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Abstract

Background: Self-regulation of learning is considered one of the key capabilities deemed essential for the
healthcare system and its workers to cope successfully with the current challenges they are facing. Therefore,
healthcare curricula are increasingly called upon to support self-regulation as a central learning outcome. With
scant relevant publications describing how students of medicine and other healthcare professions regulate their
learning, this study set out to design and assess a problem-based learning using digital concept mapping in an
online course and to evaluate the set of connections between this intervention and Health Management students’
self-regulation of learning.

Method: Students of a Management of Health Service Organizations program (100) were presented with an ill-
structured problem, relevant to their course content (accreditation process within hospitals) and were asked to
argue for or against the implementation of the accreditation process. The participants were asked to detail five
arguments to establish their decision by using Mindomo, a popular digital platform for designing concept maps.
The students were given predefined criteria that allowed them to self-assess their maps. Data for the analysis were
gathered by two measurements: Concept mapping for problem-based learning scale and the Online self-regulated
learning scale and were analyzed by using Partial Least Squares - Structural Equation Modeling.

Results: The analyses showed that at the beginning of the process, students’ online self-regulation was found
lower than at the end of the intervention, and only two self-regulation sub-factors: Goal setting and Task strategies,
were positively linked to students’ perceptions of the intervention. After the intervention, the analyses showed that
it increased the levels of four Online self-regulation sub-factors: Goal setting, Task strategies, Environment
structuring, and Time management.

Conclusions: Teachers need to recognize and account for different types of learners and encourage and scaffold
students’ effective use of self-regulation strategies. Low self-regulated learners might fail to see the advantages of
concept mapping in problem-solving activities. Combining these teaching and learning tools together with the use
of advanced technology in an online course that encourages active learning enables the development and
acquisition of abilities of self-directed learning among students in the medical and health management professions.

Keywords: Health management education, Self-regulation of learning, Digital concept mapping, Problem-based
learning
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Introduction
The twenty-first century has undoubtedly brought about
numerous and profound changes, developments, and ad-
vances in complex technologies and in the control they
exert over many spheres of our lives, alongside rapid ac-
cumulation of knowledge. These widespread changes
have also had an impact upon the medical profession.
The healthcare system and its professionals must cope
with constant changes and new challenges that require
adapting the system to the dynamic, ever-changing era.
These challenges are linked to the ever-increasing use of
advanced technology, artificial intelligence, and alter-
ations in the nature and scope of the medical and nurs-
ing profession [1]. These trends are occurring alongside
changes such as the introduction of many new regula-
tions and reforms, the lengthening lifespan, and various
demographic changes. The medical field is also facing
market conditions characterized by decreasing and lim-
ited resources together with increasing competition
among multiple entities, including the doctors them-
selves [2, 3]. Accordingly, a set of qualifications is cur-
rently required of managers and staff in the healthcare
system such as flexibility, adaptability, planning ability,
and self-regulation of learning (SRL). These capabilities
are becoming an essential and inseparable part of the
array of tasks that characterize doctors in the twenty-
first century [4, 5]. Based on this notion, cultivating
these critical lifelong learning thinking skills has become
the focus of modern-day medical education [6–10]. The
objective is to train medical managers and doctors to
adapt themselves to the new era and its corresponding
demands. SRL is deemed essential among these learning
skills throughout life for doctors and healthcare workers.
It enables flexibility and adjustment to dynamic changes
in the health market that are similar throughout the
world [11, 12].
This raises the call to develop curricula that can sup-

port healthcare students in developing their SRL, thereby
helping them to be proactive, behaviorally, metacogni-
tively and motivationally, in their learning process. In
view of the importance of this issue and the need to
assimilate the development of these abilities among
medical professionals and students in the medical field,
and in view of the scant research conducted in this field,
the present study focuses on promoting SRL.
This study sought to design and assess a problem-

based learning (PBL) intervention activity with digital
concept mapping (CM) in an online course and to
evaluate the set of connections between this process and
Health Management students’ SRL [13–15]. More
specifically, we were interested in evaluating the impact
of the decision-making process required in a PBL activ-
ity on the manner in which students construe their au-
tonomy in an online learning environment. Illuminating

these associations may enhance our understanding of
how to effectively use CM for PBL in online courses so
as to develop lifelong learning skills for medical
personnel and medical managers at an early stage of
their training. These abilities will enable medical profes-
sionals to better contend with a variety of needs in the
digital age and with the changes in, and dynamics of,
technological and medical knowledge.

Literature review
Self-regulation of learning in healthcare curricula
SRL is considered a core competence of healthcare pro-
fessionals and one that is essential to the safeguarding of
patient care [16]. In the health professions, we expect
practitioners and trainees to engage in self-regulation of
their learning and practice [17]. For example, medical
professionals have to ensure high standards in the
provision of patient care in the context of a rapidly and
constantly changing medical world. Doctors are respon-
sible for diagnosing their own learning needs and pursu-
ing professional development opportunities; medical
residents are expected to identify their knowledge gaps
and to seek help from supervisors when they need it
[11]. To this end, they have to continuously develop
their competencies, define their own learning needs, set
personal goals, and engage in the most appropriate
learning activities. It means, in essence, that they have to
be self-regulated learners [18].
SRL refers to students’ ability to understand and

