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Abstract: Online education became more prevalent during the COVID-19 pandemic in many coun-
tries around the world, including the Gulf Cooperation Council (GCC) countries. This study aims
at assessing the impacts on learning and skills of two student-centered instructional strategies
(problem-based learning (PBL) and just-in-time teaching (JiTT)) used online and their implementation
challenges. The PBL and JiTT were implemented in modules taught in various courses delivered at
different bachelor’s study levels and disciplines. The research used a mixed design research method.
Quantitative data were collected from exam scores and two self-administered surveys. Qualitative
data were collected using individual structured interviews. The lecture-based learning method was
used for comparisons. A total of 134 students participated in the quizzes and exams, 85 students
completed the self-perceived impacts on learning and skills survey, and 82 students completed the
implementation challenges survey. Ten students participated in the structured interviews. Tests and
survey scores showed that both online PBL and JiTT had significant impacts on students learning
and skills and that these effects are consistent across various disciplines. A non-conducive online
learning climate, internet connectivity problems, heavy workloads, and time management issues
were reported as the implementation challenges. The PBL and JiTT can be considered as effective
teaching/learning strategies in online education.

Keywords: online problem-based learning (PBL); online just-in-time teaching (JiTT); impacts on
learning and skills; implementation challenges

1. Introduction

As information becomes more readily accessible, technology more widespread, and
competition more prominent, modern professions call for graduates with complex skills
such as critical thinking, problem-solving, communication, organizational, collaboration,
and self-directed learning, in addition to the core professional skills. To cope with the
changing market needs and promote the achievement of required skills, higher education
institutions had to reform their curricula and call for adopting innovative instructional
practices methods relying on student-centered learning (SCL) pedagogy and digital tech-
nology [1,2]. Qatar University, as a leading institution of higher education, has embraced
the need for instructional change and has endorsed student-centered education and digital
learning by considering them as education excellence themes [3].

Student-centered learning (SCL), also known as learner-centered education, broadly
encompasses teaching and learning methods that focus on creating and implementing active
roles of the learners by placing them at the heart of learning [4]. It encourages students
to deeply engage with the material, develop a dialogue and collaboration, critically think,
and reflect on their progress [5]. It promotes many cognitive and soft skills such as critical
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thinking, problem-solving, organization, collaboration, and life-long learning. SCL is
founded on the constructivism learning theory that enables learners to actively construct
their knowledge from new and prior experiences [6].

There is a myriad of SLC instructional strategies such as problem-based learning (PBL),
case studies, just-in-time teaching (JiTT), flipped classrooms, and many others. These
strategies focus on providing tools and learning environments that facilitate interactions
and collaborations between students while promoting deep learning [7].

The benefits of integrating SCL instructional strategies in the physical classroom setting
were reported to seem substantial in terms of improved learning outcomes compared to
the traditional instructional methods [8-10]. In addition, SCL strategies increase in-class
teaching efficiency and effectiveness. They also improve students’ preparation for the class
sessions, endorse collaborative problem-solving during the class session, enhance student
motivation for learning, and promote the ongoing formative assessment of student learning
(by both instructors and students) [11]. In addition, they adopt the active learning approach
that was found to promote student learning [12]. Furthermore, they provide structured
opportunities for students to actively construct new knowledge from prior knowledge [11].

Online education, also called e-learning, distance learning, and distance education, is a
form of education in which the main elements include a physical separation of teachers and
students during instruction and the use of various technologies, digital tools, and learning
platforms to facilitate teacher—student and student-student interactions. Correspondence
courses were among the first types of distance education, but distance education did not
pick up steam until communications technology evolved in the 1990s [13]. Moreover, the
advent of the COVID-19 pandemic has given a push for the acceleration of digitalization
of universities all around the world and led to the need for a rapid transition to online
education [14]. The transition from traditional face-to-face learning to online education was
smooth for universities that had established experiences in online education, and students
appreciated the online education during the pandemic, the teacher’s teaching skills, and
the quality of online courses [13]. Nevertheless, this transition presented many challenges
for the universities that did not engage in online education prior to the pandemic. These
challenges were reported to be related to the flexibility of the available learning platforms
and digital tools, acquaintance with information and communication technologies (ICT)
of both educators and the learners, learning environments, and readiness for online teach-
ing/learning [15-24]. It also raised uncertainties on the learning pedagogy that applies best
to the online setting [17] and opened opportunities for good practices that are necessary for
professional development [25].

Although some groups have already shared their teaching practices in online educa-
tion, very few of them addressed SCL in the online setting [16-24,26]. Thus, it remains
uncertain whether SCL instructional strategies delivered in the physical classroom setting
will yield similar results when delivered online due to contextual differences such as lack of
face-to-face interactions, lack of instructor availability during the whole time of the session,
non-conducive at-home learning environment, internet connection interruptions, and social
isolation. Moreover, most of the previously published studies were reported from countries
outside Qatar. Since the cultural background and social context might be fairly different,
the findings of these studies cannot be fully extrapolated to the Qatari context to learn
lessons and pave the road for future changes in the higher education system. In addition,
most of these studies reported online education experiences instead of measuring their
impacts on student outcomes. In addition, very few previous studies were performed
using a structured methodology, and according to our knowledge, they rarely assessed
the effectiveness of a teaching method. Thus, we designed this research to address these
research gaps and respond to the research needs in the field of online education in general
and the Qatari context in specific.

Therefore, this research aims to test the impacts of two student-centered learning
(SCL) strategies, namely problem-based learning (PBL) and just-in-time teaching (JiTT), on
student learning of the subject matter and skills, mainly critical thinking, problem-solving,
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communication, organization, and collaborative and independent learning skills, that
are needed for contemporary professions. It also aims to assess whether these effects on
learning and skills are consistent across the various course subjects and the students’ study
levels and are sustained over time.

Figure 1 shows the research questions that are addressed by the current study:

A.  What are the impacts on the short-term learning of the traditional instructional strategy?

B.  What are the impacts on the long-term learning of the traditional instructional strategy?

C.  SCL instructional strategies effectively improve learning when used in the in-class
physical setting compared to traditional instructional strategies. Would this be also
observed in online education?

D.  SCLinstructional strategies effectively develop students’ critical thinking and problem-
solving skills when used in the in-class physical setting. Would this be also observed
in online education?

E.  SCL instructional strategies are effective in motivating students to learn the course
material when used in the in-class physical setting. Would this be also observed in
online education?

E SCL instructional strategies effectively develop students’ communication, collabo-
ration, and independent learning skills when used in the in-class physical setting.
Would this be also observed in online education?

