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Abstract Based on cognitive load theory and the transient information effect, this paper
investigated the modality effect while interpreting a contour map. The length and com-
plexity of auditory and visual text instructions were manipulated. Experiment 1 indicated
that longer audio text information within a presentation was inferior to the equivalent
longer visual text information demonstrating a reversal of the modality effect due to
transient information imposing a heavy working memory load. However, the expected
modality effect was not obtained from the equivalent shorter auditory text presentation
compared to shorter visual text information. It was hypothesised that the shorter text still
contained too much auditory information for working memory to readily process.
Experiment 2 further decreased the shorter auditory text information which then resulted in
a traditional modality effect including a modality by text length interaction in which
shorter, audio-visual information was better than visual only information but longer, audio-
visual information was worse than visual only information.

Keywords Educational technology - Cognitive load theory - Modality effect - Transient
information effect - Instructional design - Element interactivity

Introduction

The transient information effect (see Leahy and Sweller 2011; Wong et al. 2012) occurs
when permanent instructions such as in written form are transformed into equivalent
transient information such as in spoken form resulting in a decrease in learning. This result
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is due to the verbal information not being retained in working memory long enough to be
comprehended.

The modality effect (see Ginns 2005 for a meta-analysis; Mayer and Moreno 2003;
Penney 1975, 1989) arises when audio information replacing written text information,
referring to a map, graph, diagram or tabular information results in enhanced processing
and learning.

These two effects have contrasting consequences for the presentation of text in spoken
form. In the case of the transient information effect, the conversion of written into spoken
text can be adverse if the text is long. In the case of the modality effect the same con-
version has positive consequences. The conditions under which the two effects are
obtainable were investigated in two experiments, testing cognitive load theory to generate
the required hypotheses.

Cognitive load theory

Cognitive load theory (Sweller 2011, 2012) is an instructional theory based on our
knowledge of human cognitive architecture. It can be summarized by five principles:

1. Long-term memory and the information store principle. Humans hold a vast amount of
information stored in their long term memory (De Groot 1965).

2. Schema theory and the borrowing and reorganizing principle. Most information stored
in long-term memory is obtained in schematic form (Bartlett 1932) from other
people’s long term memories (Sweller 2012; Sweller and Sweller 2006). The schemas
(Bartlett 1932; Chi et al. 1982) are borrowed from others by imitating, reading and
viewing material, or listening to others.

3. Problem solving and the randomness as genesis principle. If information is not
available from our own or other’s long term memories we must problem solve using a
random generate and test for effectiveness process. Novel information is then created.

4.  Working memory and the narrow limits of change principle. The reorganizing and
generation process has the potential to produce unlimited combinations of novel
information. Thus, to prevent the production of too many combinations, working
memory is limited in both capacity (Miller 1956) and duration (Peterson and Peterson
1959).

5. Long-term working memory and the environmental organizing and linking principle.
Working memory is only limited when processing novel information. In contrast, it is
able to process large amounts of previously organized information transferred from
long-term memory (Ericsson and Kintsch 1995).

Based on these principles, the primary purpose of instruction is to construct schemas in
working memory to be held in long-term memory. Instructional designs are unlikely to be
effective if they fail to result in changes in long-term memory and inefficient if they
disregard the limitations of working memory.

Cognitive load theory suggests working memory load can be imposed by extraneous or
intrinsic cognitive load (Sweller 2010). Extraneous cognitive load is generated by the
instructional format and can be altered. For example, lengthy, complex, spoken information
that cannot be adequately processed in working memory may impose an extraneous cog-
nitive load. Intrinsic cognitive load is an inherent component of the information (e.g. the
formula for a gradient ratio). It is reliant on the number of elements that, because they
interact, must be managed simultaneously in working memory (Ayres 2006). Some elements
do not interact with each other and can be learned independently. Learning that circular lines
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on a map are termed “contours” involves low element interactivity. There are only two
elements that interact; the term “contours” and the physical representations of the lines.

Contrastingly, learning a formula and its associated reference to a map is complex
exercise because it is higher in element interactivity. Each word and its associated refer-
ence must be understood in relation to the other words the map symbols and indicators.
Intrinsic cognitive load for given information presented to learners with a particular
knowledge base is fixed and cannot be altered except by changing the information or
changing the knowledge levels of learners. A learner with more knowledge in a domain
will need to process fewer elements because multiple elements for a novice may be only
one element for a more experienced learner.

Cognitive load theory offers a framework that acknowledges these cognitive and
information structures, particularly the limitations of working memory, to provide guide-
lines for instructional design. The theory has been used to develop instructional procedures
in a variety of educational fields (Sweller et al. 1998). The modality effect and the transient
information effect were derived from cognitive load theory. These effects are outlined
next.

