whether

metacomprehension judgements will consistently

be influenced by people’s beliefs or whether on-

line monitoring will reduce the influence of beliefs

on the judgements.
To address this issue, in the present research

we examined whether people’s judgements would

reflect the typical multimedia effect in which

adding diagrams to text produces better learning

than does text alone (for reviews, see Mayer,

2005; 2009). Importantly, judgements of text

learning were collected in the present studies

before, during, and after study, so that we could

evaluate whether any beliefs about multimedia

effects would influence judgements made prior to

study, and whether this influence would persist

even when on-line processes could influence the

judgements (i.e., for judgements made during or

after study). As discussed in detail later, this

particular comparison among judgements was

especially critical in Experiment 2 in which a

multimedia format did not boost performance.

Before describing the present experiments in

detail, however, we will first consider how peo-

ple’s beliefs about learning may influence meta-

cognitive judgements in general.

THE INFLUENCE OF BELIEFS ON
METACOGNITIVE JUDGEMENTS

As proposed by Koriat (1997), one type of
information that people consult when making
metacognitive judgements for a task is their beliefs
about their ability to perform the task, as well as
the conditions under which the task is being
performed (cf. Flavell, 1979; Hacker, 1998). Beliefs
that affect memory judgements can take the form
of self-referential beliefs about one’s ability to
remember information (i.e., ‘‘I have poor memory
for names’’) or about the specific conditions of the
learning situation (i.e., ‘‘I’ll do better on a recogni-
tion test than on a recall test’’, Thiede, 1996).
These two types of belief can be relatively inde-
pendent of each other, even if they are about the
same aspect of cognition. For example, Hertzog
and colleagues (Hertzog, Dixon, & Hultsch, 1990;
Hertzog, Dixon, Schulenberg, & Hultsch, 1987)
have demonstrated that adults’ memory self-
efficacy is distinct from their beliefs about how
memory functions in general.

Given that people’s beliefs about cognition can
be incorrect, using such beliefs to make metacog-
nitive judgements may lead to judgement errors
(cf. Nisbett & Wilson, 1977). Such errors arise
when people evaluate their memory for simple
materials (Benjamin, Bjork, & Schwartz, 1998;
Koriat & Bjork, 2006; Serra & Metcalfe, 2009).
For example, some paired associates seem easy to
remember at the time they are studied, but will
actually be difficult to remember during a later
test. Koriat and Bjork (2006) described this error
as foresight bias, and they created paired associ-
ates that consistently produced it. The words in
these pairs had a strong backwards association but
a weak forward association; for the pair ‘‘rain �
umbrella’’, people are likely to generate ‘‘rain’’
when shown ‘‘umbrella’’ (strong backward asso-
ciation) but unlikely to generate ‘‘umbrella’’ when
shown ‘‘rain’’ (weak forward association). When
such pairs were studied and judged in a typical
metamemory procedure, they were perceived as
highly related and hence received high judge-
ments of learning. At test, however, the stimulus
word (rain) did not often produce the correct
response (umbrella) because of the weak forward
association (Koriat & Bjork, 2006). Thus beliefs
about relatedness dominated the judgements even
when relatedness of the words was not predictive
of actual levels of performance. Similarly, Rhodes
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and Castel (2008) presented learners with to-be-
remembered words in different font sizes. Larger
words were easier to process than were smaller
words, so learners consistently judged their mem-
ory to be better for the larger words than for the
smaller words, despite the fact that font size had
little effect on memory for the items.

Such errors might arise with text materials as
well. For example, McCabe and Castel (2008)
had learners read fictitious articles on cognitive-
neuroscience research that either presented the
supporting data as brain images (e.g., fMRI
images) or as either bar graphs or topographical
brain-activity maps (or the data were not pre-
sented visually at all). Despite the fact that all
versions of the articles contained the same
information, participants consistently rated the
articles as more scientifically sound when they
were accompanied by the brain images than in
any of the other conditions, including when the
articles were accompanied by the same data
presented in either bar graphs or topographical
brain maps (McCabe & Castel, 2008). Presum-
ably, the readers’ perception of the quality of the
article was biased by the format of the data plot,
not by any differences in the quality of either
display. Although it would be ideal to know
that the different formats produced the same
level of comprehension (which was not mea-
sured), it nevertheless supports the main idea of
the present study*that people’s beliefs about
multimedia effects may dominate their judge-
ments, even when multimedia does not enhance
learning.

