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ABSTRACT

Thiswork is concerned with the issue of user performance with audio interfaces. We examine how
people perform when assigned with simple purely audio tasks. We define 'user performance’ as the
ratio of correct score divided by the time to complete the task. A test was devised to examine how
the user cognitive style classification is related to user performance when dealing with audio tasks.
Performance was significantly different between all tasks except for two cases. Subjects performed
best where the level of cognitive demands placed on them were low and prefer questions that use
‘Speech’ rather than ‘Non-Speech’. Cognitive style was not found to be a significant factor

influencing performance where all subjects performed well, but the Verbal-Imagery dimension was

found to be asignificant factor for the more complex tasks.



This paper reports on an experiment that examines how subjects perform in a number of simple tasks
using audio. Performance was measured in terms of time taken to answer a series of questions and the
number of correct answers scored. There were two main aims for conducting the experiment. The first aim
was to identify the relative performance of subjectsin all types of task. The second aim wasto determine
whether performance differences between the subjects was attributable to their cognitive style. The
Cognitive Styles Analysis (CSA) classification of individuals (Riding 1991) was used to classify the
cognitive style subjects. The results of the experiment have implications for the interface design of
adaptive and non-adaptive computer systems.

The experiment was part of the Telecare Companion project (John, Jerrams-Smith et al. 1998) that was
investigating how multimedia computer systems could automatically adapt aspects of the interface to suit
the needs of individual users, and the nature of the task. The emphasis of the Telecare Companion project
is on identifying the influence of the emerging multimedia technologies, including how different media can
be used in the interface, and what different adaptive strategies can be followed by using different media.

Computer systems can automatically adapt to individual users by determining the most appropriate
manner to interact with users based on what it ‘knows' about the individual users using information held
in the user models (Benyon and Murray 1993; Brusilovsky 1996; ElsomCook 1993; Self 1988). Using
techniques such as the explanation variants technique (Beaumont 1994; Bocker, Hohl et a. 1990; Hohl,
Bocker et al. 1996) a computer system selects the piece of information from a number of different versions
of the same information that is most appropriate for theindividual.

By analysing the results of the audio experiment it may be possible to derive genera
recommendations for developers of multimedia computer systems by identifying audio tasks for high
performance. Also the results would determine whether there is any value in preparing alternative versions
of the same information that useaudio to suit different cognitive styles. Where cognitive styleisfound to
effect the performance of subjects there is a potential benefit in adapting computer systems to suit the
cognitive style of users.

This paper first describes how the audio experiment was designed. Next the results are presented,
including the difference in subjects’ performance between the tasks and the difference in performance
between the cognitive style groups within each task. Finally some of the issues identified by analysingthe

results are discussed in more detail.



DESIGN OF THE AUDIO EXPERIMENT

The experiment was testing subjects’ perception of audio information that was being presented by a
multimedia computer system. Subjects were first presented with audio information and their understanding
of the information was tested using a multimedia interface. Questions were asked using audio but subjects
entered answers by clicking on possible answers represented by either text or images.

In order to examine differences in the performance of subjects using audio awide range of tasks were
used. The main division in the types of audio questions asked in the experiment was between the * Speech’
(‘S’) questionsthat use language, and the ‘Non-Speech’ (‘NS’) questions that do not use language.

The 'S questions involved simple comparison questions, comprehension questions and
mathematical questions. The comparison questions required subjects to consider two words and
determine whether they were the same type or colour. There were two categories of words used in the
experiment; concepts and objects. The comparison of concepts questions contained words that were not
objects, such as ‘Rugby’ and ‘Tennis', while the comparison of objects questions described the
appearance of objects such as ‘mug’ and ‘cup’. In the comprehension questionssubjects first heard a set
of procedural instructions, such as directions and distances between landmarks in a town, and were then
asked a set of multiple-choice questions about details of the information, such as how the landmarks relate
to each other geographically. The mathematical questions asked subjects to perform simple addition,
multiplication and division cal culations.

The ‘NS’ questions examined how individuals perceive sound that does not contain words. Tasks
were prepared to examine the major phenomenological aspects that effect the perception of sound.
Aspects of the perception of sound that were considered included pitch (the frequency of the sound
wave), loudness (or intensity), timbre (the difference between two different instruments playing at the
same pitch and frequency), consonance and dissonance (two or more tones played simultaneously), and
location (where the sound is coming from) (Gross 1992; Goldstein 1989; Handel 1993). Subjects
perception of timbre, consonance and dissonance were examined by testing their ability to recognise
musical instruments and sound effects. A number of musical instruments were played to subjects with
consistent pitch, loudness and location and then subjects were then asked to identify individua

instruments, or two instruments playing together by selecting the answer form a multiple-choice list.



Subjects were also asked to identify sound effects by selecting the image that represented the source of

the sound.

RESULTS OF THE EXPERIMENT

The experiment was performed using fifty subjects who were selected at random from the staff and
students of Bournemouth University using a multimedia PC. The performance of each subject was
measured by recording the number of questions they answered correctly and the amount of time in
seconds that they took to answer each question. The measurement of duration recorded subjects’ reaction
time in answering questions and not the time spent listening to the questions.

In order to conmpare the relative performance of subjects between each task a number of calculations
had to be performed on the results. Scores were calculated as the percentage of questions answered
correctly and duration figures were calculated as the average time taken to answer one question. Viewing
score or duration alone may give a distorted view of overall performance as a subject who achieved a high
score may have taken along time to answer the questions, and a subject who completed the task in a short
time may have alow score. Therefore, a performance measure has been devised that combines the score
and duration to provide an overall measure of performance. For each subject scores are divided by
duration to form a performance ratio. For subjectsto have a high performance ratio they have to score high
in a short duration. Where all subjects scored a similar amount differences in the performance of subjects
are magnified by dividing the scores by the duration. However, where there is a wider variation between
the scores of subjects the effect islessened by dividing the scores by the duration.

The audio questions were divided into ‘'S and ‘NS’ type questions and so it was important to
compare the relative performance of subjects in both types of questions. In order to assess how subjects
performed giving equal weight to both the ‘'S and ‘NS questions an average was calculated. For all
subjects the following cal cul ations were performed:

1. 'S Questions Score = aSI/N1 %

2. ‘S Questions Duration = 4D1/N1

3. ‘S Questions Performance Ratio = 4S1/D1

4. ‘NS Questions Score = 4S2/N2 %

5. ‘NS Questions Duration = 4D2/N2

6. ‘NS Questions Performance Ratio =8 S2/D2

7. Average Score = & ((SI/N1) + (S2/N2))/2 (%)

8. Average Duration = & ((D1/N1) + (D2/N2))/2)

9. Average Performance Ratio = Average Score / Average Duration

Where;



Sl isthe sum of correctly answered ‘S’ questions

S2 is the sum of correctly answered ‘NS’ questions

D1 isthe time taken to complete all the ‘S’ questions
D2 isthe time taken to complete all the ‘NS’ questions
N1 isthe number of ‘'S’ questions

N2 is the number of ‘NS’ questions

Relative performance between the tasks

Comparing the relative performance of subjects between the tasks would identify the types of task in
which subjects perform relatively well using audio and the types of task in which subjects perform
relatively badly using audio. Whileit is not possible to determine whether audio is more or less suited than
other mediafor each type of task these results will provide developers of multimedia computer systems an
indication of the expected performance of userswith each type of task when using audio.

The mean performance ratios for all subjectsin all of the audio tasks are shown in the following table:

Table 1
Mean Performance Ratios For All A udio Experiment Tasks

Table 1 shows the mean performance ratios, number of subjects and standard deviations for all
subjects for all types of question. The “All Questions” row shows the results for all types of question.
The next two rows show the results split into the ‘S questions and ‘NS’ questions, while the next row
shows the average between them. The next seven rows show the performance results for the individual
tasks.