G.  What are the challenges in implementing just-in-time teaching (JiTT) that includes
short web-based exercises when used in online education?

H.  What are the challenges in implementing problem-based learning (PBL) when used
in online education?
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Figure 1. Study methods and research questions.

2. Problem-Based Learning (PBL) and Just-in-Time Teaching (JiTT) Overview
2.1. Problem-Based Learning (PBL)

Problem-based learning is an SCL instructional strategy that originated in medical edu-
cation and has been widely adopted in diverse disciplines and educational contexts [27-29].
It is a form of active learning where students assume responsibility for their learning [30].
In principle, PBL revolves around four learning principles: constructivism, contextual
learning, collaborative learning, and self-directed education [31]. In PBL, students learn
about a subject while working in groups to solve an open-ended real-world problem [27].
The problem drives both the motivation to learn and the learning itself [27]. Critical to
the success of PBL is the selection of the problem. The problem should be ill-structured,
authentic, complex, and unexpected [32]. It should be able to motivate and enable the
students to learn new materials in the process of solving the problem [32]. In the context of
PBL, instructors act as facilitators, guiding the learning process and conducting a thorough
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debriefing at the end of the learning experience [31]. In brief, the goals of PBL are the acqui-
sition of an integrated body of knowledge that can be retrieved, applied, and transformed
when needed and the development of critical thinking, team-building, and self-directed
learning skills that allow students to masterfully deal with new and complex problems
in their careers [27]. PBL is a process that starts with a problem that students analyze as
a group based on the background knowledge they have. Then, the group brainstorms
possible solutions and decides what further information is needed to solve the problem.
These ideas and suggestions are formulated as learning objectives afterward. Indepen-
dent study follows as each group member is tasked to find the desired information. The
group members gather again to share collected information, discuss the problem further in
light of the new information obtained, and suggest possible solutions [33]. The students
complete the learning process by reflecting with the intention to improve their learning
performance [34]. They proceed to make generalizations about the problem so they can
transfer their learning to new future problems [34]. The process ends with feedback and
assessment of their individual work and team members” work [34]. This process has been
described as the seven classical steps of PBL: (1) understand the situation/clarify termi-
nology, (2) identify the problem, (3) suggest possible causes (hypothesize), (4) connect
problems and causes, (5) decide what type of information is needed, (6) obtain information,
and (7) apply the information [35]. The process is repeated in many rounds until the
problem is solved [34]. There is evidence supporting the effectiveness of PBL across various
disciplines [27]. PBL was shown to effectively enhance longer knowledge retention and
the application of knowledge [28,29,33,34,36]. In addition, PBL was found to promote the
development of critical thinking skills, problem-solving abilities, communication skills, and
self-directed learning skills [28,29,33,34,36]. It can also provide opportunities for working
in groups and finding and evaluating research materials [37]. Therefore, PBL was reported
to enhance interdisciplinary knowledge creation and collaborative skills [28,29,38]. The
entire process is very engaging, which has been shown to improve retention and student
satisfaction [28,29,33]. However, studies on the process are still inconclusive with regards
to which step most significantly impacts students’ learning, although causal studies have
demonstrated that the whole process is indispensable in influencing students’ learning
outcomes [28].

2.2. Just-in-Time Teaching (JiTT)

Just-in-time teaching (JiTT) is an SCL teaching and learning strategy that is based on
the interaction between web-based study assignments (warm-ups) and an active learner
classroom [a]. It relies on a feedback loop between web-based learning materials and the
classroom [39—41]. JiTT consists of providing students with learning resources and short
web-based assignments that are usually completed and returned to the instructor before the
class session [39—-41]. The instructor reviews students’ responses to the assignments before
the class session, adapts the lesson, and tailors class activities according to students” actual
learning needs [39-41]. JiTT allows both students and instructors to be better prepared
for the class session, yielding a more efficient use of the class time [39—44]. JiTT is built
on the constructivism learning theory, where students actively construct their knowledge
from prior knowledge [39,41]. Initially developed for introductory physics courses, its use
has spread to various disciplines [39,45]. More recently, JiTT using video-based lectures
(VBLs) was incorporated and was very well perceived by students [42,46]. JiTT has proven
effective in enhancing students learning, promoting the students’ responsibility to learn
the content, improving classroom climate, motivating students to learn, promoting good
learning habits, and fostering deeper learning of the materials [42—44,46-50]. In addition,
JiTT was found to increase student satisfaction and cognitive gains [44,47,48].
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3. Materials and Methods
3.1. Adopted Instructional Strategies

Two SCL instructional strategies were selected and implemented online in this study,
namely just-in-time teaching (JiTT) and problem-based learning (PBL). These strategies
were implemented in two independent course modules within the same course. In addition,
one course module was delivered using lecture-based learning (LBL) in the physical setting
and was considered the reference standard for comparisons.

3.2. Setting

The study was conducted at the Department of Biological and Environmental Sciences,
College of Arts and Sciences, Qatar University, between January and May 2022 (spring
2022 semester). The files, consents, and surveys were prepared by the researchers and
submitted for Institutional Review Board (IRB) approval using the IRB net website before
the start of the study. The study was approved by the IRB with the number 1823096-1.

Four courses (two from biological sciences and two from environmental science cur-
ricula) were selected: two courses were delivered at the junior level (BIOL 110 (Human
Biology) and BIOL 212 (Genetics)), and the other two at the senior level (BIOL 452 (Molec-
ular Analytical Techniques) and BIOL 433 (Monitoring and Toxicology)) (Table 1). The
courses were selected based on the willingness of their instructors to participate in this
study. Each course was run in one section and delivered by one instructor, with the excep-
tion of the human biology course, which was run in many sections and taught by multiple
instructors. However, only one instructor teaching one section of the human biology course
agreed to participate in this study. Table 2 presents a summary of the experiment.

Table 1. Description of the selected courses.

Course Number and Title

Course Description Major and Level Credits

BIOL 110
Human Biology

This course is an introduction to human biology. It covers
principles of structure and function of cells, tissues, and human
body systems such as the digestive system, cardiovascular system,
respiratory system, nervous system, muscular system, urinary
system, and endocrine system.

Biological
Science—Junior

BIOL 212
Genetics

This course considers the diverse aspects of genetics in both
prokaryotes and eukaryotes by pondering the key players involved
in inheritance. The following topics are extensively treated:
chromosomes and genes, Mendelian inheritance; modification of
Mendelian inheritance; gene interaction, inheritance and
environment; sex determination; sex linkage; sex-limited and
sex-influenced characteristics; linkage and crossing over;
chromosome mapping; mutation; cytoplasmic inheritance;
quantitative inheritance.