The modality effect

Working memory is not a single structure. Research, both contemporary and over a number
of decades, suggests that it is composed of multiple channels or processors. There is a
visual processor for dealing with images and an auditory processor for dealing with verbal
information (Penney 1975, 1989) indicating the two systems process their different forms
of information with some degree of independence.

Baddeley (1992) suggested an auditory loop for processing speech and a visual-spatial
sketch-pad for processing images. Written text must first be processed visually before
being processed as speech by the auditory processor. Under circumstances where two
sources of information must be combined in order to be understood, effective working
memory capacity appears to be increased if both systems are used (e.g. visual and auditory
processors) rather than only one processor (Mayer 2009; Mayer and Moreno 1998, 2003;
Mayrath et al. 2011; Moreno and Mayer 1999; Penney 1975: 1989).

The modality effect occurs when audio-visual information results in superior processing
to visual only information. Mayer and Moreno (2003) explain the modality effect as
reducing essential processing by “off-loading” visual instructional text to the auditory
processor. For example, if they refer to each other, a text and diagram cannot be under-
stood in isolation. In order to be understood, attention must be split between an instruc-
tional text and diagram and must be mentally integrated. Mentally integrating disparate
sources of information requires working memory space that is limited and may be
unavailable for processing.

Alternatively, the written text instructions, rather than being presented in visual form
can be presented in spoken (auditory) form. If the use of both auditory and visual pro-
cessors increases working memory capacity, then replacing written text with spoken text
should assist in processing.

This modality effect has been repeatedly obtained using a diverse range of material (see
Ginns 2005 for a meta-analysis). Research on the modality effect and instructional design
has clearly demonstrated that studying instructional materials which employ a dual format
consisting of, for example, visual diagrams and auditory (spoken) text may result in more
efficient processing when compared to studying a comparable visual only presentation
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composed of visual diagrams and visual (written) text (Mayer 2009; Mayer and Moreno
1998, 2003; Mayrath et al. 2011; Moreno and Mayer 1999; Penney 1975: 1989).

The transient information effect

This effect occurs when written text is transformed into transient information such as
spoken text with a resultant decrease in learning. It has been demonstrated previously by
Leahy and Sweller (2011) and Wong et al. (2012). Brief, low element interactivity
information that does not need to be learned because it aligns easily to what has already
been stored in long-term memory, may be processed with little effort, even if in transient,
auditory form. For example, when we are conducting a conversation or when we are
following dialogue during a television/radio program, we have little difficulty in processing
auditory information. In contrast, complex, lengthy instructional material may need to be
presented in written rather than spoken form simply because of our working memory
limits. Written material can be readily re-read so reducing cognitive load compared to
transient spoken material that may be difficult or impossible to retrieve.

To demonstrate this point, consider (Grade 8) geography students learning to interpret a
contour map. Students may be able to easily maintain and process in working memory the
spoken statement, “The distances for this map are 1 cm equals 1000 metres” while looking
at the map. They may have substantially more difficulty holding and processing a spoken
statement explaining equation notation such as, “H/ (that is Height 1) less H2 (Height 2)
indicates the highest height less lowest height (of 2 points) and d (distance) equals the
horizontal distance between the two points in metres”. If the statement is given in a written
rather than spoken format however, learners can follow a different course of action. The
main statement can be segmented into two phrases. The first phrase can be looked at while
mentally integrating it with the map while ignoring the second. Finally the second phrase
can be examined while mentally integrating with the map while ignoring the first.

Note that shorter sentences do not always result in lower element interactivity infor-
mation nor longer ones necessarily result in higher element interactivity information.
Sentence length is confounded with element interactivity but it is element interactivity, not
sentence length, that is the single crucial factor. However, sentence length can be used as a
proxy for element interactivity.

The present studies

Two experiments used a system based PowerPoint delivery where learners were given
relatively technical statements accompanying a map using a 2 (short or long verbal
statements) x 2 (audio-visual or visual only presentation) experimental design. We
hypothesised that a shorter set of statements was more likely to yield a traditional modality
effect (beneficial) while a longer set of statements was more likely to yield no modality
effect. We also hypothesised that subjective ratings of task difficulty and efficiency scores
would provide evidence that the two effects were due to cognitive load factors. A modality
effect should be accompanied by higher cognitive loads rating and lower efficiency scores
for visual text and visual map presentations while a modality effect should result in higher
ratings and efficiency scores for audio-visual presentations. Measures of cognitive load can
reveal important information for cognitive load theory that is not necessarily reflected by
traditional performance-based measures. Particularly, the combination of performance and
cognitive load measures has been identified to constitute a reliable estimate of the mental
efficiency of instructional methods (Paas et al. 2003).
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Experiment 1

