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INTRODUCTION

 A learning environment provides a setting for students 
to learn and engage with their teachers, staff, and peers, 
encompassing physical, social, and psychological aspects 
and reflects the curriculum being taught.1 The learning 

environment, also called the academic environment is 
crucial for providing quality education as it includes many 
factors that contribute to effective curriculum delivery, 
which is essential for training future professionals and 
student academic performance. Van Vendeloo et al 
demonstrated that the learning environment plays an 
indispensable role in promoting student well-being and 
preventing burnout among Belgian residents.2 
 The World Federation for Medical Education (WFME) 
has also recognized the learning environment as a piv-
otal element to evaluate in medical education programs.3 
Several tools have been developed to gather students’ 
perceptions about their educational environments, such 
as the Dundee Ready Education Environment Measure 
(DREEM), Postgraduate Hospital Education Environ-
ment Measure (PHEEM) and John Hopkins Learning 
Environment Scale (JHLES).4-6 However, different edu-
cational contexts may require a different inventory that 
is tailored to the specific situation of the institution. Spe-
cific tools have been developed to measure the learning 
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environment in a particular discipline, such as the Anat-
omy Education Environment Measurement Inventory 
(AEEMI)7 and the Healthcare Education Micro Learning 
Environment Measure (HEMLEM).8 Similarly, there is a 
need to design an inventory specifically for measuring 
the online learning environment in medical education.
 Over the past twenty years, there have been some 
tools for measuring the quality of online learning 
environments in general education. However, these tools 
have limitations. For instance, the Constructivist Online 
Learning Environment Survey (COLLES) measures 
university students’ perceptions of various factors 
related to learning9 but lacks reliability and validity 
to be used further. The Technology-Rich Outcomes-
Focused Learning Environment Inventory (TROFLEI) 
assesses different dimensions of high school classroom 
environments,10 such as student cohesiveness, and 
computer usage, but is not comprehensive. Distance 
Education Learning Environment Survey (DELES)11 and 
Online Learning Environment Survey (OLLES)12 measure 
different domains of post-secondary and tertiary 
educational institutions’ environments, respectively. 
However, they do not focus on specific attitudes and 
skills that may be essential for effective online learning. 
 Recently, Mousavi A et al validated an E-learning 
educational atmosphere measure (EEAM) to measure 
online learning based on different factors, such as virtual 
education status, teaching skills, learner support, and 
professional ethics.13 However, the study involved a 
variety of students from various educational backgrounds. 
Syed emphasizes that it is necessary to develop an 
inventory that is highly contextualized and specifically 
targets medical students’ needs and requirements.14 Such 
an inventory will ensure a conducive online learning 
experience by measuring specific constructs according to 
what the millennials require for online education.
 There is a need to develop consensus on key 
components of an effective online learning environment 
for undergraduate medical education, given the overlap 
in markers discussed above. Additionally, as digital 
technologies continue to advance, new concepts keep 
emerging that should be considered when measuring 
parameters such as computer literacy. Thus, it is necessary 
to take a systematic approach in developing and 
validating an instrument that can accurately measure the 
online learning environment including both synchronous 
and asynchronous learning environments. This study 
aims to develop and validate a new inventory named 
Digital Medical Education Environment (Digi-MEE) 
instrument to measure the online learning environment. 

METHODS

 The study was conducted between May 2022 and 
December 2022, utilizing two main phases described 
by Yusoff et al.15 In the first phase, experts (i.e., medical 
educationists, medical teachers, and instructional 
designers) provided feedback on identified content and 
terminology related to the design of the instrument’s 
items and domains via modified e-Delphi study. In the 

second phase, the instrument was validated to establish 
its content validity, response process validity, construct 
validity, and internal consistency through serial cross-
sectional surveys.
Ethical Approval: The study received approvals from the 
Human Research Ethics Committee of Universiti Sains 
Malaysia (USM/JEPeM/21050350) on October 11, 2021, 
and November 3, 2022, and from the Review Boards of 
different data collection sites (Letter No. IEC/80-21, 
dated April 23, 2021, Letter No. MC/DME/609/2022, 
dated 2nd September, 2022, Data Collection Approval 
dated September 16, 2022). Fig.1 presents the flow chart 
for the development and validation process of Digi-MEE.
Development of Digi-MEE items: A scoping review was 
conducted leading to the generation of nine components 
and 25 sub-components of online learning environments 
in medical education.16 Based on the nine components; 
relevant items were agreed upon in a two-round modified 
e-Delphi study involving 18 invited experts from May 
2022 to August 2022 using an online forum.
Validation of Digi-MEE domains and items:
Content Validation: The first version of Digi-MEE 
(Digi-MEE 1.0) was reviewed by a panel of 10 content 
experts (medical educationists from Canada, Malaysia, 
Pakistan, and Saudi Arabia with related experience in 
online learning environments for at least two years) from 
August 2022 to September 2022 after taking informed 
consent. Experts rated each item’s relevance to the 
measured component on a 4-point scale (1 = not relevant, 
2 = somewhat relevant, 3 = quite relevant, 4 = highly 
relevant) and provided written comments on any items 
that required modifications or removal. The content 
validity index (CVI) was calculated based on item content 
validity index (I-CVI) and scale content validity index 
(S-CVI values). The acceptable I-CVI value has been set 
at a minimum of 0.78, while the acceptable S-CVI value 
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Fig.1: Flow chart for the development
and validation of Digi-MEE.