It is worth noting that few metacomprehen-
sion studies have evaluated whether beliefs
about reading materials are reflected in the
magnitude of metacomprehension judgements.
The studies available have focused on the inter-
action between people’s background knowledge
and the content of the materials, such as whether
participants’ familiarity with a domain is related
to their judgements across more versus less
familiar content areas (e.g., Glenberg & Epstein,
1987; Glenberg, Sanocki, Epstein, & Morris,
1987; Jee, Wiley, & Griffin, 2006; Maki, 1998;
Moore, Lin-Agler, & Zabrucky, 2005). Consider
the paper by Glenberg et al. (1987), who
examined the role of participants’ domain famil-
iarity (i.e., their knowledge of various subject
areas) on their metacomprehension judgements.
Participants read texts on a number of topics and
predicted their test performance for each one.

They then answered questions that tested their
learning for the texts. Participants used their
familiarity with the topic of each text as the basis
for their metacomprehension judgements rather
than basing their judgements on their under-
standing of each particular text. Glenberg et al.
(1987) described the way that participants used
their domain familiarity to inform their meta-
comprehension judgements as ‘‘the misapplica-
tion of a domain familiarity strategy’’ (p. 132).
Presumably this strategy was based on the
participants’ belief that they would perform
better on questions over more-familiar topics
than over less-familiar topics. As noted by
Glenberg et al. (1987), although this might
sometimes be a useful heuristic (i.e., when topic
familiarity is related to comprehension), by
relying on this strategy the participants ignored
how well they understood the particular texts
they had read. To foreshadow, we examined
whether a similar bias would occur in Experi-
ment 2, which included a multimedia format that
did not boost performance.

OVERVIEW OF THE PRESENT
EXPERIMENTS

Based on this evidence, we expected that partici-
pant’s beliefs about text materials (i.e., that
multimedia improves learning over reading text
alone) would be reflected in their metacompre-
hension judgements. Nevertheless, beliefs about
text format may not always be incorporated into
metacomprehension judgements. In particular,
on-line monitoring may reduce the impact of
people’s beliefs about material format on their
judgement magnitudes. A student may initially
believe that test performance will be better when
reading a set of texts with diagrams than when
reading texts alone. When actually reading the
texts, however, the student may realise that
performance will likely not be much better for
the texts with diagrams*perhaps because the
specific diagrams were not effective at aiding
comprehension. Put differently, a student may
believe that*in general*multimedia formats are
better than are text alone, but while reading a
particular set of texts, they may realise that the
texts with diagrams are not going to support
superior performance. In this case, their beliefs
may have little*if any*influence on the magni-
tude of their judgements.
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To explore these issues, we evaluated whether
college students’ beliefs about the instructional
efficacy of the format of text materials*text with
diagrams versus text alone*would be reflected in
the magnitude of their judgements. We examined
this relationship between beliefs and judgement
magnitude when the format of the text materials
influenced performance as expected (Experi-
ments 1 and 2) and under a condition where
the materials did not influence performance
(Experiment 2). We chose multimedia materials
because students prefer reading text with dia-
grams to reading text alone (Mayer & Massa,
2003) and the former often produce better
learning (for reviews see Mayer, 2005, 2009).
Note that two other studies have investigated the
effects of multimedia on people’s judgements of
text learning. One reported that judgements were
slightly higher for multimedia materials than for
text alone, although this trend was not statisti-
cally significant (Waddill & McDaniel, 1992). In
the other relevant study, by Cuevas et al. (2002),
participants read either multimedia materials or
text alone and made a post-study global judge-
ment after they had finished reading the texts.
Cuevas et al. found that between-participant
correlations between global judgements and test
performance were greater for a multimedia group
than for a text-alone group, but this small
advantage was only obtained in a subset of
participants with low verbal ability. Most impor-
tant, Cuevas et al. (2002) did not report judge-
ment magnitudes, so the relationship between
multimedia learning and judgements of text
learning requires further scrutiny.

Our two main goals were to evaluate (a)
whether people actually hold the belief that text
with diagrams produces better learning than does
text alone, and most important, (b) whether this
belief is reflected in their metacomprehension
judgements. For the former goal, we introduce the
beliefs about multimedia learning (BAML) ques-
tionnaire, which directly assesses students’ beliefs
about the efficacy of multimedia formats. For the
latter goal, students made pre-study global judge-
ments, per-paragraph judgements, and post-study
global judgements about their learning. When
made before reading, judgements tap beliefs
without any influence of reading and on-line
monitoring per se. By contrast, per-paragraph
and post-study global judgements may be largely
influenced by on-line processing of the text (e.g.,
Rawson & Dunlosky, 2002) and hence may be less
sensitive to beliefs about text format (cf. Hertzog

et al., 2009). Thus we first expected that global
judgements would be higher for multimedia
materials than for text alone; as important, if
people’s beliefs about material format are mod-
erated by on-line processing, then this effect will
be smaller (or non-existent) for per-paragraph
judgements. Note, however, this prediction only
holds when multimedia materials do not produce
better performance (as in the present Experiment 2),
because it is under this condition that monitoring
would potentially provide contradictory informa-
tion concerning people’s a priori beliefs about
text format.