Experiment 1 tested the modality effect using students learning to read contour maps under
conditions that increased and decreased the effect of transient, spoken information by
increasing and decreasing the length of statements associated with a map. Changing the
length of statements changes extraneous cognitive load. The same information is presented
under long and short statement conditions resulting in an identical intrinsic cognitive load.
Shorter statements were expected to yield a conventional modality effect because shorter
statements should be more easily processed in working memory than longer statements
when presented in spoken form. Longer statements were expected to yield no or even a
reversal of the modality effect because long, complex statements may be difficult to
process in working memory when presented in spoken form. Long, complex statements
may be better read than listened to. Thus, in a 2 (modalities) x 2 (length of texts)
experimental design, we hypothesized an interaction. Critically, by independently mea-
suring subjective cognitive load using subjective ratings of difficulty, we hoped to provide
evidence that any learning differences were due to cognitive load rather than other factors.

Method
Participants

The participants were 71 male Grade 8 (average age 14 to 15 years) students from a
Sydney private school. Six geography classes had been randomly divided into four groups
a week before the experiment. All Grade 8 geography classes in the school were un-
streamed in ability levels. On the day of the experiment, there were student absentees.
Consequently, 14 participants were in the longer audio text instruction group, 21 in the
longer visual text instruction group, 16 in the shorter audio text instruction group, and 20 in
the shorter visual text instruction group. The experiment was conducted in the second term
of the school year and during the first lesson periods of the day.

Materials

The materials used during the learning phase consisted of introductions to contour maps
and gradients and worked examples of their interpretation. The secondary school geog-
raphy curriculum for this age level requires the reading of material similar to the material
used in the experiment. The material was taken and adapted from a Grade 8 geography
textbook (Morrison 2004). All students were reported by the senior geography teacher to
have had very limited experience of reading contour maps and calculating gradients before
the experiment.

A series of systems paced PowerPoint slides were displayed to each group containing
this content in a presentation. The experiment used a 2 (modality) x 2 (length of texts)
design resulting in four instructional groups. Note that the audio speaking pace was at a
rate recommended for instructions from a slide presentation of between 120 and 150 words
per minute (see Williams 1998).

All four groups were provided with an introduction of a contour map and three worked
examples. The first slides introduced a simple contour map. These slides showed various
basic components, for example, contour lines, elevation and the scale. Subsequent slides
used worked examples to demonstrate how to find a gradient.
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Worked Example 1 for the longer visual and audio text groups provided the answer to
the question, “What is the gradient between points A and B?” that was written on top of
the slide. The steps to solve the question were displayed on this slide within three num-
bered textboxes. Worked Example 2 provided the answer to a similar question. The third
worked example, unlike the first two, allowed a delay time of 190 s to think about a
potential answer before the answer was displayed. The question asked in this example was
again a similar question requiring the calculation of a gradient between two points fol-
lowed by the solution steps. Students did not have to give an answer during the 190 s
solution time nor write the answer down. They were instructed to just think about what the
answer may be. The presentation time of 663 s was identical for all groups.

Modality differences

To establish differences in modality, the written textbox/s information shown to the longer
and shorter visual text groups was eliminated and provided in an audio format for the two
longer and shorter audio text groups. Questions were also presented in audio format.
The textboxes containing written formulae were retained and given in spoken form to
the audio text groups. Note that this was a necessity. The elimination of the written
formulae would have been counter-productive as spoken versions only of the formulae are
completely unintelligible, again due to transient information effects. Thus, the audio
version of the longer visual text version depicted in Fig. 1 was identical except that text
boxes 1 and 3 were eliminated and replaced by spoken text. However, textbox 2 containing

What is the gradient ratio between points A and B?

1. Gradientratio = highest heightless lowest height
horizontal distance between the two points

A is on the 120m contour line and B is on the SO0m contour line.

1cm = 1000m
._\\-‘—
2.
= A120mn1) = B 50m (H2)
(14cm) 14000m
= 70m
14000m then invert
= 14000m
[l ( | This means that for every 1m of height, you 70m
\ *———{ are travelling 200m horizontally. | = 200 = ratio of 1:200

Fig. 1 Slide from Ex 1 Longer visual text group
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equations was retained as well as given in spoken form. This design was applicable to all
other information containing formulae.