Pak J Med Sci     November - December  2023    Vol. 39   No. 6      www.pjms.org.pk     1575

should be at a minimum of 0.80.17 Based on the I-CVI 
values, items with I-CVI of 1.0 were accepted, items with 
I-CVI between 0.79 and 1 were re-discussed, and items 
with I-CVI less than 0.78 were rejected.18

Response Process Validation: The second version of 
Digi-MEE (Digi-MEE 2.0) was reviewed by a panel of 21 
medical students, as the potential users of the Inventory 
with at least one year of experience of online learning in 
a private medical school in Pakistan during September 
2022. After explaining about the task and taking informed 
consent, the respondents rated each item’s clarity in 
the measured domain on a 4-point scale (1 = not clear, 
2 = somewhat clear, 3 = quite clear, 4 = very clear) and 
gave written comments on any item requiring revision or 
removal. Face validity index (FVI) was calculated based 
on item face validity index (I-FVI) and scale face validity 
index (S-FVI values).
 I-FVI is the proportion of instrument users (i.e., 
respondents) giving an item a clarity rating of 3 or 4, 
while S-FVI is the average of the I-FVI scores for all items 
on a scale. The acceptable I-FVI and S-FVI value has been 
set at a minimum of 0.78, and 0.80 respectively.19 Based 
on the I-FVI values, items with I-FVI of 1.0 were accepted, 
items with I-FVI between 0.79 and 1 were revised, and 
items with I-FVI less than 0.78 were rejected.
 For the qualitative analysis, open comments given by 
the medical students related to each item were analyzed 
for any revision in sentence structure, format, spelling 
errors as well as any addition, deletion or shifting of any 
item to another component as suggested. 
Assessment of factorial structure and internal consist-
ency: Digi-MEE 3.0 was administered to 230 undergradu-
ate medical students in another private medical school in 
Pakistan via a cross-sectional survey from October 2022 
to November 2022 after obtaining informed consent. Os-
borne and Costello indicated that sample size calculation 
for factorial analysis should be either in the ratio of 5:1 for 
the number of items or greater than 100.20 Participating stu-
dents rated their experience of their school’s online learn-
ing platform using Digi-MEE 3.0 in a Likert scale from 1-4  
(scale:1= strongly disagree, 2= disagree, 3= agree, and 4= 
strongly disagree).
Exploratory factor analysis (EFA): EFA was performed 
through SPSS version 26.0 to determine the number of 
domains of the online learning environment and related 
items for Digi-MEE. Data suitability was determined by 
the Kaiser-Meyer-Olkin Measure of Sampling Adequacy 
(KMO) and Bartlett’s Test of Sphericity. KMO value > 0.7 
indicates a good level of factor distinction based on an ad-
equate sample, whereas significant Bartlett’s Test (p-val-
ue <0.05) demonstrates that the factor analysis is appro-
priate.21 The factors were extracted through the principal 
component axis (PCA) to check for total and cumulative 
variance for the nine extracted components and factor 
loading of each item. The initial component matrix was 
then rotated via Varimax with Kaiser normalizations af-
ter 28 iterations. For each component, Eigenvalues >1 and 
item factor loading values >0.40 signify convergent valid-
ity.22 Items with factor loading <0.4 were removed. The 

items were shifted in respective components where they 
loaded maximally, after being reviewed by two inde-
pendent researchers (NKN and MSBY) who considered 
the theoretical meaning of each component. This led to 
the development of Digi-MEE version 4.0.
Confirmatory factor analysis (CFA): CFA was carried 
out on the data obtained from a cross-sectional survey of 
450 undergraduate medical students from a public sector 
university in Pakistan for their ratings of their medical 
school’s online learning environment using Digi-MEE 4.0 
from November 2022 to December 2022. The sample size 
was determined based on the criteria of 10 participants 
per item for an adequate sample for CFA.23

 Data was analyzed using SPSS version 26.0 and 
Analysis of Moment Structure (AMOS) version 
26.0. Model Chi-square goodness of fit (set at 0.05) 
demonstrated model fit. Approximate fit indexes were 
applied to check the available data for measurement 
model fitness. For absolute fit indexes, Goodness of Fit 
Index (GFI) (model fit >0.9) and root mean square error 
of approximation (RMSEA) (model fit=RMSEA<0.08 
and Root mean squared residual-RMR<0.05) were used. 
For incremental fit measurement, Comparative fit index 
(CFI) (model fit >0.9), Normed fit index (NFI) (model fit 
>0.9), and incremental fit index (IFI) (model fit >0.9), and 
Tucker Lewis fit index (TFI) (model fit >0.9) were used.23 
Parsimonious fit was measured through Chi-Square/
Degree of Freedom (Chi Sq/df).13

Internal Consistency: Convergent Validity was 
determined with the size of factor loading (0.5 or more), as 
well as composite reliability (CR). Composite Reliability 
(CR) was calculated on Microsoft Excel using formulae 
given by Fornell and Larckers.24 Values of CR of more 
than 0.6 indicate good construct reliability and adequate 
Convergent Validity.25

 Following CFA, data was used to perform reliability 
statistics to assess the internal consistency of final 
version of Digi-MEE (Digi-MEE 5.0). Cronbach’s alpha 
coefficient was determined as the measured parameter to 
determine internal consistency. Cronbach’s alpha values 
between 0.7 and 0.9 are considered to represent high 
internal consistency and values between 0.6 and 0.7 are 
considered satisfactory.15

