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Abstract

This paper reports on some results of a survey about students learning styles. There were 674 respondents from a sample of 2400 students in the three Brisbane Universities. The students surveyed were studying one of four selected disciplines. Findings indicated that students in the first third of their studies adopted learning styles that were similar to each other irrespective of discipline. However, the learning styles of students in the final third of their studies tended to be related to the discipline which had formed the primary focus of their studies. These results are explained in terms of  behavioural adaptation with reference to Kolbs Experiential Learning Cycle. The implications of the results for enhancing students learning experiences are discussed. Specific future applications for teachers, students, course designers and administrators are proposed.
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Introduction

There are three main parts to the rationale underlying this research. First, research has found that students may be characterised as preferring one of four different learning styles (Kolb, 1981). Second, several authors have shown that disciplines may be classified into four different groups (e.g. Kolb, 1981; Biglan, 1973a, 1973b; Mitroff, 1982; Becher, 1989, Cullen et al, 1994 ). Third, it has been shown that these two findings are related (Kolb, 1981). Each of these parts is explained in greater detail below.

Students Learning Styles
Students differ in their preferred learning styles (Kolb, 1973, 1981; Marton et al, 1984; Säljö, 1975; Richardson, 1990). By this is meant the long term stable preferences which individuals have for learning in a particular way. Such preferences are thought to be influenced by relatively stable characteristics of the environment, students' personal attributes and long term exposure to particular modes of discourse. Similarly, students vary in their approaches to study. By this is meant short term, variable and strategic behaviours which are seen as the result of transient environmental demands and short term objectives (cramming for an exam is an example). Considering these kinds of behaviours together, it is proposed that students have learned to be relatively consistent in their choices of learning and studying behaviours. The particular set of behaviours an individual chooses is suited to the individuals abilities, environment and learning history. 

The four different learning styles students may adopt derive from a four stage model of learning which Kolb calls the Experiential Learning Model illustrated in Figure One (Kolb, 1981). Each stage requires different abilities of the student (as indicated); each act of learning requires all four but in theory the amount of time spent on each one relates to the students abilities and preferences and the discipline of study.

Figure One: The Experiential Learning Model (Adapted from Kolb, 1981)
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The learning styles students adopt may be measured by Kolbs Learning Styles Inventory (LSI). The LSI (Figure Two) consists of nine sets of four words, one of each four corresponds to one of the stages of the learning cycle. Students rank each set of four according to how characteristic they think each word is of their learning style. The scores for all words relating to each of the four stages of the learning cycle are added to form four separate total scores. According to Kolb, these four form two pairs of opposites. Active experience (AE) is opposite to Reflective Observation (RO) and Abstract Conceptualisation (AC) is opposite to Concrete Experience (CE). If the RO score is then subtracted from the AE, and the CE score subtracted from the AC two new scores are formed for two dimensions; an abstract to concrete dimension (ACCE) and an active to reflective dimension (AERO). These scores  can be plotted as XY co-ordinates (as in Figure Three).

Figure Two: Kolb's Learning Style Inventory
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The following questions are designed to establish your style of learning. As you consider each item, give a high rank to those words which best characterise the way you learn and a low rank to the words which are least characteristic of your learning style.

You may find it hard to choose the words that best describe your learning style because there are no right or wrong answers. The aim of the inventory is to describe how you learn, not to evaluate your learning ability.

Instructions
There are nine sets of four words listed below. Rank order each set of four words assigning a 4 to the word which best characterises your learning style, a 3 to the word which next best characterises your learning style, a 2 to the next most characteristic word, and a 1 to the least characteristic of you as a learner. Be sure to assign a different rank number to each of the four words in each set, i.e. please do not make ties.

