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The previous working papers from the SOMUL project have been concerned primarily with its conceptual 
and theoretical basis. In this paper, we describe the instruments that are used in the project to monitor 
the changes in students’ learning that occur while they are at university. There is already a well-established 
literature on the use of quantitative instruments to assess variations in students’ learning (see Richardson, 
2000, for a review), and where possible we adapted tried and tested questionnaires. Even when devising 
our own instruments, we were duly attentive to the various methodological issues that can arise (see 
Richardson, 2004).

In brief, the main SOMUL project involves a longitudinal study of fi rst-year and fi nal-year students studying 
Biosciences, Business Studies and Sociology at 15 different institutions by means of questionnaires, 
interviews and focus groups. The initial phase of the fi eldwork yielded 635 completed questionnaires from 
the fi rst-year students and 509 completed questionnaires from the fi nal-year students. The questionnaires 
administered to the two cohorts of students shared four scales intended to measure the following:

• their conceptions of learning at university
• their approaches to studying at university
•  their personal development since coming to university
• their personal change since coming to university.

Research instruments

Much research on the conceptions of learning held by students in higher education has been based on the 
analysis of interview transcripts following the principles of phenomenography. This is “a research method for 
mapping the qualitatively different ways in which people experience, conceptualize, perceive, and understand 
various aspects of, and phenomena in, the world around them” (Marton, 1986, p. 31; see also Marton, 1994). 
However, some researchers have tried to devise questionnaires whose subscales measure the extent to which 
students hold particular conceptions of learning. In the SOMUL project, we used 12 items taken from three 
subscales in the “Mental Models” section of Vermunt and van Rijswijk’s (1988) Inventory of Learning Styles. 
These subscales were intended to measure the extent to which students considered that learning involved the 
active construction of knowledge, the passive intake of knowledge or the use of knowledge. 

It is well established that students in higher education report using a number of distinctive approaches 
to studying, including a deep approach based on grasping the meaning of course materials and a surface 
approach based on memorising course materials for the purposes of assessment. Once again, these were 
initially identifi ed by interviewing students about their normal study practices, but researchers have also 
tried to measure them using questionnaires (see Entwistle & McCune, 2004). In the SOMUL project, 
approaches to studying were measured using ten items from the Approaches to Learning and Studying scale 
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devised for use in the ESRC TLRP project on Enhancing Teaching–Learning Environments in Undergraduate 
Courses (ETL: at www.ed.ac.uk/etl/publications.html). These were intended to measure the extent to 
which students tended to adopt a deep approach or a surface approach to studying at university. The items 
were supplemented by two new items that were potentially relevant. 

North American researchers have carried out investigations into the processes of intellectual development 
in higher education (e.g. Baxter Magolda, 1992; Belenky, Clinchy, Goldberger, & Tarule, 1986; Perry, 1970). 
Work in the United Kingdom has focused upon the acquisition of generic skills. In the SOMUL project, 
personal development was measured using 14 items from Lawless and Richardson’s (2004) Personal and 
Educational Development Inventory. These were intended to measure the extent to which students felt 
that they were developing cognitive skills, mathematical skills, self-organisation and social skills. Once again, 
these 14 items were supplemented by two additional items that were potentially relevant. Even so, the 
SOMUL project team felt that there were other dimensions of personal change that should be considered, 
and so we also constructed an entirely new scale consisting of 12 items focusing on how students had 
changed as people since they entered higher education.  

In the remainder of this working paper, we present empirical evidence for the reliability and validity of these 
four scales, as well as evidence for their interrelationships. Figure 1 shows a heuristic model to indicate how 
we think these different facets of learning and development are linked to one another. The arrows represent 
putative causal relationships, so that students’ mental models of learning are assumed to affect their approaches 
to studying, and both their conceptions and their approaches potentially affect their personal development and 
personal change. The model is presented simply as a framework for validating the instruments that we have 
employed. It deliberately excludes the contextual factors (both academic and social) with which the SOMUL 
project is mainly concerned, which in principle can infl uence all of the components shown. Moreover, it 
provides only a snapshot of the links between learning and development at a particular point in the students’ 
academic careers, and it excludes the feedback processes whereby personal development and change prompt 
students to modify their conceptions of learning and their approaches to studying over time. 