Biological
Science—Junior

BIOL 452
Molecular Analytical
Techniques

The course introduces students to various analytical methods

focusing on maintaining a detailed laboratory notebook. Topics .

. o . . . Environmental

include multitasking, hands-on experience with analytical . . 3
. . . . . Science—Senior

equipment, strategies that can be used in experimental design,

troubleshooting experiments, and outcomes.

BIOL 433
Monitoring and
Toxicology

monitoring systems for the management of renewable natural

This course introduces students to the principles of environmental
monitoring and toxicology. Topics include principles of risk
assessment of contaminants with emphasis on

the Gulf Region, principles in the design of monitoring systems, Environmental
Science—Senior
resources, and use of monitoring data in assessing natural resource

management and pollution risks at both the individual and

population levels.
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Table 2. Summary of the experiment.

Course

Number of Course

Sections

Module Where the
Instructional Strategy Was
Implemented

Implemented
Instructional
Strategies

Number of Students  Instructor

BIOL 110
Human Biology

One section

PBL
JTT
LBL

Digestive system 46
Blood 46 A

Muscular system 46

BIOL 212
Genetics

PBL Gene editing 37

One section B

LBL Mendelian inheritance 37

BIOL 452
Molecular Analytical
Techniques

One section

PBL Analysis of organic compounds 26

Analysis of inorganic 2%

LBL
compounds

BIOL 433
Monitoring and
Toxicology

One section

PBL
JiTT

Risk assessment 25

Factors affecting toxic responses 25

Monitoring of environmental

pollutants 2

LBL

All instructors who participated in this study had extensive experience in teaching the
subject matter and received training on student-centered pedagogy, focusing on PBL and
JiTT. All included courses were implementing an online PBL/JiTT component for the first
time. These courses were redesigned to include at least one module that is taught online
using PBL/JiTT. The course instructors had the freedom to select the module for PBL and
to develop the problem.

3.3. Course Material Development and Implementation

All instructors followed the core PBL principles in the scenario design, including contex-
tual, constructive, collaborative, and self-directed learning. Each instructor first articulated the
learning objectives of the module that will be delivered online using PBL, and then the PBL
scenario was crafted. All crafted scenarios contained minimal information and incomplete
picture mimicking real-life situations and an embedded problem emerging from student
brainstorming. Moreover, the complexity level of the scenarios depended on the course level;
i.e., the courses taught at the junior level had more simple scenarios than those taught at the
higher level. All scenarios were reviewed by an expert committee formed of two members
who have extensive experience in PBL to guarantee their quality and ability to meet the
learning objectives. Examples of PBL scenarios are presented in Table 3.

Table 3. Examples of PBL scenarios.

Course

Module Learning Objectives

Problem Scenario

BIOL 110

Explain the process of digestion in the GIT tract in

humans.

(Human
Biology)

Discuss the absorption of nutrients in the small
intestine.

A 45-year-old mother brought her son to a medical clinic for
consultation regarding his digestive problems and
malnourishment.

Explain gene editing and discuss its potential
applications in various fields such as medical,
agronomy, and zootechny.

Create a hypothesis on how to use gene editing to
solve medical and agronomic issues.

BIOL 212
(Genetics)

You have been enrolled as Research Assistant in a Molecular
Genetics Unit whose main task is related to gene editing
aimed at solving a problem related to hereditary human
diseases, crop production enhancing techniques, and animal
production. Before you start working in the research team of
Molecular Genetics, you have been requested to extensively
review the techniques of genetic editing and find
applications in real-time situations such as those mentioned
in the topics above.
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Table 3. Cont.

Course Module Learning Objectives Problem Scenario
Interpret the evidence from the literature to After you completed your BSc degree, you were offered an
BIOL 433 determine the toxic effects of substances. opportunity to work in the Ministry of Public Health. You
(Monitoring Determine the safe limit of exposure based on were called for a meeting by the head of the risk assessment
and available evidence. department who would like to share concerns about
Toxicology) Perform risk assessment for a substance and possible toxic effects observed in the population due to
determine its risk level. exposure to benzoates.
. . Your environmental science lab has developed a method for
Categorize the molecular technologies and . . .
: . quantifying a particular pharmaceutical product (drug
equipment used to analyze, purify, and - -
. g . . quantitation and quality
BIOL 452 characterize molecules, including organic . . .
. ¢ control) commonly found in hospital wastewater. This
(Molecular compounds, nucleic acids, proteins, and other . .
) ) method involves an extraction followed by fluorescence
Analytical molecules of the environment. o .
. - . measurement at the emission maximum for the drug. One
Techniques) Explain how to apply modern molecular analytical

of the samples analyzed in this method gave a result that
showed an unusually large amount of this drug in this
wastewater sample.

techniques.
Explain statistical tools used for data analysis.

Prior to the launch of the PBL module, the instructors randomly assigned the students
who were enrolled in their courses into groups, with each group composed of 4-6 students.
Moreover, the instructor explained the PBL process to them and his/her expectations. The
PBL module was launched online using the distance-learning window of the Blackboard
learning platform. The module was run fully online over four sessions with no face-to-face
interactions between the students and the course instructors. The first and last sessions
were scheduled by the instructor and conducted in the instructor’s presence, while the
other two were scheduled by the students according to their own preferences and were
conducted in the absence of the course instructors. The first session objectives were to define
the problem and formulate learning objectives that would enable solving the problem.

Therefore, in the first session, the scenario was distributed to the students who were
asked to clarify concepts. In groups, students started to read the scenario presented to them
and unpack its components in an open and inclusive brainstorming process. During this
session, the students were guided by the following questions: What information is being
given? What information is missing (what do we not know)? What is the problem that we
need to address and resolve? What are the information and tools needed to solve the prob-
lem? In addition, each group had to define the problem, develop the hypotheses (based on
the possible causes), rank them according to priorities, and prepare requests for additional
data. The instructor moved among the groups during brainstorming, observing students’
interactions, providing guidance when needed, and prompting them for data requests.
Then, the whole class reconvened, and each group started to share their hypotheses and
their data requests accordingly. Based on their hypotheses and data requests, the instructor
released the data incrementally related to the scenario. After exposing the whole scenario,
students were again split into their respective groups and started developing the problem
statement (in the form of a question), formulating their learning objectives, and dividing
tasks among group members. Afterward, during the second session, students had to work
independently to investigate a topic area as determined in the first phase and prepare an
individual report. This session was followed by the third session where students shared
their reports with their groups, essentially teaching their group members what they had
learned. The group then discussed how this new knowledge informs the problem. Once
all individual reports had been discussed, the group revisited the questions presented in
the first session and attempted to address or solve the problem. Moreover, during this
session, students also collaborated to prepare a final report that outlined the solution and
recommendations. The students were also asked to include supporting and properly cited
evidence from their research and evidence for their online meetings and discussions in
this report.
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In the final session, solutions were shared and discussed in the presence of the whole
class, and the instructor provided feedback and a brief recap of the main learned concepts.