RESULTS

 This study involved a total of 696 participants, including 
25 experts from eight different countries (Canada, Egypt, 
Iran, Malaysia, Pakistan, Saudi Arabia, Kuwait, and the 
USA) and 671 undergraduate medical students from 
four different institutions in Pakistan. Table-I shows 
demographic data of participants involved in different 
phases of the study.
Development of Digi-MEE items:
Identification of components, subcomponents, and 
functional elements: Literature review led to the 
identification of nine components and 25 subcomponents 
with 73 functional elements for effective online learning 
environments in medical education.14 Nine components 
included content curation, cognitive enhancement, digital 
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capability, learning facilitator, learner characteristics, 
institutional support, pedagogical practices, technological 
usability, and social representations.
Achieving consensus on identified components and 
subcomponents: Fifteen out of 18 invited experts 
participated in the modified e-Delphi and the data 
about their consensus is presented in Table-III. The 
names of three main components were revised after 
consultation (Pedagogical Practices to be changed to 

Cybergogical Practices, Technological Usability to be 
changed to Platform Usability and Learning Facilitator 
to be changed to Facilitation Dynamics). Definitions 
of three main components (Institutional Support, 
Cognitive Enhancement and Content Curation) and 
two subcomponents (Content Selection and Content 
Organization) were revised and presented in round two.
 Expert ranking of nine components in Round Two is 
shown in Fig-2. The component of ‘Social representations’ 
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Table-I: Demographic details of the participants involved in different phases of study.

Demographic data

Phase 1: Design phase Phase 2: Validation phase

Modified Delphi 
Rounds

Content 
Validation

Response Process 
Validation

Exploratory 
Factor Analysis

Confirmatory 
Factor Analysis

Total number of 
participants (n) 15 10 21 200 450

Participants

Medical 
educationists,
instructional 

designers,
Information 

Technology experts

Medical 
Educationists

Medical Students
Medical 
Students

Medical 
Students

Institutional Affiliation
(Public/private)

Both Both
Private

Private Public

Location

Canada, Eygpt, Iran, 
Malaysia, 

Pakistan, Saudi 
Arabia,

Kuwait, USA

Canada,
Malaysia,
Pakistan,

Saudi Arabia

Pakistan Pakistan Pakistan

Designation 
Professor
Assoc. Prof. 
Assist. Prof. 
Lecturer
Director
Consultant
Medical Student

3
4
2
2
2
2
-
-

2
2
3
3
-
-

-

-
-
-
-
-
-

21

-
-
-
-
-
-

200

-
-
-
-
-
-

450

Age(years)
<25
25-34
35-44
45-54
55-64
>65

-
3
4
4
4
-

-
1
4
3
2
-

3
18
-
-
-
-

200
-
-
-
-
-

11
439

-
-
-
-

Gender
Male
Female 

9
6

4
6

10
11

94
106

250
200
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was ranked the highest influencing online learning 
environments while ‘Digital capability’ was ranked the 
lowest. 
Validation of Digi-MEE:
Content Validation: Out of 73 items, five items having 
I-CVI of less than 0.78 were removed and 21 items were 
removed due to similar meaning. Five items were shifted 
to a different component upon expert suggestions while 
17 items were reworded for grammatical inadequacies 
and clarity as suggested by experts (Table-II). Digi-MEE 
2.0 thus had 47 items. Overall, the S-CVI/Ave by score 
improved from 0.95 to 0.98 in Digi-MeE 2.0, S-CVI/Ave 
by proportion ranking by experts from 0.95 to 0.98 and 
S-CVI/UA from 0.69 to 0.79.
Response Process Validation: Out of 47 items checked for 
content clarity and comprehensibility, two items having 
I-FVI of less than 0.78 were removed while one item 
was added as suggested. Study participants indicated 
revisions in grammatical structure in 16 items. Digi-

MEE 3.0 had 46 items. The S-FVI/Ave by score of Digi-
MeE was 0.87, and S-FVI/Ave by proportion ranking by 
participants was 0.83. 
Assessment of factorial structure and internal 
consistency:
Exploratory factor analysis: The Kaiser-Meyer-Olkin 
Measure of Sampling Adequacy (KMO) index was 
0.861 which demonstrated the appropriateness of 
data. Bartlett’s Test of Sphericity was <0.001 indicating 
adequacy of data. Communalities were measured after 
PCA with an average communality of 0.572 which is a 
reasonably acceptable value. PCA demonstrated variance 
of 57.18% achieved by nine components. All variables 
loaded on their respective factors with values of >0.40 
threshold. All the components had Eigenvalues>1 and 
Cronbach’s alpha values ranging from 0.620 to 0.794 
(Table-IV).       
Confirmatory factor analysis: Indicator variables (items) 
loaded significantly on their respective components are 
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Table-III: Agreement levels on component definition and appropriateness in Modified Delphi Study.

Round 1 Round 2

Agreement Level on definition  

86.67% Cognitive Enhancement, 
Pedagogical Practices

Institutional 
Support

93.33% Content Curation, Digital Capability, Technological Usability, Learning 
Facilitator, Institutional Support

Cognitive 
Enhancement

100% Learner Characteristics, 
Social Representations Content Curation

Agreement level in appropriateness and applicability to Practice

93.33% Content Curation, -

100%

Cognitive Enhancement,
Pedagogical Practices, Learner Characteristics, Digital Capability, 
Technological Usability, Learning Facilitation, Social Representations, 
Institutional Support

-

Table-II: Modifications in Digi-MEE questionnaire in different phases of the study.

