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Abstract 

Background: Today, methods that enable students to benefit from online programs 
to the fullest and learn independently and self-directed are of critical importance. 
Many scales have been developed to measure self-directed learning in the physical 
classroom. This study was conducted to design and assess the psychometric properties 
of an instrument to assess  learning process in a virtual environment.

Materials and methods: A questionnaire for assessing s learning process in a virtual 
environment was developed following six steps. The process began with a system-
atic search for related articles. A qualitative study was then conducted to identify 
self-directed learning strategies and processes in virtual environments. The identified 
strategies were then compared with those from a literature review, and the scale items 
were developed accordingly. Expert validation, exploratory factor analysis, and reli-
ability analysis were conducted to ensure questionnaire validity and reliability. This 
study included online postgraduate students from Iranian medical science universities 
in 2019.

Results: The scale consisted of 5 factors and 44 items. In exploratory factor analy-
sis, five subscales explained 90% of the total variance. Cronbach’s alpha was 0.91 
for the total scale. The interclass correlation coefficient between the test and retest 
was 0.77.

Conclusion: A questionnaire designed to assess  learning process in a virtual environ-
ment for postgraduate virtual students has reasonable psychometric properties, includ-
ing reasonable internal reliability and construct validity.

Keywords: Self-directed learning, Psychometric analysis, Instrument, Virtual 
environment

Introduction
Online courses permit learning anytime and anywhere at a personalized pace (Ander-
son et  al., 2020). Typically, different groups of learners registered in an online course 
are required to make decisions related to their learning activities to achieve academic 
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achievement. Hence, it is considered significant to support self-directed learning (SDL) 
strategies (Safikani et al., 2021).

SDL is considered the main element of lifelong learning and is a critical competency 
in the curriculum (Charokar & Dulloo, 2022). Several definitions of SDL have been pro-
posed in the literature (Mocker & Spear, 1982; Van Woezik et al., 2019; Zeb et al., 2018). 
Knowles defined SDL as “a process in which a learner takes initiative, diagnoses their 
learning needs, creates learning goals, identifies resources for learning, applies appropri-
ate learning strategies, and evaluates their learning outcomes” (Knowles, 1975).

SDL theory is a traditional framework that can help demonstrate components of a per-
sonalized system that supports learners develop their abilities to manage their learning 
activities and control their achievement (Giuseffi, 2021). SDL is about students’ intel-
lectual effort in which they intentionally manage themselves to achieve knowledge and 
solve problems (Curran et al., 2019).

Numerous previous studies on factors affecting SDL have demonstrated that SDL does 
not work without help and is not just an individual experience. SDL is a dynamic process 
that has functional relationships with a wide variety of other educational aspects such as 
the social settings in which learning takes place, the metacognitive behavior of students, 
and the didactical aspect of communication between teaching and learning (Giddings, 
2015; Jennett, 1992). The distinctive characteristics of online learning same as flexibility, 
personalization, access to resources, and interactive learning influence students’ choices 
of SDL practices by allowing them to access a wide range of information resources, dis-
cover and appraise information, pursue their interests, and interact with teachers and 
other trainers (Song & Hill, 2007; Yildirim et al., 2023).

Moreover, the flexible structure of these environments allows for the fulfilment of 
students’ critical needs and creates an opportunity for them to have more control over 
their learning paths (Bosch & Pool, 2019; Gerard et al., 2022). Accordingly, a properly 
designed online learning environment that provides a flexible structure, opportunities 
for collaboration, and authority over learning activities can provide students with the 
chance to develop SDL skills effectively (Teng et al., 2019). Self-directed online learners 
typically are involved more actively in learning exercises, in particular completing class-
room assignments, engaging with the online learning material, planning and evaluating 
the main stages of learning, accessing online content, and navigating through the online 
learning platforms (Caravello et  al., 2015; Fitzgerald et  al., 2022). Nevertheless, many 
learners who engage in online courses encounter frustration and failure because they 
are ill-equipped for the challenging and isolated learning process (Baker & Moyer, 2019).