control their learning [19], to the degree to which
individuals become metacognitively, motivationally, and
behaviorally active participants in their own learning
processes [20]. Metacognitive control is the regulation of
skills for planning, monitoring, and modifying cognition,
which refers to the awareness and control of one’s
thought processes. Self-regulated learners use cognitive
strategies designed to increase encoding, understanding,
and/or retention of learning, to pursue academic goals
and regulatory strategies that enable them to self-
monitor and control their own learning [21]. Motiv-
ational control is the regulation of beliefs and attitudes,
self-efficacy, perceptions of task difficulty, task value
beliefs, and personal interest in the task [22].
Despite the importance of SRL for students, a system-

atic search for relevant publications describing how
undergraduate and/or postgraduate medical students
regulate their learning points to merely a scant theoret-
ical framework [3]. These reviews mainly indicate that
students often struggle to regulate their learning in
clinical learning environments as a result of the unpre-
dictable, dynamic and disorganized nature of clinical
workplace settings [11]. Therefore, healthcare curricula
are increasingly called upon to support self-regulation as
a central learning outcome. This raises the call to
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develop curricula that might support healthcare students
in developing SRL, by designing constructivist-based
learning environments, thus helping students to be be-
haviorally, metacognitively and motivationally proactive
in their learning process. The learning environment sug-
gested in the present study is an online PBL supported
by CM. The following sections provide a comprehensive
definition of this learning environment and show its
increased importance as recorded in the literature for
advancing SRL in health education.

Concept maps for constructivist problem-based learning
Concept maps (CMs) [23] have been applied in educa-
tion systems for more than 30 years [24]. However, their
application to PBL has been less commonly utilized in
higher education, and minimal attention has been paid
to their use in online learning. CM is a method of learn-
ing and an educational tool using diagrammatic interre-
lationships between concepts representing subject
knowledge. CMs should not simply list information from
text randomly but rather should depict the structure of
knowledge in propositional statements that illustrate the
interrelationships between the concepts in a map [25].
The process enables one to organize and structure

information and the interrelationships between them
within a particular domain. This may be done in a
wholly graphical manner (i.e., using images, photos,
colors etc.) to highlight differing concepts and their
linkages, or by identifying key concepts by their names
or titles and enclosing them in visual boxes [26]. CMs
may aid the instructor in assessing what students under-
stand and how they relate the material to the overall
course goals. CMs are easily taught and can be incorpo-
rated in introductory units, midterm reviews and assess-
ments, peer assessment, self-assessment, or end-of-course
reviews and assessments [27].
Machado and Carvalho [28] have recently reviewed the

benefits and challenges of CM in higher education. Based
on their findings, CM promotes critical thinking [29]; has
a positive effect on exam scores [30]; allows the integra-
tion of theory with practice, and links new knowledge with
existing knowledge [31]; promotes learning progress and
assessment [32]; enhances collaborative learning [33]; in-
creases technology inclusion [34]; enables meaningful
learning [35]; and is considered an educational tool to
facilitate learning and studying [36]. For example, in a re-
cent study Chen and Hwang (2020) showed the benefits
of concept mapping to English as a foreign language (EFL)
learners’ critical thinking awareness and learning perform-
ance [37]. In the context of health and clinical education,
recent studies showed the advantages of CM to nursing
students’ clinical reasoning abilities [38]; motivation for
critical thinking skills [6]; critical thinking skills [7, 10];
active learning and connections to clinical concepts [8].

Among these multifaceted benefits, critical thinking
and problem solving are identified as key skills essential
for learners in the twenty-first century [39]. Proficiency
in critical thinking is a skill required not only in higher
education settings but also in the workplace and in per-
sonal, social, and civic life [40]. Students need to know
how to frame, analyze, and synthesize information to
solve problems and answer questions critically. However,
researchers [41, 42] maintain that question posing is
challenging for many students, and without appropriate
scaffolding it may lead to a heavy cognitive load. Their
studies show how concept mapping activities with desig-
nated guidance can positively affect learning achieve-
ment and question-posing performance and help guide
students to learn in a more effective way.
Many studies on CM have focused on health educa-

tion, arguing that in today’s challenging and highly
complex healthcare settings, students must be able to
think critically [43, 44]. The current traditional and rote
methods of learning are inefficient in eliciting critical
thinking skills among the students; therefore, educators
must find a different teaching method to encourage
students to make the analytical thinking process part of
their daily practice. Educators need to adopt instruc-
tional strategies to equip students with knowledge in
critical thinking, creative problem solving and collabor-
ation [45].
Through CM, students should be able to transfer ap-