Comparing all subjects mean performance ratios for the ‘S questions and ‘NS’ questions using a t-
test for related samples (Howell 1995) show that the two sets of results are significantly different from each
other (t = -10.99, df = 49, p = 0.00). Therefore subjects performed significantly better with the‘S questions
than the ‘NS’ questions, achieving a mean performance ratio of 11.12 for ‘'S questions compared to 7.54
for ‘NS’ questions.

The relative performance of subjects in each type of task can be ranked as follows (in descending
order):

1. Comparison of objects questions
2. Comparison of conceptsquestions

3. Identification of sound effectsquestions



4. Mathematics questions
5. Identification of one musical instrument questions
6. Procedural questions

7. Identification of two musical instrument questions

The ranking order has to be amended after comparing each set of performance ratios against each
other using ttests. It is not possible to rank two types of task if the results of each task are not
significantly different from each other. The results of the top three types of question were found to be
significantly different from each other, i.e. the results of the comparison of objects questions were
significantly different from the results of the comparison of concepts questions (t = 6.12, df =49, p = 0.00),
and the results of the comparison of concepts were significantly different from the identification of sound
effects questions (t = 2.42, df = 49, p = 0.02). The results of the identification of sound effects questions
were not significantly different from the results of the mathematics questions (t = -1.48, df =49, p=0.15).
The results of the mathematics questionswere significantly different from the results of theidentification
of single instrument questions (t = 2.03, df = 49, p = 0.05). The results of the identification of single
instrument questions were not significantly different from the results of the procedural questions(t = -
1.45, df = 49, p = 0.15). Theresults of the procedural questionswere significantly different from the results
the identification of two musical instrument questions (t = -10.62, df = 49, p = 0.00). Therefore there isno
distinction between the results of the identification of sound effects questions and the results of the
mathematics questions tasks ranked 3 and 4, and there is no distinction between the results of the
identification of single instruments questionsand the procedural questionsthat are ranked 5 and 6.

The relative performance of subjects in each type of task can be revised as follows (in descending

order):
1 Comparison of objects questions
2 Conparison of concepts questions
3. Identification of sound effects questions and M athematics questions
4. Identification of one musical instrument questionsand Procedural questions
5. Identification of two musical instrument questions

The implications of the relative ranking of tasks are discussed in Section 4.



Results by cognitive style

Section 3.1 established that the performance of subjects was significantly different between all of the
tasks except in two cases. This section attempts to determine whether the performance of subjects within
each task varies as a function of the subjects’ cognitive style. Where the performance of subjects in
different cognitive style groups are significantly different then cognitive style is a major determinant of

performance.

Cognitive styles analysis

A cognitive style is the consistent underlying method and thinking and perceiving that affects the
way in which an individual perceives and responds to events and ideas (Tennant 1988; Riding and
Cheema 1991). Cognitive styles appear to be constant throughout an individual’ s lifetime and there may be
aphysical basisfor them (Riding 1994; Riding, R. J., Glass et a. 1997).

The CSA package (Riding 1991) is a computerised test that calculates a person’ s cognitive styleas a
function of two independent dimensions, the Wholist-Analytic dimension and the Verbal-Imagery
dimension. The Wholist-Analytic dimension determines whether people understand situations as awhole,
or as see things in parts. Wholists tend to understand situations as awhole and may not distinguish
between the parts while Analytics tend to see the situation as a collection of parts instead of the overall
context. The Verbal-Imagery dimension determines whether individuals are out-going and verbal, or more
introverted and think in terms of mental pictures or images (Riding 1994). The Wholist-Analytic dimension
affects the way individuals make sense of the structure of information (the sequence in which pieces of
information are presented) and the Verbal-Imagery dimension affects the way individuals understand the
mode of presentation (the mix of text and images) (Riding 1996).

Three categories are defined along the Wholist-Analytic dimension (Wholist, Intermediate and
Analytic) and three categories are defined along the Verbal-Imagery dimension (Verbaliser, Bimoda and
Verbaliser). The two dimensions are independent of each other but combined form a grid with nine

sections (Riding 1991).



Anindividual’s cognitive style is automatically calculated by the CSA program from their responses
in a number of simple questions (number of correct answers and response time). There are a number of
guestions designed to represent all cognitive styles. From the relative performance in each type of
guestion the individual’ s position along each dimension can be calculated. The individual’ s position along
the Wholist-Analytic dimension is assessed using geometrical shapes. Wholists perform relatively better
at identifying whether pairs of complex geometric figures are the same or different, while Analytics perform
relatively better at identifying whether simple geometrical shapes are contained in more complex
geometrical figures. The questions that assess the individual’s position along the Verbal-lmagery
dimension use a number of statements that have to be judged true or false. Verbalisers perform relatively
better at statements that contain information about conceptual categories while Imagers perform relatively

better at statements that describe the appearance of objects (Riding and Staley 1998).

Cognitive Style Of Subjects

The fifty subjects who undertook the audio experiment also undertook the CSA test. In order to
simplify the analysis of the experiment, as performed in other experiments (Riding and Sadler-Smith 1992),
the cognitive style dimensions were divided into two halves not three (Figure 1). This gave afairly even
division of subjects between the two halves of the Wholist-Analytic dimension (23 Wholist subjects and
27 Analytic subjects), with a slightly more uneven division of subjects between the two halves of the

Verbal-lmagery dimension (21 Verbaliser subjects and 29 Imager subjects).

Figure 1. Cognitive Style Of Subjects Scatter Graph

The solid linesin figure 1 show the original CSA divisions while the broken lines show the divisions
of the simplified categories. The WA_RATIO label refersto the Wholist-Analytic dimension and the

VI_RATIO label refersto the Verbal-Imagery dimension.

Table 2
Cognitive Style of Subjects (original categories)

Table 3
Simplified Cognitive Style of Subjects



As shown table 2 and table 3, less than half of the subjects were within the middle section of either
dimension, however, more than half the subjects were in the middle section of at least one dimension.

Figure 1 identifies one extreme Analytic subject along the Wholist-Analytic dimension.

Results Of All Questions

The descriptive results for each cognitive style group (the mean performance ratios of each group,
the number of subjects in each group, and the standard deviation of each group) and the statistical
significance of the descriptive results are presented for all the different question types in separate tables.
The descriptive result tables are shown in two parts. The first part shows the results viewed from the two
dimensions (the Wholist-Analytic dimension, and Verbal-lmagery dimension) and the mean results of al
fifty subjects (* Total’). The second part shows the results of the four quadrants formed by combining the
two dimensions (Wholist/Verbalisers are labelled WV, Wholist/Imagers are labelled WI,
Analytic/Verbalisers are labelled AV and Analytic/Imagers are labelled Al). Thefiguresin bracketsare
therelative rankings of the cognitive style groups. Wholists are ranked against Analytics, Verbalisers are
ranked against Imagers, and the cognitive style quadrants are ranked against each other.

Table 4
All Audio Questions Performance Ratios

Table 4 shows the subjects’ performance ratios for all the questions asked in the audio test. While
examining each cognitive style dimension individually Wholists performance ratio (9.50) is higher than the
Analytics (9.15) and the Verbalisers performance ratio (9.32) is higher than the Imagers (9.30). This
suggests that Wholists performed better than Analytics and Verbalisers performed better than Imagers.
However, when dividing the sample into the four quadrants that are formed by combing the two
dimensions Verbalisers do not always perform better than Imagers. While Verbalisers perform better than
Imagers overall the Wholist/Imagers perform better than the Wholist/V erbalisers. This result shows that it
is not always possible to draw conclusions by analysing the results of one dimension in isolation as the

influence of the other dimension can also effect the results.