There are many studies on SDL and several scale-development studies on assessing 
SDL skills such as Guglielmino’s Self-Directed Learning Readiness Scale (SDLRS) (Gug-
lielmino, 1977), Oddi Continuing Learning Inventory (OCLI) (Oddi et  al., 1990), SDL 
Readiness Scale for Nursing Education developed by Fisher et al. (2001), and Self-Rating 
Scale of SDL (SRSSDL) proposed by Williamson (2007).

Guglielmino’s scale has been used in several studies to measure SDL readiness. As 
a result of its high validity, it is widely accepted. This scale is one of the most popular 
instruments for measuring SDL in educational research. The Oddi Continuing Learn-
ing Inventory (OCLI) was designed in 1990. This inventory uses 24 questions to assess 
self-directed students’ attributes. Fisher et al. (2001) introduced the SDLRS for nursing 
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education as an alternative to Guglielmino’s SDLRS. This scale assesses SDL attitude, 
skills, and personal attributes. Williamson introduced a scale for measuring self-direc-
tion in nursing education. The validity and reliability of this scale in nursing education 
have been confirmed.

Defining and measuring SDL can be challenging, and there is no consensus as to what 
it entails. Researchers must clarify their SDL definitions. Putting theory into practice 
and implementing self-directed learning can also be challenging for students who have 
been taught in a more traditional, teacher-centered manner. There is no agreed-upon 
standard measure or assessment tool for self-directed learning because it is a complex 
and multifaceted construct. The use of technology to support SDL also presents chal-
lenges, including information overload and the need to develop digital literacy in learn-
ers (Abd-El-Fattah, 2010; Garrison, 2003; Song & Hill, 2007).

The measurement of SDL in online learning is not well understood. SDL processes in 
virtual learning environments will be better measured if an appropriate scale is devel-
oped. Furthermore, research should be conducted to determine how SDL practices can 
be adapted to online learning. This study was conducted to design and perform a psy-
chometric analysis of an instrument to assess the SDL in a virtual environment.

Methods
Participant

Participants of this study were postgraduate virtual students of medical science universi-
ties in Iran in 2019.

Design

A comprehensive and rigorous process was utilized to develop the SDL in a virtual 
environment Questionnaire, employing widely-recognized methods as outlined in the 
’Developing Questionnaires for Educational Research: AMEE Guide No. 87’. This modi-
fied process involved conducting a literature review and qualitative research, synthe-
sizing the findings of both sources, developing a set of questionnaire items, obtaining 
expert validation, and conducting pilot testing.

Questionnaire development

1. Literature review

A systematic search was conducted across four databases (Google Scholar, Scopus, 
PsicINFO, and MEDLINE) from 1989 to 2019 using “self-directed learning,” “virtual 
environment,” and Keywords. Two independent researchers screened the articles for 
potential inclusion based on pre-determined inclusion criteria, including English lan-
guage, publication type, relevance to self-directed learning, and the use of an instrument 
to evaluate it. The search strategy and screening process were rigorous and aimed to 
identify comprehensive literature on the topic.
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2. Qualitative study

In this study, we employed a conventional content analysis approach to investigate 
self-directed learning in a virtual environment. Our participants consisted of 14 virtual 
students from Iranian medical sciences universities in Iran who were selected using a 
purposeful sampling method. To collect data, we conducted semi-structured interviews, 
which continued until data saturation was achieved and participated in the study.