Modified 
Delphi Study

Content 
Validation Study

Response Process 
Validation Study

Exploratory 
Factor Analysis

Confirmatory 
Factor Analysis

Digi-MEE Version 0 1.0 2.0 3.0 4.0
Total components 9 9 9 9 9
Total items in beginning - 73 47 46 46
Items accepted without change - 25 29 0 -
Items accepted after modification - 17 16 0 -
Items removed - 26 2 0 18

New items added - 5 shifted to 
another domain 1 17 shifted to 

another domain -

Final Items 73 47 46 46 28



shown in Fig-3. Minimum loading was observed by item 
LC2 on Learning Characteristics (0.508). Seven items had 
loadings between 0.5 to 0.59. Twenty-seven items had 
loadings between 0.6 to 0.69. Seven items out of 46 had 
loadings >0.69. The maximum loading on the factor was 
observed by item LC4 on Learning Characteristics (0.749). 
There was high correlation and low covariances between 
the latent factors in the final model (Fig.3).
 Initial model fit indices for the Model-1 of Digi-
MEE (v.5.0) revealed RMSEA value of 0.067 and GFI 
of 0.801(Table-V). The Digi-MeE model indices were 
analyzed to identify any variables with high covariances 
with other variables in the same latent factors. Eleven 
such variables were identified (CE1, CE2.CE5, CC2, 
CP3, DC4, SR4, PU3, PU4, IS3, and LC4) and removed 
to run the goodness of fit test in obtained Digi-Me Model 
2(v.5.1). This led to the RMSEA value of 0.061 and GFI of 

0.858. Next variables with covariances > 0.4 with other 
variables were identified. Seven variables were identified 

Fig.2: Expert ranking for the components of online 
learning environments in medical education.

Fig.3: Standardized Factor Loadings of 
Digi-MEE Constructs based on the final model.
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Table-IV: Range of Factor Loadings, Eigenvalues and Cronbach’s alpha of components of Digi-MEE 3.0.

Sr. No. Component Range of Factor Loading Eigenvalue Cronbach’s alpha

1 Cognitive Enhancement 0.427-0.601 3.612 0.748
2 Content Curation 0.461-0.709 3.033 0.794
3 Cybergogical Practices 0.402-0.661 2.972 0.729
4 Digital Capability 0.487-0.687 2.902 0.762
5 Social Representation 0.429-0.625 2.878 0.620
6 Platform Usability 0.440-0.703 2.849 0.631
7 Institutional Support 0.557-0.721 2.706 0.712
8 Facilitation Dynamics 0.472-0.655 2.674 0.722
9 Learner Characteristics 0.414-0.634 2.672 0.773

Table-V: Results of confirmatory factor analysis for Digi-MEE for model fit.

Model Acceptable 
Values

GFI RMSEA RMR CFI NFI IFI TLI Chi Sq/df p-value

>0.9 <0.08 <0.05 >0.9 >0.9 >0.9 >0.9 <5 <0.05

Model 1 v.5.0 46 items 0.821 0.065 0.035 0.851 0.791 0.852 0.836 3.013 < 0.001

Model 2 v.5.1 35 items 0.858 0.061 0.032 0.885 0.83 0.886 0.87 2.676 < 0.001

Model 3 v.5.2 28 items 0.902 0.057 0.03 0.926 0.883 0.927 0.91 2.467 < 0.001
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and removed (DC1, CC1, CC6, LC4, FD2, SR1 and CP4). 
The final Digi-MEE model (v.5.2) demonstrated GFI of 
0.902 and RMSEA of 0.057. The final number of items in 
Digi-MEE with good model fitness was 28. 
Internal Consistency: Overall Cronbach’s alpha of 
Digi-MeE instrument was 0.952 which depicts excellent 
reliability. The composite reliability of the Digi-MeE 
instrument was calculated to be 0.7 value for internal 
consistency (Table-VI).

DISCUSSION

 This study provides four essential pieces of evidence 
to support the psychometric credential of Digi-MEE to 
measure the digital learning environment in medical 
education: content validity, response process validity, 
internal structure validity and internal consistency. The 
final validated 28-item Digi-MEE instrument with Likert 
scale is shown in Table-VII.
 Firstly, Digi-MEE instrument demonstrated a high 
level of content validity as the content was developed 
through a robust and systematic process based on the 
evidence and expert consultation.26 The nine components 
of Digi-MEE are infact reflection of our TELEMED 
(Technology Enhanced Learning Environments in 
Medical Education) model.16 These components, namely 
cognitive enhancement (four items), content curation 
(three items), cybergogical practices (three items), 
learner characteristics (four items), digital capability 
(three items), platform usability (two items), facilitation 
dynamics (three items), social representation (three 
items), and institutional support (three items) are well 
aligned with the issues on online learning environment 
addressed in the current literature. For example, digital 
capability represents the much-needed requirement 
for the medical student to not only develop digital 
skills but also demonstrate self-management in online 
environments.27 In contrast, previously available online 
learning environment inventory focused on development 
of computer competence only.9,10

 Previous inventories for digital atmosphere measure 
social interaction as an essential component.9,10 As an 
expansion to this platform, the ‘social representations’ 
domain of Digi-MEE instrument addresses the need to 
demonstrate ‘ethical and professional practices while 
interacting in online platforms’ for a safe and conducive 
learning environment.26 Ensuring that the students 
demonstrate ethical and professional practices in online 
learning environments can lead to professional digital 
identity formation of medical students.28

 The Digi-MEE instrument presents ‘facilitation 
dynamics’ as a set of activities to be ensured by the 
facilitator in online learning environments that can 
support learners in their education. Instead of focusing 
on the facilitator support and teaching skills as 
mentioned in previous inventories9,12, Digi-MEE provides 
a guideline of validated items for the facilitator to ensure 
while managing student-centered learning. Similarly, 
the platform usability and institutional support, vaguely 
mentioned before13, are now clearly presented with items 

to support students’ learning in digital platforms. It has 
been proven that well designed e-learning platforms 
influence student satisfaction and improve performance 
while continuous institutional support can guide and 
train both learners and facilitators to use these online 
platforms up to their potential in an effective manner. 
The continuous integration of online learning in medical 
schools also necessitates the development of robust 
institutional policies for online learning and their 
dissemination to the users of online learning platform 
highlighted in Digi-MEE instrument.29