plied didactic objectives from the classroom to their
clinical practice, where critical thinking and problem-
solving skills are vital for success. This premise was rein-
forced by several studies that empirically showed the
benefits of CM used with PBL in facilitating students’
twenty-first century skills. For example, Joshi and Vyas
[44] maintain that CM should be used in PBL to solve
epidemiological problems in community medicine which
deals with public health concepts, mathematical calcula-
tions, and “applied” interpretations. In their study, they
compared two groups of students: the research group
was informed on how to make and use CMs out of
taught contents, while the control group was taught the
same contents in the conventional way. Performance of
both groups was assessed by two identical exams. The
study group consistently scored higher on the exams
and provided largely positive feedback on the utility of
CMs in memorizing, confidence-boosting, and under-
standing the topic. Similarly, CM’s effectiveness in aca-
demic performance in problem-solving as well as in
declarative knowledge questions and their perceptions
regarding CM was examined among medical students
[46]. These researchers found that CM improved
academic performance in problem solving but not in
declarative knowledge questions. Students’ perception of
the effectiveness of CM was positive.
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A qualitative study with 20 undergraduate nursing stu-
dents sought to identify whether the use of CM can help
students extend and revise their expertise in oncology
and analyze the abilities they developed in order to con-
vert theoretical knowledge into practical knowledge [44].
The resource of graphics and the clinical case data ar-
ranged in a mapping form generated an active search
and an exercise in self-learning in oncology. Despite the
challenges inherent in the use of CM, the results sug-
gested an increase in autonomy and clinical reasoning in
nursing practice. Another study in nursing education,
conducted by Kaddoura et al. [47], explored how stu-
dents perceived the effect of a CM on the development
of clinical judgment skills. The students created CMs,
which were later evaluated both by them and the clinical
instructors. Students also completed a clinical evaluation
questionnaire at the end of the course. A descriptive
data analysis was performed after the course was
completed. The findings revealed that the use of CM
provided an interactive way to foster clinical judgment
skills in nursing students. In a similar vein, Hsu et al.
[48] showed how outcome-based CM can be used as an
efficient educational method that encourages nursing
students to take a bio-psycho-social approach to medi-
cine, which might ultimately lead to improved results.

Concept mapping and self-regulation of learning
In recent years, researchers have called on higher-
education teachers not only to provide students with op-
portunities to construct concepts but also to utilize it to
foster their ability to self-regulate their learning pro-
cesses [14–16]. However, while CMs have been shown
to be effective tools for facilitating students’ critical
thinking, the benefit of CMs in facilitating their self-
regulation abilities in face-to-face or online courses has
been underexplored [13].
Most of the research investigating the relationship be-

tween CM and SRL skills has considered self-regulation
as an outcome variable. As indicated by Novak [49],
when students gained skill and experience in construct-
ing CMs, they began to report that they were learning
how to learn. For example, Chularut and DeBacker [14]
maintain that CM is designed to support students in
self-regulating their learning. Strategies such as CM can
help students attend to tasks, focus on important
features, organize material, and maintain a productive
psychological climate for learning. While working on
CMs, students have very concrete evidence of whether
and how well their CM is developing in the direction of
their goal. Upon self-observation, they evaluate their
CMs with regard to the standards and/or the goals they
hold for themselves. Following self-observation and self-
judgment, the students experience either satisfaction or
dissatisfaction with regard to their progress or their

completed map and may react by seeking further infor-
mation or assistance. Satisfaction with their learning
progress is likely to motivate students to use CM as a
learning strategy in other settings.
Similarly, Naderifar [15] investigated the effects of CM

on Iranian-born English as a Foreign Language (EFL)
learners’ self-regulation. One group was given CMs, an-
other group received a notebook, the last group served
as the control group. The results of the analysis revealed
that both CM and notebook keeping significantly en-
hanced SRL in vocabulary learning among the learners.
Other researchers (e.g., Roy [16]) also revealed that stu-
dents in an EFL context gained higher self-regulation as
the result of CM strategy teaching. Though limited to
EFL studies, these findings have implications for both
pedagogy and research. These findings commonly indi-
cate that CM increases readers’ autonomy, information
comprehension, retention, and recall and additionally
promotes uniquely individual performance.
Siebene et al. (2020) [9] investigated how concept

mapping may support the quality of reflections made by
undergraduate medical students. Reflection is viewed as
a self-regulatory skill. Learners who are encouraged to
evaluate their work through reflection can develop indi-
vidual strategies that support their learning [50]. To nur-
ture medical students’ reflective writing skills, concept
mapping was used by Sieben et al., 2020 [9] as a format
for reflection, supporting students to freely shape their
thoughts. Concept mapping was detected as a useful tool
to teach learners the basics of effective reflection.
However, since CM activity requires high mental effort

while making meaning, it is equally plausible to posit
SRL as an independent variable. Lim et al. [51] suggest
that those who possess weak SRL skills are probably less
able to direct their own learning, and therefore may gain
less benefit from CM strategy. Since learners process in-
formation differently, strategies such as CM might not
work equally well for all learners [52].
Drawing on the motivational control aspect of SRL,

several studies have shown how self-regulated students
are more receptive to adopting CM strategies. For
example, Schaal [53]argues that self-efficacy might mod-
erate the application of a meta-cognitive technique like
CM. Consequently, students who believe they are cap-
able of using CMs are more likely to participate in this
activity. Similarly, Sun and Chen [54] showed how the
use of CMs significantly increased elementary school
students’ self-efficacy when their initial self-efficacy was
already high to begin with. They suggest that this type of
teaching/learning strategy is more suitable for improving
these students’ self-efficacy than that of students with
initially low self-efficacy beliefs. For learners who believe
in their ability to acquire knowledge, they suggest that
teachers adopt dynamic CMs and integrate them in their
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educational materials and questions designed to pro-
mote learners’ thinking and enhance their learning
achievement.
Other researchers, such as Nuuyoma and Fillipus

(2020) [55] showed that CM strategies are challenging
for students with poor self-regulated learning skills such
as time management. The researchers used concept
mapping to facilitate learning among nursing students in
the human physiology course. Their qualitative study
aimed to describe the students’ perceptions and experi-
ences while using concept mapping as a learning tool.
Focus group discussions were analyzed yielding four
themes: concept mapping facilitates deep learning;
concept mapping as a group activity; effects of concept
mapping on students’ academic performance; and impli-
cations of concept mapping for learning resources.
Students had positive experiences and perceptions of
concept mapping as a learning tool, however, they felt
that this tool is time consuming and necessitates many
learning resources. Therefore, the authors concluded
that students should be guided on time-management
strategies, an important aspect of SRL, to encourage the
adoption of CM strategies.

