
 

 

  
Abstract— in this study we provide a technical support for 

teachers to practice problem-based learning (PBL) in their real 
learning sessions at schools, universities, or any other learning 
environment. The provided support would enable teachers to 
dynamically instantiate PBL sessions based on a PBL meta-model. 
The PBL meta-model include the definition of all possible elements 
within a PBL process which are phase, activity, resource, tool, and 
artifact. It is originally built based on the best existing PBL practices 
and well-known models. The process of practicing a PBL session 
involves two steps, the first is designing a PBL session and the 
second is delivering the session into students to execute it in a 
learning environment. In this study we choose to provide the PBL 
technical support within an environment where both teachers and 
learners are familiar with, this is instead of a standalone environment 
which would be time and effort consuming for them to use. A 
Learning Management     System (LMS) called Moodle was extended 
in this study to support PBL as it is commonly used in many 
universities and schools with a comfortable plugin mechanism for 
developer. We developed a complete Moodle plugin called (PBL 
lesson plan) that support the design and delivery of PBL sessions or 
PBL lesson plans with different view privilege for both teacher and 
student. The wide usage of Moodle would increase the usage of our 
developed plugin. The developed PBL lesson plan plugin was tested 
and evaluated positively by teachers and students in real sessions 
conducted at Qatar University. 
 

Keywords—Learning management system, Moodle, PBL lesson 
plan, PBL meta-model, Problem-based learning.  

I. INTRODUCTION 
ECENTLY, a wide range of changes occurred in the 
economic and technological fields which lead the world to 

experience a huge transition from the post-industrial economy 
to knowledge economy. This transition transformed 
professional life and increased the number of skills that they 
need to master which includes dealing with increasing 
internationalization, using information technology, working 
within groups and mastering the required expertise. This 
affected highly the training programs of employee and high 
education expectations. Graduate students are expected to 
have convinced knowledge-basis beside the skills of solving 
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problems, analyzing, synthesizing, coaching, leading, 
presenting, and evaluating them. Hence, this is the expectation 
of the information community on the future [1].  

Generally, the common way of teaching in Qatar and around 
the world is the traditional subject-based methodology. Hence, 
this methodology does not fit into the current expectations of 
students graduates and that raised the importance of 
integrating both knowledge and real-world problems together. 
The integrating can be done through developing and 
implementing instructional real-world practices. Normally, 
students gain huge amount of inert knowledge from the 
traditional subject-based learning methodology, however 
students have to learn facts passively without linking them into 
the right real-world context. As a result, they are not able to 
use such knowledge in solving real-world problems, since they 
do not experience a real use of its context. The true knowledge 
required these days have been defined by UNESCO’s report 
[2] as a combination of four pillars which are “learn how to 
know, learn how to work, learn how to live, learn how to 
exist”. Consequently, there is a rapid change in the concept of 
knowledge over time; hence applying the gained knowledge in 
real context is needed besides memorizing facts. This is 
according to the need of the current business activities which 
are more intellectualized and require universal labor that is 
creative [2].   

Many attempts have been made to address the integration of 
instructional models together with the traditional knowledge 
transmission models [1]. One problem-driven approach that 
made inroads into different education fields, such as 
engineering and science, had been developed within the recent 
decade which is called problem-based learning (PBL). PBL is 
a learning-pedagogy that provides the students a guided 
experience in learning through solving complex, real-world 
problems [3].  

Several definitions can be found to identify the process of 
PBL. One definition is “the learning which results from the 
process of working towards the understanding of, or resolution 
of, a problem” [4].  Another one is “the conception of 
knowledge, understanding and education that encourages 
open-minded, reflective, critical and active learning” [5]. 
Howard Barrows, one of the PBL inventors, defined PBL as “a 
total approach to education. In PBL there is a curriculum of 
carefully selected and designed problems.  And there is a PBL 
process, which, among other things, replicates the commonly 
used systematic approach to resolve problems or meeting 
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challenges. Students and teachers roles are redefined. Students 
assume the responsibility for learning and teachers become 
facilitators: stimulating and guiding students in their problem 
solving and self-directed learning” [6]. The common definition 
of PBL is using the problem to drive the learning process and 
asses the outcomes. 