 The next three components are interlinked and 
emphasize upon the need to have curated content leading 
to cognitive enhancement via effective cybergogical 
practices in online platforms. The content remains one 
of the important interactions with the students when 
learning online.
 However, with introduction of open educational 
resources, content is here by proposed to be ‘curated’ 
instead of being made from scratch as discussed by the 
Experts in Content Validity phase.30 The curated content 
should engage the learner in online platforms to provide 
meaningful learning and should be organized in a manner 
for easy comprehension.31 Using this curated content, 
facilitators can provide activities which allow learners to 
interact and collaborate with each other to carry out their 
learning and assessment in online learning platforms. 
Lastly, ‘learner characteristics’ of Digi-MEE evaluates 
students’ perception of interest, effort and motivation 
for online learning which have also been previously used 
as parameters in other instruments.32 Hence, Digi-MEE 
presents constructive alignment of the prevailing needs 
of online learning environments within its nine main 
components, indicating adequate and relevant coverage 
of required content for online learning environments in 
medical education.
 Secondly, the response process validity of Digi-MEE 
was high as the users easily understood it. This is an 
important finding as this study utilized students as 
participants who are end users of the finalized Digi-MEE 
instrument and their input is necessary for questionnaire 
development at this stage. In addition, the open comments 
allowed for any needed item revisions and/or removal as 
suggested by the participants.19

 Thirdly, Digi-MEE demonstrates a multi-dimensional 
factor and reached a good model fit as all goodness of 
fit indices met the acceptable level. EFA of Digi-MEE 
instrument demonstrated sample adequacy (KMO=0.861, 
Bartlett’s test of sphericity=0.000) with acceptable factor 
loadings of all items in extracted factors (>0.40).21 
Literature debates of varying threshold levels for item 
factor loadings in EFA depending on the sample size of 
collected data. Hair et al. proposed a loading threshold of 
0.4 for sample size of 200.33 
 We had invited 230 participants in our study out 
of which 200 responded to fill the survey. Therefore, a 
loading threshold of 0.4 applies to our study. Yong & 
Pearce explain that a high threshold level of 0.5 or more 
ensures that only items with strong factor loadings are 
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Table-VI: Reliability analysis of the 28 items of the Digi-MEE based on the final model.

Item BDomain
ACorrected Item-total 

correlation
ACronbach’s

Alpha if item deleted
ACronbach’s

Alpha
CComposite 

Reliability-CR

SR2

Social Representation

0.570 0.605

0.724 0.683SR3 0.538 0.643

SR5 0.525 0.659

CC3

Content Curation

0.555 0.567

0.703 0.705CC4 0.516 0.618

CC5 0.490 0.649

CE3

Cognitive 
Enhancement

0.577 0.686

0.756 0.716
CE4 0.542 0.706

CE6 0.572 0.690

CE7 0.523 0.716

CP1
Cybergogical 
Practices

0.484 0.567

0.671 0.672CP2 0.524 0.517

CP5 0.436 0.636

DC2

Digital Capability

0.432 0.525

0.625 0.632DC3 0.382 0.596

DC5 0.486 0.448

PU1
Platform Utility

0.523 -
0.68 0.687

PU2 0.523 -

IS1

Institutional Support

0.499 0.592

0.686 0.687IS2 0.482 0.613

IS4 0.522 0.564

FD1

Facilitation Dynamics

0.571 0.638

0.737 0.737FD3 0.567 0.643

FD4 0.543 0.671

LC1

Learning 
Characteristics

0.580 0.674

0.751 0.754
LC2 0.550 0.691

LC3 0.448 0.745

LC5 0.609 0.657

Overall Cronbach’s alpha for 28 items 0.952

Composite Reliability 0.697

A Reliability analysis: Cronbach’s Alpha Coefficient, 
B Domains were determined based on basis of expert validation and exploratory factor analysis
DCR (Composite Reliability) was calculated based on formula given by Fornell & David22
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Table VII: Final Validated 28-item Digi-MEE Instrument with Likert Scale.

28-Item Digi-MEE Instrument

Q. 
No. Item Statement Strongly 

Disagree Disagree Agree Strongly 
Agree

1 I feel this online platform is relevant to my learning needs.     

2 The online platform provides opportunities to promote my independent 
learning.     

3 The content is presented appropriately to enhance my understanding.     

4 I understand the orientation given before the task easily.     

5 The online learning platform provides clear learning outcomes for the 
given course I am enrolled in.     

6 My online activities with others are monitored in this online learning 
platform.     

7 The online platform allows me to exchange information with my peers/
facilitators easily.     

8 The activities on the online platform allow me to interact with others.     

9 This online platform provides suitable assessment methods to facilitate 
my learning.     

10 I can communicate and collaborate with my peers/facilitators on this 
online platform easily.     

11 I can see my basic profile information as well as that of my peers/
facilitators on this online platform.     

12 I can manage my digital screen time on an online learning platform.     

13 I feel I am part of the online learning community.     

14 I am provided with timely feedback on my work.     

15 I give feedback about courses which I am enrolled in online learning 
platforms.     

16 The online platform encourages me to participate in online learning 
activities in a professional and ethical manner.     

17 The online content can be accessed with ease.     

18 The platform interface is simple and follows a consistent design.     

19 The online platform usage policies are widely disseminated among 
students.     

20 The online platform rules and regulations are informed to me.     

21 The institution provides training to me for using online platforms 
appropriately.     

22 The online content is organized in an engaging manner.     

23  The facilitator(s) selects the appropriate tool for teaching us online.     

24 The facilitator(s) provides positive encouragement to me during classes.     

25 I show interest in learning about a given topic in an online learning 
platform.     

26 My learning is supported by this online learning platform.     

27 I try my best to put in effort during online activities.     

28  The online platform for learning is well accepted by me.     
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considered to load onto a factor, making it easier to 
interpret the factor structure and the meaning of each 
factor.22 However, high threshold may disregard subtle 
relationships between the variables which we did not 
want to miss. Having lower thresholds helped us reduce 
the losing information about the underlying dimensions 
in the data.33