Text length differences

The second variable was concerned with differences in length of text within slides. The
longer audio-visual text and longer visual text groups had 9 slides displayed for a total
duration of 663 s, timed to automatically progress from 15 to 90 s each, depending on the
amount of material in the slide (see Appendix 3). (Prior to this experiment, a small pilot
study was completed by the senior geography teacher to determine whether presentation
times were appropriate). Presentation times were trialled as audio only and could only be
approximated as appropriate for understanding for this age group. This was according to
the students’ verbal feedback to the senior geography teacher of the school). Equivalent
slides for both the audio-visual and visual only groups were of identical total duration. The
total word count of the 9 slides was 470 words giving an average of 52.22 words per
content slide. Therefore, the maximum reading or listening time allowable for the content
in the longer text slides was 1.41 s per word.

In contrast to the longer text groups, the shorter audio-visual text and shorter visual text
groups (see Fig. 2) had 29 slides in total, timed to automatically progress from 10 to 38 s
each (see Appendix 4). There were more slides needed than for the longer text groups due
to the material being segmented into more sections (see Table 1 for an example of seg-
mentation). Using another example illustrating content segmentation of instructional word
text, Slide 6 (the full worked example for the longer groups) had 80 words (see Fig. 1) and
Slide 17 (a segment part of the same worked example for the shorter groups) contained
only 23 words (see Fig. 2).

Equivalent slides for the two shorter audio-visual and visual only text groups were of
identical total presentation duration. The total word count was 436 words giving an average

= A120m 1) = B 50m H2)
(14cm) 14000m

= 70m
14000m then invert

Fig. 2 Slide from Ex 1 Shorter visual text group
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Table 1 The modification to group presentations for Experiment 1

Longer text groups Shorter text groups

Slide and text

No. 3 No. 7 No. 8

Gradients can be calculated using Gradients can be The gradient is a ratio of each metre of
contour maps. The gradient is a ratio calculated using land covered horizontally by each
of each metre of land covered contour maps vertical metre rise in the land

horizontally by each vertical metre
rise in the land

Duration (to nearest whole number)
24 s 10s 13 s

of 15.03 words per content slide. The average listening or reading time allowable for the
content in the shorter text slides was 1.52 s per word (note: compared to the 1.41 s per
word for the longer text groups). The content on the slides was identical between the long
and short conditions. They merely were segmented into differing numbers of slides and so
differing numbers of words per slide.

The last phase, the test (see Appendix 1) comprised of ten questions designed to tap
knowledge of the concepts and procedures contained in the presentation. Subjective
cognitive load ratings were combined with each student’s test score to provide efficiency
scores (see below).

Procedure

The experiment consisted of pre-instruction, instruction, subjective student cognitive load
rating and test phase. In the pre-instruction phase, all students were informed from a
memorized script presented by the researcher that they were going to be taught how to
read a contour map and calculate gradients by being shown worked examples contained
in a PowerPoint presentation. They were further told that during the entire instruction
phase they would have to concentrate carefully by watching the slides. The cognitive
load rating scale was explained and students were encouraged to rate as accurately as
possible.

After the 663 s presentation phase, the students immediately completed a 7 point
cognitive load rating. Paas et al. (2003) assumes participants are able to assess their
cognitive processes and to state how much mental effort they exerted (see Appendix 2
for our scale). Although not as objective e.g. a secondary task analysis or a physio-
logical measurement, its validity has been demonstrated. According to Gopher and
Braune (1984) participants can estimate with some accuracy their (perceived) mental
load.

Lastly, the 20 min test phase then proceeded after the researcher distributed the test
sheets. The test required an understanding of contour height indicators. It tapped knowl-
edge from lower to higher element interactivity information. Questions 2—10 required
students to process many elements simultaneously to answer correctly in contrast to
Questions 1 and 2 which only involved the interaction of a few elements of height indi-
cators. All students completed the test within the 20 min.
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Results and discussion

A 2 (length of text) x 2 (modality) ANOVA was conducted on test scores from the 10
questions (Cronbach’s Alpha = 0.872). Means and standard deviations (the Hartley F Max
test for homogeneity of variances was not violated) are provided in Table 2. There was no
main effect for modality, F(1,67) = 2.89, MSe = 9.51, p = 0.09, nﬁ = (0.041. The main
effect for text length was significant, F(1,67) = 5.34, MSe = 9.51, p = 0.02, 1712, = 0.079,
with shorter text groups outperforming longer text groups. The interaction was not sig-
nificant, F(1,67) = 2.67, MSe = 9.51, p = 0.10, 17,2, = (0.038. Nevertheless, it might be
noted that there was a significant difference between the longer visual and longer audio text
groups, F(1,67) = 5.41, MSe = 9.51, p = 0.02, 17,2, = 0.074, with the visual group out-
performing the audio group indicating the modality effect being reversed.