EXPERIMENT 1

Method

Participants, design, and materials. A total of 80
undergraduates from Kent State University par-
ticipated in this study to partially fulfil a course
requirement. The format of the materials for
study (text with diagrams or text alone) was the
only between-participants independent variable.
Participants were randomly assigned to either
study condition when they arrived at the labora-
tory, with the restriction that an equal number
(40) were eventually assigned to the two groups.
Regardless of their study condition, all partici-
pants later answered the same set of short-answer
questions as a test of their understanding of the
study materials.

Study and test materials. The study materials
used in this experiment were adapted from
Mayer’s frequently used text with diagrams that
explain how lightning storms develop (Mayer,
2009; Mayer, Bove, Bryman, Mars, & Tapangco,
1996; Mayer, Steinhoff, Bower, & Mars, 1995;
Moreno & Valdez, 2005) and were identical to
the version used by Serra (2010). (Figure A1 in
Appendix A shows an example paragraph, dia-
gram, and two test questions used in Experiments
1 and 2, as well as an example photo used in
Experiment 2.) More specifically, the materials
consisted of a text passage of approximately 500
words describing in a cause-and-effect manner
how lightning storms develop, and six explana-
tory diagrams. The text had six text paragraphs
that were used in both the multimedia and
text-only groups. In the multimedia group, a
corresponding full-colour diagram accompanied
each paragraph. The diagrams did not add any
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additional information to the paragraphs because
they depicted information already provided in
the text paragraphs. Understanding for each
paragraph was tested with 2 short-answer ques-
tions, yielding a total of 12 questions.

Survey measures. To determine if participants
believe that multimedia presentations produce
better learning than does text alone, we created
the beliefs about multimedia learning (BAML)
questionnaire for them to answer at the outset of
the experiment (see Table A1 of Appendix A).
The purpose of these questions was to explicitly
evaluate which of the two types of presentation
(multimedia or text-only) participants believe
produces better learning. The questions included
in the BAML measured participants’ beliefs about
the efficacy of multimedia both for learners in
general and for the individual. These questions
were mixed with the questions from some of the
learning-preference scales used by Mayer and
Massa (2003) to make the BAML questions
seem less conspicuous to the participants. The
other scales included were the Verbal-Spatial
Ability Rating (VSAR; a self-rating of verbal-
spatial abilities from strongly verbal to strongly
visual), the Santa Barbara Learning Style Ques-
tionnaire (SBCSQ; a self-rating of verbal-spatial
abilities and preferences from strongly verbal to
strongly visual), the Verbal-Visual Learning Style
Rating (VVLSR; a self-rating of verbal-spatial
abilities from strongly verbal to strongly visual),
and the Learning Scenario Questionnaire (LSQ; a
self-rating of verbal-spatial preferences from
strongly verbal to strongly visual). For interested
readers, these scales are presented in their entirety
in Mayer and Massa (2003). Outcomes related to
these scales were not directly relevant to the
present study’s goals and so will be reported
elsewhere.

Procedure. The procedure of Experiment 1 was
the same for the two groups except that a diagram
accompanied each paragraph in the multimedia
condition. As many as four participants at a time
participated on individual PCs in the same room.
These computers displayed the materials and
questions to the participants and recorded all
responses and latencies. At the onset of the
experiment, the participants completed the learn-
ing-preferences and BAML questionnaires on the
computer. The questions from the five question-
naires were presented in a random order to all of
the participants and answered one at a time.
Participants then read a general description of

the task they would be performing and the type of
questions they would be asked. Specifically, all
participants were given the example of reading a
text about how the brakes of a car work; the idea
for this example was taken from another multi-
media text frequently used by Mayer and his
associates (see Mayer, 2009). The instructions did
not mention diagrams for either condition, nor was
any text (or diagrams) actually shown. Given that
this hypothetical text was described as one that
might appear in a science textbook, it was assumed
that the participants, who were all college students,
would be familiar with this type of material. The
short-answer question, ‘‘What happens when the
brake shoes press against the drum?’’ (Mayer,
2009), was also included in the instructions so that
the participants knew what type of questions they
could expect. An example of an acceptable correct
answer, ‘‘The drum and wheel stop or slow down’’,
was also provided.