During the interviews, the virtual students were asked a series of questions related 
to their experiences with self-directed learning in the virtual environment. These ques-
tions included, “What factors influenced your learning in the virtual environment?” 
“Could you please describe your experiences with independent learning in e-learning?” 
and, “What kinds of activities did you undertake during your independent learning in 
a virtual educational setting?” This qualitative study implemented the conventional 
content analysis proposed by Graneheim and Lundman for data analysis. The Themes 
and Categories were derived from the participants’ text data, without reliance on pre-
existing theoretical frameworks. The researchers transcribed the interviews verbatim 
and analyzed them line-by-line, identifying meaningful units throughout the process. 
Each meaningful unit was assigned a code, and the codes and data were continuously 
compared and grouped based on their similarities to form initial categories. These ini-
tial categories were then further analyzed and classified into more abstract categories. 
In sum, this approach enabled the researchers to gain a comprehensive understanding of 
the participants’ self-directed learning experiences in a virtual environment. To enhance 
the credibility and reliability of our research, we utilized four features: credibility, con-
formability, dependability, and transferability. These features were employed to ensure 
the trustworthiness of the data collected and the findings obtained in our study.

3. Synthesizing the literature review and interviews

The strategies explained in the qualitative study were compared with the self-directed 
learning strategies identified in a literature review.

4. Development of items

To develop the items for the Self-directed Learning Process in a Virtual Environment 
Questionnaire, we recruited a panel of three experts in the field of medical education to 
serve as advisors and guide the drafting process.

5. Expert validation

Face validity
To assess the face validity of the proposed self-directed learning (SDL) scale for virtual 

environments, 10 virtual students were asked to rate the importance of each item on a 
five-point Likert scale, and an “Item Impact Score” was calculated by multiplying the 
frequency (%) and importance of each item. After that, the same students were asked to 
provide feedback on the “relevance”, “ambiguity”, and “difficulty” of the items. Based on 
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their comments, some minor modifications were made to the preliminary questionnaire 
to enhance its face validity.

Content validity
To assess the content validity of the questionnaire, a group of eight experts in the field 

of medical education was selected and briefed on the study’s objectives and the content 
validity assessment process. The questionnaire and content validity assessment form was 
sent to them via email, and the experts were asked to rate the relevance and clarity of 
each item on a four-point Likert scale ranging from 1 (not relevant) to 4 (very relevant) 
to calculate the content validity index (CVI). Items with a CVI value above 0.79 were 
considered acceptable (Waltz & Bausell, 1981). Additionally, the experts rated each item 
on a three-point Likert scale (necessary, useful but not important, and not necessary) to 
calculate the content validity ratio (CVR) using the Lawshe formula. Items with a CVR 
value above 0.75 were retained (Lawshe, 1975).

6. Pilot testing

To gather evidence on the construct validity (Exploratory factor analysis) and reliabil-
ity of the scale, the SDL scale was developed as an online tool, and the link was distrib-
uted to virtual students of medical sciences universities in Iran.

An exploratory factor analysis (EFA) was done and the hidden factors were extracted. 
The Kaiser–Meyer Olkin was calculated for the sufficiency of the sample size. Bartlett’s 
test of sphericity was calculated for the fitness of the factor analysis model. Then, the 
hidden factors were extracted by Factor Principal Analysis using the Varimax rotational 
rotation and Scale Scree Plot. The analyses were performed in the SPSS V.22 software. 
Data sampling was performed using a convenience sampling method. Since the ques-
tionnaire had 50 items in this phase (While 12 items were excluded in expert validation), 
the sample size was calculated to be 215 virtual students (5 subjects per item).

Cronbach’s alpha coefficient was estimated to assess the internal consistency of the 
SDL scale in a virtual environment. Moreover, the stability of the scale over time (test-
test), was calculated within the class using the intraclass correlation coefficient (ICC). 
The ICC was estimated using a two-way mixed-effect model with a 95% confidence 
interval. The Pearson correlation coefficient was also used to measure the stability of the 
scale over time.

Ethical considerations

The study was approved by the Ethics Committee of Tehran University of Medical Sci-
ences (Code: IR.TUMS.MEDICINE.REC.1395.713). The students were informed of the 
objectives of the study and their participation in the study was voluntary. Informed con-
sent was obtained from the students.

Results
Literature review

During the literature search for this review, a total of 2321 articles were initially identi-
fied. After screening the titles and abstracts and removing any duplicates, 120 articles 
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were left. However, 42 of these articles did not meet the inclusion criteria and were 
excluded from the study. Ultimately, a total of 78 articles were included in the final 
review.

