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Abstract
Background: The learning environment impacts many aspects of healthcare education, including student
outcomes. Rather than being a single and fixed phenomenon, it is made up of multiple micro learning
environments. The standard clinical learning environment measurement tools do not consider such diversity and
may fail to adequately capture micro learning environments.
Moreover, the existing tools are often long and may take a prohibitive amount of time to complete properly. This
may have a negative impact on their usefulness in educational improvement strategies. In addition, there is no
universal tool available which could be utilised across several healthcare student groups and placement settings.
Aim: To create an evidence-based measurement tool for assessing clinical micro learning environments across
several healthcare profession student groups.
Methods: The measurement tool was developed through a step-wise approach: 1) literature review with iterative
analysis of existing tools; 2) generation of new items via thematic analysis of student experiences; 3) a Delphi
process involving healthcare educators; 4) piloting of the prototype; and 5) item reduction.
Results: The literature review and experiential data from healthcare students resulted in 115 and 43 items
respectively. These items were refined, leaving 75 items for the Delphi process, which produced a prototype with
57 items. This prototype was then completed by 257 students across the range of healthcare professions, with item
reduction resulting in a 12-item tool.
Conclusion: This paper describes a mixed methods approach to developing a brief micro learning environment
measurement tool. The generated tool can be used for measuring student perceptions of clinical environments
across several healthcare professions. Further cross-cultural and cross-professional validation studies are needed to
support widespread use, possibly through mobile application.
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Background
The learning environment in healthcare education is a
manifestation of the curriculum as experienced by students [1] and influences healthcare professions students
in a number of ways, including behaviour [2], satisfaction [3], and educational outcomes [4–6].
Whilst much of healthcare students’ professional
development occurs on clinical placements, there may
be gaps between what they should be learning and
what they actually learn [7]. Understanding how the
environment contributes to student learning can be
challenging as learning environments are complex and
influenced at many organisational levels e.g. departmental, institutional, and national [8]. Student perceptions of learning environments are also affected by
myriad factors such as physical space and organisational culture, but also by a student’s background and
social relationships, and the degree to which they feel
included in clinical activities [9–13]. As such, while
the learning environment is usually conceived of as a
unitary static concept, in reality it is likely to be comprised of several small and dynamic ‘micro environments’ as experienced by the student, e.g. a single
primary care clinic or a day on a hospital ward [14].
The educational importance of learning environments
is reflected in the numerous tools developed to measure
them [15]. Traditionally, tools measured institutionallevel phenomena as well as student-level factors, and
may not have picked up the important subtleties of micro environments. Existing tools are also mostly designed for specific groups of students e.g. nurses, with
limited re-visiting of their validity and reliability when
used with groups [16–19]. Additionally, completion may
be time-consuming relative to the amount of time students have spent in the learning environment itself. It
has been suggested that we need new tools that measure
the small, dynamic, micro environments experienced by
students on clinical placement [8].
Measuring students’ experiences of micro learning environments on placement is valuable for numerous reasons.
It can give insight into possible explanations for the gap
between what should be taught, what is taught, and what
is learned. It may also provide information about student
experiences in real time, while contributing information
about the overall setting of the placement [12]. This in
turn allows for educational improvements to be made for
all students – regardless of professional group – as part of
continuous quality improvement [1]. Finally, the act of
asking for students’ feedback on the learning environment
can in itself contribute to a more positive environment, by
showing students that their opinions are valued [8]. This
engagement may also encourage students to exert more
influence on their own learning environments, and those
of the students around them [14].
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Whilst a relatively large number of tools exist to measure learning environments in undergraduate and postgraduate healthcare professions education, these
measures are unsuitable for the assessment of micro
learning environments experienced by all healthcare professions students for two key reasons. Firstly, some are
relatively long e.g. the Dundee Ready Educational Environment Measure, DREEM [20] has 50 items and the
Clinical Learning Environment Inventory, CLEI [21]
more than 40, and therefore may lack utility for a short
(micro) placement. Secondly, none are designed to assess
the experiences of all learners - they focus on individual
professional groups. Although different groups of
learners within a learning environment may have a number of profession-specific elements that need to be taken
into account for successful learning to occur, the learning environment itself has some fundamental aspects experienced by all students. There is a need, therefore, for
a brief instrument that can be used to assess the same
learning environment as experienced by different groups
of healthcare students.
The aim of this study was to create an evidence-based
micro learning environment measure to provide information about placements in which students may have
spent only a short period of time. Further, by reviewing
existing literature and engaging students and educators
across all healthcare groups, the intention was to develop a generic tool (the Healthcare Education Micro
Learning Environment Measure – HEMLEM).