When comparing the descriptive resultsit is possible to rank the different cognitive style groups by
their performance, however, the mean results do not establish whether the results of one group are
significantly different from the results of another group. Therefore the Analysis of Variance (ANOVA)
technique was used to calculate the between-subjects effects in order to determine whether the cognitive
style has a significant influence on the results. For each cognitive style dimension where thereisa0.05 or
less level of significance in the between-subjects effects then it is highly unlikely that the relative ranking
of the cognitive style groups was caused by random chance.

The between-subjects effects test the significance of the differences between the results of each
cognitive style dimension. For the Wholist-Analytic dimension (*WA") and the Verbal-Imagery dimension
(*VI') the table shows the degrees of freedom (‘df’), the F statistic, the level of significance (‘Sig’), Eta
squared and the observed power of the test. The Eta squared value measures the magnitude of effect, or
the degree to which the variance in the results of subjects can be attributed to the cognitive style group to
which they belong (Howell 1995). The results of the Observed Power test whether there is possibility of a
Type Il error of concluding that there is no significant difference between the samples where there is one.
This value is calculated as 1 minus the probability of error, so the closer to 1 the value the less the

probability of an error (Howell 1995).

Table 5
Between-subj ects Effects For All Audio Questions Performance Ratios

The between-subjects effects for all audio questions performance ratios (Table 5) were examined to
test the significance of the differences between the results of each cognitive style dimension. The
significance figures for both the both dimensions was above the 0.05 significance level and so while the
descriptive results indicate that Wholists performed better than Analytics and Verbalisers performed
better than Imagers there was no significant differences between the distribution of results for the either
half of both dimensions. The Eta squared figures for both dimensions were very low which indicates that
variance in the results are not due to cognitive style of subjects. The results of the Observed Power,
however, are also low which suggests that thereis a strong possibility of atypell error.

The one-way ANOVA post-hoc Tukey multiple comparison test was performed in order to determine

whether the results of each of the cognitive style quadrants were significantly different from each other.
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Table 6
All Audio Questions Tukey Multiple Comparisons By Cognitive Style

Table 6 shows the results of the Tukey calculations for all audio questions. Results of each cognitive
style quadrant (I) are compared to the results of the other three quadrants (J) in turn. For the results of two
cognitive style quadrants to be significantly different the significance value should be 0.05 or less. In the
above table none of the cognitive style quadrants are significantly different from any of the others.

The results of each cognitive style can be ranked against each other using the descriptive results,
but the ANOVA results suggest that the results could be due to random chance. However, the low
observed power of the test stops us from concluding that cognitive style has no effect on the results. One
factor influencing this result may have been the combined effect of averaging the results of the different
tasksthat are suited for different cognitive styles. More significant differences between the cognitive style
groups may be detected by examining more the different types of task. The next section analyses the

resultssplitinto the'S and ‘NS’ questions

Comparison Of ‘Speech’ And ‘Non-Speech’ Question Results

The relative results of the 'S’ (Table 7) and ‘NS (Table 8) questions show that performance of
subjects using audio is not consistent for all the cognitive style groups as performance is dependant on
the type of question. Also the type of question that subjects perform better at corresponds to what is
expected for their cognitive style (i.e. Verbalisers perform better at 'S’ questions and the Imagers perform

better at the ‘NS’ questions).

Table 7
‘ Speech’ Questions Performance Ratios

Table 8
Simplified Cognitive Style of Subjects

Asdiscussed in section 3.1, all subjects performed better at the ‘S’ questions than the *‘NS'. Wholists
had better performance ratios than Analytics in both the 'S and ‘NS questions despite the fact that

Analytics scored more correct answersin both cases. The stronger influence on performance ratio appears
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to have been the Verbal-Imagery dimension as in the ‘S questions (Table 7) subjects in the Verbaliser
quadrants performed better than the subjectsin the Imager quadrants regardless of their Wholist-Analytic
classification. Conversely, in the ‘NS questions (Table 8) subjects in the Imager quadrants performed
better than Verbalisers regardless of their Wholist-Analytic classification. Within both the Verbaliser and
Imager quadrants the subjects in the Wholist quadrants (1% and 3%) performed better than the subjectsin

the Analytic quadrants (2" and 4").

Table 9
Average ‘ Speech’ /’"Non-Speech’ Questions Performance Ratios

Averaging the results of the*S'/’"NS’ questions (Table 9) did not change the relative rankings of the
cognitive style groups from the results of all the audio questions (Table 4). There were more S’ questions
than ‘NS’ questions in the complete test and so the average shifted the overall results (Table 4) towards
the ‘NS results (Table 8).

The performance ratios for the average ‘S and ‘NS questions (Table 9) show that Wholists
performed better than Analytics regardless of their Verbal-Imagery classification. The performance of the
Verbalisers and Imagersin the quadrants was more varied as the Wholist/Imagers performed best while the

Analytic/Imagers performed worst.

Table 10
Between-subjects Effects For * Speech’ Questions Performance Ratios

Table 11
Between-subj ects Effects For * Non-Speech’ Questions Performance Ratios

Table 12
Between-subj ects Effects For Average * Speech’ / *Non-Speech’ Questions Performance Ratios

For the*S' questions (Table 10) the ‘NS questions (Table 11) and the average ‘S / ‘NS’ questions
(Table 12) there were no significant differencesin the subjects’ performance ratios between the different
cognitive style groups. Similarly, the results of the Tukey multiple comparison testsfailed to find
significant differences between the results of the cognitive style quadrants. This would suggest that there

are no significant differences between the performance of results of cognitive style groups. The Eta

11



squared figures were low and did not indicate that the variance of the results was due to the cognitive
style group that subjects belonged to. The low observed power values (lessthan 0.12 in all three of the
abovetables), however, suggest that there is a strong possibility that atype Il error may have occurred in

this case.

Table 13
Repeated M easures Between-subjects Effects Comparing * Speech’ with * Non-Speech’ Questions
Performance Ratios

In addition to the ANOVA calculations the individual types of task a General Linear Model Repeated
M easures cal culation was performed comparing theresults of ‘S questionswith the*NS' questions (Table
13). A significant result of 0.05 or less occurs where the performance of subjects in both tasks is
significantly influenced by cognitive style, and the effect is significantly different in either task (e.g. where
Verbalisers perform significantly better than Imagers in one task, and significantly worse in the other).
Table 13 does not reveal that the way cognitive style effected subjects performance in the ‘S guestions
was associated with a corresponding effect in the ‘NS’ questions. This result was not unexpected as the
between-subjects effects for the ‘'S and ‘NS questions did not reveal any significant differences in
performance for either types of task.

Theresultsof ‘S, ‘NS and average ‘SINS' questions like the all questions section do not show any
significant differences between the results of the cognitive style groups. Again, however, itis not possible
to declare that there were no significant differences between the results of the cognitive style groups
because of the low observed power of the test. While examining the results for the totals of each types of
task no significant differences between the performance of the cognitive style groups were detected. In
the next two sections the results of the individual tasks are examined to discover if any significant results

were hidden when aggregating the results.

‘Speech’ Questions

The ‘S questions contained comparison questions, comprehension questions and mathematics
questions. It was expected that Verbalisers would perform better at the questions that compared concepts

and Imagers would perform better at the questions that compared objects (Riding 1991; Riding 1996).
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Table 14
Comparison Of Concepts Questions Performance Ratios

Table 15
Comparison Of Objects Questions Performance Ratios

The relative performance of the Verbalisers and Imagers show a clear preference for the type of
guestions designed to be suited for their cognitive style. In the comparison of concepts questionsthe
Verbalisers scored more than the Imagers, took less time than the Imagers and had higher performance
ratio than the Imager subjects (Table 14). Similarly, in the comparison of objects questions the Imagers
scored more than the Verbalisers, took less time than Verbalisers and had higher performance ratio than
Verbaisers (Table 15).