This study
The literature review indicates that CMs are still under-
utilized in health education and that little is known
about how higher education students’ SRL might be
linked to the way in which they use CMs for effective
problem-based online courses. To address this
utilization gap, the overarching aims of this study were
to design a PBL intervention (see description below) that
employs CM with a designated decision-making process
(CM for PBL) and to evaluate the set of connections
between this intervention and the SRL of Management
of Health Service Organizations program students. The
intervention was piloted for three months (one semester)
in one central Israeli academic college. The following re-
search questions and hypotheses were checked:
(Q1) The first research question was: how might stu-

dents’ SRL be related to their perception of CM for PBL
in an online course? Based on a literature review [51],
the level of SRL skills might be suggested as an inde-
pendent variable. High self-regulated students were
expected to be more receptive to adopting CM and to
demonstrate a predilection to utilize this learning strat-
egy, which offers ways to effectively demonstrate their
solutions to an ill-structured problem compared to low
self-regulated learners. Therefore, it was postulated that
health management students’ SRL will be positively
linked to their perceptions of CM for PBL in an online
course (H1). This hypothesis was checked follow-
ing Phase 1 of the intervention.

(Q2) The second research question was: how will CM
for PBL impact students’ SRL in an online course? Given
the positive effect on SRL attributed to CM [15], it was
hypothesized that the activity would enhance students’
SRL (H2). An additional hypothesis was that students’
SRL will be found higher after the intervention (Phase 2)
than before the intervention (following Phase 1) (H3).
Additional variables, such as gender and age, were

addressed to examine and control for their potential
effect on the research constructs.

Method
Participants
Data for the analysis were gathered from 100 Israeli
undergraduate students of a Management of Health
Service Organizations program (covering patient-doctor
relations, quality of service in the healthcare system, and
ethics and patient rights). The program instructs students
regarding the fundamentals in fields such as marketing,
finance, organizational behavior, communications, legal
issues and strategies. The students were enrolled in a 3rd-
year course entitled ‘Assimilation of service quality in
health systems’. The mean age of the participants was
25.40 years (SD = 6.76), and 86% were females. The distri-
bution regarding ethnicity was: 51% Jewish students; 49%
Arab (Muslim and Christian) minority students.
Data were gathered twice, after each phase of the

intervention, as described in the following section. Prior
to obtaining participants’ consent (informed consent was
obtained from all participants involved in the study), it
was explained that the questionnaires were anonymous
and that it was acceptable should they choose to return
a partially completed questionnaire. Finally, participants
were assured that no specific identifying information
would be processed. The study was preauthorized by the
college’s Ethics Committee and in accordance with the
relevant guidelines and regulation.

The intervention
Grounded in a number of theories identified with the
constructivist approach to learning such as cognitive
schemes, moral development theory, dilemma discus-
sion, moral reasoning schemes, radical theory, and
social-cultural constructivist theories, the approach to
learning known as Values and Knowledge Education
(VaKE) [56] was designed and piloted in this study.
VaKE is deemed a useful teaching tool that combines
morality and values-centered education with knowledge
education, with an emphasis on social behavior and the
development of critical thinking in a PBL environment.
In line with VaKE, the students were presented with the
following dilemma, relevant to their course content.
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The accreditation dilemma
Accreditation is a process by which an independent
external entity evaluates organizations that provide
healthcare services to determine whether they meet the
set of standards and demands that are aimed at improv-
ing the quality of treatment. To date, there has been
only scant research that supports the benefits of the
accreditation process, although various studies do exist
that point to the contribution of the accreditation
process to promoting quality in healthcare organizations
in general, and in hospitals in particular. Yet the process
has numerous disadvantages such as a lack of manpower
and inadequate funding. The increasingly strict quality
control inspections, which have existed in Israel for
more than a decade, became an obligatory condition for
renewing hospital licenses in July of 2015. There is no
doubt that the accreditation has made a huge contribu-
tion to hospitals. The competitive spirit that arose and
the desire to obtain an international stamp of approval
spurred hospitals to implement structural and cultural
changes. It additionally served as an incentive for imple-
menting basic work processes, most of which occurred
in the fields of standardization, order, organization, and
management. In practice, accreditation compelled the
hospitals to undergo an essential reorganization, from
procuring resuscitation equipment and defining jobs to
implementing rules and regulations. Additional parame-
ters were added to accreditation from year to year, and
the cumulative burden forced the nurses to demand that
it be eliminated altogether. They claimed that it hin-
dered their work to the point at which they could no
longer function properly. There is no debate in the pro-
fession as to the necessity of quality control and improv-
ing medical processes and procedures in the hospitals.
The report of quality indexes of the Ministry of Health
provides strong evidence of the positive impact of

accreditation. However, the main problem stems from
the cost involved in inspections, particularly those that
require extra manpower. When the Ministry of Health
established accreditation as an obligatory standard, the
hospitals did not receive any supplementary budgets and
were forced to pay most of the expenditure from their
own pockets. Continuing the existing situation undoubt-
edly poses a challenging dilemma for the Ministry of
Health and the hospitals with regard to the hospitals’ ob-
ligation to implement this process and ultimately attain
approval.
The students in this research were asked to argue for