Methods
Item generation
Literature search and thematic analysis

A literature search was conducted including papers from
January 1st 2005 to June 2015 in English. Databases
searched were MEDLINE, HMIC, and CINAHL, plus
the grey literature (e.g. health professions education conference abstracts) using the terms “learning OR educational” AND “environment OR climate” AND “measure”
AND “health* OR med* OR nurs* OR dent* OR pharm*
OR allied OR professional”. Ancestor searches were performed on the reference lists of key papers. Items from
existing published scales were then extracted from the
literature.
The literature was also analysed thematically. Codes
describing elements of learning environments were created and grouped into themes, which were then converted into items. Duplicates or near duplicates of
existing items in published scales were then removed.
Qualitative examples of positive and negative learning
environments

In November 2016, between 10,000 and 15,000 healthcare students from across the North West were invited
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to participate via email via Health Education England
North West and relevant universities.. Data collection
occurred via a web-based platform (the University of
Manchester’s eForms) upon which students indicated
their professional group (only – no further details were
collected) and wrote free-text answers to the following:
* "Please describe an example of a positive learning
environment that you have experienced (please do not
include any identifiable information).
* Please describe an example of a negative learning
environment that you have experienced (please do not
include any identifiable information)."
It was not technically possible to ensure that a single participant did not submit multiple responses via
the platform (as no identifiable information was collected, to ensure anonymity), so an assumption was
made that all responses were from separate individuals. Qualitative data were independently thematically
analysed by RI and CR, from which another list of
items was created and combined with the previously
identified and created items. New items (derived from
the qualitative study involving a wide range of professional groups) that overlapped with or duplicated previous items (derived from the literature search and
representing a smaller number of professional groups)
were prioritised for inclusion in the prototype.
Item reduction
Delphi process

The Delphi process aimed to gain expert consensus on
the items important for inclusion [22–24]. Individuals
from a variety of groups involved in healthcare education were invited to participate. The process was conducted online. Participants were presented with items
and asked to indicate whether or not it gave crucial information (‘Yes - this is a crucial part of a learning environment’, ‘No’, and ‘Don’t know’), and to rate their
confidence for a ‘Yes’ or ‘No’ response (from 1 - not at
all confident, to 7 - extremely confident) or give free text
comment for a ‘Don’t know’ response.
Items were retained if 75% of participants agreed it was
crucial. Items were rejected if 75% of participants agreed it
was not crucial. For those marginally below the 75%
agreement cut-off, RI decided whether to retain based on
the item relevance, clarity, and specificity, plus free text
comments. After a single Delphi round, the items had only
been reduced by around a quarter, so a decision was made
to move directly to prototype pilot and item reduction.
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prototype questionnaire in February and March 2017.
Participants were asked to think about a current or recent clinical placement and indicate their agreement/disagreement with the 57 prototype items. Response
options ranged from 1 - strongly disagree to 5 - strongly
agree. They were also asked to indicate their professional
group.
Psychometric item reduction