The description of the task was slightly differ-
ent for the two groups in that the participants
knew whether they would be reading either a text
or a text with diagrams (but they did not know
that other participants might be viewing a differ-
ent version of the materials, nor was there
mention of other possible versions of the materi-
als). Specifically, the instructions described the
critical study materials as either ‘‘a short science
text about how lightning storms develop’’ (text-
only group) or ‘‘a short science text with dia-
grams about how lightning storms develop’’
(multimedia group). Participants had to know
the format of the materials they would be study-
ing so that they could make the pre-study global
judgements appropriately. The instructions also
included detailed explanations of the judgements
the participants would be making.

After reading the instructions, participants
made a pre-study global judgement; they esti-
mated how well they felt they would understand
how lightning storms develop (on a scale from
0 to 100) when they finished studying it.
Participants then read the six paragraphs one
at a time on the computer in serial order. Only
one paragraph was visible onscreen at a time. In
the multimedia group a corresponding diagram
accompanied each paragraph. Participants
were instructed to study each paragraph until
they felt they understood it well enough to be
able to answer questions on it later. By clicking
a ‘‘Finished Studying’’ icon on the screen,
participants indicated that they had finished
studying that paragraph and were ready for the
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next one; no time limit was placed on the study
of each paragraph, but participants were not
able to go back to paragraphs that had already
been read. After participants clicked this icon,
the paragraph disappeared and then participants
made a judgement from 0% to 100% for that
paragraph, which indicated the likelihood that
they would be able to correctly answer questions
based on the information in the paragraph. All
whole-number values from 0% to 100% were
accepted, with ‘‘0%’’ indicating that a partici-
pant judged they definitely would not be able to
answer questions on that paragraph correctly
and ‘‘100%’’ indicating that a participant judged
they definitely would be able to answer ques-
tions on that paragraph correctly. Intervening
values indicated a corresponding likelihood of
being able to answer the question correctly (e.g.,
23%�‘‘23% chance of getting the answer cor-
rect’’, 67%�‘‘67% chance of getting the answer
correct’’, etc.). After entering a judgement for a
paragraph, the next paragraph was displayed.
This study�judge pattern was repeated until all
six paragraphs had been studied and judged.
After the last paragraph had been judged,
participants made a post-study global judgement
concerning their overall understanding of how
lightning storms develop on a 0 to 100 scale.

Participants were then tested on their learning
of how lightning storms develop. They answered
the 12 short-answer comprehension questions in a
randomised order. They had an unlimited amount
of time to answer each question but could not go

back to a question once it had been answered (or
left blank). After answering all of the questions,
participants were debriefed.

Results

Beliefs questionnaire. The results of the BAML
questionnaire (Table 1) indicate that the partici-
pants in Experiment 1 (as well as Experiment 2)
strongly endorsed the belief that multimedia
presentations (i.e., text with diagrams) tend to
produce better learning than do single-medium
presentations (i.e., text alone). This was true both
for beliefs about the efficacy of multimedia in
general and for the individual respondent.

Study time. The total number of seconds spent
studying the materials (Table 2) was greater for
the multimedia group than for the text-only

TABLE 1

Percentage of participants endorsing beliefs about multimedia learning

Experiment #

Belief 1 2

Generalised beliefs

The selected type of presentation would produce the best learning

Diagrams only 1.3 0.8

Mostly diagrams with little text 25.0 13.3

Equal-parts text and diagrams 46.3 70.8

Mostly text with few diagrams 26.3 15.0

Text only 1.3 0.0

The selected section of a textbook chapter would produce better learning

A section with diagrams 93.8 92.5

A section without diagrams 6.3 7.5

Belief about the self

The selected textbook chapter would produce better learning for myself

A textbook chapter with diagrams 98.8 98.3

A textbook chapter without diagrams 1.3 1.7

Values are the percentage of participants in each experiment endorsing the stated belief.

TABLE 2

Descriptive statistics for Experiment 1

Text-only Multimedia

Measure M (SD) M (SD)

Study Time

Total (seconds) 218.7 (81.3) 263.6 (112.5)

Test Performance

% Correct 34.6 (22.7) 50.6 (24.8)

Judgements

Pre-Study 63.8 (22.1) 70.5 (16.8)

Per-Paragraph 54.9 (20.2) 67.8 (19.4)

Post-Study 57.5 (20.0) 67.7 (18.6)
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group, F(1, 78)�4.2, MSE�9630.2, p�.04, hp
2�

0.05. As described next, however, multimedia

effects on learning obtained despite this differ-

ence in study time.

Test performance. Two raters each scored half
of the participants’ responses. Agreement was

high (93%, Kappa�.85), so one rater scored all

responses for analysis. Performance (Table 2)

was greater for the multimedia group than for

the text-only group, F(1, 78)�9.1, MSE�564.9,

p�.003, hp
2�0.1.

