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Abstract

Background: The degree of learners’ self-regulated learning and dependence on external regulation influence
learning processes in higher education. These regulation strategies are commonly measured by questionnaires
developed in other settings than in which they are being used, thereby requiring renewed validation. The aim of
this study was to psychometrically evaluate the learning regulation strategy scales from the Inventory of Learning
Styles with Swedish medical students (N = 206).

Methods: The regulation scales were evaluated regarding their reliability, scale dimensionality and interrelations.
The primary evaluation focused on dimensionality and was performed with Mokken scale analysis. To assist future
scale refinement, additional item analysis, such as item-to-scale correlations, was performed.

Results: Scale scores in the Swedish sample displayed good reliability in relation to published results: Cronbach’s
alpha: 0.82, 0.72, and 0.65 for self-regulation, external regulation and lack of regulation scales respectively. The
dimensionalities in scales were adequate for self-regulation and its subscales, whereas external regulation and lack of
regulation displayed less unidimensionality. The established theoretical scales were largely replicated in the
exploratory analysis. The item analysis identified two items that contributed little to their respective scales.

Discussion: The results indicate that these scales have an adequate capacity for detecting the three theoretically
proposed learning regulation strategies in the medical education sample. Further construct validity should be
sought by interpreting scale scores in relation to specific learning activities. Using established scales for measuring
students’ regulation strategies enables a broad empirical base for increasing knowledge on regulation strategies in
relation to different disciplinary settings and contributes to theoretical development.
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Background
Students’ independent learning in terms of monitoring
and guiding their own learning process is considered
fundamental for students’ achievements in higher educa-
tion [1,2]. With roots in adult learning [3], the concept
of self-regulated learning has developed in social cogni-
tive theory [4] and psychology of learning [5]. Self-
regulated learning is considered to be a capability that
comprises aspects of responsibility for one’s own learn-
ing, such as evaluating, regulating, and setting goals for
the learning process [1,5]. Theorists describe students’
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learning regulation strategies as indirectly influencing
the process of learning, thereby influencing learning out-
comes [5]. The concept has been found to engage stu-
dents, educators as well as policy makers [6]. Inspired by
incentives for lifelong learning, and student centred edu-
cation, the large interest for self-regulated learning in
higher education has also reached medical education
[7,8].
The theoretical constructs of regulation strategies are

commonly measured by questionnaire scales for quanti-
fication of results. The issue of validity—the degree to
which the scale measures what it purports to measure, is
of central concern in this practice. Messick [9] stated
that validity is a characteristic of the interpretation of
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results and does not pertain to the instrument itself.
Cultural differences, changes in student characteristics
over time, varying teaching and study practices between
disciplines and national educational systems require
renewed assessment and fine tuning of instruments [10].
Hence, whether or not established questionnaires func-
tion in new environments is an empirical question, the
results need to undergo psychometric evaluation for the
population in question [11].
The predominant method for evaluating scale quality

is to measure the internal scale consistency with
Cronbach’s alpha, which functions as a lower bound of
reliability [12]. A more thorough analysis would also
look into the dimensionality of the item set—the extent
to which scale items relate to one construct—thereby
allowing using a sum score to accurately indicate levels
of the latent trait. Because it has been shown that high
Cronbach’s alpha does not guarantee unidimensionality,
additional measures are needed to assess whether items
comprise a unidimensional scale regarding the construct
it is intended to cover [13].
A fairly recent scale analysis method is the Mokken scale

analysis [14,15]. This method presents an alternative to fac-
tor analysis and is categorised under the non-parametric
item response theory (IRT). Mokken analyses evaluate
scale dimensionality based on Loevinger’s definition of
homogeneity [16]. In addition to dimensionality, Mokken
scale analysis also has methods for testing the IRT models
of monotone homogeneity and double monotonicity [17].
Monotone homogeneity means that respondents can be
ordered on a latent trait using scale scores. The more re-
strictive model of double monotonicity means that the
scale items also can be hierarchically ordered in relation to
the latent trait. Furthermore, the Mokken method makes
fewer assumptions on empirical data than does traditional
factor analysis (e.g. regarding models and linearity of the
item-construct relation) [18–20].
The Inventory of Learning Styles (ILS) [5] was devel-