Table 16
Between-subj ects Effects For Comparison Of Concepts Questions Performance Ratios

Table 17
Between-subj ects Effects For Comparison Of Objects Questions Performance Ratios

The analysis of the between-subjects effects did not find any significant differences between the
results of the cognitive style groups for either the comparison of concepts questions (Table 16) or the
comparison of objects questions (Table 17). Similarly, the results of the Tukey multiple comparison tests
failed to find significant differences between the results of the cognitive style quadrants. The Eta squared
figures for the Verbal-Imagery dimension in the comparison of objects questions were low and did not
suggest that the variance in the results was due to cognitive style. The observed power figures were low
in both tables which also indicates that there is a possibility of atypell error.

Although no significant effects were detected for the results of the performance ratios there was a
marginally significant difference in the number of correct answers in the comparison of concepts questions
for the Wholist-Analytic dimension (F = 2.80, df = 1, p = 0.10). The Eta Squared value was low (0.06) but
the observed power level was fairly low (0.37). Analytics scored a Mean of 74.07% compared to the
Wholist Mean score of 70.65%. This effect showed that subjects Wholist-Analytic classification was
influencing their performance although there was no significant effect on the Verbal-Imagery dimension

where an effect was expected to be seen.

1A



Table 18
Repeated M easures Between-subj ects Effects Comparing Concepts with Objects Questions Performance

Ratios

The General Linear Model repeated measures cal culation was performed to compare the results of the
comparison of concepts questions and the results of the comparison of objects questions (Table 18).
Although the descriptive results showed that Verbalisers performed better than Imagers at the comparison
of concepts questions (Table 14) and Imagers performed better at the comparison of objects questions

(Table 15) thiswas not asignificant effect (Table 18).

Table 19
Procedural Questions Performance Ratios

In the procedural questionsthere was awider range of scores than the overall audio questions, and
so the scores influenced the performance ratio more than the duration figures (Table 19). The Analytics
scored more than Wholists and although they took longer than the Wholists they had a better
performance ratio. Verbalisers scored more than the Imagers, took less time to answer the questions and
had a better performance ratio than the Imagers. This result was as expected because words were being
used in the questions (Riding 1996). Subjectsin the Verbaliser quadrants also scored more than the Imager
guadrants, took less time than the Imager quadrants and had better performance ratios than the Imager

quadrants.

Table 20
Between-subjects Effects For Procedural Questions Performance Ratios

The between-subjects effects analysis for the procedural questions produced a significant result for
the Verbal-Imagery dimension (F = 5.07, df = 1, p = 0.03). The Eta squared value and the observed power
value were also relatively high compared to all the other results in this experiment (Eta squared = 0.10,
Observed Power = 0.60) which supports this finding. Verbalisers performed better than Imagers (Table 19)
and their results were significantly different from each other (Table 20). The results of the Tukey multiple
comparison tests, however, failed to find significant differences between the results of the cognitive style

quadrants.
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Table 21
Mathematics Questions Performance Ratios

The results of the Mathematics questions (Table 21) do not show that either cognitive style
dimension is more dominant than the other in influencing subjects’ results. Scores for all the cognitive
style categories were high and so the duration figures had more influence on determining the performance
ratios. The Wholists scored more than Analytics, took less time to complete the questions and had a
higher performance ratio. The Imagers scored more, but the Verbalisers took less time and had the higher

performance ratio.

Table 22
Between-subj ects Effects For Mathematics Questions Performance Ratios

The analysis of the between-subjects effects also does not find any significant difference between
the results of the different cognitive style groups (Table 22).

In al type of ‘S questions Analytics scored more correct answers than Wholists (except for
mathematics questionsin which the score of both Wholists and Analytics was high), but took longer and
had better performance ratios (except the mathematics questions and the comparison of objects
questions). Inall ‘S’ questions Verbalisers were faster than Imagersand the performance ratios were better,
except for the comparison of objects questions

Not all the results of the individual types of 'S’ questions were significantly different, but there were
indications that subjects’ cognitive style was influencing performance. Verbalisers performance ratios in
the procedural questions were significantly higher than the Imagers, and Analytics scored (marginal)
significantly more correct answers than Wholists in the comparison of concepts questions. In addition it is
not possible to declare that there were no significant differences between the results of the cognitive style
groups in the other ‘S tasks because of the low observed power of the test. Significant differences
between the performance ratios of the cognitive style groups were not identified in the comparison of
concepts questions, the comparison of objects questions and the mathematics questions where
performance was high for all subjects (see Section 3.1). There was a significant difference between the
performance ratios of the cognitive style groups in the procedural questionswhere the performance of all

subjects was not so uniformly high and there was more variation in the performance of subjects. In the
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next section the results of the individual ‘NS’ tasks are examined where overall performance was relatively

lower and there may be more possibility of detecting significant effects.

‘Non-Speech’ Questions

Table 23
Identification of 1 Instrument Questions Performance Ratios

Table 24
Identification of 2 Instruments Questions Performance Ratios

In both the identification of one (Table 23) and two (Table 24) musical instruments questionsthe
Analytics have higher performance ratios than Wholists and |magers have higher performance ratios than
Verbalisers. Analytics scored more than the Wholists, and although the Wholists took less time the
Analytics had higher performance ratio. Similarly the Imagers scored more than the Verbalisers, and
although the Verbaliserstook less time the Imagers had higher Performance Ratio.

For the identification of two instruments questions the scores were quite low for all subjects and
there was a wide variation throughout the cognitive style categories and so score more influence than the
duration figures in determining the performance ratios. In both the identification of one and two

instruments questionsneither dimension had more influence over the performance of subjects.

Table 25
Between-subjects Effects For Identification of 1 Instrument Questions Performance Ratios

Table 26
Between-subjects Effects For Identification of 2 Instruments Questions Performance Ratios

For the recognition of one instrument questionsthe analysis of the between-subjects effects did not
find any significant differences between the distribution of the subjects performance ratios in the different
cognitive style groups in the significance or Eta squared figures (Table 25). The observed power figures
for the identification of one instrument questionswere very low for both dimensions indicating thereisa
possibility of atypell error.

There was a marginally significant result in the identification of two instrument questions (Table 26)

in the Verbal-Imagery dimension (F = 3.62, df = 1, p = 0.06). The Eta squared value of 0.07 was dlightly
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higher than most of the resultsin this experiment but is still low. The observed power value of 0.46 shows
there is a probability of error is just under half. The effect of cognitive style in the identification of two
instrument questionsis significant for the Verbal-lmagery dimension when looking at the score (F = 4.86,
df =1, p=0.03, Eta Squared = 0.1, Observed Power = 0.58).

The identification of two instrument questions also showed a marginally significant result between
the cognitive style quadrants. Subjects’ scores in the Wholist/Verbaliser quadrant (30.00%) were
marginally significantly different from the subjects’ scores in the Analytic/Imager quadrant (47.50%)

(Mean Difference = -0.20, . Error = 0.08, p=0.07).

Table 27
Identification of Sound Effect Questions Performance Ratios

The scores for each cognitive style group for the identification of sound effects questionswere high
and relatively close to each other (between 70% for the Analytic/Verbalisers and 74.38% for the
Wholist/Imagers) and so the duration figures had more influence on the performance ratios (Table 27). The
Analytics scored more than the Wholists, but the Wholist took less time than the Analytics and had the
higher performance ratio. Similarly the Imagers scored more than the Verbalisers, but the Verbalisers took

less time to answer the questions than the Imagers and had the higher performance ratio.