We also performed an ANCOVA using total

study time as a covariate. Study time was signifi-

cantly related to test performance, F(1, 77)�26.9,

MSE�423.9, pB.001, hp
2�0.26, but performance

was still greater for the multimedia group than for

the text-only group after controlling for the effect

of study time, F(1, 77)�5.0, MSE�423.9, p�.03,

hp
2�0.06.

Judgement magnitude. The authors calculated
the mean per-paragraph judgement for each

participant across the six paragraphs, and then

calculated the mean of these means across

participants. These means and the mean global

metacomprehension judgements (both pre- and

post-study) for the two groups are presented in

Table 2. Judgement magnitude was analysed with

a 2 (format: text-only vs multimedia)�3 (judge-

ment type: pre-study global vs per-paragraph vs

post-study global) mixed ANOVA. Judgement

magnitude was greater for the multimedia group

than for the text-only group, F(1, 78)�6.5,

MSE�905.8, p�.01, hp
2�0.08, and judgement

magnitude differed by judgement type, F(2,

156)�6.2, MSE�121.0, p�.002, hp
2�0.07, with

the pre-study judgements being higher than either

the per-paragraph judgements, F(1, 78)�9.1,

MSE�297.2, p�.003, hp
2�0.1, or the post-study

judgements, F(1, 78)�5.0, MSE�341.0, p�.03,

hp
2�0.06. Most important, the two factors did not

interact, F(2, 156)�1.6, MSE�121.0, p�.2,

hp
2�0.02, suggesting that the multimedia effect

persisted across all judgements.1

Discussion

Almost all of the participants in Experiment 1
believed that multimedia presentations produce
greater learning than does reading text alone (or
even viewing diagrams alone), both for them-
selves and for people in general (Table 1).
Although this outcome precluded the possibility
that we could analyse participants within study
conditions based on their differing beliefs about
multimedia effect, the outcome is not surprising
given that adding diagrams to text passages
typically does improve learning (Mayer, 2005,
2009) and that students prefer multimedia mate-
rials to single-medium materials (Mayer & Massa,
2003).

This belief was consistently reflected in the
judgements of text learning (Table 2), which
suggests that participants used a multimedia
heuristic. Using this heuristic, however, could
potentially lead to errors if judgements were
influenced more by these beliefs than by informa-
tion about cognitive processes that directly influ-
ence performance (cf. McCabe & Castel, 2008;
Nisbett & Wilson, 1977). In Experiment 1 this
possibility could not be evaluated because a
multimedia effect was found, which also poses
problems for concluding that per-paragraph and
post-study global judgements are based on a
multimedia heuristic. In particular, both of these
judgements may reflect on-line processing that
boosts both judgements and test performance.
This possibility can be explored only in situations
where diagrams do not boost performance, be-
cause the consistent use of a multimedia heuristic
should lead to judgement error, at least for the
pre-study global judgements. However, if per-
paragraph and post-study global judgements
track performance and are not biased by a
multimedia heuristic, then these judgements
should not demonstrate a multimedia effect
when diagrams do not boost performance. We
evaluate this prediction in Experiment 2.

Finally, judgements decreased from the pre-
study judgements to the judgements made during
or after reading. This decrease may reflect
participants’ realisation that the task will be
more difficult than they had expected (because
how lightning develops is more complex than they
had expected) or some other less interesting
factor (e.g., fatigue or boredom). However, given
that our focus is on the degree to which multi-
media formats influence each kind of judgement,

1 For interested readers, we calculated the relative accuracy

of the per-paragraph judgements for the two groups (i.e.,

within-participants gamma correlations between judgements

and test performance across paragraphs). Relative accuracy

did not differ across groups in either Experiment 1 or 2 (Table

B1 of Appendix B), so we do not discuss this measure further.
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we will not discuss this general decrease in
judgements any further and leave exploration of
its causes for future investigations.

EXPERIMENT 2

In Experiment 2 we attempted to replicate the
findings from Experiment 1, but most important,
we added an additional group who received
images that were not expected to boost test
performance. These images were related to the
topic (How lightning storms develop), but con-
sisted of photographs of lightning strikes. To
foreshadow, these photographs did not improve
test performance, which allowed us to evaluate
whether judgements were consistently higher for
multimedia texts (regardless of whether or not
multimedia increased test performance) or
whether they would track performance.

Method

Participants, design, and materials. The partici-
pants were 120 undergraduates from Texas Tech
University; they participated to partially fulfil a
course requirement. The survey materials, study
materials, and short-answer questions were the
same as in Experiment 1 except that a new
condition*text-with-photos*was added. This
group (henceforth, the ‘‘photos group’’) received
the same text as the other two groups, but each
paragraph was accompanied by a different photo
of lightning. An example photo is included in
Figure A1 of Appendix A. The photos did not
illustrate information in the text, but merely
showed images of lightning strikes.