Figure 1: heuristic model of learning and development in university students
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Methods of data analysis

Concerns have been expressed about the adequacy of the questionnaires that have previously been used to 
investigate student learning in higher education (Coffi eld, Moseley, Hall, & Ecclestone, 2004). There are two 
fundamental requirements of these research instruments (Litwin, 2003). One is that they should be valid in 
the sense that they measure the personal qualities or traits that they purport to measure. One way to assess 
the validity of a questionnaire is to examine the relationship among the responses to its constituent items. 
This aspect of validity is known as construct validity and is usually addressed by means of factor analysis. This 
technique can provide evidence that the questionnaire measures one or more distinctive traits or constructs. 

Accordingly, factor analysis was carried out on the participants’ responses to each of the four instruments. 
For each instrument, the number of factors to extract was determined using the eigenvalues–one criterion, 
the scree test and the parallel analysis of 1,000 random correlation matrices using the program written by 
O’Connor (2000). Principal axis factoring was used to extract the relevant number of factors, and these were 
submitted to oblique rotation using a quartimin procedure in order to achieve simple structure. Loadings 
that were greater than 0.30 in absolute magnitude were regarded as being salient for the purposes of 
interpretation. 

The other fundamental requirement of a questionnaire is that it should be reliable in the sense that it 
would yield consistent scores if used repeatedly under the same conditions with the same participants 
and is therefore relatively unaffected by errors of measurement. The items that yielded salient loadings 
on each factor were taken to defi ne a factor-based subscale, and the respondents were assigned scores 
on each subscale by taking the average of the responses that they had given to its constituent items. The 
reliability of each subscale was estimated by Cronbach’s (1951) coeffi cient alpha, which measures the 
internal consistency of a subscale by comparing the variance of the subscale scores with the variances of the 
responses to the constituent items. Finally, multiple regression analyses were carried out to investigate the 
relationships among the four instruments to examine the links hypothesised in Figure 1. 

Conceptions of learning

A total of 1,107 students responded to all 12 items, and factor analysis yielded the solution shown in 
Table 1. The extracted factors broadly correspond to Vermunt and van Rijswijk’s subscales measuring 
construction of knowledge, intake of knowledge and use of knowledge, respectively, except that Item 
6 loaded more highly on the fi rst factor than on the third factor. The three subscales yielded values of 
coeffi cient alpha of 0.68, 0.63 and 0.64, respectively, which would generally be regarded as adequate on 
conventional research-based criteria. 
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Table 1: Factor pattern matrix for “mental models” scale

Factors

1 2 3

The topics that I learn need to be useful for solving practical 
problems (UK)

0.08 0.05 0.40

I like to be given precise instructions as to how to go about carrying 
out a task or doing an assignment (IK)

0.06 0.60 –0.02

For me, learning means trying to approach a problem from many 
different angles, including aspects that I hadn’t previously thought of 
(CK)

0.42 –0.01 0.20

For me, learning is making sure that I can reproduce the facts 
presented in a course (IK)

0.08 0.29 0.11

I should try to look for connections within the subject matter 
without having to be told to do so (CK)

0.78 –0.03 –0.16

I should try to apply the theories dealt with in a course to practical 
situations (UK)

0.49 –0.01 0.20

If I have diffi culty understanding a particular topic, I should consult 
other books without having to be told to do so (CK)

0.61 0.08 –0.08

Teachers should clearly explain what it is important for me to know 
and what is less important (IK)

–0.04 0.59 0.01

For me, learning means acquiring knowledge that I can use in 
everyday life (UK)

–0.08 0.04 0.64

I prefer teachers who tell me exactly what I need to know for an 
exam (IK)

–0.10 0.72 0.04

For me, learning means acquiring knowledge and skills that I can later 
put to practical use (UK)

0.05 0.00 0.75

I should try to think of particular examples of points made in the 
study materials without having to be told to do so (CK)

0.50 –0.07 0.17

Note: loadings greater than 0.30 in absolute magnitude are shown in bold. The subscales from which the items 
were taken were: construction of knowledge (CK); intake of knowledge (IK); and use of knowledge (UK). 