The items were analysed statistically to understand
whether the questionnaire was measuring one or more aspects of the learning environment (“constructs”) and also
to enable the removal of items that did not appear to be
measuring what was intended, and thus create a shorter
version of the questionnaire. The reduction process
followed Streiner and Norman [25], and Goetz et al. [26].
All items were assessed for quality using p values (proportion correct), skewedness and kurtosis statistics (the distribution of the scores), inter-item correlations (the
statistical relationship between the scores on each item),
item-total correlations (the statistical relationship between
each item and the overall score), and Cronbach’s alpha
(the internal consistency or reliability of the questionnaire
as a whole). Items with mean inter-item correlations of at
least 0.25 were included even if highly skewed, and items
with a p value of over 0.95 or under 0.05, or with an itemtotal correlation below 0.20 were excluded. After excluding poor quality items, the dimensionality of the prototype
version of the questionnaire (i.e. whether the questionnaire was measuring one or more underlying aspects of
the learning environment) was examined using exploratory factor analysis, with scree plots and factor loadings
being used to establish the factor structure. Items with the
highest loadings on each factor identified (i.e. the items
that had the closest statistical relationship with a particular factor) were examined for quality using item statistics
and for meaning using item wording. Of those, 10–15
items with the highest quality scores and that appeared
qualitatively to measure different aspects of each factor
identified were chosen for inclusion in the short
questionnaire.
Total and mean scores for the short questionnaire and
for each of the short subscales were calculated by summing and averaging items scores, respectively. Cronbach’s alpha was used to calculate the reliability of the
short version and the reliability of the subscales. The
similarity of scores on the prototype and short versions
was assessed using Pearson correlations and examination
of means and standard deviations.

Results
Prototype pilot

Item generation

All healthcare students in North West England were invited via email to complete an online pilot version of the

Analysis of existing scales yielded 394 items and 288
statements, grouped into 12 themes, were identified
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from the literature. After removal of duplicates, there
were 115 items from existing published scales, which
also covered all relevant themes from the literature
(Fig. 1).
Seventy-five respondents gave consent to provide examples of positive and negative experiences, but six did
not provide any other data, resulting in data from 69
participants. Twenty-nine were nursing students, 11
were physiotherapy students, and the remaining respondents were from medicine (n = 1), midwifery (n = 4), occupational therapy (n = 8), orthoptics (n = 4), podiatry
(n = 2), radiography (n = 8), and prosthetics/orthotics
(n = 2).
From the responses, RI and CR created a total of 131
items (RI = 43, CR = 68). Using RI’s items as a base,
seven negatively-phrased items were removed in favour
of their positively-phrased mirror counterparts, leaving
36 items. These items were then cross-checked against
CR’s list, identifying 24 items that were not already covered. Of these, one was incorporated into an existing

Fig. 1 Overview of production of items for the Delphi process
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item, 16 were discarded as too specific/fine detail, and
seven were added to the list of items for consideration.
These 43 items from the qualitative work were then
combined with the 115 derived from the literature (Fig.
1). Deletion of duplicates/near duplicates gave a final set
of 75 items for inclusion in the Delphi process. Of these,
one was an original item from an existing scale, three
were combined from new and existing items, 31 were
adapted from existing items, and 40 derived from the
new data (Supplementary Table A).
Delphi process

Twenty-eight people took part in the Delphi process,
representing eight professional groups (nurse = 15;
physiotherapist = 8; doctor = 3; occupational therapist =
1; practice education facilitator = 1) and managing placements across primary care (9/28), secondary care (20/
28), and universities s (9/28) (participants could manage
placements in more than one place of work). Fifty-four
of the 75 items (72%) reached the consensus threshold
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for inclusion. An additional three items were included
because they reached near consensus, addressed an important issue, or represented something not included
elsewhere. These 57 items were included in the
prototype.
Piloting of prototype instrument

Two hundred and fifty-seven healthcare students from
16 professional groups completed the 57-item prototype. Adult nursing students were the biggest group
(n = 88), with nursing students of all types making up
just over half of all respondents (n = 139; 54.1%).
Other professional groups represented were: midwife
(n = 39), radiographer (n = 17), occupational therapist
(n = 16), doctor (n = 14), operating department practitioner (n = 12), physiotherapist (n = 9), assistant practitioner (n = 4), podiatrist (n = 3), audiologist (n = 1),
health visitor (n = 1), orthoptist (n = 1), and cardiac
rehabilitation practitioner (n = 1).
Factor analysis