The format of the materials for study (text with
diagrams, text alone, or text with photos) was the
only between-participants independent variable.
Participants were randomly assigned to one of the
study conditions when they arrived at the labora-
tory, with the restriction that an equal number
(40) were eventually assigned to each of the three
groups. Regardless of their study condition, all
participants later answered the same set of short-
answer questions as a test of their understanding
of the study materials as in Experiment 1.

Procedure. The procedure of Experiment 2 was
basically the same as in Experiment 1. The only
difference was the addition of the photos group
that received a different photo of lightning with
each paragraph (Figure A1).

Results

Beliefs questionnaire. Again, the results of the
BAML questionnaire (Table 1) indicate that the
participants in Experiment 2 strongly endorsed
the belief that multimedia presentations tend to
produce better learning than do single-medium
presentations.

Study time. The total number of seconds spent
studying the materials (Table 3) did not differ
significantly between the three groups, F(1,
117)�2.2, MSE�10445.9, p�.1, hp

2�0.04,
although trends were evident (as in Experiment 1)
indicating the participants spend nominally more
time with the two multimedia formats than with
the text-only format.

Test performance. Two raters each scored half
of the participants’ responses. Agreement was
high (96%, Kappa�.90), so one rater scored all
responses for analysis. Performance (Table 3) was
different for the three groups, F(2, 117)�5.5,
MSE�524.0, p�.005, hp

2�0.09. As predicted,
follow-up analyses (Tukey HSD) revealed that
performance was highest for the standard multi-
media group (as compared to the text-only group,
p�.005, and to the photos group, p�.052).
Performance did not differ for the text-only and
photos groups (p�.672).

Although the photos did not add any in-
formation to the text paragraphs, this group did
show a slightly elevated level of performance,
which itself may reflect the nominally extra
time they spent studying the texts (see Table 3).
For this reason we also performed an AN-
COVA using total study time as a covariate.
Study time was significantly related to test
performance, F(1, 116)�20.0, MSE�451.0,
pB.001, hp

2�0.15, but a significant effect of

TABLE 3

Descriptive statistics for Experiment 2

Text-only Multimedia Photos

Measure M (SD) M (SD) M (SD)

Study Time

Total (seconds) 192.6 (89.7) 230.0 (97.4) 237.3 (117.5)

Test Performance

% Correct 26.5 (19.8) 42.9 (26.4) 30.8 (22.0)

Judgements

Pre-Study 65.3 (19.0) 74.1 (15.1) 75.1 (10.6)

Per-Paragraph 56.2 (18.3) 66.5 (17.7) 68.1 (17.5)

Post-Study 56.2 (21.7) 65.3 (20.9) 67.2 (18.0)
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format still was evident after controlling for the
effect of study time, F(2, 116)�4.9, MSE�
451.0, p�.009, hp

2�0.08. Contrasts revealed
that, when study time was controlled for, test
performance was greater for the standard multi-
media group than for both the text-only (p�
.007) and photos (p�.009) groups, and that the
text-only and photos groups did not differ (p�
.914). This produced the ideal conditions under
which to compare the groups’ judgements of
text learning, because the photos themselves
did not significantly affect learning.

Judgement magnitude. The means for per-
paragraph judgements and the mean global
judgements (both pre- and post-study) are pre-
sented in Table 3. Judgement magnitude was
analysed with a 3 (format: text-only vs standard
multimedia vs photos)�3 (judgement type: pre-
study global vs per-paragraph vs post-study
global) mixed ANOVA. Judgement magnitude
was different for the three groups, F(2, 117)�
5.7, MSE�735.7, p�.004, hp

2�0.09. Follow-up
analyses (Tukey HSD) revealed that the text-
only group tended to make lower judgements
than did either the standard multimedia (p�
.022) or photos group (p�.006). As important,
the judgements of the standard multimedia and
photos groups did not differ overall (p�.903).
Judgement magnitude also differed by judgement
type, F(2, 234)�24.2, MSE�112.7, pB.001,
hp

2�0.2, with the pre-study judgements being
higher than either the per-paragraph judgements,
F(1, 117)�29.0, MSE�257.1, pB.001, hp

2�0.2,
or the post-study judgements, F(1, 117)�27.1,
MSE�326.2, pB.001, hp

2�0.2. The two factors
did not interact, F(4, 234)�0.1, MSE�112.7,
p�1.0, hp

2�0.002, indicating that the influence
of multimedia formats (either effective or in-
effective ones) persists across the task.