or against the implementation of the accreditation
process within hospitals. The task had two phases. In
Phase 1, the participants were asked to detail five argu-
ments to establish their decision by using a CM. Group
work was allowed, although individual work was prefera-
ble. In Phase 2, relying on the materials taught in their
courses, the students were asked to obtain the necessary
supporting information to substantiate their arguments
and to associate the ethical values at stake with at least
two of the arguments they had provided. Finally, the
participants were instructed to specify and explain the
differences or similarities between their respective
arguments. Mindomo, a popular platform for designing
CMs, was utilized. To facilitate assessment of their maps,
well-established criteria were provided to the students,
as illustrated in Table 1. This assessment tool was
adapted from Panadero et al. [57] to address the current
study’s goals.
Figure 1 displays a map that illustrates the arguments

in favor of assimilating an accreditation process in hos-
pitals together with their textual support. An example of
a basic argument is improving safety and risk manage-
ment; for example, an increase in client satisfaction, a
decrease in the number of infections/contaminations,

Table 1 Rubric for assessing the concept map (CM)

Criteria / Score 4 3 2 1

Arguments and
supporting
information

All five arguments and five
justifications with supporting
items of information are
included.

Three-four arguments and
justifications with supporting
items of information are
included.

One or two arguments and
justifications with supporting
items of information are included.

Arguments and
justifications with
supporting items of
information are incomplete
and/or incorrect.

Hierarchy The organization is complete
and correct. The supporting
information corroborates the
arguments.

The organization is correct but
incomplete. Most of the
supporting information
corroborates the arguments.

The organization is correct but
incomplete. Most of the
supporting information does not
corroborate the arguments.

The organization is
incomplete and/or
incorrect.

Relationships
among
arguments /
supporting
information

Relationships were specified
and well-explained.
Links to ethical values were
added and explained.

Relationships were partly
specified but explained.
Links to ethical values were
partly added but explained.

Relationships were partly specified
but not explained.
Links to ethical values were partly
added but not explained.

Relationships were partly
or not specified and
poorly/not explained.
Links to ethical values
were incorrect or missing.

Simplicity and
easiness of
understanding

The design is simple and
easy to understand.

Some relationships are difficult
to understand.

There is an excessive number of
connections.

Neither the relationships
nor the hierarchy are
understandable.
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and fewer legal claims. These are accompanied by sup-
porting evidence using a variety of formats such as films,
figures, tables, excerpts from academic articles, and arti-
cles from the local press. The full sources are added as
weblinks next to each justification. The connections be-
tween the various arguments are marked on the map
and accompanied by a written explanation. In the ex-
ample shown here, formulating safety improvements and
risk management will strengthen the argument that
deals with improving the hospital’s reputation. The eth-
ical values that were attributed to each argument are
also explained; for example, preserving the value of hu-
man life by preventing hospital-acquired infection, or
preserving human dignity by protecting medical confi-
dentiality and, above all, the health of the patients.

Measurements
Student characteristics
Data were gathered using a questionnaire aimed at
ascertaining the student’s gender, age, and ethnicity.

Concept mapping for problem-based learning scale (CM for PBL)
A 12-item questionnaire was designed based upon the
theoretical framework of CM and VaKE and the authors’
expertise in the field of moral decision-making process
in PBL ([58];see Table 2). The questionnaire was aimed
at assessing students’ perceptions of the effectiveness of
using CMs in the decision-making process required in
VaKE. The participants were asked to indicate their level
of agreement with each of the statements shown in
Table 2. The items were scored on a six-point Likert
scale ranging from 1 = strongly disagree to 6 = strongly
agree. The questionnaire was given twice, following the
first phase (α = .97), and following the second phase (α =
.97).

The online self-regulated learning questionnaire (OSLQ)
This 24-item scale was developed by Barnard et al. [13]
from an 86-item pool and then examined for its internal
consistency and exploratory factor analysis results for

data collected. Higher scores on this scale indicate better
self-regulation in online learning by students. The items
were scored on a six-point Likert scale ranging from 1 =
strongly disagree to 6 = strongly agree. The OSLQ con-
sists of six subscale constructs including: environment
structuring (‘I find a comfortable place to study’); goal
setting (‘I set standards for my assignments in online
courses’); time management (‘I allocate extra studying
time for my online courses because I know they are
time-demanding’); help-seeking (‘I find someone who is
knowledgeable in course content so that I can consult
with him or her when I need help’); task strategies (‘I
read aloud instructional materials posted online to cope
with distractions’); and self-evaluation (‘I communicate

Fig. 1 A concept map detailing the arguments in favor of implementing a hospital accreditation process