oped in a European setting specifically for the higher
education context and has been widely used and
reviewed in researching students’ learning patterns
[2,21,22]. In addition to regulation strategies the
complete ILS covers processing strategies, mental mod-
els of learning, and learning orientations. The regulation
scales purport to measure how students usually ap-
proach studying in terms of regulation strategies. The
three main scales—self-regulation, external regulation,
and lack of regulation—are represented by 28 items.
Self-regulation contains the subscale dimensions learning
process and result and learning content, which are con-
cerned with the degree to which students plan proces-
sing activities, diagnose the cause of learning problems
that occur, and direct themselves toward learning objec-
tives of their own. External regulation contains the
subscales learning results and learning processes. Exter-
nal regulation concerns the degree to which students
rely on didactic aids, such as formal learning objectives
and assignments. Lack of regulation concerns the inabil-
ity to regulate one’s own learning and perceived lack of
external support [5].
Increased knowledge of regulation strategies in student

groups contributes both to direct student benefit and to
research purposes. Regulation strategy scales have been
used as a self-diagnostic tool for stimulating reflection
on learning processes and raising awareness about study
strategies among teachers and students [2,23,24]. Re-
search on regulation strategies contributes with know-
ledge regarding the type of guidance students need from
the teacher and the course structure, both in larger
structures, such as comparisons between traditional and
problem-based settings [25], and in relation to specific
course activities [26]. This knowledge forms an import-
ant base for making full use of students’ motivation to
learn and adapting corresponding course design and
teacher guidance [27]. Differences in how self-regulated
learning is enacted and its consequences for learning
highlight the need for investigating these attributes in re-
lation to each discipline [28]. In the field of medical edu-
cation, concern has been voiced that much of previous
efforts to enhance learners’ autonomy have been based
on loose assumptions rather than systematic research
[29]. The rich body of empirical and theoretical litera-
ture from other disciplines cannot replace contextualised
empirical findings in medicaleducation [8]. The aim of
this study was to psychometrically evaluate a translation
of established regulation strategy scales in a Swedish
medical education context.

Methods
Participants
The sample consisted of medical students participating in
a clinical clerkship preparatory course. The students were
approached cross-sectionally during the course, in four
hospitals affiliated with the medical university of Karolinska
Institutet, Sweden. A pilot was conducted in two courses in
autumn 2008 (n = 44, response rate = 67 %) followed by a
cross-sectional study in all four courses in spring
2009 (n = 206, response rate = 83 %). At this point, the stu-
dents were at the verge of entering the more clinical
oriented phase of the medical programme.

Materials and procedure
The regulation strategy scales from the 120-item version
of the Inventory of Learning Styles (ILS) [5] were trans-
lated, piloted, revised, and used in 2008–2009. The 28
items were composed of Likert-type statements, with re-
sponse alternatives denoting the frequency with which
students use the proposed activity: e.g. ‘I add something to



Table 1 Internal consistency of regulation scales

Regulation scales and subscales No. items Cronbach’s alpha

Pilot Revised

Main scale

Self-regulation 11 0.80 0.82

External regulation 11 0.64 0.72

Lack of regulation 6 0.60 0.65

Subscales

Self-regulation of learning content 4 0.65 0.66

Self-regulation of process and results 7 0.75 0.81

External regulation of learning results 5 0.54 0.57

External regulation of learning processes 6 0.47 0.67
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the subject matter from other sources’, ‘I do this seldom or
never’, ‘I do this sometimes’, ‘I do this regularly’, ‘I do this
often’, ‘I do this almost always’ (the answer categories are
represented by the numbers 1–5).
The questionnaire was first translated by the author to