Discussion

As in Experiment 1, comparing the judgements of
the text-only and the two multimedia groups
(standard and photos) in Experiment 2 provides
evidence that people’s beliefs about multimedia
learning can affect metacomprehension judge-
ments. The higher judgements for both multimedia
presentations suggest that participants based their
judgements in part*if not completely*on the
belief that multimedia presentations tend to pro-
duce superior learning than does text alone (cf.

Dunlosky & Hertzog, 2000). As previously noted,
this conclusion is weakened by the fact that the
standard multimedia group significantly outper-
formed the text-only group on the test, so it is not
clear how much of the obtained difference
stemmed from beliefs or from experience with
the materials. Consider, however, that the photos
group in Experiment 2 did not perform better than
the text-only group, yet judgements from the
photos groups were just as high as those made by
the standard multimedia group. These outcomes
provide stronger evidence that participants’ judge-
ments are based on a multimedia heuristic that
emphasises the efficacy of multimedia materials
more than the actual experience studying them.

GENERAL DISCUSSION

The effect of beliefs on
metacomprehension judgements

A main goal of the present research was to
evaluate whether people incorporate their beliefs
about the effects of text format on learning into
their judgements of text learning. To accomplish
this goal we explored students’ beliefs about
multimedia materials and whether they influence
metacomprehension judgements. Although the
effects of multimedia materials on comprehension
and learning per se have received a great deal of
attention in the field (e.g., Mayer, 2005, 2009),
metacomprehension within this domain has lar-
gely been unexplored. The two previous studies
investigating multimedia and metacomprehension
either reported non-significant trends in the ex-
pected direction (Waddill & McDaniel, 1992)
or did not report judgement magnitude (Cuevas
et al., 2002),2 so their studies did not definitively

2 Cuevas et al. (2002) examined between-participant

correlations across participants, which tap a different

aspect of judgement accuracy than do measures of within-

participant relative accuracy that we reported in Table B1

(for a comparison of these measures, see Dunlosky &

Hertzog, 2000). When we computed the between-participant

correlations in our study as in Cuevas et al., they were

statistically equivalent for multimedia materials versus for

text alone. Thus the multimedia effects on this measure of

accuracy reported by Cuevas et al. (2002) may not be highly

robust or may be moderated by other factors, such as verbal

ability (which we did not measure) or any other number of

differences in methods between their experiment and the

present ones. Given that this form of judgement accuracy was

not vital to our present aims, we leave exploration of this

inconsistency for future research.
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address the question most central to the present
research: Do beliefs about text materials influence
judgements of text learning?

Based on the present evidence, the answer to
this question is ‘‘yes’’. First, the results of the
BAML questionnaire established that nearly all
of the participants in our experiments believed
that text with diagrams produces greater learning
than does text alone. Second, in Experiment 1
participants’ judgements of text learning were
significantly greater when they were made for the
multimedia version of the text than for the text-
only version. These outcomes provided prelimin-
ary evidence that the participants’ judgements
reflected their belief that multimedia improves
learning, especially for the pre-study judgements
that could not be influenced by experience
with the texts. One criticism of this conclusion
pertains to the per-paragraph and post-study
judgements*given that learning was better for
the multimedia group in Experiment 1, these
judgements might have reflected monitoring dur-
ing study of how well the materials were learned,
rather than the use of a multimedia heuristic.

Third, and most important, this possibility was
disconfirmed by the results of Experiment 2. In
that experiment the photos group did not outper-
form the text-only group, but the photos group
judged their learning at all three times (pre-study,
per-paragraph, and post-study) as being on the
same level as that of the standard multimedia
group. Thus, rather than being based on the
online monitoring of comprehension, these judge-
ments reflected people’s beliefs about text mate-
rials*even when those beliefs were invalid.

As a whole, the outcomes of the present
experiments are consistent with heuristic-based
accounts of metacomprehension judgements in
which people rely on heuristics to construct their
assessments of learning text materials. In the
present case participants over-relied on this
heuristic, and this misapplication of a multimedia

heuristic inappropriately biased their judgements
in a situation*the photos group*where multi-
media did not boost test performance (Glenberg
et al., 1987). Of course, in many situations such a
multimedia heuristic will be valid (Mayer, 2009),
but its indiscriminate use will reduce the absolute
accuracy of people’s judgements of text learning
in some situations. For this reason, one goal for
future research will be to discover techniques
that can align people’s judgements more with
learning levels.