The JiTT was introduced in two courses: BIOL 110 (Human Biology) and BIOL
433 (Monitoring and Toxicology). The course instructor also selected the study module
where JiTT was to be used. The module was run over two online sessions: one synchronous
and one asynchronous. In the asynchronous session, the student had to watch a prerecorded
lecture to learn the module content and go through the exercises/ case studies and complete
them before the scheduled class session time. Once completed, the instructor went over the
answers and tailored the content and activities of his/her upcoming lecture based on the
learning needs of the students. This session was delivered online in a synchronous mode.
Examples of exercises are presented in Table 4.

Table 4. Examples of JiTT exercises.

Course Module Learning Objectives Exercises
Persons presenting with anemia usually have a high
ventilation rate. Why?
- gec?g.nizli t}fle corpposi’;ig? OfibIIOOd Would you expect a person with thrombocytopenia (low
BIOL 110 ) - EXp a.mt e functions of bloo. ? emef‘ts platelet count) to have an increased or decreased risk of
(Human Biology) - Identify the role of A and B antigens in bleeding? Why?
blood typing CMMAL A
Can a person with O blood type accept blood from
someone with A blood type? Why or why not?
A group of people was exposed to a substance that is
BIOL .433. Identify the factors that might affect toxic known to cause hypertension, arrhythmia, and rash at
(Monitoring and responses of toxicants doses equal to or above 6 mg/kg.bw. Would you expect
Toxicology) P that all of them develop a similar degree of toxicities

from that substance? Why or why not?

3.4. Participants

All students enrolled in the four described above courses participated in this study,
yielding 134 students (Table 5). These students were initially divided into four cohorts
based on their course enrollment. They were also divided into junior and senior student
cohorts based on their study level.

Table 5. Study participants.

Course Number Total Number of
and Name Cohort/Sub-Cohort Enrolled Students
BIOL 110 Human Biology Biological science/Junior 46

BIOL 212 . . . .

Genetics Biological science/Junior 37

Junior Cohort 83

BIOL. 43.3 . Environmental science/Senior 26

Monitoring and Toxicology

BIOL 452

Molecular Analytical Environmental science/Senior 25

Techniques

Senior Cohort 51

Total 134

3.5. Data Generation and Collection

To achieve the objectives of this study, a mixed-methods research design was used.
This design combines the strengths of quantitative and qualitative data [51]. Quantitative
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data were collected from test scores and two surveys. In addition, structured individual
interviews were conducted to generate qualitative data that would help explain findings
from surveys.

Quizzes and final exams were prepared according to best practices guidelines and
were reviewed by a committee composed of the researchers and the course instructors. The
quizzes were knowledge-based and were administered to students a week after module
completion. A set of knowledge-based questions and problems (or case studies that require
higher-order thinking levels) related to the modules taught using these strategies were
prepared and included in the final exams. The knowledge-based questions had a similar
level of complexity to those of the quizzes. The final exams were administered during
the final exam period as scheduled by Qatar University approximately 3 months after
the teaching encounter. Mean test scores (5D) were calculated for the quizzes and the
set of questions of the final exams for the module delivered online using PBL and JiTT
and for a module delivered in person using a traditional instructional strategy. Moreover,
the percentages of students who passed the tests (i.e., graded above 5/10 on quizzes and
answered correctly half or more of the questions related to the modules) were determined.

Two surveys that aimed to assess the self-perceived impacts on student learning and
skills of the two instructional strategies and the implementation challenges were developed
based on a thorough review of the current literature. A committee composed of three experts
qualitatively evaluated the face and content validity of the surveys. For the face validity, the
experts were asked to give their comments on whether the measured items can—truly assess
the concept of the research. As for the content validity, the experts were asked to give their
comments about the coherence of the questionnaire and the relevance, difficulty, and clarity of
the items. The survey items were modified based on received feedback.

Moreover, the surveys were pilot tested on 34 students to check for their clarity, flow,
and time needed to be completed. The pilot test was conducted using a sample of students
who were enrolled in another section of the human biology course and were also exposed
to PBL and JiTT, just after completing the learning activities. No modifications were made
to the surveys based on pilot test results. The internal consistency of the questionnaire
was measured by determining the Cronbach’s alpha coefficient of the different sections
and of the overall surveys (Tables 6 and 7). The Cronbach’s alpha coefficient values for the
sections of the survey and for the overall surveys were above 0.7, demonstrating that the
surveys are reliable instruments [52]. Surveys collected during the pilot testing were not
used in the final study sample.

Table 6. Reliability testing for the self-perceived impacts on learning and skills survey.

Factor Number of Items Cronbach’s Alpha Coefficient
Learning the subject matter 5 0.773
Intrinsic interest in learning 3 0.741
Preparedness level 3 0.864
Critical thinking/problem-solving skills 4 0.756
Personal skills 3 0.865
Overall survey 18 0.785

The students were invited to fill in the surveys at the end of the course. In the
invitation, students were informed of the objectives of the study. They were also explicitly
told that participation in the surveys is voluntary and will not affect the instructor/student
relationships or students” grades and that they can withdraw from the research at any time,
without any consequences. The surveys were collected by one of the researchers and coded
to ensure anonymity (each student’s survey was assigned a code), and collected data were
entered into an Excel sheet and treated confidentially to serve the purpose of the study only.
In addition, all participants had to provide written consent prior to filling in the surveys.
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Table 7. Reliability testing for the implementation challenges survey.

Factor Number of Items Cronbach’s Alpha Coefficient
Adequacy of learning platform 3 0.837
Teaching and learning methods 5 0.812
Learning environment 2 0.774
Interactions 4 0.796
Overall survey 14 0.815

The self-perceived impacts on learning and skills survey contained three sections with
a total of 18 items (Table 6): impacts on learning of the subject matter (5 items); impacts
on intrinsic interest to learn (3 items); impacts on preparedness level (3 items); impacts on
critical thinking and problem-solving skills (4 items); and impacts on the personal skills
(communication, collaboration, and self-directed learning (3 items). All items were assessed
using a 5-point Likert scale (1 (strongly disagree) to 5 (strongly agree)), and participants
were asked to evaluate the extent to which they agreed with each of the statements included
in each section. Mean scores for each section were then calculated to obtain a final score for
the section. In addition, the percentages of students strongly agreeing and agreeing with
each item statement of the five sections were determined.