 CFA of Digi-MEE depicts minimum discrepancy per 
degree of freedom (CMIN/DF) ratio of 2.46(<3.00) which 
represents a satisfactory fit which is close  to value of 
2.63 in study performed by Butt et al.34 Further in the 
same study, the goodness of fit index was 0.911 which is 
comparable to our model’s good for fitness index (GFI). 
A GFI >0.95 indicates a good model fit, hence our model 
has an acceptable fit. Another important component 
in covariance structure modeling is the RMSEA with 
acceptable values being less than 0.05. In our study, the 
RMSEA was 0.057 and RMR WAS 0.03 representing 
constructs one-dimensionality.
 Finally, the internal consistency of Digi-MEE was 
acceptable as the Cronbach alpha and composite 
reliability values were more than 0.6. Our validated 
questionnaire demonstrated overall Cronbach’s alpha 
of 0.965, showing excellent internal consistency of Digi-
MEE instrument as per criteria defined by George and 
Mallery’s rule of thumb.35 The Cronbach’s alpha of the 
subscale ranged from 0.623 to 0.751, again ranging from 
acceptable values to relatively high internal consistency 
(2). When compared with alpha values demonstrated 
by Rahayu, et al. validation study for Online Classroom 
Learning Environment Inventory (OCLEI)36, our subscale 
of “social representation” had similar reliability as their 
scale’s “interaction” subscale (α =0.724). However, the 
platform utility of our scale (α =0.685) was slightly less 
than what the above study had measured (α =0.744). One 
of the items out of the two in this subscale relates to access 
to the platform while the second item relates to platform 
interface. On the other hand, our subscale of ‘Facilitation 
Dynamics’ (α =0.737) is more reliable as compared to 
OCLEI’s subscale of lecturer support (α =0.718).
 Major strengths of the study include recommended 
best practices and guidelines for development and 
validation of Digi-MEE instrument. The nine domains on 
online learning environment in medical education were 
derived from multisource evidence including theory, 
literature, input from experts and learners. The experts 
involved in the modified e-Delphi and content validation 
study were from diverse geographical backgrounds as 
well as professional backgrounds involved in online 
education. This diversity of experts makes Digi-MEE a 
suitable instrument for different institutions all over the 
world.

Limitations:  It includes study sample for factor analysis 
and reliability analysis from one country only. Future 
validation studies should be done in different countries. 
Also, the sample was confined to undergraduate medical 
students. Further validation must be done before Digi-
MEE is used for postgraduate medical students.

CONCLUSION

 This study introduced a new measurement tool, 
namely Digi-MEE, to evaluate the digital learning 
environment in medical education. The validity of Digi-
MEE is demonstrated through its content, response 
process, factorial structure, and internal consistency. 
This tool can be used by medical schools to evaluate 
their digital learning environment for continuous quality 
improvement. Nevertheless, more validation research 
should be conducted to verify the validity of Digi-MEE in 
different educational settings.
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CVI: Content validity index. 
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SPSS: Statistical Package for Social Sciences.

Availability of data and materials: The datasets used 
and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Conflict interests: None.

Funding: None. 

Grant Support & Financial Disclosures: None.

Note: The manuscript was previously posted on a 
preprint server without any peer review which can be 
retrieved from: https://www.researchsquare.com/
article/rs-2841769/v1

REFERENCES
1. Shahzad S, Wajid G. How different is the Learning Environment of 

Public and Private Sector Medical Colleges in Lahore, Pakistan? Pak 
J Med Sci. 2023;39:757-763. doi: 10.12669/PJMS.39.3.6202

2. Van Vendeloo SN, Godderis L, Brand PLP, Verheyen KCPM, 
Rowell SA, Hoekstra H. Resident burnout: Evaluating the role of 
the learning environment. BMC Med Educ. 2018;18:54. doi: 10.1186/
s12909-018-1166-6

3. World Federation for Medical Education. Basic Medical Education: 
WFME Global Standards for Quality Improvement. World 
Federation Med Edu. 2015:36.

4. Roff S, McAleer S, Harden RM, Al-Qahtani M, Ahmed AU, Deza H, 
et al. Development and validation of the Dundee Ready Education 
Environment Measure (DREEM). Med Teach. 1997;19:295-299. doi: 
10.3109/01421599709034208

5. Vieira, Joaquim Edson. “The postgraduate hospital educational 
environment measure (PHEEM) questionnaire identifies the 
quality of instruction as a key factor predicting academic 
achievement.” Clinics. 2008;63(6):741-746. doi: 10.1590/s1807-
59322008000600006

6. Shochet RB, Colbert-Getz JM, Wright SM. The Johns Hopkins learning 
environment scale: measuring medical students’ perceptions of the 
processes supporting professional formation. Acad Med. 2015;6:810-
818. doi: 10.1097/ACM.0000000000000706

7. Hadie SNH, Yusoff MSB, Arifin WN, Kasim F, Ismail ZIM, Asari MA, 
et al. Anatomy Education Environment Measurement Inventory 
(AEEMI): a cross-validation study in Malaysian medical schools. 
BMC Med Educ. 2021;21:50. doi: 10.1186/s12909-020-02467-w

https://www.researchsquare.com/article/rs-2841769/v1
https://www.researchsquare.com/article/rs-2841769/v1