Qualitative study

This qualitative study involved the analysis of 1222 phrases from primary codes, which 
were subsequently categorized into 80 subcategories, 15 categories, and 5 themes that 
related to self-directed learning strategies in virtual environments. The identified themes 
were readiness to learn, directing towards the goal, purposeful effort, interest in learning 
environments, and excellence and progress. Additional information on the study’s meth-
odology and findings can be found in a separate manuscript.

Development of items

After comparing the self-directed learning strategies in the virtual environment identi-
fied in the qualitative study with the findings from the literature review, it was observed 
that there was a high similarity between the concepts. For each of the similar strategies, 
five items with a Likert scale were designed. In total, 62 initial items were developed.

Expert validation

The evaluation of the content validity index (CVI) revealed that the scale scored higher 
than 0.79 in terms of relevance, clarity, and simplicity. However, the content validity 
ratio (CVR) analysis resulted in 12 items scoring less than 0.49 and was excluded from 
the questionnaire, leaving a total of 50 items in the final version.

Pilot testing

The demographic characteristics of the 215 participants are presented in Table 1. The 
students were between the age of 24 and 43. The majority of them were female (n = 131, 
60.9%) and MSc students (n = 192, 89.4%).

Table 1 Summary of demographic characteristics of virtual students

Characteristics N % N
General population

%
General 
population

Gender

Male 84 39 123 23.6

Female 131 61 398 76.4

Age

24–34 160 74 310 59.5

34–43 55 26 211 40.5

Educational level

PhD 10 5 50 9.6

MPH 12 6 20 3.8

MSc 192 89 451 86.6
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Explanatory factor analysis

EFA was conducted with Equamax rotation on the items of the questionnaire. KMO 
was 0.96, which indicated the sufficiency of the sample for factor analysis. Bartlett’s test 
showed a significant relationship between the items (Chi-square = 12,615.29, P < 0.001), 
indicating the appropriateness of the factor analysis model. According to the Scree plot 
shown in Fig.  1, five factors altogether explained 80% of the total variance. The five-
factor structure of the self-directed learning (SDL) scale in the virtual environment was 
shown in Table 3. Scale items’ frequencies are displayed in Table 2.

The five factors of the questionnaire along with its items are shown in Table  2. The 
factors were named according to the content of the items. The first (17 items), second 
(9 items), third (6 items), fourth (5 items), and fifth (7 items) factors were named “Self-
directed learning prerequisites”, “Flexible and supportive environment”, Deep learning”, 
“Intelligent teaching”, and “Learning outcomes”, respectively (Table  3).  It takes twenty 
minutes to complete this questionnaire.

Reliability

Cronbach alpha was 0.923, 0.745, 0.98, 0.93, 0.98, and 0.91 for factors 1, 2, 3, 4, 5, and 
the total scale, respectively. Moreover, ICC between the test and retest was 0.81, 0.65, 
0.81.0.72, 0.89, and 0.77 for factors 1, 2, 3, 4, 5, and the total scale, respectively. Finally, 
the Pearson correlation coefficient was 0.84, 0.73, 0.85, 0.81, 0.85, and 0.81 for factors 1, 
2, 3, 4, 5, and total scale, respectively.

Discussion
Universities’ competition for the most talented graduate students is becoming increas-
ingly intense. This is even more critical in virtual colleges. Thus, it is necessary to have 
the most effective strategy to reduce student dropouts. Furthermore, at-risk students 

Fig. 1 Scree plot
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Table 2 Frequency distribution of 250 respondents regarding assessing self-directed learning in the 
virtual environment

Statements Strongly 
agree and 
agree

Strongly 
disagree and 
disagree

No idea

Virtual learning is more difficult than face-to-face learning 59 26 15

I enjoy online communication with teachers 21 61 18

Effective learning is possible only by attending class, seeing the 
teacher, and hearing his/her voice