Table 2 Concept Mapping for PBL scale item description

1 Concept mapping helped me learn about the topic.

2 Concept mapping helped me identify the
interrelationships among arguments.

3 Concept mapping helped me specify interrelationships
among arguments.

4 Concept mapping stimulated me to learn and think
independently.

5 Concept mapping helped me to reduce barriers when
dealing with decision-making.

6 Concept mapping enhanced my interest in
decision-making.

7 I think concept mapping can be easily used in other
decision-making discussions.

8 I will consider using concept mapping in other
complex decision-making processes.

9 I will consider using concept mapping to make
decisions in the future.

10 I was satisfied using concept mapping in making
decisions.

11 I liked using concept mapping to assist me in making
decisions.

12 I enjoyed using concept mapping during the
decision-making process.

Alt and Naamati-Schneider BMC Medical Education          (2021) 21:110 Page 7 of 15



with my classmates to find out how I am doing in my
online classes’).
A principal axis factoring analysis followed by a vari-

max rotation was used to corroborate the stability of the
scale structure (eigenvalue > 1.00; item loadings > .30).
The analysis solution accounted for 58.45% of the vari-
ance and yielded five categories: Goal setting (items: 1–5
α = .82); Environment structuring (items: 6–8 α = .81);
Task strategies (items: 12, 13 α = .87); Time management
(items: 14–16 α = .87); and Peer support (items: 17, 19,
23, 24 α = .80). The last category included items from
two original factors, self-evaluation and help seeking.
This scale was given to the participants twice, after

each phase (1 and 2). Structural validity was established
by using the same procedure. The analysis solution
accounted for 59.46% of the variance. Five factors were
found, with sufficient internal reliability results ranging
from α = 0.66 for the 2-item Task strategies factor to
α = 0.87 for the 3-item Time management factor.

Data analysis
Data were analyzed using Partial Least Squares - Struc-
tural Equation Modeling (PLS-SEM) [59],which is rec-
ommended to be applied provided that the primary
objective of employing structural equation modeling is
the prediction of target constructs. SmartPLS 3 software
was used. Figure 2 illustrates the research design.

Findings
First hypothesis
In H1 it was postulated that students’ SRL will be posi-
tively linked to their perceptions of CM for PBL in an
online learning environment. To test this hypothesis,
Model 1 (Fig. 3) was designed using data gathered in
Phase 1. The model includes two main latent constructs:
on the left, the Online SRL factor with its five sub-
factors and, on the right, the perception of CM for PBL
factor, accompanied by its 12 indicators. The indicators
are the directly measured proxy variables, represented as
rectangles. Relationships between the constructs as well
as between the constructs and their assigned indicators

are shown as arrows. In PLS-SEM, single-headed arrows,
as shown between the constructs, are considered pre-
dictive relationships and, with strong theoretical support,
can be construed as causal relationships. Paths were
specified from Online SRL the CM for PBL-dependent
factor. The PLS-SEM analysis used a path-weighting
scheme and a mean value replacement for missing
values. It should be noted that based on a previously
conducted analysis, background variables were also en-
tered into the model to control their effect on the latent
variables (age, gender, and ethnicity). The Ethnicity vari-
able (majority = 1, minority = 2) was found significantly
connected to the model’s constructs and, therefore, was
included in the model.
To test the direct effects, we ran the bootstrap routine.

Bootstrapping makes no assumptions about the shape of
the variables’ distribution or the sampling distribution
and can be applied to small sample sizes [59]. As can be
learned from Model 1, the Online SRL was found posi-
tively connected to the CM for PBL factor (β = .507
p < .001). Regarding cultural differences, minority students
were more reluctant to embrace CM for PBL (β = −.260
p < .001) and had a high level of Online SRL compared to
the majority students (β = .269 p < .05). Therefore, the first
hypothesis was confirmed.

Evaluation of model 1
The coefficient of determination (R2) value was exam-
ined, whereby R2 values of 0.75, 0.50, or 0.25 for en-
dogenous latent variables can be respectively described
as substantial, moderate, or weak [59]. R2 for CM for
PBL was found weak (0.254). In addition to measuring
the R2 values, the change in the R2 value when omitting
a specified exogenous construct from the model was
used to evaluate its impact on the endogenous con-
structs. This measure is referred to as the f2 effect size
whereby values of 0.02, 0.15, and 0.35, respectively, rep-
resent small, medium, and large effects [60]. f2 effect size
result was 0.320 for Online SRL – CM for PBL, while f2

effect size results for the background variable were very
low (0.078 and 0.084). Finally, the blindfolding

Fig. 2 Research design
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procedure was used to assess the predictive relevance
(Q2) of the path model. Values larger than 0 suggest that
the model has predictive relevance for a certain en-
dogenous construct [59]. The Q2 value of CM for PBL in
the present study was 0.183.
To evaluate the value of the Online SRL sub-factors in

predicting students’ perceptions of the effectiveness of
using CM in the decision-making process required in
the VaKE, Model 2 (Fig. 4) was designed. The model in-
cludes the same latent constructs as those in Model 1;
however, this time the Online SRL sub-factors were
entered into the model as five independent variables. As
shown in Model 2, only two sub-factors were found
significantly connected to CM for PBL: Goal setting
(β = .325 p < .01) and Task strategies (β = .305 p < .01).
Non-significant connections were shown between other
Online SRL sub-factors and the dependent variable.

Evaluation of model 2
The model evaluation included several steps. First, col-
linearity was examined by the Variance Inflation Factor
(VIF) values of all sets of predictive constructs in the
structural model. The results showed that the VIF values
of all combinations of endogenous and exogenous con-
structs are below the threshold of 5 [59], ranging from
1.00 to 2.19. Therefore, collinearity among the predictive
constructs is not a critical issue in this structural model.
R2 for CM for PBL was found to be moderate (0.329).
According to the f2 effect size results, a medium effect
(0.071) was exerted by Goal setting, and Task strategies
(0.071) on CM for PBL whereas smaller effects were

shown for the other independent sub-factors. Finally, the
Q2 value for CM for PBL was 0.238.