PBL has shown high improvement in students learning 
process including the problem solving skills, group work, 
participation, and attendance [7]. Despite the successfulness of 
PBL in integrating knowledge with real-life problems, there 
are a few challenges facing the diffusion of PBL. Initially, with 
limited exceptions, teachers lack the expertise to transform a 
lecture driven course into a problem-driven course, as they are 
not cognitive or learning scientists. They are experienced in 
teaching and lecturing, thus they have difficulty in changing 
their role to that of a facilitator who guides students instead of 
providing or feeding them new knowledge [8].  Consequently, 
the task of redesigning a classroom and all students’ activities 
can be a daunting and time-consuming task.  Furthermore, 
students are not familiar with PBL-pedagogy and need time to 
adjust new kinds of demands including self-directed inquiry 
and complex problem solving. Some of these challenges have 
been addressed through applying a PBL learning model called 
Tutorial Based Learning (TBL) which incorporates real-
problems with theoretical knowledge, hence TBL improved 
the students grades and participation [9]. Overcoming such 
challenges successfully would require various kinds of 
technical and theoretical support for both teachers and student 
to understand and change their traditional roles into PBL roles 
accordingly. As a result, in this study technological solutions 
were adopted to address these hurdles.  

PBL has wide range of models with different specifications 
such as Wood’s model [10], Maastricht “seven jump” model 
[11], and IMAS model [12]. A PBL model consists of steps 
that form a lesson plan for students to follow in order to solve 
a real-world problem. Applying PBL approach in learning 
environments raised the need for technical support that 
addresses the specification of PBL-pedagogy. According to 
this need the motivation of this study was to provide technical 
support for teachers to design and deliver PBL lesson plans for 
students. This study aims to investigate, design and develop an 
innovative PBL online system that supports teachers in 
designing and delivering PBL lesson plans for students. Also, 
aims to facilitate the design and execution of wide range of 
PBL models with their variations in flexible and reusable 
manner.  

The main objective of this research study is to address the 
most important shortcoming of the existing online PBL 
systems which is that they are fixed into one specific PBL 
model without the flexibility to customize it. Also, they missed 
the support of interoperability and integration, besides that 
they are built based on traditional software development 
methods where the cost of both time and effort is relatively 
high. This study targets building a flexible online PBL system 
that enable representing a wide range of PBL models. 

We found the most appropriate learning management 
systems which can be extended to implement the online PBL 
system. This involves contributing into the professional 
community of both developers and users since the used 
learning management systems is an open source. Also, we 
study and utilize existing PBL scripting language to be 
adopted within the PBL system in order to enable the 
representation of different PBL models and achieve our main 
objective. Besides that, we found the most appropriate way of 
evaluating the developed system based on previous evaluation 
methodology used to evaluate online PBL systems. 

The scope of the study is limited to support PBL learning 
pedagogy in providing a flexible environment for teachers to 
dynamically instantiate PBL lesson plans in an easy, cost-
effective, flexible, interoperable, and reusable manner. The 
PBL elements and relations within a PBL lesson plan are all 
identified based on the adopted PBL scripting language. Also, 
to stimulate the dynamic transformation of the designed PBL 
lesson plans into a run-time environment in which students can 
executed and teachers can monitor and handle the execution of 
the PBL lesson plan elements.  The scope of implementing the 
PBL runtime environment involves implementing only one 
functional aspect for teachers to handle the execution of a PBL 
lesson plan. Also, some functional aspects are implemented for 
students to follow a PBL lesson plan. 

The Significance of this study is to support teachers to 
change their roles into facilitators instead of information 
source. At the same time, students who are used to passive 
listening, note taking, and memorization also need help in 
transitioning to activities that situate learning in the need to 
solve real-world problems.    

II. BACKGROUND AND LITERATURE REVIEW 
Problem-based learning was first developed for face-to-face 

learning environment. However, as the computer technologies 
are growing rapidly, many attempts have been conducted to 
combine PBL with computer supported collaborative learning 
(CSCL). Currently, the high availability of Internet makes it 
possible to implement PBL in online environment that can be 
used in hybrid with face-to-face environment. 