Pak J Med Sci     November - December  2023    Vol. 39   No. 6      www.pjms.org.pk     1583

Digi-MEE development and validation

8. Isba R, Rousseva C, Woolf K, Byrne-Davis L. Development of a brief 
learning environment measure for use in healthcare professions 
education: The Healthcare Education Micro Learning Environment 
Measure (HEMLEM). BMC Med Educ. 2020;20:110. doi: 10.1186/
s12909-020-01996-8

9. Baker JD. Constructivist online learning environment survey. 
Handbook of Research on Electronic Surveys and Measurements. 
IGI Global. 2006;299-301. doi: 10.4018/978-1-59140-792-8.ch036

10. Aldridge JM, Fraser BJ, Aldridge JM, Fraser BJ. Technology-Rich 
Outcomes-Focused Learning Environment Inventory (TROFLEI). 
Outcomes-Focused Learning Environments, Brill | Sense. 2019;95-
100. doi: 10.1163/9789087904982_009

11. Walker SL, Fraser BJ. Development and validation of an instrument 
for assessing distance education learning environments in higher 
education: The Distance Education Learning Environments Survey 
(DELES). Phenomenol Cogn Sci. 2005;4:289-308. doi: 10.1007/
s10984-005-1568-3

12. Clayton JF. Development and Validation of an Instrument for 
Assessing Online Learning Environments in Tertiary Education: The 
Online Learning Environment Survey (OLLES). 2007. (Available on: 
https://core.ac.uk/download/pdf/195631205.pdf).

13. Mousavi A, Mohammadi A, Mojtahedzadeh R. E-learning 
educational atmosphere measure (EEAM ): a new instrument for 
assessing e-students ’ perception of educational environment. Res 
Learn Technol. 2020;28:2308.

14. Syed T. Change in Student’s perceptions of the learning environment 
after a period of exposure: A mixed method approach with 
quantitative and qualitative analysis. J Pak Med Assoc. 2020;70:1136-
1142. doi: 10.5455/JPMA.22178.

15. Yusoff MSB, Arifin WN, Hadie SNH. ABC of questionnaire 
development and validation for survey research. Educ Med J. 
2021;13:97-108. doi: 10.21315/EIMJ2021.13.1.10

16. Naeem NK, Yusoff MSB, Hadie SNH, Ismail IM, Iqbal H. Understand-
ing the Functional Components of Technology-Enhanced Learning 
Environment in Medical Education: A Scoping Review. Med Sci 
Educ. 2023;33:1-15. doi: 10.1007/S40670-023-01747-6/TABLES/3

17. Polit DF, Beck CT, Owen SV. Is the CVI an acceptable indicator of 
content validity? Appraisal and recommendations. Res Nurs Health. 
2007;30:459-467. doi: 10.1002/NUR.20199

18. Yusoff MSB. ABC of Content Validation and Content Validity Index 
Calculation. Educ Med J. 2019;11:49-54. doi: 10.21315/eimj2019.11.2.6

19. Saiful MY. ABC of Response Process Validation and Face Validity 
Index Calculation. Educ Med J. 2019;11:55-61. doi: 10.21315/
eimj2019.11.3.6

20. Osborne JW, Costello AB. Sample size and subject to item ratio in 
principal components analysis. Pract Assess Res Eval. 2019;9:11. doi: 
doi: 10.7275/ktzq-jq66

21. Lu X, Wang L, Xu G, Teng H, Li J, Guo Y. Development and initial 
validation of the psychological capital scale for nurses in Chinese 
local context. BMC Nurs. 2023;22:1-13. doi: 10.1186/S12912-022-
01148-X/TABLES/6

22. Yong AG, Pearce S. A Beginner’s Guide to Factor Analysis: Focusing 
on Exploratory Factor Analysis. Tutor Quant Methods Psychol. 
2013;9:79-94. doi: 10.20982/TQMP.09.2.P079

23. Kyriazos TA. Applied Psychometrics: Sample Size and Sample Power 
Considerations in Factor Analysis (EFA, CFA) and SEM in General. 
Psychology. 2018;09:2207-2230. doi: 10.4236/PSYCH.2018.98126

24. Fornell C, Larcker DF. Evaluating Structural Equation Models 
with Unobservable Variables and Measurement Error. J Mark Res. 
1981;18:39. doi: 10.2307/3151312

25. Baharum H, Ismail A, Awang Z, McKenna L, Ibrahim R, Mohamed 
Z, et al. Validating an Instrument for Measuring Newly Graduated 
Nurses’ Adaptation. Int J Environ Res Public Health. 2023;20:2860. 
doi: 10.3390/IJERPH20042860/S1

26. Noreen K, Zuberi RW, Aftab K, Fatima S. Assessment of Medical 
Professionalism: Development and psychometric analysis of 
Professionalism Assessment Tool (PAT) in Pakistani context using 
Delphi Techniques. Pak J Med Sci. 2023;39:330-337. doi: 10.12669/
PJMS.39.2.6608

27. Bylieva D, Hong J-C, Lobatyuk V, Nam T. Self-Regulation in 
E-Learning Environment. Educ Sci (Basel). 2021;11:1-23. doi: 
10.3390/educsci11120785

28. Guraya SS, Guraya SY, Yusoff MSB. Preserving professional 
identities, behaviors, and values in digital professionalism using 
social networking sites; a systematic review. BMC Med Educ. 
2021;21:1-12. doi: 10.1186/S12909-021-02802-9/TABLES/3

29. Pedro NS, Kumar S. Institutional Support for Online Teaching in 
Quality Assurance Frameworks, Online Learning J. 2020;24:50-66.