Items were generally negatively skewed, meaning students tended to give high (positive) scores. Cronbach’s
alpha for the 57-item version was 0.98. The mean interitem correlation was 0.45 and the mean item-total correlation was 0.67, with no items excluded from the factor analysis based on a priori quality criteria. All 57
items were entered into a principal components analysis
with a Varimax rotation and Kaiser normalisation. The

Fig. 2 Scree plot for the first exploratory principal components analysis
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principal components analysis was an exploratory exercise to understand how many underlying factors the
questionnaire was measuring. The results showed eight
factors were extracted, however, visualisation of the results using a scree plot suggested there were in fact two
or three factors. We therefore explore the two-factor
and three-factor solutions to see which were a better fit
to the data (Fig. 2).
First, we looked at how much of the variance in results
was explained by each factor. In the three-factor solution
the first factor explained 24% of variance, the first two
together explained 40% and three factors together explained 50%. In the two-factor solution, the first factor
explained 31% of the variance and both factors together
explained 55% of the variance. This suggested that the
two-factor solution was a better fit. Table B (Supplementary materials) shows the factor loadings for the twofactor solution. The two factors are described below:
Factor 1 (Staff attitudes and behaviours) related to student perceptions of staff attitudes and behaviours, including how friendly and welcoming staff were, how
much they valued student input, were supportive, and
cared about students and teaching. 24 items had loadings of > 0.6 on to this factor.
Factor 2 (Teaching quality) related to perceptions of
teaching quality, including whether teaching provided
opportunities to develop knowledge and skills, was patient focussed, and was tailored to student needs. 13
items had loadings of > 0.6 on this factor.
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Item reduction

All items were of sufficient quality for inclusion in the
short HEMLEM, except item 55, which had had high
skewedness, high kurtosis, and low item-total correlation
(Table 1). Items in subscale 1 ‘Staff attitudes and behaviours’ cover perceptions that staff are supportive, value
student input, and are interested in students and teaching. Items in subscale 2 ‘Teaching quality’ cover the development of knowledge and skills, teaching being
tailored to student needs, and teaching being patientfocused.
The reliability (Cronbach’s alpha) of subscale 1 was
0.93; of subscale 2 was 0.87; and of the 12-item scale
was 0.93. The 12 chosen items were entered into a confirmatory factor analysis with a Varimax rotation. Together both factors explained 68% of the variance in
scores.
Psychometrics of the HEMLEM and comparison with 57item prototype

Mean scores for the 12-item HEMLEM and the two 6item subscales were negatively skewed, reflecting the
skewing of items in the longer prototype. The mean
score on Subscale 1 (Staff attitudes and behaviours) was
3.97 (SD 0.96); the mean score on Subscale 2 (Teaching
quality) was 4.13 (SD 0.77). The subscales were also significantly and highly correlated (r = 0.676; p < .001). The
57-item and 12-item versions were similar in terms of
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distributions, mean scores and standard deviations (Supplementary data). They were also highly statistically significantly correlated (r = 0.966; p < .001).

Discussion
The 12-item HEMLEM scale to measure students’ perceptions of the quality of a clinical micro learning environment was created by a literature review, qualitative
analysis of written student examples, a Delphi process
with educators, prototype testing with students, and psychometric item reduction (Fig. 3 for overview of study).
All final HEMLEM items are phrased positively and
scored from 1 (strongly disagree) to 5 (strongly agree).
There are 12 items, therefore the total score for HEMLEM can be presented as out of a possible 60. Two subscales, each with six items, were identified using factor
analysis. The subscales had very high reliability and
could thus be used individually (although it is recommended that both are used together).
All of the participants in this study were drawn from a
single region within England, which presents a weakness
that means further testing is needed to assess the HEMLEM’s transferability to other countries and settings.
More extensive piloting of the tool could explore
whether the tool can identify quality assurance issues, as
people tend to rate their environments highly, resulting
in the negatively skewed data shown here.

Table 1 Description of items included in final HEMLEM
Item number and wording

Factor loading Skewedness Corrected
Source
Item-Total Correlation

Subscale 1:
1 This placement had a welcoming, friendly,
.833
Staff attitudes and
and open atmosphere.
behaviours
2 There was a culture where I felt free to ask
.817
questions or make comments on this placement.