A 2 (length of text) x 2 (modality) ANOVA was conducted on the subjective cognitive
load ratings out of 7. Means and standard deviations are provided in Table 2. The ratings
indicated a significant difference between the longer and shorter text groups
F(1,67) = 5.65, MSe = 2.87, p = 0.02, 1112, = 0.077, with longer texts reported to be more
difficult for students than shorter texts. There was no main effect for modality
F(1,67) = 1.82, MSe = 2.87,p = 0.18, 11,2, = 0.026. There was a significant text length by
modality interaction, F(1,67) = 8.12, MSe = 2.87, p = 0.006, 1112, = (.108. Because of the
significant interaction, simple effects contrasts were carried out. There was a significant
difference between the longer audio-visual text and the longer visual only text groups
suggesting that the first group found the task more difficult than the latter, F(1,67) = 8.57,
MSe = 2.87, p = 0.005, ;712, = 0.121. There was however no significant difference
between the shorter audio-visual text and the shorter visual only text groups
F(1,67) = 1.16, MSe = 2.87, p = 0.28, nﬁ = 0.016.

Instructional efficiency calculations were conducted on test scores and subjective
cognitive load ratings for each student (see Paas et al. 2003) using the equation:

Table 2 Means and standard

deviations (in parentheses) of Groups Test scores (out of 10)
scores Experiment 1 Experiment 2
Audio-visual shorter text group 5.55 (3.56) 7.53 (2.38)
Visual only shorter text group 5.50 (3.20) 5.52 (2.81)
Audio-visual longer text group 2.57 (2.82) 4.08 (2.82)
Visual only longer text group 5.05 (2.63) 5.18 (2.63)
Rating out of 7 (1 = very easy 7 = very difficult)
Audio-visual shorter text group 3.43 (1.50) 2.10 (1.37)
Visual only shorter text group 4.05 (1.39) 2.68 (1.67)
Audio-visual longer text group 5.57 (1.74) 3.12 (1.78)
Visual only longer text group 3.85 (2.03) 3.40 (2.08)
Efficiency ratings (lower score = lower efficiency)
Audio-visual shorter text group 0.41 (1.31) 0.72 (1.10)
Visual only shorter text group 0.21 (1.16) 0.01 (1.34)
Likert subjective cognitive load Audio-visual longer text group —1.02 (1.15) —0.51 (1.33)
ratings and efficiency in Visual only longer text group 0.17 (1.25) —0.36 (1.46)

Experiments 1 and 2
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E = (Z score — Z rating) /2

where E is the efficiency, Z score is the individual score converted to a z score and Z rating
is the individual rating associated with the individual’s score converted to a Z rating

From this calculation, if a student invests very little mental load and achieves a high test
score, efficiency is considered high. If s/he scores low on the test and high on mental load,
efficiency is low. A 2 (length of text) x 2 (modality) ANOVA was then conducted on
these data. Means and standard deviations are provided in Table 2.

The results indicated a significant difference between the longer and shorter text groups
favoring the shorter text groups, F(1,67) = 6.31, MSe = 1.49, p = 0.01, 11}2, = 0.08. There
was no main effect for modality, F(1,67) = 2.90, MSe = 1.49, p = 0.09, nﬁ = 0.00, but
there was a text length by modality interaction, F(1,67) = 5.70, MSe = 1.49, p = 0.02,
1, = 0.07.

Because of the interaction, simple effects contrasts were carried out. There was a
significant difference between the longer visual and longer audio group favoring the longer
visual group F(1,67) = 8.14, MSe = 1.49, p < 0.01, nﬁ = 0.10. There was no significant
difference between the shorter visual and audio groups, F(1,67) = 0.24, MSe = 1.49,
p = 0.62, 17, = 0.002.

These results indicated a possible modality effect reversal when using long, complex
textual statements. Cognitive load and efficiency measures further indicated an excessive
cognitive load associated with lengthy, complex auditory statements. The transient nature
of such statements can be predicted to increase working memory load. Reducing the length
of the statements eliminated any suggestion of a modality effect reversal.

The reduced reported cognitive load associated with a reduction in statement length and
hence a reduction in difficulties associated with transience was not sufficient to generate a
modality effect. Using short statements resulted in only a marginal, non-significant
advantage to the audio-visual group. It can be hypothesized that the short spoken state-
ments may not have been sufficiently brief to produce a typical modality effect and that
these instructions were still too long and complex to be processed in working memory. As
a consequence, Experiment 2 further decreased the textual instructions used in the shorter
text groups. The longer text groups’ instructional material remained unchanged.

Experiment 2

Experiment 2 was identical to Experiment 1 except that the length of the shorter text
groups was reduced further. It was hypothesized that an additional reduction in text length
would reduce the difficulty associated with transience and reduce cognitive load for the
audio-visual groups sufficiently to permit a full modality effect with superior performance
by the audio-visual groups compared to the visual only groups, rather than no difference
between groups found in Experiment 1.