Second hypothesis
In H2 it was expected that the activity of CM for PBL
will enhance students’ SRL (H2). To check this hypoth-
esis, Model 3 (Fig. 5) was designed to include data gath-
ered in Phase 2 (following the intervention). As can be
seen in Fig. 5, the model includes the CM for PBL inde-
pendent factor and the Online SRL dependent factor
with four sub-factors (the Peer support sub-factor was
omitted from the analysis due to a low loading result <
0.40; see Hair et al. [59]). Background variables, includ-
ing Ethnicity were found non-significantly connected to
the model’s constructs and were therefore excluded from
the model. According to the bootstrap routine, the CM
for PBL factor positively contributed to students’ Online
SRL (β = .525 p < .001). Regarding model evaluation re-
sults, R2 for Online SRL was found to be moderate
(0.276). The Q2 value for Online SRL was 0.162. There-
fore, the second hypothesis was confirmed.
To assess the contribution of CM for PBL to Online

SRL sub-factors, Model 4 (Fig. 6) was designed. The
model includes the same latent constructs as in Model
3; however, this time the Online SRL sub-factors were
entered into the model as four independent variables. As
shown in Fig. 6, CM for PBL was found significantly
linked to all of the Online SRL sub-factors: Goal setting
(β = .438 p < .001), Environment structuring (β = .488
p < .001), Task strategies (β = .366 p < .001), and Time
management (β = .450 p < .001). Regarding model evalu-
ation results, a collinearity examination yielded sufficient

Fig. 3 Model 1. Analysis results of the examination of H1 by SmartPLS
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results (i.e., VIF values were equal to 1.00). As indicated
in Model 4, the highest R2 result was indicated for Envir-
onment structuring (R2 = 0.238), and the lowest for Task
strategies (R2 = 0.134). The Q2 values ranged from 0.087
to 0.150.

Third hypothesis
Finally, an additional analysis was conducted to detect
possible contribution of CM for PBL to Online SRL sub-
factors. A repeated-measures analysis yielded a significant
result (F(188, 6) = 3.656, p < .01, η2 = .104) in students’ On-
line SRL between Phase 1 and Phase 2. SRL Time man-
agement sub-factor (F(188, 1) = 4.811, p < .05, η2 = .024),
was found significantly higher after the intervention
(Phase 2) relative to its beginning (Phase 1). Table 3
presents the mean scores, SD, F values, and Eta-squared
statistics (η2) of Online SRL (Phase 1 and 2).

Discussion
This study mainly shows how students with different
SRL in online courses might tend to differently utilize a
learning strategy that offers ways to effectively demon-
strate their solutions to an ill-structured problem using

CM. Next, it illustrates the effectiveness of the CM for
PBL strategy for students’ SRL in an online course. As
postulated, at the beginning of the process, students’
SRL was found positively linked to the CM for PBL
strategy. However, only two SRL sub-factors exerted a
positive effect on the learning strategy: Goal setting and
Task strategies. It may be inferred that students who
were accustomed to setting standards for their assign-
ments in online courses, set short-term goals as well as
long-term goals, kept a high standard for their learning
in online courses and for the quality of their work, and
undertook extra problems in their online courses to
master the content, were found more receptive to adopt-
ing CM for PBL online course and demonstrated a pre-
dilection to utilize this learning strategy. This can be
corroborated by previous researchers who claim that
self-regulated learners are individuals who are already
assessing their own performance to varying degrees,
while generating their own self-feedback actively and
consciously controlling their own learning from cogni-
tive, affective, motivational, and behavioral points of
view [61]. In view of its findings, the present study adds
to the corpus of knowledge by pointing to a specific

Fig. 4 Model 2. Further analysis results of the examination of H1 by SmartPLS
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learning activity – CM –revealed by self-regulated
learners as being an important and useful tool that
helped them take control of their learning and tackle the
PBL assignment.
Another interesting finding was shown in the second

analysis with data gathered following the intervention
(Phase 2). The contribution of CM for PBL to Online
SRL sub-factors was found to be significant. The analysis
showed that the CM for PBL learning strategy increased
the levels of four Online SRL sub-factors: Goal setting,
Task strategies, Environment structuring, and Time
management. The last two factors failed to predict the
perception of the learning strategy at the beginning of

the intervention. These findings show that the CM for
PBL learning strategy motivated students to choose a
quiet study venue to avoid distractions and study opti-
mally for the online course, to allocate extra studying
time for their task, and distribute their studying time
evenly throughout the course.
Finally, increased levels of Time management were

found upon completion of the intervention, as compared
to its starting point. Time management represents a
strategic process that promotes the accomplishment of
important goals and successes within personal, profes-
sional, and academic contexts [62]. Academic time man-
agement describes students’ efforts to allocate the use of