Subscale 2:
Teaching quality

−.902

.824

New from data

−1.173

.817

Adapted MCTQ [27]

3 Staff on this placement were enthusiastic about
teaching.

.750

−.842

.782

New from data

4 My supervisor showed an interest in me.

.680

−.975

.757

Adapted MCTQ [27]

5 My input was valued on this placement.

.658

−.853

.782

New from data

6 I was provided with regular, useful, and
supportive feedback during this placement.

.651

−.780

.769

New from combined
existing items and
new data

7 I had the opportunity to apply my previous
knowledge in this placement.

.783

−.975

.728

Adapted CLEQ [28]

8 My knowledge and skills were developed
on this placement.

.737

−1.142

.797

New from data

9 This placement helped me put theory into
practice.

.677

−.981

.683

New from data

10 I was able to meet my learning objectives on
this placement.

.668

−1.129

.714

New from data

11 I had the opportunity to deal with the patient
as a whole on this placement.

.657

−.798

.608

Adapted CLEQ [28]

12 I was given tasks suitable for my stage of
training on this placement.

.649

−1.110

.713

New from data

Isba et al. BMC Medical Education

(2020) 20:110

Page 7 of 9

Fig. 3 Study flow chart

The response rate (in the low single figures throughout) means that those who responded may be different
to the rest of the student population from which they
were drawn, which is potentially a major weakness.
When using the online platform we prioritised anonymity and this may have resulted in individual participants
entering multiple responses, which may in turn have influenced the results, and is therefore a potential
limitation.
Those who participated in the prototype study had
very good experiences, so we can assume that we did
not have representation of the full range of student experiences at that stage (although we had asked about
both positive and negative experiences in the preDelphi). The concern with having a small range of participant experiences is that correlations (e.g. between
items) tend to be lower [27], and this could in theory
impact on the results of the factor analysis. However, in

this case the correlations were very high, so perhaps the
low response rate and possibly limited range of experiences did not have an appreciable impact on the data
and outcomes of interest in this study. However, the
low response rates (which we were unable to accurately calculate) remain a potential major weakness,
even in the context of our findings, although given
the expansion in recruitment methods for studies of
this kind e.g. via social media, response rates may not
always be calculable [28].
It is interesting that the meta-synthesis and the primary
data collection did not include variables outlining how the
students themselves contribute to the learning environment. This might be a limitation of the study design, in
which students were asked to reflect on their learning environments and might not recognise the bi-directional nature of the relationship between student and learning
environment. Future inclusion of a consideration of this
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bi-directionality would fit well with recent models for increasing student engagement [29, 30].
A particular strength is that this study used mixed
methodology to create HEMLEM. The final instrument
is quick and easy to use, and can be used to gather data
from a variety of different student groups within the
same learning environment. The HEMLEM is also designed to enable the assessment of learning environments even when they are experienced only for a
relatively short amount of time e.g. a single day.
The 12-item scale should now be validated on a new
sample of healthcare students from different professional
groups and in different locations internationally. It may
also be possible to create a smartphone app based on
HEMLEM that students could give real-time feedback
on placements, similar to Form2, an ipad-native tool
used at the University of Manchester to collect other
feedback.

Conclusion
This paper describes a mixed methods approach to developing a brief micro learning environment measure
that is psychometrically robust and evidence-based, and
that can be used to assess the experience of any student,
from any healthcare professions group, on any clinical
placement, no matter how brief in duration.
Practice points
 There was good consensus between literature,