Swedish. Item wordings were then examined in relation
to the Norwegian translation [25] as the two languages
are closely related, and then reviewed by two bilingual
medical educationalists regarding content validity. After
the pilot, item wordings were further refined through
telephone interviews and a group interview, with three
and five respondents, respectively.
Incomplete responses were approached differently

when analysing the data from the pilot and the revised
version. In the pilot, non-systematic missing values were
approached with “hot deck imputation” —copying values
from other respondents with similar but complete re-
sponse patterns in the scale analysis in order to make
full use of the small sample [30]. In the revised setting
incomplete responses (10) were discarded from the scale
analysis. The original item order from the ILS was
retained, although item numbering differs due to the
standalone regulation strategy version being shorter. The
study has been ethically reviewed by the local ethical
board (rn: 2008/822-31/5).

Validation criteria
Internal reliability for the scales was estimated with
Cronbach’s alpha. Scale dimensionality was estimated by
Mokken scale analysis based on Loevinger’s coefficient
H [16]. H > 0.3 means that items have enough in com-
mon to trust the ordering of persons by using the scale
scores [17]. The common practise for interpreting
dimensionality by means of coefficient H is that a scale
is considered weak when the H-estimate is between 0.3
and 0.4, medium when between 0.4 and 0.5 and strong
when > 0.5. All item pairs within each scale were further
investigated regarding covariance (Hij), and individual
item relation to the scale (Hi) [14]. The Mokken auto-
mated scale partitioning was used to investigate whether
the established factor structure would be replicated. Inter-
relations between scales were calculated by Spearman rank
order correlation on summed scale scores due to its
ordered data origin. Invariant item ordering is one method
used to check for double monotonicity, i.e. the extent to
which items can be ordered hierarchically in the scale in
relation to the regulation strategy construct. This aspect
was estimated by coefficient HT. Proposed interpretations
of this coefficient indicate that HT < 0.3 means that the item
ordering is inaccurate regarding item ordering; low accuracy
between 0.3 and 0.4, medium when between 0.4 and 0.5,
and high accuracy when > 0.5 [31]. Statistical analyses were
performed in the statistical package R version 2.13.0 [32].
The R Mokken library version 2.5 was used for Mokken
scale analysis.

Results
Pilot
Reliability, as measured by Cronbach’s alpha, ranged
from 0.60 to 0.80 in the three main scales (Table 1).
Mokken dimensionality analysis showed that the two
self-regulation subscales were of adequate dimensionality
(H > 0.3) (Table 2). The item pair covariance (Hij) ranged
from −0.21 to 0.77 and individual item dimensionality
(Hi) ranged from 0.07 to 0.46 (Table 3). Despite some
negative Hij values, items generally contributed to their
respective dimensions.
Exploratory scale partition resulted in three Mokken

scales in the pilot (Table 4). The first scale only included
items from the established self-regulation scale. Mokken
scale 2 corresponded to the external regulation scale,
and scale 6 to lack of regulation. Dimensionality coeffi-
cient H ranged from 0.15 to 0.36 (Table 2). Data from
student interviews indicated that the items required a lot
of thought, and that the students perceived several items
as being similar to each other.

Revised version
Based on student interviews, the wordings of the items
were refined slightly, after which the questionnaire was
distributed to the cohort of medical students taking a
clinical clerkship preparatory course at four teaching
hospitals. The reliability for main scales ranged from
Cronbach’s alpha 0.65 to 0.82 (Table 1).
Evaluation of the established scales showed self-

regulation and its subscales to be of adequate (H > 0.3)
dimensionality (Table 2). The individual item dimension-
ality (Hi) ranged from 0.11 to 0.50, with two items (22
and 28) displaying low, but positive, scale dimensionality
(Table 2). Pair-wise covariance (Hij) ranged from −0.09
to 0.67. All item pairs, except three, displayed positive
Hij values. Negative Hij pairs were 8–14 and 8–28 in