Method
Participants
The participants were 100 male Grade 8 students from four classes of a Sydney private

school (not the same school as in Experiment 1). The ages ranged from 14 to 15 years.
Similar to the participants in Experiment 1, the classes were un-streamed in ability levels
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(including mathematics) and, according to the senior geography teacher, had minimal
experience of reading contour maps and calculating gradients before the experiment. The
experiment was conducted in the fourth term of the school year and during the first lesson
periods of the day. The students were randomly assigned from the four Grade 8 geography
classes into four groups. Similar to Experiment 1, on the day of the experiment a number of
students from each group were unable to participate resulting in uneven groups. Thus, there
were 25 participants in the longer audio text instruction group, 22 in the longer visual text
instruction group, 28 in the short audio text instruction group, and 25 in the shorter visual
text instruction group.

Materials

The instructional materials, subjective cognitive load ratings and test for this experiment
were identical except for changes to the slide content presented to the shorter audio text
and shorter visual text groups. The longer audio text and longer visual text groups’
instructional material remained unchanged from Experiment 1.

The shorter text groups had 29 slides in Experiment 1. For Experiment 2 we again
divided the slides into shorter segments resulting in 46 slides. An example of how the
information on each slide was reduced can be seen from the change to Slide 22 from the
shorter text groups in Experiment 1. This slide was displayed as one slide containing the
text “D 140 m (H1) — E 60 m (H2)/10000 m (10 cm) = 80 m/10000 m then invert” on
the contour map. In Experiment 2 this slide was segmented into three slides reading: Slide
29 “D 140 m (HI) — E 60 m (H2)”; Slide 30, “= 80 m” and Slide 31, “80 m/10000 m
(10 cm) invert”. The other slides were segmented in a comparable fashion. Note also, for
intelligibility, as in Experiment 1, the written formulae segments on slides were retained
for the audio groups as well as being spoken.

As much as possible slide durations were kept equivalent. For example, if a single slide
with two sentences from the text content of Experiment 1 was displayed for 20 s, the
Experiment 2 text was segmented into two slides each with one sentence, displaying the
same textual information shown for a total of 20 s (see Figs. 3 and 4). Because of seg-
mentation and as outlined previously, the total word count for the shorter groups changed
to 604 words giving an average of 13.13 words per content slide. The average listening or
reading time allowable for the content in the shorter text slides was 1.10 s per word. The
total slide time presentations remained unchanged for all groups at 663 s. The same three
worked examples (including 190 s for Worked Example 3) were used as in Experiment 1.

=

‘ad\e“\ 1000 metres

“ In the ratio,

2000 metres the 1<t number is the vertical rise
and
the 2 number is the horizontal
distance

«

Fig. 3 Slide from Ex 1 Shorter visual text group
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Fig. 4 Slide from Ex 2 Shorter

. ' In the ratio the 1 number is the vertical rise
visual text group |

1000 metres

2000 metres

Results and discussion

A 2 (length of text) x 2 (modality) ANOVA was conducted on the test scores. Means and
standard deviations (the Hartley F' Max test for homogeneity of variances was not violated)
are provided in Table 2. The test scores indicated that there was a significant difference
between the longer and shorter text groups, F(1,96) = 12.63, MSe = 7.06, p < 0.01,
nﬁ = (0.120 but no main effect for modality, F(1,96) = 0.73, MSe = 7.06, p = 0.43,
7],2, = (0.006. There was a significant interaction, F(1,96) = 8.53, MSe = 7.06, p = 0.006,
n,z, = 0.077. Following the significant interaction, simple effects contrasts were carried out.
There was a significant difference between the shorter audio text and the shorter visual text
groups favoring the audio text group, F(1,96) =7.59, MSe = 7.06, p = 0.007,
nﬁ = (0.073, demonstrating a conventional modality effect. There was no significant dif-
ference between the longer visual text and longer audio text groups, F(1,96) = 2.01,
MSe = 7.06, p = 0.16, nf, = 0.020 although means favored the longer visual text group.

A 2 (length of text) x 2 (modality) ANOVA was conducted on the subjective cognitive
load ratings out of 7 using the same scale and questions as Experiment 1. Means and
standard deviations are provided in Table 2. There was a significant difference between the
shorter and longer text groups, F(1,96) = 6.31, MSe = 2.98, p = 0.01, 115 = 0.004 indi-
cating a reported lower cognitive load for the shorter text groups. There was no significant
difference due to modality, F(1,96) = 1.54, MSe = 2.98, p = 0.218, nﬁ = 0.005, nor was
there a significant text length by modality interaction, F(1,96) = 0.168, MSe = 2.98,
p = 0.68, 1, < 0.001.