1.
___discriminating
___tentative
___involved
___practical

2.
___receptive
___relevant
___analytical
___impartial

3.
___feeling
___watching
___thinking
___doing

4.
___accepting
___risk-taker
___evaluative
___aware

5.
___intuitive
___productive
___logical
___questioning

6.
___abstract
___observing
___concrete
___active

7.
___present-oriented
___reflecting
___future-oriented
___pragmatic

8.
___experience
___observation
___conceptualisation
___experimentation

9.
___intense
___reserved
___rational
___responsible



Disciplinary Groupings

Research has shown that disciplines may be grouped according to shared epistemological and methodological concerns (Kolb, 1981; Biglan, 1973a, 1973b; Mitroff, 1982; Cullen et al, 1994; Becher, 1989). Cullen et al (1994) have said that these groupings are now a standard way of dealing with interdisciplinary differences. Although each of these researchers has used a different methodology, all their results - though differing in some details - support the groupings of disciplines shown in Figure Three. In the figure there are two dimensions used to discriminate between disciplines: Active - Reflective and Abstract - Concrete. These are the same dimensions used to discriminate different learning styles.

Figure Three: Disciplinary groupings (Adapted from Cullen et al, 1994)
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In passing, it is worth noting that the Biological Sciences disciplines do not fit easily into the classification structure adopted because of their transitional nature. Whilst this is an important issue, it is only of passing interest to this paper because students in biological subjects were not included in the survey. Nevertheless, future research should examine this group also.

Learning Styles and Disciplines

The link between the learning styles students adopt and their discipline of study has been implied by several authors (Gibbs, 1980; Richardson, 1990; Laurillard, 1979; Snyder, 1971). More directly, Kolb (1976) demonstrated such a link for American postgraduate management students. Specifically, he found that the learning styles of some business managers were related to their undergraduate majors. Two questions arise: why and how did such an association occur?

It seems reasonable to suppose that students learn how to learn; that is, they learn what behaviours yield the best results. This being so, the learning styles students adopt may be a result of a gradual process of adaptation to the learning demands placed on them and the reward systems which they experience. Both demands and rewards are likely to vary in different disciplines. We might summarise the students adaptations as a transition; a gradual induction into the culture of their chosen discipline. We might expect that the generalist educational experiences of students prior to university would result in a reasonably eclectic approach to study: students, in order to be successful, could not afford to align themselves too strongly with the culture or discourse style of one particular discipline. Also, and yielding the same result, secondary school students may not experience any strong sense of disciplinary culture simply because the variety of subjects studied prevents the depth of study needed for such experience. In contrast, students attention at university is much more likely to be focussed on an in depth study of one discipline. The nature of this experience is more likely to present particular learning demands which were not apparent at the secondary school level.

Hypotheses
The speculations above lead to three hypotheses. First, in the early years of university education, it is hypothesised that there will be little difference between the mean learning styles of students in different disciplines. The second hypothesis is that, in the last years of university education, the mean learning styles of students will be different depending on the discipline forming the primary focus of their studies up to that point. Thirdly, it is proposed that those students who adopt learning styles different from the mean for their discipline will experience greater study difficulties than those whose learning styles are closer to the mean for that discipline.

The Study
The study consisted of a postal survey of just over 2400 first and final (third) year students
 from the three universities in Brisbane - that is about 800 students from each institution. According to their enrolment details, the students were studying for a bachelor degree in one of four disciplines: Business, Computer Science, Chemistry or Japanese. These disciplines were chosen because they are maximally different, according to the research on the classifications of disciplines (particularly that by Kolb, 1981 and Biglan, 1973a, 1973b) indicated earlier AND because they are taught in all three institutions. 

The sample frame consisted of 24 cells formed of the three universities, four disciplines and two groups of students (first years and third years). An attempt was made to ensure that over 100 students in each cell were sampled. In fact a number of exceptions were unavoidable, most notably in third year Japanese. 

The survey consisted of: Kolbs Learning Style Inventory (Kolb, 1973) as a measure of students learning styles; a number of questions adapted from some alienation scales (McClosky and Schaar, 1965; Olsen, 1969) to be used as outcomes measures; other outcomes questions including Grade Point Average and involvement with counselling services for study assistance; and finally, there were questions requesting demographic details of the students which were thought to be related to these outcomes.

Results
The useable response rate was 27% (674 replies). 