Approaches to studying

A total of 1,111 students responded to all 12 items, and factor analysis yielded the solution shown in Table 
2. The extracted factors correspond exactly to the ETL project’s subscales measuring a deep approach 
and a surface approach, respectively. The two additional items (shown at the bottom of the table) added 
very little. The two subscales both yielded a value of coeffi cient alpha of 0.70, which would be regarded as 
satisfactory on conventional criteria.
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Table 2: Factor pattern matrix for “approaches to studying” scale

Factors

1 2

I often have trouble making sense of the things I have to learn (SA) 0.03 0.68

I usually set out to understand for myself the meaning of what I have to learn (DA) 0.40 –0.01

Much of what I learn seems no more than lots of unrelated bits and pieces in my mind (SA) –0.01 0.64

In making sense of new ideas, I often relate them to practical or real-life contexts (DA) 0.45 –0.02

Ideas I’ve come across in my academic reading often set me off on long chains of 
thought (DA)

0.55 –0.08

I look at evidence carefully to reach my own conclusion about what I’m studying  (DA) 0.62 –0.14

It’s important for me to follow the argument or to see the reasons behind things  (DA) 0.54 –0.10

I tend to take what I’ve been taught at face value without questioning it much (SA) –0.21 0.43

In reading course material, I try to fi nd out for myself exactly what the author means (DA) 0.51 –0.12

I just go through the motions of studying without seeing where I’m going (SA) –0.24 0.59

Working things through with other students is really useful 0.15 0.14

I wish I’d had time to read more books 0.30 0.10

Note: loadings greater than 0.30 in absolute magnitude are shown in bold. The subscales from which the items 
were taken were: deep approach (DA); and surface approach (SA).

Associations among the four scales were analysed using multivariate analysis of covariance. These used the 
two cohorts (fi rst years versus fi nal years) and 15 institutions as independent variables, the scores on one 
scale as covariates (or predictors) and the scores on another scale as dependent variables. The associations 
were measured between pairs of scales within the 30 (15 × 2) cells, thus controlling for any variation 
between the cohorts or across the institutions. 

The appropriate index of association is the complement of Wilks’ Λ (lambda). The quantity (1 - Λ) is the 
multivariate generalisation of the univariate coeffi cient of determination, r2, and it measures the proportion 
of the variation in the dependent variables that is explained by the predictor variables (see Cohen, Cohen, 
West, & Aiken, 2003, p. 611). 

The students’ scores on the mental models subscales explained 37% of the variation in their scores on the 
approaches to studying subscales. Table 3 shows the standardised regression coeffi cients between the two 
sets of scores. 

•  Those students who regarded learning as the construction of knowledge or as the use of knowledge were 
more likely to adopt a deep approach and less likely to adopt a surface approach.

•  Those students who regarded learning as the intake of knowledge were more likely to adopt a surface 
approach and less likely to adopt a deep approach. 

These results confi rm Vermunt’s (1998) claim that students’ mental models of learning are a primary 
determinant of their approaches to studying. In particular, those students who have a reconstructive 
conception of learning are more likely to adopt a deep approach, whereas those who have a reproductive 
conception of learning are more likely to adopt a surface approach. 
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Table 3: Standardised regression coeffi cients relating mental models and approaches to studying

Dependent variable

Predictor variable Deep Surface

Construction of knowledge 0.40* –0.29*

Intake of knowledge –0.16* 0.34*

Use of knowledge 0.21* –0.01

* p < 0.05

Personal and educational development

The fi nal item in this scale invited students to nominate other capabilities they had acquired at university, 
but fewer than 16% of the students did so. This suggests that the 15 remaining items provided a satisfactory 
coverage of the relevant domain. A total of 1,106 students responded to the 15 items, and factor 
analysis yielded the solution shown in Table 4. The extracted factors broadly correspond to Lawless and 
Richardson’s subscales measuring self-organisation, mathematical skills, social skills and cognitive skills 
respectively, except that the item relating to computer literacy loaded more highly on the third factor 

Table 4: Factor pattern loadings for “personal and educational development” scale