Table 2 Mokken dimensionality evaluation

Scale coefficient H

pilot revised

Main scale

Self-regulation 0.29 0.32

External regulation 0.16 0.21

Lack of regulation 0.24 0.26

Subscales

Self-regulation of learning content 0.36 0.38

Self-regulation of process and results 0.32 0.41

External regulation of results 0.15 0.27

External regulation of learning process 0.21 0.23

Edelbring BMC Medical Education 2012, 12:76 Page 4 of 7
http://www.biomedcentral.com/1472-6920/12/76
scale external regulation and 6–18 in Lack of regulation,
ranging from −0.01 to −0.09.
Six Mokken scales were extracted from the responses

and compared to the theoretical factor structure
(Table 3). The first one included six out of seven items
from self-regulation of learning process and results and
one (item 22) from the external regulation scales.
Mokken scale 2 included three items from external regu-
lation of learning processes and one from external regu-
lation of learning results. The third scale was identical to
the self-regulation of learning content. The fourth and
sixth scales included three and two items, respectively,
from lack of regulation. The fifth scale contains two
items from external regulation of learning results.
No internal correlation was found between main scales

(Rho ≤ 0.14 in the pilot and ≤ 0.08 in the revised setting).
As expected, subscales correlated significantly with each
other (p < 0.01) for self-regulation (Rho = 0.47) and exter-
nal regulation (Rho = 0.39). Three scales (external regu-
lation, sub scale self-regulation of learning content, and
Table 3 Individual item dimensionality (Hi) in relation to scal

Self-regulation Item 7 13 21
Hi 0.27 0.28 0.29

External regulation Item 16 4 24

Hi 0.30 0.27 0.27

Lack of regulation Item 3 9 20

Hi 0.34 0.29 0.26

Self-regulation of learning content Item 7 21 27

Hi 0.41 0.41 0.37

Self-regulation of process and results Item 25 17 23

Hi 0.50 0.48 0.45

External regulation of learning results Item 14 4 5

Hi 0.28 0.24 0.24

External regulation of learning processes Item 16 24 2

Hi 0.36 0.30 0.28
external regulation of learning processes) displayed in-
variant item ordering coefficients >= 0.3 (Table 5).

Discussion
Adequate dimensionality, divergent validity, and scale
consistency contribute validity to the self-regulation (SR)
scale and its subscales in the medical education setting.
However, the analyses indicate that some of the items do
not contribute optimally in the regulation scales and that
external regulation (ER) and lack of regulation (LR) scales
were weak regarding dimensionality in this sample.
Because psychometrics is about measuring the unob-

servable, there is not one single criterion against which
we can assert fulfilment of the goal of trustworthy tools.
Therefore, several aspects, taken together, form a basis
for assessment and basis for further scale development.
internal consistency in this sample was very good in com-
parison with other studies using the scales. Cronbach’s
alpha values for the three main scales (SR: 0.82, ER: 0.72,
and LR: 0.65) were exceeding those obtained in a
Norwegian medical setting (SR: 0.73, ER: 0.69, and LR:
0.57) [25] and generally exceeded previously reported
Cronbach’s alpha of 0.48 to 0.81 in several studies in the
Netherlands [22], 0.46 to 0.72 in British settings [2], and
0.69 to 0.75 in a Finnish pharmacy setting [33].
Dimensionality, as assessed by Mokken scale analysis,

was higher in the dataset from the revised version, al-
though the estimates were not ideal (Table 2). The stron-
gest regulation scale was the subscale Self-regulation
process and results, with coefficient H = 0.41. Following
empirically derived rules of thumb of H-interpretation,
this falls into the category of moderate dimensionality
[17]. Of the main scales, self-regulation got highest value
with H = 0.32 which means it is a weak scale regarding
dimensionality. External regulation scale displayed lowest
es