A number of analyses of variance were conducted with the ACCE and AERO dimensions of the LSI as the dependent variables, and with Discipline, University and Year as the independent variables.  The distributions of ACCE and AERO were examined for homogeneity of variance and normality. A number of outliers were found but their exclusion did not affect the outcomes of the analysis. The analyses reported are those which included these cases.  Examination of the variance measures provided no evidence to suggest gross violation of homogeneity of variance. The distribution of scores on the AERO dimension was negatively skewed (Skew = -0.26, SE Skew = 0.09) and significantly different from normal at the 0.05 level though not at the 0.01(kolmogorov-smirnov p<0.025). Standard data transformations failed to improve the distribution. Since the value of skewedness was small, all the following analyses were conducted on untransformed data. Caution needs to be exercised when interpreting the results of the analysis of AERO scores.

Learning Styles and Discipline
The data were examined to see if any differences were evident in the learning styles of students according to their principal focus of study. Results confirmed the first hypothesis: first year students adopted similar learning styles irrespective of discipline. The second hypothesis was only supported for one of the two dimensions of the LSI: third year students adopted different learning styles for different disciplines on the ACCE dimension but not on AERO dimension (ACCE: F=10.74, p<0.000) (AERO: F=2.04, p<0.11). 

These findings are best displayed graphically. Figure Four illustrates the differences in the mean learning styles adopted in each discipline for first and third year students. In keeping with Kolb's practice, the axes were positioned according to the mean for all students together.

Figure Four: First and third year students learning styles by discipline of study
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There are two  principal features of Figure Four:


The mean learning styles of the students in the first year are more closely clustered than the mean styles adopted by third year students; and


The differences between first and third year learning styles were in the direction expected in all disciplines except Chemistry. In terms of the title of this paper, there appears to have been a transition in the learning styles of students from the first year to the third year.

Caution is needed when viewing this figure however because only the differences in the vertical dimension (ACCE) are statistically significant.

Further analysis found that the (within disciplines) variation in the scores on the LSI for third year students was less than for first year students (Table One). This further supports the contention that students learning styles converge on whichever style is most adaptive for the discipline forming the primary focus of their studies.

Table 1: Variance measures of L.S.I. scores by year and discipline
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L.S.I.
First year
Third year


ACCE
5.36

3.04


AERO
5.87

5.56

Learning Styles and Outcomes
Appendix A lists the items used for the outcomes measures included on the questionnaire. Here it is only necessary to note that these were grouped into Communications outcomes Academic outcomes and Other outcomes. For most of these measures detailed analysis was not possible because of insufficient numbers of responses. However, some specific analyses were possible and these are reported below.

The data were examined, regardless of discipline, to see if students outcomes were related to the learning style they adopted. Results found that the students who adopted a more active learning style reported higher scores on "Communications Outcomes" and that scores on the "Other outcomes" were best for those students who were both more active and more abstract in their learning styles.

Next the data were examined, regardless of learning style, to see if students experiences and academic outcomes were related to the discipline of study. Results found that of those respondents who indicated that they had sought help from counselling, the only discipline which showed a larger than expected number of cases was chemistry. This was the discipline which had shown the least change in learning style from first to third year and the only discipline where a change did not occur in the direction predicted as adaptive. (Although small (n=22) the observed frequency was 1.5 times more than expected. This difference was significant: Pearson Chi sq p<0.00023.)

Finally, the data were examined to see if the experiences and academic outcomes of students were related to the learning styles they adopted in each discipline. To do this the respondents first had to be split into appropriate groupings. Second, since individual outcome measures subsequently failed to show any association with these groupings, a composite outcome measure was constructed. Each of these steps is explained in more detail below. 

Students were first divided into four groups according to primary discipline of study. Each of these groups was then further subdivided into those whose learning style matched that discipline and those whose learning style did not. An example will clarify the procedure: Business/ Commerce is a discipline classified in the active and concrete quadrant of Figure Three. It is hypothesised that those business students who adopt learning styles which are more active and more concrete will have better experiences and better academic outcomes than the other business students. These students were selected by choosing those who had ACCE scores below the mean and AERO scores above the mean (see Figure Four).