Instructional efficiency calculations were conducted on test scores and subjective
cognitive load ratings for each student using the same model and procedure as in Exper-
iment 1. A 2 (length of text) x 2 (modality) ANOVA was conducted on these data. Means
and standard deviations are provided in Table 1. There was a significant difference
between the longer and shorter groups, F(1,96) = 9.39, MSe = 1.70, p < 0.01, nﬁ = 0.09,
but no significant effect due to modality, F(1,96) = 1.12, MSe = 1.70, p < 0.29,
;712, = 0.01, nor a significant interaction, F(1,96) = 2.66, MSe = 1.70, p = 0.10,
= 0.02.

This experiment found a significant interaction on test scores due largely to a modality
effect using shorter text lengths and to a lesser extent, due to a non-significant, modality
effect reversal using longer text lengths. Subjective ratings of difficulty and efficiency
measures indicated that shorter texts were described as easier than longer texts. No sig-
nificant effects due to modality nor a text length by modality interaction were reported.
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General discussion

The two experiments tested several hypotheses. First, we tested the hypothesis that a
modality effect reversal or no modality effect would be obtained using long, high element
interactivity verbal statements. When presented in spoken form, such statements were
hypothesised to impose a heavy extraneous cognitive load. While a significant test length
by modality interaction was not obtained, a modality effect reversal was suggested in
Experiment 1 with visual only presentations obtaining higher test scores than audio-visual
presentations. This result was largely due to the reduced performance of the long, audio-
visual group. A similar pattern was obtained in Experiment 2 but the difference between
the long, audio-visual group and the long visual only group was not significant.

Second, we tested the hypothesis that shorter, simpler statements would produce a
conventional, modality effect with audio-visual statement facilitating learning compared to
visual only statements. That result was obtained in Experiment 2 using very short verbal
statements. Somewhat longer verbal statements in Experiment 1 did not yield a modality
effect, probably because they were too long and complex.

Third, we hypothesized that this interaction between modality of presentation and
statement length and complexity was due to cognitive load factors with the transient nature
of long, complex, auditory statements increasing working memory load and so reversing
the modality effect. Experiment 1 indicated an interaction between modality and statement
length on subjective ratings of task difficulty and efficiency scores, largely due to the
reported higher cognitive load ratings of the long, audio-visual group compared to the long,
visual only group. Experiment 2 indicated lower cognitive load ratings by the audio-visual
groups than the visual only groups. This result was expected for short statements but we
expected the reverse results for longer statements to match the findings of Experiment 1.
That result was not obtained.

While the results in general supported our hypotheses, we obtained no significant dif-
ference due to modality in Experiment 1 and a modality effect in Experiment 2. We had a
failure of reported subjective ratings to support the performance data of Experiment 2.
With respect to the inability to find a modality effect in Experiment 1, we obtained strong
evidence from Experiment 2 that the length of the short statements in Experiment 1
prevented the modality effect from occurring. Reducing the length of the statements in
Experiment 2 compared to Experiment 1 resulted in a conventional, modality effect.

The failure to obtain a modality effect reversal in Experiment 2 was due to the expected
difference between the long audio-visual and long visual only groups not reaching sig-
nificance. Using the same material in Experiment 1 indicated very poor performance by the
long audio-visual group.

There were two reasons the participants of Experiment 2 may have performed relatively
better in the long, audio-visual condition than the participants of Experiment 1 and so
eliminating a modality effect reversal. First, Experiment 2 was run in Term 4 of a 4 term
year while Experiment 2 was run in Term 2. The additional age (about half a year) and
experience of the Experiment 2 participants may have allowed them to process the auditory
material better than the participants of Experiment 1. In addition, the participants of
Experiment 2 came from a school that tended to obtain higher academic results in national
tests than the participants of Experiment 1, a fact that again may have assisted them in
dealing with the transient information of the long, audio-visual text. A comparison of the
test performance (Experiment 1 school mean = 4.66 and Experiment 2 school
mean = 5.60) and cognitive load means (Experiment 1 school mean = 4.20 and
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Experiment 2 school mean = 2.82) supports this explanation. Thus, it may be that the
transient, longer auditory text for the Experiment 2 cohort was not sufficiently long or
complex to overwhelm learners’ working memory. We know from previous research
studies in many areas of cognitive load theory that often an effect may not be obtained
because the levels of expertise of the students do not match the materials used (see Kalyuga
2007 for a review).

We had expected that the modality effect using the shorter texts of Experiment 2 would
be associated with supporting measures from the subjective ratings. Such support was
obtained in Experiment 1 and has been obtained previously (e.g. Paas et al. 2003). While
the means in Experiment 2 were in the expected direction, the differences were not sig-
nificant. At this juncture, we do not have an adequate explanation for the subjective rating
scales of Experiment 2 failing to accord with our hypotheses.