Over the past decade researchers in the area of CSCL have 
developed numerous computer supported online PBL 
environments. Five of these environments were reviewed in 
this study including Socio-Technical Environment for 
Learning and Learning-Activity Research (STELLAR) [13] 
[14], Computer Supported Intentional Learning Environments 
(CSILE) [15], Web-Scaffold Multi-user Integrated Learning 
Environment (Web-SMILE) [16], Collaborative Medical Tutor 
(COMET) [17], and electronic Problem-Based Learning (e-
PBL) [18]. In summary, each of the reviewed online PBL 
environments relies on one specific PBL model. They support 
PBL processes by providing associated structures, resources, 
guidance, and tools. Using these PBL environments, teachers 
and students can easily generate, understand, and conduct PBL 
lessons. They all have a main common advantage for 
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supporting a successful PBL process through providing proper 
and relatively complete environments. Nevertheless, such 
environments might be successful only in certain 
circumstances and might be inappropriate to other situations or 
domains. The practical problem of such environments is that 
they missed the support of interoperability and integration. 
That is users are limited to the functions and data structures 
provided in these environments. They can manually shift and 
transform data from one system/tool to another which is not 
easy for the users and is definitely a time-consuming task. 
Besides that, these PBL environments are built based on 
traditional software development methods where the cost of 
both time and effort is relatively high. Implementing such 
environments to change from one PBL model to another is not 
an easy task, hence the teachers have to follow the limited 
workflow in the software environment they are using. 
Consequently, teachers have less flexibility to customize 
existing PBL models and to apply them in their own desired 
PBL lesson plans. 

PBL scripting language is an Educational Modeling 
Language (EML) developed by Miao et al to support PBL-
pedagogy where PBL scripts are used to structure and support 
technology-enhanced, problem-oriented, collaborative learning 
processes [19]. The PBL scripting language adopted a domain 
specific modeling language paradigm, which supports higher 
abstraction level, requires less effort and fewer low-level 
details to specify a given system than general-purpose 
modeling languages. It is designed for teachers to represent 
PBL models. Additionally, it was developed according to the 
best PBL practices and the well-known PBL models. A teacher 
can use this language to create a PBL process which is 
represented as a sequence of phases and within each phase 
there is a sequence of relevance activities, resources, artifacts 
and collaboration tools. A phase could be problem-
engagement, problem-analysis, aim-and-plan, research, 
problem-resolution, or evaluation. Some examples of activities 
are presenting, identifying, planning and investigating. A 
resource can be used as an input of an activity such as a 
problem source or real-world problem scenario. Artifacts are 
produced and used in activities, such as problem-statement and 
problem-solution. Furthermore, a collaboration tool could be 
chat room, wiki, or discussion-forum. In order to facilitate 
teachers in designing PBL lesson plans easily, a graphical PBL 
script editor was also developed based on the PBL scripting 
language [19]. 

A. State of the art Development 
The formulation of PBL scripting language and the 

development of graphical PBL script editor addressed the 
limited aspects of the reviewed online PBL environments. 
However, using the graphical PBL script editor would require 
from teachers to first design the PBL process. Then to generate 
Unit of Learning (UoL) and use an IMS LD player to execute 
it, which is time and effort consuming. Eventually, a wide 
range of teachers are not familiar with IMS LD, as it is a 
research based specification.  

Currently, the usage of Learning Management Systems 
(LMSs) is widespread over many colleges, universities and 
schools worldwide. Hence, most teachers and students are 
more familiar with such LMSs and they do not tend to 
experience or learn new systems. Teachers can use LMSs to 
dynamically update and manage their courses online [20]. In 
the same time, students can access their courses and 
collaborate with other students any time they prefer [20].In this 
study, Moodle LMS was selected to be customized for 
implementing a PBL design and runtime environment. Moodle 
is an open source system that customizing it is much easier 
than other LMSs. The wide international usage of Moodle and 
its continued growth during the last six years have made it the 
leading open source LMS solution. A previous study, which 
was conducted to show the effectiveness of teaching students 
using Moodle in different university levels, confirmed that 
Moodle “enabled the students to promote understanding and 
greater respect for digital technology” [21]. Beside that 
Moodle provides a comfortable plugin mechanism for 
functional extension and customization. That raised up the 
challenge of adopting the PBL scripting language to extend 
Moodle LMS in which many teachers and students can 
benefits from it. The successfulness of e-PBL to extend 
Moodle towards the support of PBL-pedagogy and its 
limitation to support only the Woods’ PBL model formed the 
basis of this study interest.  