The implementation challenges surveys contained four sections with a total of 14 items
(Table 7): adequacy of the learning platform (3), teaching and learning methods (4), learning
environment (1), and easiness of interactions (5). Each item was also assessed using a 5-point
Likert scale (1 (strongly disagree) to 5 (strongly agree)). The percentages of students strongly
agreeing and agreeing with each item statement were determined.

Finally, a structured interview was conducted to understand the survey results. The
interview questions included questions about the aspects of the teaching method (PBL/JiTT)
that they liked /did not like most and the reasons behind that, as well as their feelings
towards the use of these strategies in the online setting. The interview questions were
administered in the English language to individual students by one of the researchers (who
was not the students” instructor), using Microsoft Teams app. The interviews were recorded
and transcribed verbatim. An invitation to participate in the structured interview was sent
via e-mail to the students enrolled in the selected courses after the end of the course and
the survey collection period. Students were offered the option to select the interview date
and time that best suited them based on a preset schedule. Here also, it was clearly stated
that the participation in the interview is voluntary, it will not affect the instructor/student
relationships or students’ grades, and collected data will be treated confidentially and used
to serve the purpose of the study only. Each participant was assigned a code to ensure
anonymity. Moreover, all participants had to provide written consent prior to participating
in the interview.

3.6. Data Statistical Analysis

Quantitative data derived from exam scores and surveys were analyzed using descrip-
tive statistics. Means with standard deviations were determined for continuous variables
(test and survey scores) and compared using Student’s ¢-test (when comparing two groups)
and ANOVA (when comparing more than two groups) with post hoc analysis. Percentages
were derived for categorical data (passing the exams, agreeing with the survey items) and
were compared using Pearson’s chi-square test. Pearson correlation and regression analysis
between final exam scores and self-perceived impacts on learning of the subject matter
were done. Qualitative data generated from the transcription of the individual interviews
were subjected to content analysis to explore the narrative themes and the students” main
concepts related to impacts on learning and skills and implementation challenges.
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4. Results and Discussion
4.1. Test Scores

A total of 134 students participated in this study and completed both quizzes and
final exams. Table 8 presents the average test scores of the quizzes and final exams for the
modules taught using different instructional methods. The final exam scores showed that
the test scores of modules taught using online PBL were the highest, followed by the test
scores of modules taught using online JiTT and the test scores of the module taught using
in-person LBL. The difference in final exam scores was statistically significant. Moreover,
although no statistically significant difference was observed among quiz scores for both
courses, the quiz scores of modules taught using online PBL were the highest, followed
by scores of quizzes taught using JiTT and the scores of quizzes for modules taught using
in-person LBL. This trend was observed among all cohorts and across different disciplines
and student levels.

Table 8. Test scores.

Quizzes
PBL
Module

Quizzes Quizzes Final Exam Final Exam Final Exam
JiTT LBL p-Value PBL JiTT LBL p-Value
Module Module Module Module Module

BIOL 110 (Human Biology)

Means + SD of the 0.084 *2 7.89 7.12 6.45 0.01 *2

test scores 9.98 %005 966064 832201 0.078*  +1.12 +0.42 +0.62 0.0098 *

Number (percentage) 023 0.03 *¢

of students passing 46 (100) 98 (45) 37 (80) ' 38 (82) 36 (78) 25 (54) ’ d
0.09 0.01 **

the test

BIOL 212 (Genetics)

Means =+ SD of the 8.375 b 5.2 3.81 b

test score 857061 - +012 011 +312 - +172 0.02*

Number (percentage)

of students passing 37 (100) - 37 (100) 0.087 **4 19 (53) - 15 (40) 0.98 **d

the test

BIOL 433 (Monitoring and Toxicology)

Means + SD of the 0.078 0.001 *2

test score 9+05 89+06 85+ 0.7 0.08 81+07 77+£02 5+21 0.0009 *>

Number (Percentage) 0.16 **< 0.03 **¢

of students passing 26 (100) 26 (100) 26 (100) "1 xxd 26 (100) 23 (90) 13 (50) C o xxd
0.21 0.009

the test

BIOL 452 (Molecular Analytical Techniques)

Means £ SD of the - - 93+ 04 - 83+ 02 0.05

test score

Number (percentage)

of students passing - - - 24 (95) - 22 (87) 0.05 **d

the test

- Not done. ** p-value obtained by using Student’s t-test when comparing the means of the test scores after JiTT
and LBL. *® p-value obtained by using Student’s t-test when comparing the means of the test scores after PBL and
LBL. **¢ p-value obtained by using chi-square test when comparing number of students passing the test after JiTT

and LBL. **d p-value obtained by using chi-square test when comparing number of students passing the test after
PBL and LBL.

4.2. Self-Perceived Impacts on Learning and Skills

A total of 85 students participated in the self-perceived impacts on learning and skills
survey, yielding a response rate of 63.4%. Forty-four (52%) students were junior students.
Twenty-five participants (30%) were enrolled in the human biology course, 19 participants
(22%) were enrolled in the genetic course, and 41 participants (48%) were senior students
enrolled in the environmental science courses (BIOL 433 = 25, BIOL 452 = 16). The percentages
of students strongly agreeing/agreeing with the statements on the impacts on learning
and skills and average scores (£SD) are presented in Table 9. Results showed that the
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Exam

3%

PBL and JiTT used online were perceived to positively impact the understanding of the
subject matter, in terms of improving the learning of the module material, concepts, and
applications and enhancing the learning process (engagement with the course material and
the instructor). Moreover, the PBL and JiTT used online were also perceived to increase the
intrinsic interest in learning in terms of motivation for learning the module concepts (average
score = SD = 4.44 £ 0.83) and improved preparedness level for class discussions, exams, and
workplace placement ((average score + SD = 3.65 £ 0.83). In addition, results showed
that PBL and JiTT used online were perceived to enhance the students’ skills in terms of
critical thinking and problem-solving (average score &= SD = 4.19 £ 1.21) and communication,
collaboration, and independent learning skills (average score &+ SD = 3.98 £ 0.95). Further,
analysis of variance showed that there was a statistically significant difference between
senior students” and junior students’ survey scores related to self-perceived impacts on
intrinsic interest for learning and preparedness level, but not to learning of the subject matter,
critical thinking /problem-solving skills, and personal skills. Finally, no statistically significant
difference was observed among survey scores of groups enrolled in different courses that are
delivered at the same study level (Table 10).