Table 28
Between-subjects Effects For | dentification of Sound Effect Questions Performance Ratios

The between-subjects effects for the identification of sound effects questions performance ratios
(Table 28) do not show any significant differences between performance ratios of the cognitive style
groups. The Eta squared figures for dimensions are low. The Observed Power for both dmensions
suggests that there isastrong possibility of atypell.

Inall the*NS' type of questions Analytics scored more but took longer than Wholists. Similarly in all
the ‘NS’ type of questions Imagers scored more but took longer than Verbalisers. For the identification of
one and two instruments questions Analytics perform better than Wholists and Imagers better than
Verbalisers. Thereverseistrue only for the identification of sound effect questions

There was a marginally significant difference between the results of Verbal-Imagery dimension

cognitive style groups in the identification of two instrument questions with Imagers performing better
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than Wholists. The Tukey multiple comparison tests also identified a marginally significant difference
between the results of the Wholist/Verbaliser quadrant and the Analytic/Imager quadrant for scoresin the
identification of two instrument questions For both the 'S and ‘NS’ questions the significant results
were detected in the types of task that all subjects performed relatively poorly asidentified in Section 3.1.
In addition to analysing the results for each type of question all questions were assessed to
determine which cognitive style each question is expected to suitable for. The results of the analysis of the
performance of subjects in questions that they were expected to perform relatively well and the questions

they were not expected to perform relatively well are given in the next section.

Comparison of Subjects’ Performance By Cognitive Style

All questions used in the experiment were assessed in order to determine which cognitive group was
expected to perform relatively better. Whether questions are suitable for either Wholists or Analytics is
more dependent on the structure that information is presented, while whether questions are suitable for
Verbalisers or Imagers depends on the types of words used in the question (Riding 1991; Riding 1996;
Riding 1998). It was anticipated that the procedural questionswould be suitable for Wholists, while the
Analytics would perform better at the mathematics questions In general it was anticipated that Verbalisers
would prefer the ‘S questions and the Imagers would prefer the ‘NS’ questions, but there were additional
complications due to the types of words that were used in the ‘S questions. It was anticipated that
Wholists would perform better in the comparison of concepts questions, the mathematics questions and
the procedural questions, but not the comparison of objects questions. It was anticipated that Imagers
would perform better at all the ‘NS’ type of questions and the comparison of objects questions.

The results of the questions that were expected to be suitable for Wholists or Analytics did not
produce the expected results. In the questions that were expected to be suitable for Whoalists (the column
labelled *W Questions' in Table 29) it was the Analytics that unexpectedly performed better. The Wholist
guestions were also expected to be suitable for Verbalisers, and the Verbalisers did perform better than the
Imagers. The ranking of the cognitive style quadrants appeared to be influenced more by the effect of the
Verba-Imagery dimension than the Wholist-Imagery dimension as the two Verbaliser quadrants were

ranked higher than the two Imager quadrants. The influence of the Wholist-Analytic dimension on the
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relative performance of the quadrants was less strong with the Analytic quadrants being ranked first and

third.

Table 29
Descriptive Results By Cognitive Styles Totals

In the questions that were expected to be suitable for Analytics (the column labelled ‘A Questions' in
Table 29) again the cognitive style that was not expected to perform best out performed the other as the
Wholists performed better than the Analytics. However, the cognitive style quadrant that performed the
best was one of the Analytic quadrants (Analytic/Verbalisers). The Analytic questions were also expected
to be suitable for Verbalisers and the Verbalisers did perform better than the Imagers and the cognitive
style quadrant that performed the best was one of the Verbaliser quadrants (Analytic/Verbalisers). Neither
cognitive style dimension appeared to influence the ranking of the cognitive style quadrants more than the
other as the Analytic quadrants were ranked first and fourth while the Verbaliser quadrants were ranked
first and third.

The results of the questions that were expected to be suitable for Verbalisers and Imagers did
produce results that were expected. Verbalisers performed better than Imagers at the questions that were
expected to be suitable for Verbalisers (the column labelled 'V Questions in Table 29) and Imagers
performed better than Verbalisers in the questions that were expected to be suitable for Imagers (the
column labelled ‘1 Questions' in Table 29). Theseresults were supported by the relative rankings of the
cognitive style quadrants. The Verbaliser quadrants were ranked first and second for the questions that
were expected to be suitable for Verbalisers and the Imagers quadrants were ranked first and second for

the questions that were expected to be suitable for Imagers.

Table 30
Between-Subjects Effects For All Audio Tasks By Cognitive Style Totals

Although the Wholists and Analytics did not perform as expected in the questions that were
expected to be suitable for Wholists there was a marginaly significant interaction between the
performance of subjects and whether they were Wholist or Analytic (df = 1, F = 3.64, p = 0.06) as shown in
Table 30. There was, however, more of an effect depending on whether the subject was Verbaliser or

Imager (df = 1, F = 6.51, p = 0.01). This significant effect is supported by the relatively high Eta squared



value (0.12) and relatively high observed power value (0.70). Using the Tukey calculation the performance
of subjects in the Analytic/Verbaliser quadrant, that was ranked first, was found to be significantly
different from the performance of subjects in the Wholist/Imager quadrant, that was ranked fourth (p =
0.02).

The descriptive results of the questions that were expected to be suitable for Analytics did not show
a strong influence of any cognitive style dimension, and the results of the between-subjects effects
support this conclusion as there was no significant effect of either cognitive style dimension, the Eta
squared value was low and the observed power was low.

As expected Verbalisers did perform significantly better than Imagers at the questions that were
expected to be suitable for Verbalisers (df = 1, F=5.72, p = 0.02). This significant effect is supported by the
relatively high Eta squared value (0.11) and relatively high observed power value (0.65). The Tukey
calculation found that the performance of subjects in the Wholist/Imager quadrant, that was ranked first,
was significantly better than the performance of subjects in the Analytic/Verbaliser quadrant, that was
ranked fourth (p = 0.05).

Similarly, Imagers performed (marginally) significantly better than Verbalisers at the questions that
were expected to be suitable for Imagers (df = 1, F = 3.53, p = 0.07), although the Eta squared valueis lower

than when a significant effect was identified (0.07) and the observed power value is not as high (0.45).

Table 31
Repeated M easures Tests By Cognitive Style Totals

There was a marginal significant result detected by comparing how subjects performed in the
guestions that were expected to suit Wholists with the questions that were expected to suit Analytics
(Table 31). The performance of subjects in the Wholist and Analytic questions marginally interacted with
whether subjects were Verbalisers or Imagers (df = 1, F=2.99, p = 0.09).

While the analysis of the performance of subjects in questions that were expected to suit different
cognitive styles did not prove that the performance of subjects in all cognitive gyle groups could be
predicted in all cases there were indications that the cognitive style classification of subjects was
influencing performance. More significant or marginally significant interactions were detected by

analysing the performance in taskswithout reference to the cognitive style that questions were suited for.
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The next section discusses in more detail some of the issues raised by the results of the results of

this experiment.