students and educators, about the features that
make good and poor learning environments.
 It is possible to capture the consensus features of a
good micro learning environment in a 12-item questionnaire, completed by the learner.
 Two factors are important for a good micro learning
environment: teaching quality and staff attitudes and
behaviours.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12909-020-01996-8.
Additional file 1: Table A. Items for inclusion in Delphi including
origins (items marked in bold are negatively phrased) [31–36]. Table B:
Varimax rotated component matrix for the two factor solution. * Item
loaded > = 0.6 onto factor 1; ** item loaded > = 0.6 onto factor 2; ^ item
loaded equally (within 0.1) onto both factors. Loadings smaller or equal
to 0.2 not shown. Figure A. Distribution of mean scores for the 57-item
long scale, for the 12-item short scale, and for subscales 1 and 2.
Abbreviations
CLEI: Clinical Learning Environment Inventory; CLEQ: Clinical Learning
Evaluation Questionnaire; CR: Dr. Christiana Rousseva; DRECT: Dutch
Residency Educational Climate Test; DREEM: Dundee Ready Educational
Environment Measure; HEMLEM: Health Education Micro Learning
Environment Measure; KW: Dr. Kath Woolf; LBD: Dr. Lucie Byrne-Davis;

Page 8 of 9

MCPI: Manchester Clinical Placement Index; MCTQ: Maastricht Clinical
Teaching Questionnaire; PHEEM: Postgraduate Hospital Educational
Environment Measure; PVTEM: Practice Vocational Training Environment
Measure; RI: Professor Rachel Isba; SD: Standard deviation
Acknowledgements
Thanks to all of the healthcare students and educators who participated in
this research. This work is dedicated to the memory of Professor Karen
Mann, in recognition of her invaluable enthusiasm and support.
Authors’ contributions
RI conceived of the idea, RI and LBD developed the methods, RI, KW, and CR
conducted analyses. All authors discussed the results and contributed to the
draft manuscript. All authors provided critical feedback on the draft
manuscript and shaped the final manuscript. The author(s) read and
approved the final manuscript.
Authors’ information
Rachel Isba is Associate Dean for Engagement, Faculty of Health and
Medicine, Lancaster University and a Consultant in Paediatric Public Health
Medicine in an Emergency Department in Greater Manchester. Her PhD from
the University of Manchester focussed on learning environments and the
hidden curriculum in undergraduate medical education.
Christiana Rousseva is a Foundation Year 2 doctor at the Royal Liverpool
University Hospital, UK. She has a keen interest in medical education and at
medical school had set up a peer-assisted learning society, and participated
in numerous medical education projects. She now regularly teaches medical
students on clinical placement.
Lucie Byrne-Davis is a Health Psychologist and Senior Lecturer in assessment
and psychometrics in the Division of Medical Education, University of
Manchester. She uses behavioural insights to improve and research health
professional education, particularly in global health. She researches
healthcare measurement tools including quality of life and clinician
numeracy.
Katherine Woolf is an Associate Professor in Medical Education and honorary
Research Associate in Psychology at University College London. Her research
focusses on understanding the factors that impact on the academic
performance of medical students and doctors, and on discovering ways to
improve outcomes.
Funding
This research was funded by a research grant from Health Education
England (North West). Health Education England staff had no role in the
design of the study, or the collection, analysis, and interpretation of the data,
or the preparation of this manuscript. Colleagues at Health Education
England (North West) facilitated distribution of recruitment emails via their
networks of educators.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Full ethical approval was obtained from the University of Manchester’s
Research Ethics Committee 4 (Ref: 16345). All participants were given study
information and asked to give electronic written consent.
Consent for publication
No details of individuals are reported in the manuscript, therefore not
applicable.
Competing interests
RI is a core-funded member of Lancaster Medical School, having previously
been employed at the Liverpool School of Tropical Medicine during the time
of data collection. The bulk of the grant from Health Education England
(North West) was used to partially “buy out” her time from her NHS job at
The Pennine Acute Hospitals NHS Trust to enable her to carry out this study.
CR is a recently-qualified doctor, having been a medical student during the
study. She received payment from the Health Education England (North
West) grant for her time spent on data analysis and writing up the project.
KW is funded by a National Institute for Health Research fellowship and is a