27 10 11 15 17 23 25 26
0.29 0.30 0.26 0.27 0.38 0.41 0.40 0.37

2 5 8 1 14 19 28 22

0.22 0.22 0.19 0.18 0.18 0.18 0.14 0.11

12 6 18

0.24 0.23 0.20

13

0.31

10 26 11 15

0.41 0.35 0.34 0.31

28 22

0.23 0.15

8 19 1

0.27 0.25 0.20



Table 4 Resulting scales from Mokken exploratory
partitioning

Pilot version Revised version

Item no. Item H Item no. Item H

Scale 1 Scale 1

23 0.77 25 0.67

17 0.77 10 0.67

26 0.65 17 0.63

21 0.57 23 0.57

7 0.51 26 0.50

27 0.47 22 0.46

10 0.42 11 0.42

Scale 2 Scale 2

24 0.64 24 0.54

16 0.64 4 0.54

4 0.55 16 0.48

Scale 3 8 0.42

18 0.63 Scale 3

12 0.63 21 0.53

Items not assigned to
scales: 1,2,3,5,6,8,9,11,13,
14,15,19,20,22,25,28

7 0.53

27 0.44

13 0.38

Scale 4

9 0.51

3 0.51

6 0.41

Scale 5

28 0.41

14 0.41

Scale 6

18 0.33

12 0.33

Items not assigned to scales: 1,2,5,15,19,20

Table 5 Invariant Item Order (IIO) scale assessment

Scales HT

Self-regulation 0.23

External regulation 0.30

Lack of regulation 0.16

Self-regulation of learning content (subscale) 0.53

Self-regulation of process and result (subscale) 0.13

External regulation of learning results (subscale) 0.40

External regulation of learning processes (subscale) 0.18
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dimensionality (H = 0.21). This finding corresponds with
this dimension not being detected at all in a Finnish sam-
ple [26]. Higher H coefficient values for sub scales are
explained by their items being more narrowly connected
to each other, whereas the main scales approach the strat-
egy dimensions more broadly. The implication for scales
with low dimensionality is that ranking of participants
with scores in a narrow range will be less accurate.
On a more detailed level, the Hi estimate contributed

with insight into how single items contribute to scale
dimensionality (Table 2). In general, all items contributed
to their respective scale, except items 22 and 28, which
did not seem to contribute much to the scale (external
regulation). The characteristic of item 22 is discussed
below. Item 28 concerns fulfilment of assignments during
the course which makes it less appropriate for a clinically
(practically) oriented course. The total dimensionality co-
efficient (H) for that scale would increase removing these
two items. However, that would remove nuances from the
scale construct, and hence, from the theoretical base.
Since both items score positively on the Hi, they contrib-
ute, however little, to the scale construct. The practical
implications are that the scale is less accurate in distin-
guishing between respondents with similar scale scores
than if all items contribute highly to the scale construct.
When disregarding previous partitioning and exposing all
items to exploratory scale partitioning, they risk being
regrouped in ways that were not initially intended. How-
ever, the theoretical scale structure was broadly replicated
in the data. All aspects of the established scales were
represented in the six Mokken scales. The largest group is
Mokken scale 1, with six of the seven self-regulation of
learning process and results items represented. Scale 2
contains items from external regulation, mostly from
external regulation of learning process. Scale 3 was identi-
cal to self-regulation of learning content. Scale 5 has two
items from external regulation of learning results, and
scales 4 and 6 correspond with lack of regulation.
With the exception of one item (22), the six explora-

tory Mokken scales correspond well with the theoretical
partitioning established in previous research (Table 3).
However, in this sample, item 22 converges with self-
regulation of learning process and results, although it
belonged to external regulation of learning results in the
established partitioning. This item also displayed low
item-scale homogeneity (Hi). The item concerns the fre-
quency with which students thoroughly apply themselves
to the methods dealt with in a course. Considering the
context in which respondents were situated—the clinical
preparatory course—the “methods” could be interpreted
as diagnostic methods, and thus a core aspect of the
course. Training to apply these methods could fit well
into the scope of a self-regulated goal. Consequently,
this item does not function well in discriminating be-
tween self- and externally regulated strategies, but con-
tributes to both constructs in this setting.
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Regulation strategies as such are theorised as not only
relating to individual preference, but also to the specific
learning situation [5,34,35]. Consequently, the situative
aspect should be considered in data collection and inter-
pretation. Comparisons between different overarching
curricula, such as PBL and traditional ones, should expect
variations in how the construct is interpreted [25,36].
Comparisons within the same educational culture and
setting, contribute to establish the construct validity of
regulation strategies as measured by these scales. When
comparing this study’s scale means to other traditional
Scandinavian curricula, a similar distribution of pattern is
discerned, dominated by external regulation, followed by
self-regulation and lack of regulation (Table 6).
As the three regulation strategies are different con-