69 21 10

I would like more online courses 58 25 17

The virtual environment motivates me to learn 50 23 27

Using the Internet and advancing technologies is a valuable learn-
ing experience

28 26 46

If learning assignments are related to my field of work in the future, 
I am more enthusiastic about doing them

67 17 16

A compulsory virtual education (such as formal education) does 
not motivate me

15 72 13

SI have no problem working with computers and e-learning 
systems

63 19 18

If I independently and creatively choose assignments and resources 
through virtual learning, I will learn better

58 26 16

If the learning schedule is flexible in the virtual course, I can learn 
better

61 21 18

In the event of recognition courses, I have more confidence in 
virtual learning

55 24 21

I would like feedback on my overall performance at the end of the 
virtual course

65 16 19

If I encounter a problem, I can refer to someone for help 59 23 18

Whenever I have a problem with virtual learning, I ask the teacher 
for help and guidance

71 20 9

I use social media to help with virtual learning 23 35 42

I purposely search and collect information on the Internet 74 13 13

It would be great if I could study educational sources of my choos-
ing

65 25 10

I have dealt well with changing roles to virtual students 25 40 35

I take the main responsibility for learning virtual education course 
content

51 28 21

I am sure I can handle assignments and virtual projects 39 38 23

I think about ways to increase my learning before participating in 
online discussions and doing assignments

59 23 18

If virtual assignments are chosen in a way that I can learn some-
thing from them, even if they take a lot of work, I would do them 
enthusiastically

65 15 20

The further I go, the less I need teachers 28 26 46

Even when the content is boring and interesting, I keep reading 
until I finish it

69 21 10

After studying each lesson, I test myself to be sure I have learned 
what I have read

56 12 32

When I listen to podcasts or use educational multimedia, my mind 
is busy with something else and I don’t listen to what the teacher 
says

34 13 53

When I listen to teacher podcasts and videos, I repeat relevant 
content

43 13 44

I watch videotapes and take notes of key points 76 15 9

I manage my time properly 50 18 32

I feel learning is better when I review lessons with my classmates 
via email rather than in person

38 12 50
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Table 2 (continued)

Statements Strongly 
agree and 
agree

Strongly 
disagree and 
disagree

No idea

I feel that online discussion increases learning depth 21 43 36

The quality of teacher assignments is more significant than their 
quantity

56 10 34

If sources are presented step by step, I am more focused on learn-
ing

36 22 42

Nonverbal clues and teacher advice are motivating 12 53 35

Teachers’ guidance and feedback affect my learning 68 10 22

I feel more confident about learning when I see that the teacher 
communicates with me step by step from the beginning to the 
end of the assignment

69 21 10

I feel more committed to and responsible for my own learning 58 25 17

I think that I am adapting to the virtual learning environment over 
time

65 15 20

I think it is getting more convenient to use electronic learning tools 
over time

15 72 13

I feel that I can manage my time better than before 49 13 38

I feel that my perseverance with virtual learning has increased 28 26 46

I feel that my confidence in virtual learning has increased 17 67 16

I feel more creative now than before 26 58 16

Table 3 The five-factor structure of the self-directed learning (SDL) scale in a virtual environment

Factor 1
Self-directed 
learning 
prerequisites

Factor 2
Flexible and 
supportive 
environment

Factor 3
Deep learning

Factor 4
Intelligent teaching

Factor 5
Learning 
outcomes

Number 
of items

Factor 
loading

Number 
of items

Factor 
loading

Number 
of items

Factor 
loading

Number 
of items

Factor 
loading

Number 
of items

Factor 
loading

15 0.890 1 0.798 33 0.703 10 0.752 38 0.779

16 0.895 2 0.802 34 0.730 11 0.796 39 0.771

17 0.886 3 0.708 35 0.760 12 0.843 40 0.778

18 0.875 4 0.832 36 0.732 13 0.788 41 0.765

19 0.893 5 0.807 37 0.758 14 0.820 42 0.756

20 0.892 6 0.827 43 0.781

21 0.860 7 0.734 44 0.778

22 0.907 8 0.824

23 0.847 9 0.618

24 0.899

25 0.882

26 0.841

27 0.882

28 0.873

29 0.865

30 0.874

31 0.898

32 0.842



Page 10 of 14Ahmady et al. Smart Learning Environments           (2023) 10:35 

should be identified and supported to help them achieve course achievement to increase 
program retention in virtual learning.