4.3. Correlation between the Self-Perceived Impacts on Learning and Critical Thinking and
Problem-Solving Skills and Performance on the Final Exam

Figure 2 shows the correlation between the distribution of the scores on the learning
of subject matter section of the survey when online PBL and JiTT are used and the students’
performance as reflected by their final exam scores. The linear regression shows a slope
of 1.76 and an intercept of 1.1037. Importantly, the regression analysis results indicate
that there is a significant relationship (R (83) = 0.852 (p < 0.001)) between the scores of the
impacts on the learning of the subject matter when online PBL/JiTT is used and the final
exam scores on the PBL/JiTT module. The value of R? is 0.727.

L L] i“i“‘
LY . ol
.9 e ¢
* e e @
of o @
® .9
® v=1.7638x+
1.1037
o
1 2 3 4 5 6

Perception of learning the subject matter
and critical thinking and problem-solving

Figure 2. Correlation between scores of the impacts on the learning of the subject matter and critical
thinking and problem-solving skills of the survey and exam scores.
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Table 9. Self-perceived impacts on learning and skills: number (percentage) of students agreeing and
strongly agreeing with the statements and average scores.

Number (Percentage) of Students Strongly Agreeing and

Item Statement Agreeing with the Item Statement

Learning the Subject Matter

Improved my understanding of the subject matter 72 (85)
Helped me relate subject ideas and concepts 76 (89.4)
Made me engage in the course material in a deeper way 72 (85)
Helped me draw conclusions and come up with 66 (77.6)
recommendations and solutions related to the subject matter '
Helped me interact effectively with my instructor and 69 (82.1)
colleagues to discuss the subject matter in depth '
Average score/5 (£ SD) 448 +1.23
Intrinsic interest in learning
Increased my interest in learning the subject matter 68 (80)
Increased my understanding of the importance 78 (91.7)
of the subject matter in real-life applications '
Increased my motivation for learning 62 (72.9)
Average score/5 (£ SD) 4.44 +0.83
Preparedness level
Onh.ne PBL and JiTT made me prepare better for the class 53 (62.3)
session
Online PBL and JiTT enhanced my preparedness
53 (62.3)

level for the exams
Online PBL and JiTT improved my preparedness level for the

- 61 (71.7)
work/training
Average score/5 (£ SD): 3.65 + 0.83

Critical thinking/problem-solving skills

Increased my abilities to search for information or data on the
problem using appropriate 69 (82.1)
searching strategies

Increased my abilities to organize and sort data and findings 70 (82.3)
Increased my abilities to create inferences on why the problem

. . 67 (78.8)
exists and how it can be solved
Increased my abilities to analyze data and develop solutions to

70 (82.3)

problems
Average score/5 (+ SD): 419+1.21
Personal skills
Made me communicate more effectively with my colleagues 63 (74.1)
Made me value teamwork 63 (74.1)
Enhanced my independent learning skills 60 (70.6)

Average score (+ SD)/5: 3.98 +0.95
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Table 10. Self-perceived impacts on learning and skills survey scores distribution among study cohorts.

Intrinsic Interest in

Learning the Learning the Preparedness Critical Thinking/Problem Personal
Subject Matter Subject Matter Level -Solving Skills Skills

All Cohorts 448 +0.23 444 + 083 3.65 + 0.83 419 +121 3.98 + 0.95
Average Score & SD
Junior Cohorts
(BIOL 110 & BIOL 212) 4.37 £ 0.67 3.61+1.1 2.95+0.81 4.01+071 413+0.21
Average Score £ SD
Senior Cohort
BIOL 433 and BIOL 452) 457 +£0.47 481 +04 445+ 0.31 439 +£0.31 3.88 +£0.14
Average Score £ SD
p-Value * 0.14 0.03 0.023 0.56 0.72
BIOL 110
Average Score £ SD 434 +0.23 3.72 £ 0.98 3.1£0.78 3.89 £ 0.94 421 +0.11
BIOL 212 413 +£0.27 3.56 +£1.23 2.89 £+ 0.68 411+ 0.56 4.01 £ 0.45
Average Score + SD
p-Value ** 0.23 0.12 0.220 0.51 0.65
BIOL 433 4.67 £0.23 4.87 +0.23 4.65+0.33 44140.18 4.05 +0.27
Average Score £ SD
BIOL 452 4.51 +0.64 4.74 +0.33 429 +0.23 429 +0.21 3.77 £ 0.03
Average Score & SD
p-Value ** 0.12 0.84 0.64 0.072 0.09

* ANOVA test. ** Student’s t-test

4.4. Implementation Challenges

A total of 82 students participated in the implementation challenges survey, yielding
a response rate of 61.2%. Forty-four (53%) students were junior students. Twenty-five
participants (30%) were enrolled in the human biology course, 19 participants (23%) were
enrolled in the genetic course, and 38 participants (47%) were enrolled in the environmental
sciences courses (22 in BIOL 433, 16 in BIOL 452). The percentages of students strongly
agreeing/agreeing with the statements related to the challenges faced during the online
implementation of PBL and JiTT are presented in Table 11. Results showed that the
available learning platforms were adequate for the online implementation of both the
PBL and JiTT. Moreover, around 90% of the participants strongly agreed/agreed that both
learning strategies (PBL and JiTT) were suitable for online education and that it was not
difficult for them to sustain focus and interest during online sessions or to collaborate
and communicate between them. In addition, 90% and 73% of the participants strongly
agreed /agreed that the online interaction with their colleagues and instructors was easy
and that it was similar to the in-class physical setting. In addition, more than 50% strongly
agreed/agreed that the online learning environment is not conducive to learning because
of internet instability and noisy at-home environments. Finally, only 44% of participants
strongly agreed /agreed that the interactions and communications with other teams and
the whole class were easy as they would have been in the physical class setting.

4.5. Structured Interviews

Ten students participated in the structured interviews, out of which six were seniors.
Data analysis indicated the following aspects to be the most liked about using online PBL
as an instructional strategy: its ability to fully engage in the learning process; its ability to
make students understand how learned material applies to real-life situations; its ability
to enhance their learning of the subject matter through teaching others, discussions, and
searching for solutions to the problem; its ability to have control over their learning; its
ability to enhance their skills such as research, communication, teamwork, leadership,
analysis, and problem-solving skills; its ability to engage all team members in learning
activities; its ability to make students accept and value the opinions of other team members.
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In addition, two concerns emerged related to using SCL instructional strategies. The
first addressed workloads imposed by both PBL and JiTT, and the second was related to
time management in terms of students having to organize their learning activities and
tasks in such a way to be ready for collaborative activities. Regarding online JiTT, data
analysis indicated that students found that JiTT made learning more meaningful, provided
students with an opportunity for timely feedback, provided them with an opportunity to
identify their learning needs, reduced stress during class sessions, and developed students’
problem-solving skills.