structs, they are not expected to interrelate; i.e. they
should display divergent validity. Nevertheless, the sub-
scales of the self- and external regulation scales should
relate, to some extent, although covering different facets.
The non-interrelation identified among the main scales
contributes indirectly to their divergent validity. Interre-
lations between subscales were significant, although
somewhat weaker than those reported elsewhere [2].
Judging by their face value, one could assume that self-
regulation and external regulation would be each other’s
opposites and, hence, correlate negatively; however, in
this sample, they did not. Research shows that students
can successfully combine the two regulation strategies,
suggesting a dynamic relationship where external regula-
tion has modelling and scaffolding functions [23].
Invariant item ordering (IIO) is not a claimed property

of the ILS’s regulation strategy scales. Scale items con-
tribute within the regulation strategy scales, even if not
ordered in a hierarchy. Nevertheless, the test for IIO
contributed additional validation data in disclosing to
what extent respondents conceive the items in a similar
manner. Three scales displayed adequate IIO accuracy,
while the overall low IIO estimates for other scales
Table 6 Regulation strategy mean scores from the
Swedish setting compared with Norwegian medical
education settings, using problem-based (PBL) and
traditional curriculum

Sweden, Medicine
(current study)

Norway,
Medicine, PBL

Norway
Medicine, trad.

Self-
regulation

2.72 2.88 2.45*

External
regulation

3.06 2.71 2.67*

Lack of
regulation

2.55 2.51 2.32

Mean values from (Hofgaard Lycke, et al., 2006; Stromso, Grottum, & Hofgaard
Lycke, 2004). * Calculated from subscale means in (Hofgaard Lycke et al.,
2006).
express variation in how respondents approach the scale
items (Table 5).
Implications and further development
The gains of having an established instrument that can
be used in different disciplines and in different cultural
settings should be considered when choosing and asses-
sing methods to measure regulation strategies. The con-
tinued use of these established scales allows researchers
to build on prior theoretical bases. In line with the view
of validity pertaining to contextualised results, complex-
ity of the construct, and purpose of use of the results,
the researcher needs to interpret results on regulation
strategies in relation to the students’ study situation [9].
Scale scores should be interpreted in conjunction with

other empirical data, such as course activities or other scale
scores, thereby contributing to further construct validity.
Further refinement of the wording of questionnaire

items is recommended in this translation, as medical
students found some items hard to deal with. This work
should retain content validity in adhering to the theoret-
ical base and use reported dimensionality coefficients
(Hi), and future content validation of the wordings with
student groups, preferably from other disciplines as well.
The vocational character of the participants’ study envir-
onment is currently marginally reflected in the strategy
scales. Considering the contextual influence discussed by
Richardson [10], more accurate results would perhaps be
found in medical and other professional education if the
scale items were adapted toward vocational aspects.
However, as item adaptation would imply deviation from
the original scales, and thus, the theoretical base, a bet-
ter approach would be to add a vocational oriented scale
along with the others. Generalizability of findings of this
study beyond third-year students in a traditional Swed-
ish medical curriculum is restricted by the moderate
sample size and single discipline context. Data-gathering
from the whole cohort, cross-sectionally over four
course settings, contribute to the strength of the study,
providing a broad base for validation of scale results.
Conclusion
The regulation scales of the ILS measures individual
study strategies relating to specific learning environ-
ments and, hence, to the culture in which they are used.
These scales were developed in a non-medical education
setting. Still, when used in a Swedish medical education
setting, the scale structure is replicated, and internal
consistencies are good. Thorough analysis of scale
homogeneity identified areas where these scales can be
further improved and possibly more tailored toward the
professional aspects of medical education.
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