As described earlier, one potential limitation
with the present experiments concerns the effects
of study time on test performance*participants
tended to spend more time studying the multi-
media formats than text alone (although such
trends were not always significant), and this might
have produced the differences in test perfor-
mance rather than the actual format of the study
materials. In contrast to this possibility, post-hoc
analyses revealed that study time was predictive
of learning, but also that any effects of study time
were not responsible for the multimedia effects
on test performance. Therefore the positive
influence of multimedia is likely based more on
processing differences between the two groups
(Mayer, 2009) than on differences in study time.
In fact, in some cases, study time with multimedia
materials is inversely related to the instructional
efficacy of the materials (e.g., Pollock, Chandler,
& Sweller, 2002; Szabo & Kanuka, 1998), further
demonstrating that it is more likely the content
and format of the materials*not time spent
studying them*that causes multimedia-learning
effects.

Future directions

Wiley, Griffin, and Thiede (2005) warned re-
searchers that subtle differences in text materi-
als*such as whether a text is explanatory or
merely provides a collection of ideas*can lead to
inappropriately low estimates of people’s meta-
comprehension accuracy. One conclusion that
they offered was that ‘‘it seems problematic to
run studies using different kinds of expository
text if they are not all processed, represented, or
understood in similar ways’’ (p. 420). We resonate
with their arguments that research on metacom-
prehension should be informed by theories of text
processing (cf. Rawson, Dunlosky, & Thiede,
2000) and should avoid confounds such as using
a variety of text types within a single study.
Nevertheless, it will also be critical to continue
investigating how people evaluate their learning
and comprehension of multiple kinds of exposi-
tory text and text formats within a single reading
session, partly because the kinds of lengthy text
people read often include many kinds of exposi-
tion. For instance, a single chapter in an
introductory psychology textbook will include
explanations, collections of ideas, text with and
without diagrams, photographs, charts, and so
forth. Thus, we recommend that researchers are
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sensitive to these differences in text (cf. Wiley
et al., 2005) and also directly assess how they can
bias people’s judgements.

Results from the present research indicate that
promising directions for future research would be
to develop questionnaires that tap people’s be-
liefs about these formats and then systematically
evaluate whether (and how) they relate to judge-
ments of text learning (see also Hertzog et al.,
2009). In the present experiments we adminis-
tered the BAML questionnaire before partici-
pants read and judged their text learning.
Although the reactive effects of strategy ques-
tionnaires are apparently small in some contexts
(see e.g., Hertzog et al., 2009), asking participants
about multimedia learning may have triggered
beliefs and increased the chances that they would
influence subsequent judgements. Evaluating this
possibility and examining the factors that pro-
mote the use of belief-based heuristics on peo-
ple’s metacognitive judgements is an important
area for future inquiry. Finally, if participants are
asked to make judgements across phases of
learning (e.g., before, during and after texts are
read) as in the present research, researchers can
systematically evaluate the joint influences of
beliefs and on-line processing to people’s judge-
ments of text learning. When applied in the
present context, people’s beliefs about multime-
dia apparently dominated the construction of
judgements at all time points (i.e., before, during,
and after study), even when the multimedia
format did not improve test performance.
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Figure A1. Example paragraph, diagram, questions (Experiments 1 and 2), and photo (Experiment 2) used in the present

experiments.
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TABLE A1

Beliefs About Multimedia Learning (BAML) Questionnaire

Generalised Beliefs Questions

Which do you think is the most effective type of lesson in a science textbook for most people to learn from?

1. Just text

2. Mostly text with a few diagrams

3. About equal parts text and diagrams

4. Mostly diagrams with little text

5. A series of diagrams

Which do you think produces better learning in general, a science textbook chapter without any diagrams or a chapter with

diagrams?

1. A textbook chapter without diagrams (i.e., just text)

2. A textbook chapter with diagrams (i.e., text with diagrams)

Belief About the Self Question

If you read a chapter in a science textbook that had diagrams to help you understand some sections but did not have diagrams for the

other sections, which sections do you think you would understand better?

1. The sections without diagrams (i.e., just text)

2. The sections with diagrams (i.e., text with diagrams)

The response choices for each question appear after the question. Higher-numbered responses indicate more visually based

responses.

TABLE B1

Relative accuracy scores

Text-only Multimedia Photos

M (SD) M (SD) M (SD)

Experiment 1

�.23 (.62) �.21 (.54) � �

Experiment 2

�.16 (.73) �.12 (.58) �.26 (.64)

Relative accuracy scores are the mean within-participant gamma correlation between per-paragraph metacomprehension

judgements and test performance across paragraphs. Relative accuracy was not different across groups in either Experiment 1,

F(1, 67)�0.03, MSE�0.3, p�0.9, hp
2�0.0, or in Experiment 2, F(2, 96)�0.4, MSE�0.4, p�0.7, hp

2�0.0.

Appendix B

Relative accuracy in Experiments 1 and 2
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