We have suggested that (1) the transient information effect can provide a good
explanation of both failures to obtain the modality effect and explain the modality effect
reversal and (2) the present data and previous work by several authors provide a better
explanation of failures to obtain the modality effect than explanations based on learner or
machine control of pacing.

A limitation of the studies is that we did not test the effects of manipulating learner and
machine control of pacing (see Schmidt-Weigand et al. 2010; Tabbers et al. 2004). In
addition, more contemporary measures of cognitive load could be used. Adding the
original two longer visual instructions from Experiment 1 to the shorter versions of
Experiment 2 making a six group single study may also be valuable. Such experiments
would be appropriate for future research.

Conclusions

Audio-visual presentations have the potential to substantially improve instruction. Nev-
ertheless, we should not assume that because instruction can be presented audio-visually it
always should be. The current experiments indicate there are some conditions when an
audio-visual presentation has negative consequences. There are other conditions when an
audio-visual format has considerable benefits. Through the transient information effect,
cognitive load theory can be implemented to indicate when an audio-visual format is called
for and when it should be avoided.

Our results suggest that when dealing with multiple sources of information that refer to
each other and cannot be understood in isolation, presenting the information in an audio-
visual format is likely to be beneficial providing that verbal information is relatively simple
and short. As verbal information increases in complexity and length, the advantage of
audio-visual information decreases and eventually reverses. At that point verbal infor-
mation should be presented in written form. Clearly, we need to be wary of using
instructional technology to transform permanent information into transient information that
can result in an overwhelming cognitive load that prevents understanding and learning.
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Appendix 1

The 10 questions used in Ex 1 & Ex 2
USE MAP 1 TO ANSWER THE QUESTIONS ON THIS PAGE

Distances are on the line.
Q1 What is the lowest contour on the map?
Q2 What is the highest contour?
What are the gradient ratios for the lines:-
Q3 EF
Q4 AB
Q5 GK
Q6 CD
Q7LH -
QS8 Is the gradient ratio for S to T a. lower b. higher or c. the same as S to N?
USE MAP 2 TO COMPLETE THE FOLLOWING
Q9 Look at the line AB.
The 15cm line commences at A and ends at a lower point B.
The gradient ratio for AB is 1:150

Write down a correct lower height in metres for the contour line at B.

Q10 The line from point C to point D has a gradient ratio of?

Appendix 2

Subjective cognitive load rating scale used in Ex 1 & 2.

Rate how easy/difficult you found this presentation to understand with an X

1 2 3 4 5 6 7

Very easy Easy Moderately Not easy nor difficult Moderately difficult Difficult Very difficult
easy
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Appendix 3

For the longer audio text and longer visual text groups times in seconds (s) and number of
words for each slide viewing time in Experiments 1 & 2 (to nearest whole number).

Slide 1: 60 s (74 wds), Slide 2: 15 s (16 wds), Slide 3: 24 s (26 wds), Slide 4: 34 s (39
wds), Slide 5: 70 s (55 wds), Slide 6: 90 s (75 wds), Slide 7: 90 s (75 wds), Slide 8: 190 s
(10 wds—a question) and Slide 9: 90 s (75 wds—the answer).

Appendix 4

For the shorter audio text and shorter visual text groups. Times in seconds (s) and number
of words for each slide viewing time- (to nearest whole number) in Experiment 1.

Slide 1: 11 s (10 wds), Slide 2: 12 s (17 wds), Slide 3: 13 s (14 wds), Slide 4: 12 s (19
wds), Slide 5: 12 s (13 wds), Slide 6: 15 s (16 wds), Slide 7: 10 s (7 wds), Slide 8: 13 s (20
wds), Slide 9: 13 s (13 wds), Slide 10: 12 s (18 wds), Slide 11: 10 s (9 wds), Slide 12: 25 s
(23 wds), Slide 13: 10 s (21 wds), Slide 14: 35 s (24 wds), Slide 15: 7 s (10 wds—a
question), Slide 16: 16 s (15 wds), Slide 17: 35 s (23 wds), Slide 18: 14 s (14 wds), Slide
19: 18 s (11 wds),

Slide 20: 7 s (10 wds—a question), Slide 21: 16 s (15 wds), Slide 22: 35 s (23 wds),
Slide 23: 14 s (14 wds), Slide 24: 18 s (11 wds), Slide 25: 190 s (10 wds—a question),
Slide 26: 18 s (15 wds), Slide 27: 38 s (23 wds), Slide 28: 16 s (14 wds) and Slide 29: 18 s
(11 wds).
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