30. Kılıçkaya F, Kic-Drgas J. Issues of context and design in OER (open 
educational resources). Educ Technol Res Dev. 2021;69:401-405. doi: 
10.1007/S11423-020-09852-8

31. Green RA, Whitburn LY, Zacharias A, Byrne G, Hughes DL. The 
relationship between student engagement with online content and 
achievement in a blended learning anatomy course. Anat Sci Educ. 
2018;11:471-477. doi: 10.1002/ASE.1761

32. Ahmed MS, Hassan F, Ullah S, Shaid F, Sabih M. Strength of 
motivation among public and private dental students for the field of 
education: A comparative and correlational study. J Coll Physicians 
Surg Pak. 2021;31:461-465. doi: 10.29271/JCPSP.2021.04.461

33. Hair JF, Ronald L. Tatham, Rolph E. Anderson WB. Multivariate 
Data Analysis. 5th ed. New Jersey: Prentice Hall; 1998.

34. Butt S, Mahmood A, Saleem S, Rashid T, Ikram A. Students’ 
Performance in Online Learning Environment: The Role of Task 
Technology Fit and Actual Usage of System During COVID-19. 
Front Psychol. 2021;12. doi: 10.3389/FPSYG.2021.759227/FULL

35. George D, Mallery P. SPSS for Windows Step by Step: Answers to 
Selected Exercises. A Simple Guide and Reference. 2003:63.

36. Rahayu W, Putra MDK, Faturochman, Meiliasari, Sulaeman E, Koul 
RB. Development and validation of Online Classroom Learning 
Environment Inventory (OCLEI): The case of Indonesia during 
the COVID-19 pandemic. Learn Environ Res. 2022;25:97-113. doi: 
10.1007/S10984-021-09352-3/TABLES/6

Authors’ Contribution:

NKN: Conceived the study and initiated the writing 
of the paper. Generated the TELEMED Framework for 
Digi-MEE and configured their relationship with the 
findings of the scoping review. Did data collection and 
analysis from the different study sites.
NKN, MSBY, IM and SNH: Performed the scoping 
review, selected the relevant papers, compiled them 
in tables, modified the e-Delphi study, and laid out the 
Digi-MEE in its final form after serial analysis.
MSBY, SNH and IM: Reviewed the framework carefully.
NKN, MSBY, SNH and IM: Reviewed the data analysis 
and were consulted for thematic analysis for qualitative 
data where required.
All authors read and approved the final manuscript.

 Authors:

1. Noor-i-Kiran Naeem, FCPS, MSc. MEd.
 Department of Medical Education,
 ABWA Medical College, Pakistan.
 Department of Medical Education, 
 School of Medical Sciences,
 Universiti Sains Malaysia, 
 Malaysia.
2. Siti Nurma Hanim Hadie, Ph.D.
 Department of Anatomy, 
 School of Medical Sciences,
 Universiti Sains Malaysia, 
 Malaysia.
3. Irwan Mahazir Ismail, Ph.D.
 Centre for Instructional Technology & Multimedia,
 Universiti Sains Malaysia, 
 Malaysia.
4. Muhamad Saiful Bahri Yusoff, Ph.D.
 Department of Medical Education, 
 School of Medical Sciences,
 Universiti Sains Malaysia, 
 Malaysia.


	OLE_LINK1
	_Hlk71273857
	_Hlk71275002
	_Hlk71275451
	_Hlk71270220
	_Hlk71270833
	_Hlk70672587
	_Hlk71272516
	_Hlk70673638
	_Hlk70672674
	_Hlk70622285
	_Hlk70624907
	_Hlk70624888
	_Hlk70626772
	_Hlk70601279
	_Hlk70601395
	_Hlk70622356
	_Hlk70601462
	_Hlk70601619
	_Hlk70673592
	_Hlk71288227
	_Hlk71287852
	_Hlk71287440
	_Hlk71293557
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk79023485
	OLE_LINK45
	OLE_LINK21
	OLE_LINK20
	OLE_LINK28
	OLE_LINK13
	OLE_LINK19
	OLE_LINK26
	OLE_LINK7
	OLE_LINK5
	OLE_LINK32
	OLE_LINK10
	OLE_LINK29
	OLE_LINK31
	OLE_LINK33
	OLE_LINK34
	OLE_LINK30
	OLE_LINK37
	OLE_LINK38
	_GoBack
	_GoBack
	_GoBack
	_Hlk137302237
	_Hlk105489496
	_Hlk119921113
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_Hlk139380254
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk77978349
	_Hlk88244648
	_Hlk140034186
	_Hlk87111725
	_GoBack
	_Hlk141694297
	_Hlk140068976
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk105141832
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_GoBack
	_GoBack
	_Hlk123306339
	_Hlk123306377
	_Hlk123306427
	_Hlk123306475
	_Hlk123556758
	_GoBack
	_Hlk114897313
	_Hlk112576743
	_Hlk112575233
	_Hlk112576913
	_Hlk112579858
	_GoBack
	_GoBack
	OLE_LINK134
	_Hlk95205413
	_GoBack
	_Hlk120142761
	_GoBack
	_GoBack
	_GoBack
	bf0025
	_GoBack
	_Hlk108464293
	_Hlk106042765
	_Hlk137549796
	_GoBack
	_Hlk140747670
	_Hlk140747798
	_Hlk140747963
	_Hlk140748144
	_Hlk140747857
	_Hlk141181243
	_GoBack
	_Hlk140857000
	_GoBack
	_GoBack
	_GoBack
	_Hlk144556179
	_GoBack
	_GoBack
	_Hlk141182774
	_GoBack
	_Hlk140443205