Factors

1 2 3 4

Ability to analyse numerical data (MS) –0.02 0.87 0.05 0.01

Ability to apply knowledge (CS) 0.14 0.17 –0.02 0.50

Ability to use numerical data  (MS) –0.01 0.87 0.03 –0.02

Ability to work in teams (SS) –0.01 0.12 0.62 –0.01

Computer literacy (MS) –0.01 0.09 0.48 0.06

Critical analysis (CS) –0.11 –0.03 0.09 0.81

Evaluation skills (CS) –0.07 –0.05 0.09 0.80

Interpersonal skills (SS) 0.08 –0.05 0.67 0.06

Leadership skills (SS) –0.02 –0.04 0.82 –0.08

Oral presentation skills  (SS) 0.04 –0.03 0.56 0.05

Self-discipline (SOS) 0.85 –0.04 0.07 –0.05

Self-reliance (SOS) 0.78 0.03 0.04 –0.04

Time management (SOS) 0.72 0.01 0.00 0.05

Writing skills (CS) 0.32 –0.09 0.12 0.35

A real expertise in my subject 0.21 0.06 –0.07 0.31

Note: loadings greater than 0.30 in absolute magnitude are shown in bold. The subscales from which the items 
were taken were: cognitive skills (CS); mathematical skills (MS); self-organisation skills (SOS); and social skills (SS).
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than on the second factor. This suggests that contemporary students regard computers as means of social 
communication rather than as mathematical devices. The other additional item showed only low loadings, 
but its highest loading was on the factor concerned with cognitive skills. It was therefore added to the 
items defi ning the cognitive skills subscale, and the item concerned with computer literacy was moved 
from the mathematical skills subscale to the social skills subscale. The four revised subscales yielded values 
of coeffi cient alpha of 0.84, 0.87, 0.78 and 0.75, respectively, which would be regarded as satisfactory on 
conventional criteria. 

The students’ scores on the mental models subscales explained 14% of the variation in their scores on 
personal and educational development; their scores on the approaches to studying scales explained 12% 
of the variation in their scores on personal and educational development; and their scores on the mental 
models subscales and the approaches to studying subscales taken together explained 18% of the variation 
in their scores on personal and educational development. Table 5 shows the standardised regression 
coeffi cients from the latter analysis. 

•   Those students who regard learning as the construction of knowledge and who adopt a deep rather than 
a surface approach report greater development of their cognitive skills. 

•   Those students who regard learning as the use of knowledge and who tend not to adopt a surface 
approach report greater development of their mathematical skills. 

•   Those students who regard learning as the construction of knowledge and who tend not to adopt a 
surface approach report greater development of their self-organisation skills. 

•   Those students who regard learning as either the construction of knowledge or the use of knowledge 
report greater development of their social skills.

Nevertheless, it should be noted that the observed relationships were relatively weak and only obtained 
statistical signifi cance by virtue of the large sample size. 

Table 5: Standardised regression coeffi cients relating mental models, approaches to studying and personal 
and educational development

Dependent variable (Personal and educational development)

Predictor variable Cognitive Mathematical
Self-

organisation
Social

Construction of knowledge 0.20* 0.06 0.15* 0.09*

Intake of knowledge 0.04 –0.04 0.06 0.03

Use of knowledge 0.02 0.14* 0.05 0.08*

Deep approach 0.14* 0.03 0.03 0.04

Surface approach –0.15* –0.08* –0.08* –0.06

* p < 0.05
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Personal change

The fi nal item in this scale invited students to nominate other ways in which they had changed since coming 
to university, but fewer than 13% of the students did so. Once again, this suggests that the remaining 11 
items provided a satisfactory coverage of the relevant domain. A total of 1,102 students responded to the 
11 items, and factor analysis yielded the solution shown in Table 6. The four items that showed salient 
loadings on the fi rst factor measure social change (or the lack of it); Item 5 and the complements of the 
other three items were taken to defi ne a factor-based subscale of social change. The four items that 
showed salient loadings on the second scale measure an increase in personal confi dence, and these items 
were taken to defi ne a factor-based subscale of confi dence. The three items that showed salient loadings 
only on the third factor measure academic change; these three items were taken to defi ne a factor-based 
subscale of academic change. The three subscales yielded values of coeffi cient alpha of 0.67, 0.68 and 0.48, 
respectively. The fi rst two values would be regarded as adequate on conventional research-based criteria, 
but the last value would not. 

Table 6: Factor pattern matrix for “personal change” scale

Factors

1 2 3

I now have a much clearer view of what I want to do in the future –0.13 0.37 0.28

I am a much more self-confi dent person than the person I was when 
I came here

0.17 0.58 0.06

I feel that I no longer have much in common with my friends 
outside of university

0.05 –0.01 0.30

I am very committed to the subjects I’ve studied here and would 
like somehow to continue to read/study them in the future

–0.09 0.05 0.67

I can’t imagine losing touch with some of the friends I’ve made here 0.56 0.15 0.00

I would like to remain associated with the university in some way 0.21 0.06 0.49

My time at university has really changed the way I see the world 0.23 0.40 0.26

My life outside the university remains the most important to me –0.47 0.22 –0.32

I feel that I am now able to get on with a much wider range of people 0.16 0.69 –0.10

I don’t really fi t in here. I’ll be quite glad to leave –0.53 –0.08 0.07

The qualifi cation is the main thing. University has not changed me 
that much

–0.64 –0.09 –0.06

Note: loadings greater than 0.30 in absolute magnitude are shown in bold. 