Table 11. Implementation challenges for the online use of PBL and JiTT: number (percentage) of
students agreeing and strongly agreeing with implementation challenges statements.

Number (Percentage) of Students Strongly Agreeing and
Item Statement Agreeing with the Item Statement
N (%)

Learning Platform Was Adequate for PBL and JiTT

Options included in the platform were sufficient to conduct PBL

and JiTT conveniently 78 (95)
Options included in the platform were sufficient to post my

. . 78 (95)
assignments and receive feedback
The learning platform favors the implementation of teamwork

. 78 (95)

when required
Teaching/Learning Method (PBL and JiTT)
Online learning is suitable for both PBL and

; X 74 (90)
assignment-based learning
Online learning is better for assignment-based learning 16 (20)
than PBL
It was not difficult to sustain my interest and focus during

. . . . 71 (87)
online sessions in PBL and assignment-based sessions
It was not hard to collaborate and communicate online between
team members in online PBL to organize tasks and discuss 76 (93)
topics
It was not difficult to engage all members of the team during o

. L . 78 (50%)

discussions in online PBL
Learning Environment
Home environment is more noisy and distractive, which would 50 (60)
hinder my participation or concentration
Internet instability makes learning and interaction sometimes £ (51.2)

difficult in PBL

Interactions (online is appropriate for interactions with the instructors, team members, and other classmate students)

It was not hard for me to interact with my instructor and to

receive his/her feedback in a timely manner in online PBL 74 (00)

It was not hard for me to interact with my colleagues in

online PBL 74.(90)

The interactions with my instructor and colleagues to organize
tasks and share ideas were the same in online PBL as they 60 (73.2)
would have been in a real class setting

The interactions with other team members were not hard and I
was able to communicate with other teams and the whole class
to share some points/discuss ideas in online PBL in the same
manner as it would have been in a real class setting

36 (44)




Sustainability 2022, 14, 9625

16 of 22

As for the recommendation to use PBL and JiTT as instructional strategies in the
online setting, most of the participants highly recommended the use of both instructional
methods as they were enjoyable, can be easily done using available technology and learning
platforms, and provide more flexibility in terms of time and place for learning encounters.
However, three themes emerged as concerns for the use of PBL in the online mode. The
first was related to the learning climate (learning places) that was described as unusual
and non-conducive for learning (such as cafeterias, coffee shops, and homes). The second
was related to the lack of social interactions, which might hinder the development of social
skills and collegiality among team members. The third was related to internet connectivity.

4.6. Interpretation of Findings

This study aimed at assessing the impacts on learning and skills of two SCL instructional
learning strategies, PBL and JiT'T, in an online setting and their implementation challenges.

Results of this study showed that online PBL and JiTT are as effective as face-to-face
LBL on short-term knowledge acquisition and retention, as demonstrated by the absence
of a significant difference between the scores on the quizzes and percentages of students
passing the quizzes for the modules taught using the three instructional strategies. Moreover,
based on the results of the test scores, online PBL and JiTT had significant positive impacts on
long-term knowledge acquisition and retention, in addition to critical thinking and problem-
solving skills, when compared to the LBL method. These impacts were maintained across
the various course disciplines and study levels. These results are similar to findings from
other studies where PBL and JiTT were used in the physical classroom in a variety of courses
delivered at various study levels [36,38,42,47—49,51-56]. These results can be explained by the
underpinning pedagogy related to the used instructional strategies. Indeed, both PBL and
JiTT are active learning pedagogies that engage students in deep learning through thinking,
investigating, discussing, and creating. They also provide students with multiple opportunities
for deep engagement and interaction with the learning content. Furthermore, applying new
knowledge to solve problems helps students organize knowledge, make connections, and
develop a deeper understanding of the course material. In other words, they promote a deep
approach to learning, which was reported to improve long-term knowledge acquisition and
retention, and enhance critical thinking and problem-solving skills as well [8-10,50,57-60]. In
contrast to active learning, passive learning holds the student to absorb the information that is
usually presented in the form of lectures. This type of learning promotes a surface approach
to learning, which was reported to enhance the abilities of students to recall facts rather than
to have meaning to what they learn.

Therefore, this method promotes a surface approach to learning. It also induces
convergent thinking, where a given question typically has only one right answer and
therefore enables students to perform well in knowledge-based quizzes administered
shortly after the lecture, as observed in the current study [5].

Further, the results of this study suggest that these instructional strategies maintain
their effectiveness in terms of impacts on learning and critical thinking and problem-
solving skills in the online learning setting. This result is further supported by a limited
number of studies that compared online PBL with PBL delivered in the physical classroom
setting [60-64].

Moreover, students’ self-perceived impacts on learning the subject matter and critical
thinking and problem-solving skills correlated well with their performance on their final
exams. This finding reflects well that these methods work well online and are still able
to highly engage the student in the learning of the subject matter, critical thinking, and
problem-solving activities. This result is additionally confirmed by the responses to the
interview questions where students reiterated the ability of these instructional strategies to
engage them in the learning process, help them in learning the subject matter, and develop
their critical thinking and problem-solving skills.

Moreover, the results of this study revealed that both PBL and JiTT were perceived by
the students to have positive impacts on their learning and skills in the five survey domains:
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learning the subject matter, intrinsic interest in learning the subject matter, preparedness
level, critical thinking and problem-solving skills, and personal skills. This result was
variably reported in the literature where some studies showed positive and higher impacts
of online PBL on learning and skills, whereas one study showed lower impacts of online
PBL when compared to face-to-face PBL [61-64]. Moreover, even though the self-perceived
impacts on learning and skills were positive for the general cohort of students, the junior
cohort had significantly lower self-perceptions than the senior cohort in the following
two survey domains: intrinsic interests in learning the subject matter and preparedness
level. This finding might be multifactorial. The first factor may be related to the increased
cognitive efforts associated with SCL instructional strategies, which greatly negatively
affect students’ motivation and engagement in learning [65]. Another factor may be related
to the students’ course enrollment motivation [66,67]. The reasons motivating students have
a powerful influence on their intrinsic interests to learn the subject matter and perceptions
of the importance of the subject matter for their future careers. Indeed, most of the junior
students enrolled in human biology and genetics courses because these were designated
as general university-required courses for certain majors. Therefore, they may basically
have limited interest in learning the subject matter and insights into its usefulness. Thus,
they are less able to self-assess the impacts of the teaching pedagogy on their motivation to
learn and on preparing them for future careers. A final factor could be that junior students
are unfamiliar with such active learning instructional strategies and, therefore, may not be
able to appreciate all their short-term and long-term benefits [68].