An ad hoc composite outcomes measure was constructed. It consisted of the following three items:

1. 
Overall how difficult have you found this course so far?

           Very          Fairly           Neither difficult nor easy       Fairly      Very 

         Difficult      Difficult                                                Easy       Easy                              (-2)                  (-1)                                      (0)                             (+1)           (+2)

2 
If you sought extra help with your studies from any source eg Attendance at study skills sessions, private tutoring, or similar, what was your main reason for attending? 



To seek advice about a study problem  (-1)



No specific problem; just wanted to improve my study skills  (+1)


Other (please specify)  (0)

3. 
Do you intend to continue with your studies after finishing your current course?



Yes (+1)
No (-1)
Each of the items was coded as indicated. The positive scores relate to what were considered to be positive outcomes. The scores were then summed. The resultant composite score could therefore hold values between -4 and +4. Mean scores for students in all quadrants, irrespective of discipline, were found to be slightly negative. For each discipline except Japanese the most favourable reactions were found among students whose learning styles were in the quadrant predicted by Kolb's work. 

Given the arbitrary nature of the construction of the composite score, care needs to be taken before attributing undue significance to this finding. However, it is noteworthy that a composite measure yielded results where individual measures had not. It is also of note that the direction of the findings is in the direction hypothesised.

Discussion
We must be careful when interpreting any of the results of this study. The sample size and the number of disciplines and institutions involved is small; and the data collected do not allow rigorous investigation of some of the possible explanations of the findings. The results are suggestive but not definitively conclusive. All the indications point in the same general direction but none with sufficient strength to leave no doubts. 

Despite these cautions, it is important to note that there are many reasons why a study of this kind would not yield any significant results. These are briefly discussed below.

The restricted nature of the sample has already been mentioned. 

The respondents to this survey included a large number of part time students. The intensity of study for these people is likely to be less than for full time students. If learning styles change gradually as a result of adaptation to the discourse style, methodology, course structures and epistemological concerns of a discipline, then it seems reasonable to hypothesise that this process will be less swift and less pronounced for part time students. Furthermore, if the adaptation of learning styles to suit disciplinary norms is related to positive outcomes (both social and educational) then the experiences of such students may be poorer than their full time counterparts. (It is acknowledged however that any such relationship represents only one factor in the determination of the quality of the student experience.) 

Another possibility is that three years of university education might not result in the homogenisation of learning styles for students within a particular discipline because the extent of that homogenisation is, partly, determined by the commonality of the educational experiences they share. As the prevailing course structure in Australia is modular, educational experiences may be diverse - even within a particular discipline and university. The collections of subjects that make up any particular degree course may be drawn from several discipline areas. Evidence to support this expectation has also been found by another study on examination practices in Australian Universities (Warren Piper, Nulty and O'Grady, in press). Under such conditions, to what extent are the educational experiences of students likely to be consistent, co-oordinated or consonant with any one disciplinary culture?

It is significant that, despite these difficulties, the results support the three hypotheses: students in the early part of their tertiary studies adopt similar learning styles irrespective of discipline; students in the latter part of their tertiary studies adopt learning styles that relate to the discipline forming the primary focus of their studies and, those students who adopt learning styles which match their chosen discipline report more positive outcomes (on a composite measure). What are the implications of these findings?

Implications
The finding that there is a higher variance between first year students learning styles suggests that the problems faced by teachers of first year students are qualitatively different to those faced when teaching students in later years. Perhaps there is nothing new in that, however, this result does tell us one of the ways in which first year teaching is different and suggests that in each discipline, teachers need to adopt behaviours which accommodate the diversity of students learning styles presented to them. Furthermore, the other outcomes of this study suggest that the teachers (and students) may benefit more by doing this in such a way that the students learn to converge on the learning style which more closely reflects the epistemological and methodological concerns of whichever discipline is in question.

Potential Applications

An understanding of the relationship between undergraduate major and learning style has three potential benefits. 