Fig. 5 Model 3. Analysis results of the examination of H2 by SmartPLS

Fig. 6 Model 4. Further analysis results of the examination of H2 by SmartPLS
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their time purposefully in order to achieve important
educational goals within a given period of time [63].
Time management is characterized as a multidimen-
sional process through which students deliberately con-
trol the way they engage in academic work; hence it has
been portrayed as a manifestation of students’ regulation
of their overt behavior [64]. It may be inferred that the
use of such a self-regulatory strategy involves a level of
engagement that is often more demanding for students
in terms of time and effort than their normal level of en-
gagement [65]. In order for them to invest the extra time
and effort, the learning environment must be designed
in a way that motivates them to allocate time to success-
fully accomplish the task and encourages and scaffolds
students’ effective use of SRL strategies. Based on this
study, the CM for PBL strategy can be suggested as an
effective online strategy that motivates students to regu-
late their behavior.
It is thus important to note that our results might be

connected to the way the activity was designed in this
research. The students were given predefined criteria
that allowed them to self-assess their maps. It is plaus-
ible to assume that because the activity included this as-
sessment tool, aimed at helping students improve their
abilities through progressive goal setting, the students
found it valuable and used it as scaffolding to enhance
their learning skills. Arguably, strategies of self-evaluation
and monitoring are considered vital for students‘SRL [66].
Such strategies, which increase student’s capacity to judge
their own performance and results, are considered crucial
for cultivating self-regulation [67].

Limitations and directions for future studies
The present work features several limitations that merit
a mention and opens avenues for future research. First,
this study proposes a new measurement that captures
students’ CM for PBL process. The results seem to con-
firm its validity with SRL in online activities used as a
criterion variable. However, future studies should exam-
ine how it relates to scores from an instrument designed
to assess a construct it would theoretically be related to,

for example, the self-determination theory of motivation
that aims to explain individuals’ goal-directed behavior
[68]. Second, gathering qualitative data alongside quanti-
tative measures might be a useful way of assessing and
understanding the effectiveness of CM. Combining CM
with a reflective journal might be a useful way to gather
qualitative data [69] and increase students’ SRL [70].
Third, although entered into the model merely to con-
trol its effect on the research constructs, the Ethnicity
factor should be further addressed in future studies. It
seems that minority students were initially more reluc-
tant to embrace CM for PBL despite their higher level of
Online SRL, whereas this discrepancy was resolved by
the end of the activity. CM facilitated the undertaking of
suitable actions to offset the diversity represented by
immigrant or minority students [71]; hence, further re-
search should be done to investigate how CM can be
used as an efficient instructional scaffold to support di-
verse students’ learning processes. Finally, this study was
conducted in a single course and was limited to Manage-
ment of Health Service Organizations program students
in Israel; therefore, the results cannot necessarily be gen-
eralized to students of other countries and study tracks.
Cross-cultural validation of the results is needed to sub-
stantiate the findings as well as to validate the factorial
structure and the relationship among factors.

Conclusions and implications
This study set out to fill the lacuna of information and
practical designated training in the fields of medicine
and medical management with respect to the wide var-
iety of personal and interpersonal qualifications that are
necessary for adaptation to the twenty-first century and
its various challenges. The perception that the objective
of academia and institutions for medical education is to
remain relevant to the demands of the twenty-first cen-
tury calls for them to adapt themselves to the changing
needs of the labor market and the health system. Conse-
quently, their actions and learning must be adapted to
the needs of the profession in the present and the future
and to the everchanging challenges which are yet un-
known. As part of this process, we must place an
emphasis on the students in the system and train them
by developing the necessary qualifications in early stages
of their studies in medical schools, nursing schools, and
medical management schools, as well as in the stages of
advanced learning and professional training.
This study presents the development of SRL among

Management of Health Service Organizations program
students in the context of online PBL and the use of di-
lemmas and constructing a CM using designated pro-
grams. Combining these teaching and learning tools
together with the use of advanced technology in an on-
line course that encourages active learning enables the

Table 3 Mean scores, SD, F values, and Eta-squared statistics (η2)
of Phase 1 and 2

Factors Phase 1 Phase 2

M SD M SD F η2

Online SRL

Goal setting 4.54 0.90 4.59 0.88 0.175 .676

Environment structuring 4.58 1.04 4.31 1.06 3.148 .078

Task strategies 3.37 1.34 3.71 1.31 3.310 .070

Time management 4.02 1.18 4.38 1.14 4.811* .029

Communication with classmates 3.60 1.19 3.63 1.23 0.025 .874

p < .05 *
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development and acquisition of abilities of self-directed
learning among students in the medical and health man-
agement professions. This constitutes an additional step
towards adapting the health system and its practitioners
to the demands and needs of the twenty-first century.
Drawing on the results of the current study, it can be

concluded that although the effects of CM interventions
might vary with different ability learners, CM for PBL
learning strategy can further enhance students’ SRL.
This study shows that for a CM-based intervention to be
effective in PBL online environments, teachers need to
recognize and account for different types of learners and
adapt their curricula and learning environment to en-
courage and scaffold students’ effective use of SRL strat-
egies. For example, they can help straggling students
create study schedules, thereby guiding the learning
process towards goals that emphasize the successful ac-
quisition of skills and knowledge. Low self-regulated
learners might fail to see the advantages of CM in
problem-solving activities. Well-defined assessment cri-
teria that are shared in advance with the students may
motivate them to invest adequate time and effort in the
task. The students with insufficient SRL skills might
need to be further informed of the benefits of CM for
their online PBL activities.
Although still preliminary, these findings point to an

exciting new venue for further research, the findings of
which are likely to have an impact on how CM could be
used in a PBL online setting that supports SRL. How-
ever, given the paucity of literature that systematically
explores CM’s practical applications and their relation to
learning, motivation, and engagement in health educa-
tion, additional studies are needed to corroborate our
findings. Such future efforts might increase the potential
of implementing strategies for assessment that promote
lifelong learning skills.
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