SDL is essential to understanding virtual student readiness for online education. It also 
reduces the rate of student dropouts in online learning. In this study, the SDL Scale in 
Virtual Environment Questionnaire (SDLIVE) was developed and validated (Additional 
file 1).

SDLIVE scale has the potential to be an effective tool in online education where 
increased levels of SDL are needed by virtual students to self-organize the learning pro-
cess. This is also critical for monitoring SDL competency continuously over time. It is 
also important for evaluating the impact of the different educational programs following 
sustained strategies to support SDL in web-based courses.

SDLIVE’s scale factorial structure supports its fitness to assess SDL in a virtual 
environment.

EFA of the SDLIVE scale indicated a five-factor structure that explained 80% of the 
total variance.

Certainly. Chen and Fan’s (2023) study investigated the factor structure of the Self-
Directed Learning Readiness Scale (SDLRS) among undergraduate students in China. 
The researchers used exploratory factor analysis to identify the underlying factors of the 
SDLRS. They found that the SDLRS had a six-factor structure, which they named love of 
learning, active learning, effective learning, independent learning, learning motivation, 
and creative learning (Chen & Fan, 2023). These factors explained 53.30% of the total 
variance in the SDLRS score. Through the Delphi method, Dulloo et al. (2023) developed 
a readiness scale containing 43 items categorized into four factors, including awareness, 
learning strategies and styles, motivation, and team building (Dulloo et al., 2023).

The first factor of the SDLIVE scale describes educational environments’ requirements 
and characteristics, attitudes, behaviors, and experiences that promote self-directed 
learning.

SDL requires skills, such as using technology effectively for learning, according to 
Gurung and Rutledge (2014). To take advantage of the affordances of the e-learning con-
text for SDL, digital learners need to be prepared for self-direction (Dulloo et al., 2023).

According to Lai et al. (2013), e-learners’ readiness for SDL is crucial to online learn-
ing success. In this study, we found that e-learners’ readiness to learn with technology 
is an important factor influencing their SDL. Those who are equipped with the beliefs, 
skills, and personal qualities required for SDL will have better chances of utilizing the 
opportunities ICT affords in SDL (Lai et al., 2013).

The second factor of SDLIVE, which emphasizes the importance of creating a flexible 
and supportive online learning environment, is consistent with findings from other stud-
ies on self-directed learning. According to Garrison and Kanuka (2004), self-directed 
learners need a flexible and supportive learning environment that enables them to take 
control of their learning (Garrison & Kanuka, 2004). Song and Hill (2007) also found 
that a supportive and positive learning environment promotes self-directed learning 
among students (Song & Hill, 2007).

Furthermore, previous research supports the need for technical, educational, and 
emotional support identified in the second factor of the SDLIVE scale. For instance, a 
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study by Cho and Heron (2015) found that technical support availability was a crucial 
factor in promoting successful online and blended learning (Cho & Heron, 2015).

The third factor of the SDLIVE scale consisted of items describing deep learning. In 
the SDL process, deep learning activities facilitate a deeper understanding of the content 
and skills being learned by learners. To develop a more comprehensive and integrated 
understanding of the subject matter, learners can explore and experiment with crea-
tive ideas. Learners are more likely to engage in deep learning activities when they take 
control of their learning process. As part of these activities, students conduct research, 
collaborate with others, seek feedback, and reflect on their learning experiences. Educa-
tion can promote SDL by helping learners develop the skills and knowledge they need 
to engage in deep learning and become lifelong learners (Al Mamun et al., 2022; Kek & 
Huijser, 2009; Padugupati et al., 2021).