Although the use of PBL and JiTT as instructional strategies was perceived to posi-
tively impact students’ learning and skills, their implementation was coupled with many
challenges from the students’ point of view.

Firstly, the use of these instructional strategies in the online setting was perceived to
impose heavy workloads on the students. Indeed, it is well reported in the literature that both
SCL strategies and online education pose additional workloads for students [5,18,69]. Hence
combining both methods would have resulted in the perception of increased workloads.

Perceived workloads were reported to influence the students” approaches to learning,
making them more inclined towards the surface approach to learning. Therefore, this
challenge should be addressed carefully when considering the implementation of SCL
instructional strategies in online education. Workloads might be adjusted through close
coordination between the courses that are delivered at the same study level, on the one
hand, and through varying the types of active learning activities (use a combination of
low-stakes and high-stakes active learning strategies) within the same course. Calculating
students” workloads in hours is also a recommended strategy. This strategy would help in
planning appropriately the course activities and tasks so that they will not be imposing
heavy workloads on students.

In addition, some students reported having difficulties managing their time to com-
plete assigned tasks on time at an appropriate performance level. This finding could be
attributed to differences in the learning abilities of students, where quick and moderate
learners might complete assigned tasks more easily at a more rapid pace than slow learn-
ers [70]. Despite that time management issues were also reported in courses delivered
using traditional learning methods in the classroom physical settings, they are more critical
when online SCL strategies are employed. Indeed, the students” actual learning in active
learning strategies depends significantly on their level of engagement in the assigned
tasks. Moreover, the lack of physical interaction in the online setting makes it difficult
for the instructors to keep all students engaged at the same level and to pay attention to
each student’s learning needs. Therefore, appropriate planning of activities and student
monitoring would be effective strategies to help all students achieve their learning goals.

Likewise, internet instability was reported as the main challenge for the online im-
plementation of synchronous PBL and JiTT sessions in both the survey responses and
student interviews. This was described in previous studies that tackled online education
in general [69,71]. Since communication, interactions, and collaborations among learners
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are considered as core characteristics of these methods [5], internet instability impacts on
learning should not be overlooked.

The lack of learning climate and socialization were also reported among the implementa-
tion challenges. Learning climate plays an essential role in the students’” academic life because
it significantly influences their learning processes [72]. Indeed, in contrast to the classroom
physical setting, in the online setting, learning can occur in places that are not conceived for
that purpose, such as cafeterias, homes, and cars. Therefore, when present in such places,
students” mindsets will not be making connections to learning. Further, these places may be
noisy and full of distractions, which might disturb the students’ learning processes.

Moreover, in the online setting, students are deprived of building rapport with class-
mates [69]. All these factors might have implications for the students learning in the online
setting. Hence, there is a need for educators to take into consideration these factors when
designing their online learning modules to optimize students’ learning experiences. The
use of blended learning may also help address these challenges.

Lastly, similar to other studies, the use of these instructional strategies and online
education seems to be better appreciated by students when working in small groups rather
than in large groups [73-76]. This might be explained by the fact that working in small
groups provides the students with a conducive and collaborative learning environment. In
addition, it facilitates student adaptation to new learning environments and pedagogies.
The use of blended learning may help address this challenge as well.

4.7. Limitations and Opportunities

This study has many strengths, including the selection of the SCL instructional strate-
gies to be tested, the use of a mixed design research method, the use of the in-person LBL
method as a standard instructional strategy for comparison, the use of the tested instruc-
tional strategies in multiple courses that are delivered at different study levels (junior and
senior), and being among very few studies that addressed assessing the impacts of online
SCL strategies on student learning and skills. The study also has limitations. First, there
was no direct comparison between the same SCL instructional methods when used in the
physical classroom setting and when used in the online setting. Second, the implementation
challenges survey did not address challenges related to information technology (IT) skills.

Indeed, the students who were enrolled in the courses belonged to Generation Z,
which is recognized as the first social generation to have grown up with access to the
Internet and portable digital technology from a young age. Members of Generation Z
are considered as information technology adepts. Moreover, their IT skills and computer
literacy were further developed by online education that was implemented during the
COVID-19 pandemic.

Moreover, students were able to report challenges related to their IT skills during
the interview. In addition, no observations were conducted by the instructors or the
researchers during student-led sessions and/or teacher-led sessions. No formal feedback
was collected from instructors on the implementation challenges. Indeed, this study aimed
to assess the effectiveness and challenges from a student perspective, and many meetings
were conducted between the researchers and instructors to optimize the student learning
experiences. Finally, only female students participated in this study. This might limit the
generalization of the findings since males and females might have differences in learning
method preferences and views.

Despite these limitations, this study yielded important information that can inform
educational planners and academicians on effective instructional strategies that can be
applied in online education in times of crisis. In addition, future research can build on the
key issues and limitations identified in this research.

5. Conclusions

Despite the abundance of data showing the effectiveness of PBL and JiTT on learning
and skills in the physical setting, limited data exist on their usefulness in online education.
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This study showed that, based on the test scores, JiTT and PBL, when used online, were
as effective as face-to-face LBL in promoting short-term learning and more effective than
face-to-face LBL in promoting long-term learning, problem-solving, and critical thinking
skills (research questions A, B, C, and D). In addition, based on the self-perceived impacts
on learning and skills survey and interview responses, these instructional methods, when
used online, were perceived to promote students’ critical thinking and problem-solving
skills; students” motivation for learning; and students’ communication, collaborative and
independent learning skills (research questions D, E, and F). Moreover, the main chal-
lenges for the online implementation of these methods that were revealed by the survey
responses and interviews were internet instability, lack of a learning climate, and lack of
socialization. Interviews highlighted two additional challenges related to workloads and
time management (research questions G and H).

In conclusion, this study demonstrated that these methods, when used online, had
positive impacts on students’ learning and skills, and that these impacts were consistent
across various disciplines and study levels. Therefore, PBL and JiTT can be considered as
effective teaching/learning strategies that might be used in various disciplines and study
levels in online education. Moreover, the findings of the present study shed light on the
need for future studies that focus on comparing the same SCL learning strategy when used
in different education modes (physical, blended, and online), and on identifying factors
that would address identified challenges to optimize the students’ learning experiences in
the online setting.
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