Isba et al. BMC Medical Education

(2020) 20:110

core funded UCL faculty member. She received payment from the Health
Education England (North West) grant for the psychometric analysis. LBD is a
core-funded member of the Division of Medical Education, University of
Manchester, who places healthcare professional students into learning
environments in the North West of England. LBD received payment from the
Health Education England (North West) grant for the design of the study.
Author details
1
Lancaster Medical School, Lancaster University, Bailrigg, Lancaster LA1 4YW,
England. 2Emergency Department, North Manchester General Hospital,
Delaunays Road, Crumpsall, Manchester M8 5RB, England. 3Royal Liverpool
Hospital, Prescot Street, Liverpool L7 8XP, England. 4Research Department of
Medical Education, UCL Medical School, Gower Street, London WC1E 6BT,
England. 5Division of Medical Education, University of Manchester, Stopford
Building, Oxford Road, Manchester M13 9PT, UK.
Received: 17 June 2019 Accepted: 6 March 2020

References
1. Genn JM. AMEE medical education guide no. 23 (part 2): curriculum,
environment, climate, quality and change in medical education - a unifying
perspective. Med Teach. 2001;23:445–54.
2. Genn JM. AMEE medical education guide no. 23 (part 1): curriculum,
environment, climate, quality and change in medical education - a unifying
perspective. Med Teach. 2001;23:337–44.
3. Silkens M, Smirnova A, Stalmeijer R, Arah O, Scherpbier A, Vleuten CVD,
Lombarts K. Revisiting the D-RECT tool: validation of an instrument measuring
residents' learning climate perceptions. Med Teach. 2016;38:476–81.
4. Pimparyon P, Caleer SM, Pemba S, Roff P. Educational environment, student
approaches to learning and academic achievement in a Thai nursing
school. Med Teach. 2000;22:359–64.
5. Mayya SS, Roff S. Students' perceptions of educational environment: a
comparison of academic achievers and under-achievers at Kasturba medical
college. India Educ Health. 2004;17:280–91.
6. Wayne SJ, Fortner SA, Kitzes JA, Timm C, Kalishman S. Cause or effect? The
relationship between student perception of the medical school learning
environment and academic performance on USMLE step 1. Med Teach.
2013;35:376–80.
7. Hem-Stokroos HHVD, Scherpbier AJJA, Vleuten CPMVD, Vries HD, Haarman
HJTM. How effective is a clerkship as a learning environment? Med Teach.
2001;23:599–604.
8. Isba R, Boor K. Creating a learning environment. In: Dornan T, Mann K,
Scherpbier A, Spencer J, editors. Medical education: Theory and practice.
2011. Edinburgh (UK): Churchill Livingstone Elsevier. p. 99–114.
9. Roff S, McAleer S. What is educational climate? Med Teach. 2001;23:333–4.
10. Saarikoski M, Leino-Kilpi H. The clinical learning environment and
supervision by staff nurses: developing the instrument. Int J Nurs Stud. 2002;
39:259–67.
11. Isba R. DREEMs, myths and realities: learning environments within the
University of Manchester [dissertation]. Manchester (UK): Manchester
University; 2009.
12. Boor K, Van Der Vleuten C, Teunissen P, Scherpbier A, Scheele F.
Development and analysis of D-RECT, an instrument measuring residents'
learning climate. Med Teach. 2011;33:820–7.
13. Strand P, Sjoborg K, Stalmeijer R, Wichmann-Hansen G, Jakobsson U, Edgren
G. Development and psychometric evaluation of the undergraduate clinical
education environment measure (UCEEM). Med Teach. 2013;35:1014–26.
14. Isba R. When I say ... micro learning environment. Med Educ. 2015;49:859–60.
15. Soemantri D, Herrera C, Riquelme A. Measuring the educational
environment in health professions studies: a systematic review. Med Teach.
2010;32:947–52.
16. Brown T, Williams B, McKenna L, Palermo C, McCall L, Roller L, Aldabah L.
Practice education learning environments: the mismatch between
perceived and preferred expectations of undergraduate health science
students. Nurse Edus Today. 2011;31:e22–8.
17. Miles S, Swift L, Leinster SJ. The Dundee ready education environment measure
(DREEM): a review of its adoption and use. Med Teach. 2012;34:e620–34.
18. Bakhshialiabad H, Bakhshi M, Hassanshahi G. Students’ perceptions of the
academic learning environment in seven medical sciences courses based
on DREEM. Adv Med Educ Pract. 2015;6:195–203.