The fourth factor of the SDLIVE scale consists of items describing how dependent 
learning is directed toward SDL. This is done under virtual instructors’ supervision and 
through instructional scaffolding. Using digital tools, virtual instructors facilitate the 
active production of knowledge by the students. The community of inquiry framework 
builds existing collaborative-constructivist educational assumptions and focused on a 
social, cognitive, and teaching presence in an online learning environment. The model 
seeks to explain how to best analyze and ultimately promote higher-order learning—the 
cognitive and social processes associated with worthwhile and meaningful educational 
experiences. Teaching presence is a critical component of high-quality online learning 
environments. Anderson and his colleagues define teaching presence as “the design, 
facilitation, and direction of cognitive and social processes for the realization of person-
ally meaningful and educationally worthwhile learning outcomes”. In their model, teach-
ing presence has three components: instructional design and organization, facilitating 
discourse, and direct instruction (Garrison, 2022; Shea et al., 2022).

The fifth factor, SDL Outcomes, consists of items describing them. It is expected at the 
end of each SDL phase that virtual students will achieve outcomes such as being lifelong 
learners, being self-directed learners, having a sense of satisfaction, adapting to tech-
nology, maintaining in the virtual education system, and emotional outcomes such as 
attachment and eagerness to learn.

The present study has several advantages. First, to our knowledge, this is the first study 
to use established and validated methods to develop an SDL tool in a virtual environ-
ment. Second, we adopted a rigorous and standard procedure for the instrument design 
and judgment. The domains for inclusion were carefully defined by multiple judges from 
virtual education experts in diverse virtual schools in Iran. As part of the judgment, we 
used enough experts to calculate items and scale the CVI and CVR.

Despite its advantages, this study has some limitations. First, virtual students were 
recruited for convenience, and sampling bias must be considered. However, our high 
response rate may have moderated this limitation, and our sample is probably represent-
ative of the study population. All items were written in Persian and all respondents were 
located in Iran. Also, since some items may not be appropriate in other cultures, further 
research with people in other locations is required.

In this study, SDL in online learning was measured using a self-rating instrument. 
In future studies, more data on the impact of SDL on student achievement in online 
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learning should be gathered. Moreover, if future studies in other contexts find that this 
scale displays no significant associations with the related concept, an adaptation of this 
scale would be recommended.

As instrument development is an iterative process, further studies should be con-
ducted on a larger cohort at various locations. In addition to using the SDLIVE scale 
for self-assessment, a virtual teacher could use the SDLIVE scale to evaluate the SDL 
of students. Thus, future studies could explore the inter-rater reliability of the SDLIVE 
scale when used by virtual teachers to examine the relationship between perceived 
and actual perception, which would further strengthen the convergent validity of the 
SDLIVE scale. Furthermore, CFA could be conducted with a greater sample size to 
further validate the construct of the SDLIVE scale.

It is acknowledged that SDL was measured through the perception of virtual stu-
dents rather than the actual demonstration of competencies. Regardless of research-
ers’ concerns about the effects of self-reported SDL methods, self-assessment could 
be used for reflective practice and support other ways of assessment.

Conclusions
Our study followed rigorous methods to develop a robust psychometrically sound 
measure of SDL in a virtual environment. The use of validated tools may help evalu-
ate strategies for improving learning in a virtual environment. Moreover, using the 
SDLIVE scale. Cross-cultural studies are encouraging: understanding intercultural 
differences may support more effective educational interventions and surpass vir-
tual education limitations. The SDL tool in a virtual environment is a psychometri-
cally sound scale for measuring SDL in a virtual environment. Overall, it is a valuable 
assessment tool that can be used for various purposes such as (1) measuring SDL in 
online learning, (2) measuring the efficacy of courses designed to promote SDL in the 
online environment, (3) reducing the dropout rate in online learning, and (4) enhanc-
ing student satisfaction, learning, and persistence in virtual environments.
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