First,  student selection and placement (whether that selection is by students or by institutions) might be enhanced. For each discipline, the existing selection process might benefit from the inclusion of consideration of the extent to which each student adopts a learning style which is characteristic of (and adaptive for) that discipline.

Second, a mismatch between the learning style of the student and the learning style most appropriate for a given discipline could provide an additional explanation why some students have difficulties with their studies. If so, the application of that understanding could be of therapeutic benefit to student counsellors, parents, teachers and students themselves. 

Thirdly, improved design of courses and/or curricula to enhance learning might be possible through incorporating an awareness of the relationship between students learning styles and particular disciplines.

Other Issues

Finally, it is, perhaps, worth pondering whether we, as educators, ought to pursue the design courses and educational environments that manage the experiences of students in order to bring about the convergence of their learning styles on the relevant disciplinary norm OR whether we should pursue the reverse: design courses and educational environments that force students to learn in ways that are outside their existing strengths in order that they might develop the cognitive skills of all phases of the learning cycle (Figure 1). In practical terms this might be better stated as whether we pursue the imposition of courses based on designed curricula consisting of interrelated subjects whose content has been designed to address particular educational objectives, or whether we pursue the continued modularisation of courses allowing greater self direction to students choices of subjects.

To achieve these ends, and even to determine if they are desirable, needs further research. For example, if a teacher has to teach students whose preference is for active experimentation at the same time as teaching those whose preference is for abstract conceptualisation, how can this be managed? Similarly, what sort of learning and social experience does a student with a preference for reflective observation have when talking to another with a preference for concrete experience? Moreover, how does the nature of the discipline inter-relate with these variables so that, over time, all students may learn to adapt their learning styles to maximise their social and educational outcomes? If we have a choice between rigid, curriculum driven, courses and highly modularised courses what would be the nature of the educational outcomes that each promotes?
Conclusion
As is often the case, we conclude by saying that more research will be needed to demonstrate that the findings of this study are not due to chance. However, we also believe that there is sufficient evidence here, and elsewhere, to justify exploration of the potential applications presented.

Appendix A - outcomes measures included in the questionnaire

Academic Outcomes

GPA at the end of the previous semester if known


Do you intend to continue with your studies after finishing your current course? (
Yes/ 
No)

Overall how difficult have you found this course so far?

           Very          Fairly           Neither difficult nor easy       Fairly      Very 

         Difficult      Difficult                                                Easy       Easy                               (5)                  (4)                                      (3)                               (2)            (1)

Communications Outcomes

  4  agree strongly    3  agree moderately    2  disagree moderately    1  disagree strongly

Teaching staff are aware of my needs.


4  3  2  1

Administration is sensitive to my needs.


4  3  2  1

Students want to get to know other students.


4  3  2  1

I find myself lost and lonely on this campus.


4  3  2  1

I do not have much communication with other students.


4  3  2  1

Students are genuinely friendly toward other students.


4  3  2  1

Students do their best to establish friendly relations with other students.


4  3  2  1

I lack confidence in dealing with teaching staff and students.


4  3  2  1

I communicate well with other students and staff.


4  3  2  1

I feel well adjusted to university.


4  3  2  1




Other Outcomes







I consider myself a model for other students.


4  3  2  1

I intend to encourage other students to achieve educational success.


4  3  2  1

After graduation, I will feel adequately prepared to enter the work arena.


4  3  2  1

Even after a university education I expect to find difficulty finding a job.


4  3  2  1

I feel my attitudes toward university are similar to other students.


4  3  2  1

I feel I will be as successful as other students in my chosen career.


4  3  2  1

I feel I will drop out of university before finishing.


4  3  2  1






If you sought extra help with your studies from any source (eg. Attendance at study skills sessions, private tutoring, or similar), what was your main reason for attending? 

Please tick one only.


____To seek advice about a study problem  (1)



____No specific problem; just wanted to improve my study skills  (2)


____Other (please specify)  (3)
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� In practice, because of the inclusion of part time students in the survey, those who were in the first one third of their course were classed as First Year students and those in the final third of their studies were classed as Third year students.