Page 9 of 9

19. Hasanpour-Dehkordi A, Shohani M. Nursing instructor and students’
perspectives on clinical education apprenticeship problems. J Clin Diagn
Res. 2016;10:JC01–4.
20. Roff S, McAleer S, Harden RM, Al-Qahtani M, Ahmed AU, Deza H, Groenen
G, Primparyon P. Development and validation of the Dundee ready
education environment measure (DREEM). Med Teach. 1997;19:295–9.
21. Chan D. Development of an innovative tool to assess hospital learning
environments. Nurse Educ Today. 2001;21:624–31.
22. Jones J, Hunter D. Qualitative research: consensus methods for medical and
health services research. BMJ. 1995;311:376–80.
23. Iqbal S, Pipon-Young L. The Delphi method. The Psychologist. 2009;22:598–
601 Available at: https://thepsychologist.bps.org.uk/volume-22/edition-7/
delphi-method.
24. Berger-Estilita J, Nabecker S, Greif R. A Delphi consensus study for teaching
"basic trauma management" to third-year medical students. Scand J Trauma
Resusc Emerg Med. 2019;27(1):91.
25. Streiner DL, Norman GR. Health measurement scales: a practical guide
to their development and use. 3rd ed. Oxford (UK): Oxford University
Press; 2003.
26. Goetz C, Coste J, Lemetayer F, Rat AC, Montel S, Recchia S, Guillemin F. Item
reduction based on rigorous methodological guidelines is necessary to
maintain validity when shortening composite measurement scales. J Clin
Epidemiol. 2013;66:710–8.
27. Schönbrodt F. D, Perugini, M at what sample size do correlations stabilize? J
Pers. 2013;47(6):609–12.
28. McRobert CJ, Hill JC, Smale T, Hay EM, van der Windt DA. A multi-modal
recruitment strategy using social media and internet-mediated methods to
recruit a multidisciplinary, international sample of clinicians to an online
research study. PLoS One. 2018;13(7):e0200184.
29. Peters H, Zdravkovic M, João Costa M, Celenza A, Ghias K, Klamen D,
Mossop L, Rieder M, Devi Nadarajah V, Wangsaturaka D, Wohlin M,
Weggemans M. Twelve tips for enhancing student engagement. Med
Teach. 2019;41(6):632–7.
30. Zdravkovic M, Serdinsek T, Sobocan M, Bevc S, Hojs R, Krajnc I. Students as
partners: our experience of setting up and working in a student
engagement friendly framework. Med Teach. 2018;40(6):589–94.
31. Stalmeijer RE, Dolmans DHJM, Wolfhagen IHAP, Muijtjens AMM, Scherpbier
AJJA. The Maastricht clinical teaching questionnaire (MCTQ) as a valid and
reliable instrument for the evaluation of clinical teachers. Acad Med. 2010;
85:1732–8.
32. Al Haqwi AI, Kuntze J, van der Molen HT. Development of the clinical
learning evaluation questionnaire for undergraduate clinical education:
factor structure, validity, and reliability study. BMC Med Educ. 2014;14:44.
33. Roff S, McAleer S, Skinner A. Development and validation of an instrument
to measure the postgraduate clinical learning and teaching educational
environment for hospital-based junior doctors in the UK. Med Teach. 2005;
27(4):326–31.
34. Chan D. Development of the clinical learning environment inventory: using
the theoretical framework of learning environment studies to assess nursing
students' perceptions of the hospital as a learning environment. J Nurs
Educ. 2002;41(2):69–75.
35. Mulrooney A. Development of an instrument to measure the practice
vocational training environment in Ireland. Med Teach. 2005;27(4):338–42.
36. Dornan T, Muijtjens A, Graham J, Scherpbier A, Boshuizen H. Manchester
clinical placement index (MCPI). Conditions for medical students' learning in
hospital and community placements. Adv Health Sci Educ Theory Pract.
2012;17(5):703–16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