DISCUSSION

A number of issues that arose from studying the results of the experiment shall be discussed in this
section, including:
1. Identifying which tasks that subjects perform well.
2. Defining an average measure for audio performance
3. Detecting significant differencesin the results of the different cognitive style groups
4. Whether it is appropriate to adapt the audio aspect of multimedia computer systems to suit the
cognitive style of users

5. Identification of areasthat require further study

Thefirst issueisthe identification of the tasks that are performed better by all subjects. In section 3.1
the performance of subjects in each type of task were ranked against each other. While it can be
concluded that subjects perform better at certain tasks it is not possible to claim that it is appropriate to
use audio for the tasks that all subjects performed well and it is not appropriate to use audio for the tasks
that were not performed well. Some of the tasks in which subjects did not perform well such as the
identification of instruments or sound effects are the types of task that cannot be performed without using
audio. In order to determine which tasks are suited to the use of audio it is necessary to compare
performance of the tasks using audio against performance of the same tasks using other media.

While, in general, subjects performed better at the tasks that used ‘S’ than the tasks that used ‘NS’
not all the ‘S type tasks were ranked above the ‘NS’ type tasks. The performance of subjects in the
identification of sound effects questions was ranked above the performance of subjects in the
mathematics questions (while not being significantly different), and above the performance in the
procedural questions

In addition to whether the task uses ‘'S or ‘NS’ audio another important factor that influenced the
relative ranking of the subjects’ performance in the different tasks was the level of the demands placed on

the subjects in each type of task. The types of task that subjects performed best involved simple
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recognition and matching, while the tasks that subjects did not perform as well were progressively more
complex. The comparison questions ranked first and second, involved recognition of two words and
required ‘yes or ‘no’ answers. The identification of sound effects questions ranked equal third, involves
subjects matching a sound with one of a number of possible pictorial representations of the source of the
sound. The mathematics questions, also ranked equal third, placed more demands on subjects by asking
them to perform simple calculations. The types of task that were ranked lower placed more complex

demands on the subjects. In the identification of single musical instruments questions ranked equal

fourth, subjects had to recall similar sounding instruments and distinguish between them. For the

procedural questions, ranked equal fourth, subjects had to recall the procedural instructions in the correct
order and make calculations. The task that was performed least well by all subjects was the identification
of two instrument questions This task was more complex than the identification of one instrument
guestionsas there was an additional distraction of instruments being playing simultaneously.

The relative performance of subjects between the tasks appears to be due to a combination of
whether the task contains ‘S or ‘NS’ questions and the level of cognitive demands of each type of task.
Subjects perform better where the level of cognitive demands are low, and where the level of cognitive
demands are the same between ‘'S and ‘NS’ types of questions then subjects will perform better at the
type of questions that use speech.

There were, however, other factors that may have had an influence of the results of the tasks. The
experiment was conducted using a multimedia computer system. Audio was used to present information to
subjects and asks the questions, but subjects entered their answers by selecting an appropriate piece of
text or image. One of the assumptions of the experiment was that subjects performance in answering the
guestions would not be affected by their ability to read the text or distinguish between images that
represented the possible multiple-choice answers. This, however, may not have been the case. In the tasks
that subjects performed well most subjects scored a high number of correct answers and sothetime it took
for subjects to answer the questions was important to distinguish between the performance of subjects.
Subjects who were able to process the text or image information that was required to enter the answer the
questions faster than other subjects had a performance advantage that was not related to their ability to
process the audio information.

The second issue involved the definition of an average performance measure for audio. An average

performance for the two types of questions was derived. The overall audio performance measure of all



guestions is not representative as a performance indicator for all subjects as the experiment was not
designed to have equal numbers of all types of questions. Table 1 shows the wide variation of
performance throughout all the tasks and the tests of between-subjects and showed that subjects
performance in most of the tasks were significantly different. The distinction between the ‘S and ‘NS
guestions was chosen as a more representative indicator of average performance using audio. Although
the relative ranking of the cognitive style groups is not different for all the audio questions (Table 4) and
the average of the ‘'S and ‘NS questions (Table 9) the two distributions of subjects results are
significantly different from each other. The average figures indicate how subjects perform with an equal
mix of ‘S and ‘NS’ audio information, however in atypical multimedia presentation the two types are often
used in different ways. ‘'S words are often used to provide information, while ‘NS sounds such as
background music and sound effects are often used to create a certain mood or to highlight pieces of
information that is being presented as speech or visually. Therefore, the performance figures for individual
‘S and ‘NS questions may still be used when weighted to reflect the audio mix, to deduce the
performance of multimedia audio interfaces.

The third issue involves detecting significant differences between the results of the cognitive style
groups. If there were significant differences then it would be appropriate to adapt the audio aspect of
multimedia computer systems to suit the cognitive style of users. This, however, was not always the case
and significant differences were the exception and not the rule. In most cases there were no significant
differences between the results of the cognitive style groups. Where the observed power figures are low,
however, there is a possibility of atype Il error that a significant result has not been detected where there
is an effect.

The significant or marginally significant results for differences in the performance ratios for each of
the cognitive style groups occurred in the Verbal-Imagery dimension for the procedural questionswhere
sig. = 0.03 (Table 20) and the identification of two instruments questions where sig. = 0.06 (Table 25).
There was, however, no significance for the other tasks, although the observed power was low indicating
that there was a high probability of atype Il error. In addition, the Tukey calculations found no significant
differences between the mean performance ratio of the cognitive style quadrants for any of the tasks.

No significant difference in the performance of subjects between the cognitive style groups were
found in the tasks where the performance of all subjects were high, although it was not possible to totally

rule out the presence of an effect because of the low observed power. Significant and marginaly
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significant effects were observed where the task was more demanding. This tends to suggest that the
experiment used tasks that subjects found too easy, and if the experiment was more demanding more
significant results would have been detected.

The fourth issue of whether it is appropriate to adapt the audio aspect of multimedia computer
systems to suit the cognitive style of users depends on whether significant differences between the
results of the cognitive style groups were detected. Looking at the descriptive results it appears that the
mean performance does change, however, the results of all cognitive style groups are similar and few of
the results are significantly different by the between-subjects tests. The results of the cognitive style
groups were more significantly different in the more complex tasks regardless of whether they contained
speech or not. If the differences in performance between the subjects are only apparent in the more
complex tasks then it may be appropriate to adapt the tasks in a multimedia computer system to suit the
subjects cognitive style.

There were no significant differences in the results of the comparison of the objects or concepts
questions where differences may be expected to be found. This may be due to the simplicity of the tasks
and differences can only be detected in more complex tasks, or that the multimedia interface of the
experiment was not suited to detecting subtle differences between the different cognitive style group
(subjects answered the audio questions by clicking on images or text). If the use of multimedia is affecting
the results then it may not be appropriate to adapt the audio aspect of a multimedia computer system to
the user’s cognitive style because the other media used in the system may negate any anticipated benefit.

There are indications that performance is affected by the subjects’ cognitive style, but the
differences in the performance are slight. Significant differences were found where the task was more
difficult and when the results of a number of tasks were added together (when assessing which gquestions
were suitable for which cognitive style). This suggests that any benefit in adapting a computer system to
suit the user’s cognitive style will only be beneficial for difficult tasks, or where the system will be used
over along enough period of time for small effects to accrue. Further research needs to be undertaken in
order to establish the extent that performance of different cognitive style groups is be affected in more
complex tasks and over longer periods of time.

The fifth issue relates to the questions that are raised by results of this experiment, and what are the
areas that require further study. Other media, including text, images and video, should be examined with

similar tasks in order to compare which media are suited for the different types of task. Each experiment
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should be designed in a manner that does not allow other media to contaminate the results. For example
subjects answers for the audio questions should be given in a consistent manner without asking subjects

to switch between selecting text for some questions and sel ecting images for other questions.