The model shown in Figure 1 includes the possibility of an interrelationship between personal and educational 
development and personal change (indicated by the double-headed arrow). This hypothesis was supported by 
the fact that the students’ scores on the three subscales that constituted personal change shared 20% of their 
variation with the students’ scores on the four subscales that constituted personal and educational development. 
However, an apparent relationship of this sort might be wholly spurious if the two sets of variables share a 
common cause: that is, there is a third variable (or set of variables) that brings about variation in each of the 
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fi rst two sets of variables, and there is no genuine interrelationship between the latter. In the present case, the 
apparent relationship between personal and educational development and personal change may be spurious, 
since the students’ scores on personal and educational development and their scores on personal change share 
possible common causes in their conceptions of learning and their approaches to studying. 

A separate point is that, in any case, even the apparent relationship between their scores on the personal 
and educational development scale and their scores on the personal change scale is by no means a strong 
one. In other words, there seems to be relatively little overlap in the aspects of personal change and 
development at university that these instruments are tapping. Both instruments seem to be necessary to 
provide a clear picture of the students’ experience. 

The students’ scores on the mental models subscales explained 8% of the variation in their scores on the 
personal change subscales; their scores on the approaches to studying subscales explained 11% of the 
variation in their scores on the personal change subscales; and their scores on the mental models subscales 
and the approaches to studying subscales together explained 14% of the variation in their scores on the 
personal change subscales. Table 7 shows the standardised regression coeffi cients from the latter analysis. 

•   Those students who tend not to adopt a surface approach report a greater degree of social change.
•   Those students who regard learning as either the construction of knowledge or the use of knowledge 

report a greater increase in their personal confi dence. 
•   Those students who regard learning as the use of knowledge and who adopt a deep approach report a 

greater degree of academic change. 

Once again, however, it should be noted that the observed relationships were relatively weak and only 
obtained statistical signifi cance by virtue of the large sample size. 

Table 7: Standardised regression coeffi cients relating mental models, approaches to studying and personal 
change

Dependent variable (Personal change)

Predictor variable Social change Confi dence Academic change

Construction of 
knowledge

0.02 0.09* 0.03

Intake of knowledge –0.03 0.04 –0.04

Use of knowledge 0.00 0.13* 0.09*

Deep approach –0.04 0.04 0.14*

Surface approach –0.20* –0.01 –0.04

* p < 0.05
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Conclusions

This working paper has reported evidence concerning the four scales that were administered to both 
fi rst-year students and fi nal-year students in the initial phase of the SOMUL project. The application of 
factor analysis broadly confi rmed the construct validity of the four scales. Even the wholly new fourth scale 
seemed to be measuring three distinct aspects of personal change, and these seemed to complement rather 
than duplicate the four subscales of Lawless and Richardson’s (2004) inventory on personal and educational 
development. Apart from one of the subscales concerned with personal change, the various dimensions 
measured by these four scales showed at least adequate reliability as estimated by Cronbach’s coeffi cient 
alpha. 

The interrelationships among the four scales were consistent with the heuristic model shown in Figure 
1. There was a clear association between the students’ conceptions of learning and their approaches to 
studying, and both of these scales predicted their scores on personal and educational development and 
their scores on personal change. The relationships between, on the one hand, a reconstructive conception 
of learning and a deep approach to studying and, on the other hand, a reproductive conception of learning 
and a surface approach to studying are suffi ciently strong to support Vermunt’s (2005) position that these 
constitute distinct learning ‘patterns’ or learning ‘styles’. 

Nevertheless, the relationships between these learning patterns and students’ personal change and 
development at university are remarkably weak. This is of particular relevance to the SOMUL project, 
because it suggests that students’ personal change and development are primarily the result not of the 
learning patterns that they bring to their studies but of their varied experiences while they are at university. 
The aim of the SOMUL project is to assess the infl uence of their choice of subject and their choice of 
institution on these outcomes. This working paper has shown that the initial and follow-up surveys will 
provide a sound basis for comparing different cohorts of students taking different subjects at different 
institutions.
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