CONCLUSIONS

We have devised an audio test using “ Speech’ and ‘ Non-Speech’ questions. The * Speech’ questions
include comparison of concepts questions, comparison of objects questions, mathematics questions and
procedural questions The ‘Non-Speech’ questions include identification of one or two musical
instrument questions and the identification of sound effects questions

Subjects performance in the experiment was measured by recording score and duration in multiple-
choice tests. We have adopted a new ratio to measure the performance of users when carrying out audio
tasks using multimedia interfaces. The ratio of correct score over duration has been adopted as the
performance measure of usersfor each type of interface.

The relative performances of subjects in each of the tasks were ranked against each other. Out of
nine different types of task the results of all task were significantly different from each other except for two
cases. Subjects performed best where the level of cognitive demands placed on them were low and perform
progressively worse in the tasks that place greater cognitive demands on them. Comparing tasks with
similar levels of cognitive demands subjects will perform better at the type of questions that use * Speech’
rather than * Non-Speech’.

Cognitive style was not found to be a significant influence the performance of subjects when looking
at the overall performance in all questions, or when looking at the results of the overall results of the
‘Speech’ and ‘Non-Speech’ tasks. Indications that cognitive style was having a significant influence on
the performance of subjects started to be detected when examining the results of the individual tasks. The
significant results were not detected in the tasks in the relatively simple tasks which all subjects performed
uniformly well but were detected in the more complex tasks that all subjects performed not so well and
there was more variation in the performance of subjects. More significant results were detected when
categorising the questions in terms of which cognitive style they were suited for. In particular the Verbal-

Imagery dimension was found to influence performance. Where no significant difference were found in the
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results of cognitive style groups it was possible that there was an effect but it was not detected because
the low observed power of the test.

Developers of multimedia computer systems can use the results of the experiment. Performance of all
subjects regardless of cognitive style can be predicted for each type of task. The relative performance of
subjects in different cognitive style groups cannot be predicted for the relatively simple tasks but the
relative performance of Verbalisers and Imagers can be predicted for more complex tasks. This result
suggests that the benefit to users of adapting the audio aspect of multimedia computer systems increases

with the complexity of the task.
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Figure 1. Cognitive Style Of Subjects Scatter Graph

Mean Performance Ratios For All Audio Experiment Tasks
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Task Mean N | Std. Dev.

All Questions 9.31 50 1.57

S 11.12 50 1.86

NS 7.54 50 1.97

Average S/NS 9.20 50 1.58

Compare Concepts 12.09 50 2.29

Compare Objects 14.50 50 2.72

Procedural 7.95 50 2.17

Maths 10.00 50 2.84

Identify 1 Instrument 8.78 50 3.57

Identify 2 Instruments 3.22 50 1.95

Identify Sound Effects 10.78 50 3.19

Table 2
Cognitive Style of Subjects (original categories)

Cognitive Style Verbaliser Bimodal Imager Total
Wholist 3 6 5 14
Inter-mediate 6 5 6 17
Analytic 4 8 7 19
Total 13 18 19 50




Table 3

Simplified Cognitive Style of Subjects

Cognitive Style Verbaliser Imager Total

Wholist 10 13 23

Analytic 11 16 27

Total 21 29 50

Table 4
All Audio Questions Performance Ratios

Cognitive Style Mean Perf. Ratio | Number in group St. Dev.
Wholist 9.50 (1) 23 1.61
Analytic 9.15(2) 27 1.55
Verbaliser 9.32(1) 21 1.54
Imager 9.30 (2) 29 1.62
Total 9.31 50 1.57
WV 9.49 (2) 10 1.68
Wi 9.51 (1) 13 1.62
AV 9.17 (3) 11 1.46
Al 9.13 (4) 16 1.65

Table 5
Between-subjects Effects For All Audio Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared Observed
Dimension Power
WA 1 0.57 0.46 0.01 0.11
VI 1 0.00 0.99 0.00 0.05
Table 6
All Audio Questions Tukey Multiple Comparisons By Cognitive Style
Cognitive Style Quadrants | Mean Difference (I- | Std. Error Sig. 95% Confidence Interval
J)
) ) Lower Upper Bound
Bound
wv Wi -0.03 0.68 1.00 -1.83 1.77
AV 0.31 0.70 0.97 -1.56 2.18
Al 0.36 0.65 0.95 -1.37 2.08
Wi WV 0.03 0.68 1.00 -1.77 1.83
AV 0.34 0.66 0.95 -1.42 2.10
Al 0.38 0.60 0.92 -1.22 1.99
AV WV -0.31 0.70 0.97 -2.18 1.56
Wi -0.34 0.66 0.95 -2.10 1.42
Al 0.04 0.63 1.00 -1.63 1.72
Al WV -0.36 0.65 0.95 -2.08 1.37
Wi -0.38 0.60 0.92 -1.99 1.22
AV -0.04 0.63 1.00 -1.72 1.63




Table 7
‘ Speech’ Questions Performance Ratios

Cognitive Style Mean Perf. Ratio | Number in group St. Dev.
Wholist 11.23 (1) 23 1.88
Analytic 11.03 (2) 27 1.87
Verbaliser 11.32 (1) 21 2.18
Imager 10.97 (2) 29 1.62
Total 11.12 50 1.86
WV 11.53 (1) 10 2.46
WI 11.00 (3) 13 1.35
AV 11.13 (2) 11 1.99
Al 10.96 (4) 16 1.85
Table 8
Simplified Cognitive Style of Subjects
Cognitive Style Mean Perf. Ratio | Number in group St. Dev
Wholist 7.74 (1) 23 2.11
Analytic 7.36 (2) 27 1.86
Verbaliser 7.28 (2) 21 1.65
Imager 7.72 (1) 29 2.18
Total 7.54 50 1.97
WV 7.31 (3) 10 1.73
Wi 8.07 (1) 13 2.37
AV 7.25 (4) 11 1.66
Al 7.45 (2) 16 2.04
Table 9
Average ‘ Speech’ /’"Non-Speech’ Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev.
Wholist 9.39 (1) 23 1.62
Analytic 9.03 (2) 27 155
Verbaliser 9.19 (2) 21 1.52
Imager 9.20 (1) 29 1.64
Total 9.20 50 1.58
WV 9.35 (2) 10 1.66
Wi 9.42 (1) 13 1.65
AV 9.05 (3) 11 1.46
Al 9.02 (4) 16 1.66
Table 10
Between-subj ects Effects For ‘ Speech’ Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared Observed
Dimension Power
WA 1 0.16 0.69 0.00 0.07

\ 1 0.43 0.52 0.01 0.10




Table 11
Between-subj ects Effects For * Non-Speech’ Questions Performance Ratios

Cognitive Style df F Sig. Eta Squared Observed

Dimension Power

WA 1 0.35 0.56 0.01 0.09

VI 0.69 0.41 0.02 0.13
Table 12

Between-subjects Effects For Average ‘ Speech’ / *Non-Speech’ Questions Performance Ratios

Cognitive Style df F Sig. Eta Squared Observed

Dimension Power

WA 0.57 0.45 0.01 0.12

VI 0.00 0.97 0.00 0.05
Table 13

Repeated M easures Between-subjects Effects Comparing ‘ Speech’ with ‘Non-Speech’ Questions
Performance Ratios

Cognitive Style df F Sig.
Dimension
WA 1 0.39 0.54
VI 1 0.02 0.89
Table 14
Comparison Of Concepts Questions Performance Ratios
Cognitive Style | Mean Perf. Ratio | Number in group St. Dev.
Wholist 11.87 (2) 23 251
Analytic 12.28 (1) 27 2.12
Verbaliser 12.33 (1) 21 1.96
Imager 11.92 (2) 29 2.53
Total 12.10 50 2.29
WV 12.04 (3) 10 2.38
Wi 11.74 (4) 13 2.70
AV 12.60 (1) 11 1.55
Al 12.06 (2) 16 2.47
Table 15
Comparison Of Objects Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev.
Wholist 14.74 (1) 23 2.76
Analytic 14.30 (2) 27 2.72
Verbaliser 13.96 (2) 21 3.22
Imager 14.89 (1) 29 2.27
Total 14.50 50 2.72
WV 14.53 (3) 10 3.46
Wi 14.90 (1) 13 2.23

N



AV 13.44 (4) 11 3.05
Al 14.88 (2) 16 2.38
Table 16
Between-subj ects Effects For Comparison Of Concepts Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared |Observed Power
Dimension
WA 1 0.43 0.52 0.01 0.10
\ 1 0.38 0.54 0.01 0.09
Table 17
Between-subj ects Effects For Comparison Of Objects Questions Performance Ratios
Cognitive Style Dimension df F Sig. Eta Squared Observed
Power
WA 1 0.49 0.49 0.01 0.11
\ 1 1.33 0.26 0.03 0.20
Table 18
Repeated M easures Between-subj ects Effects Comparing Concepts with Objects Questions Performance
Ratios
Cognitive Style df F Sig.
WA 1 0.01 0.93
\ 1 0.16 0.69
Table 19
Procedural Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev
Wholist 7.94 (2) 23 2.17
Analytic 7.96 (1) 27 2.22
Verbaliser 8.73 (1) 21 2.16
Imager 7.38(2) 29 2.04
Total 7.95 50 217
WV 8.89 (1) 10 2.18
WI 7.20 (4) 13 1.93
AV 8.60 (2) 11 2.23
Al 7.53 (3) 16 2.17

Table 20

Between-subjects Effects For Procedural Questions Performance Ratios

|Cognitive Style Dimension |

df

F_ ]

Sig.

Eta Squared

| Observed




Power

WA 1 0.00 0.98 0.00 0.05
VI 1 5.07 0.03 0.10 0.60
Table 21
Mathematics Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev
Wholist 10.13 (1) 23 2.66
Analytic 9.89 (2) 27 3.03
Verbaliser 10.35 (1) 21 2.94
Imager 9.74 (2) 29 2.78
Total 10.00 50 2.84
WV 10.07 (3) 10 3.49
Wi 10.17 (2) 13 1.95
AV 10.60 (4) 11 2.49
Al 9.40 (2) 16 3.34
Table 22
Between-subj ects Effects For Mathematics Questions Performance Ratios
Cognitive Style Dimension df F Sig. Eta Squared Observed
Power
WA 1 0.02 0.88 0.00 0.05
VI 1 0.44 0.51 0.01 0.10
Table 23
Identification of 1 Instrument Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev
Wholist 8.59 (2) 23 3.41
Analytic 8.93 (1) 27 3.76
Verbaliser 8.56 (2) 21 3.78
Imager 8.93 (1) 29 3.47
Total 8.78 50 3.57
WV 7.78 (4) 10 3.53
wi 9.22 (2) 13 3.32
AV 9.28 (1) 11 4.02
Al 8.70 (3) 16 3.68
Table 24
Identification of 2 Instruments Questions Performance Ratios
Cognitive Style Mean Perf. Ratio | Number in group St. Dev
Wholist 3.15(2) 23 1.80
Analytic 3.28 (1) 27 2.09
Verbaliser 2.60 (2) 21 1.39
Imager 3.66 (1) 29 2.18

A



Total 3.22 50 1.95
WV 2.58 (4) 10 1.81
wi 3.58 (2) 13 1.74
AV 2.62 (3) 11 0.96
Al 3.73 (1) 16 2.54

Table 25
Between-subjects Effects For Identification of 1 Instrument Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared Observed
Dimension Power
WA 0.22 0.64 0.01 0.07
\ 1 0.17 0.68 0.00 0.07
Table 26
Between-subjects Effects For Identification of 2 Instruments Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared Observed
Dimension Power
WA 1 0.03 0.87 0.00 0.05
VI 3.62 0.06 0.07 0.46
Table 27
I dentification of Sound Effect Questions Performance Ratios
Cognitive Style Mean Perf. Ratio |Number in group St. Dev
Wholist 11.15 (1) 23 3.85
Analytic 10.46 (2) 27 2.53
Verbaliser 10.91 (1) 21 3.24
Imager 10.68 (2) 29 3.20
Total 10.78 50 3.19
WV 12.12 (1) 10 3.83
wi 10.41 (3) 13 3.84
AV 9.81 (4) 11 2.22
Al 10.90 (2) 16 2.70
Table 28
Between-subjects Effects For Identification of Sound Effect Questions Performance Ratios
Cognitive Style df F Sig. Eta Squared Observed
Dimension Power
WA 1 0.99 0.33 0.02 0.16
VI 1 0.11 0.74 0.00 0.06

nC



Table 29

Descriptive Results By Cognitive Styles Totals

Cognitive W Questions A Questions V Questions | Questions
Style
Wholist Mean 8.50 10.39 9.41 11.49
Rank 2.00 1.00 2.00 1.00
N 23.00 23.00 23.00 23.00
Std. Dev. 2.23 2.68 1.71 2.04
Analytic Mean 9.71 10.01 10.11 11.47
Rank 1.00 2.00 1.00 2.00
N 27.00 27.00 27.00 27.00
Std. Dev. 2.42 2.88 1.93 1.58
Verbaliser Mean 10.07 10.40 10.48 10.92
Rank 1.00 1.00 1.00 2.00
N 21.00 21.00 21.00 21.00
Std. Dev. 2.09 2.82 1.66 1.95
Imager Mean 8.49 10.03 9.29 11.88
Rank 2.00 2.00 2.00 1.00
N 29.00 29.00 29.00 29.00
Std. Dev. 241 2.77 1.85 1.57
Total Mean 9.15 10.18 9.79 11.48
Rank 2 1 2 1
N 50.00 50.00 50.00 50.00
Std. Dev. 2.39 2.77 1.85 1.79
wv Mean 9.56 10.17 10.08 10.92
Rank 2.00 3.00 2.00 3.00
N 10.00 10.00 10.00 10.00
Std. Dev. 1.79 3.28 1.57 2.23
Wi Mean 7.68 10.55 8.90 11.92
Rank 4.00 2.00 4.00 1.00
N 13.00 13.00 13.00 13.00
Std. Dev. 2.25 2.24 1.69 1.85
AV Mean 10.54 10.60 10.85 10.92
Rank 1.00 1.00 1.00 4.00
N 11.00 11.00 11.00 11.00
Std. Dev. 231 2.49 1.72 1.77
Al Mean 9.15 9.60 9.61 11.84
Rank 3.00 4.00 3.00 2.00
N 16.00 16.00 16.00 16.00
Std. Dev. 241 3.14 1.96 1.37

or



Table 30
Between-Subjects Effects For All Audio Tasks By Cognitive Style Totals

Cognitive Cognitive Style df F Sig. Eta Squared Observed
Style Dimension Power
Wholist WA 1 3.64 0.06 0.07 0.46
VI 1 6.51 0.01 0.12 0.70
Analytic WA 1 0.10 0.75 0.00 0.06
VI 1 0.15 0.70 0.00 0.07
Verbaliser WA 1 2.11 0.15 0.04 0.30
VI 1 5.72 0.02 0.11 0.65
Imager WA 1 0.01 0.93 0.00 0.05
VI 1 3.53 0.07 0.07 0.45
Table 31
Repeated M easures Tests By Cognitive Style Totals
Cognitive Style Cognitive Style df F Sig.
Comparisons Dimension
W Questions * A Questions |[WA 1 0.73 0.40
Vi 1 2.99 0.09
V Questions * WA 1 0.80 0.38
| Questions
Vi 1 0.11 0.74