This study involves extending Moodle environment to 
dynamically instantiate a PBL lesson plan by adopting a PBL 
scripting language. This would enable ordinary teachers to 
design and deliver online (and hybrid) PBL lesson plans in an 
easy, cost-effective, flexible, interoperable, and reusable 
manner. 

III. METHODOLOGY OF BUILDING THE PBL PLUGIN 
This study adopted a Model-Driven Approach (MDA) as 

the software development method to extend Moodle platform 
in order to design and implement a PBL design time 
environment based on PBL scripting language.  

In this study, the MDA methodology supports customizing 
the design of PBL lesson plans for PBL teachers. For example, 
when they tend to create a new phase they will get a list of all 
possible phases and their associated activities, recourses, and 
tools based on the PBL scripting language. In this way they 
can easily create PBL lesson plans with less time cost. The key 
challenge of adopting the MDA methodology is the 
transformation of both PBL meta-model and PBL script of 
PBL lesson plans into Moodle platform-specific configuration. 
By applying the MDA methodology to the development 
involved in this study, the system high-level architecture is 
designed as depicted in Fig. 1. The system architecture 
consists of two main parts: design time environment and run-
time environment. The design-time environment supports the 
design of PBL lesson plans. The PBL runtime environment 
used to execute the PBL lesson plans by both teacher and 
students. A basic workflow of the system architecture starts by 
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an ordinary teacher or by any PBL designer that has a desired 
PBL lesson plan. The teacher would use the PBL script editor 
to design the desired PBL lesson plan which is built based on a 
PBL scripting language. After the teacher completed the 
design of his/her desired PBL lesson plan, he/she can reuse 
and share it through a PBL script. Also, a PBL lesson plan can 
be automatically transformed into a PBL runtime environment 
using a PBL open source player. In this study Moodle open 
source was used to implement both the PBL design time 
environment and the PBL run-time environment. Additionally, 
the teacher can instantiate multiple execution of a PBL lesson 
plan that can be used by different teachers and students. 

 
Fig. 1 system architecture 

IV. IMPLEMENTATION  
A PBL Moodle’s plugin was developed to facilitate the 

design and delivery of PBL lesson plans. Normally, Moodle is 
independent from the used operating system within a machine 
since it is a web based platform in which end users can access 
it through a web browser. Moodle is compatible with most 
modern web browsers (e.g. Firefox, Internet explorer, and 
chrome). However, some functionality should be enabled 
within any used browser in order for Moodle to function 
correctly. These functions are Pop-ups, Cookies, and 
JavaScript. The implementation of the new Moodle’s plugin 
involves both a design and a run-time environment of PBL 
lesson plans. The plugin is created according to the predefined 
structure of Moodle plugins. 

A. Design-time Environment 
The design time environment enables all the editing 

functions for teachers to design and create PBL lesson plans. 
Such editing functions include creating, editing, and deleting a 
PBL lesson plan and all its elements.  PBL lesson plan 
elements are phase, activity, tool, resource, and artifact. A 
PBL lesson plan can have many phases and each phase 
consists of different activities. Resources and tools can be used 
by students in activity level to achieve the activity goals and 
submit artifacts as outputs. According to the used PBL meta-
model, the structure of a PBL lesson plan is divided into two 
levels. As illustrated in figure 2, in level 1 the phases of the 
plan are defined while level 2 comprises the activities of each 
phase defined in level 1. According to the complexity of the 
desired PBL lesson plan, the designer can specify the number 
of phases and activities in each level.  

 
Fig. 2 the PBL lesson plan structure 

 
The PBL design time environment read and processes the 

PBL meta-model which is a JASON script file. Then 
dynamically instantiate the list of all PBL elements types from 
the meta-model. This is beside the connections between the 
elements which restricts the relation between the elements. For 
instance, when the teacher creates a new phase, a list of phase 
types will be instantiated dynamically from the PBL meta-
model as in Fig. 3. If the teacher chooses a specific phase like 
“problem definition”, then he/she can create activities within 
this phase. Similarly, when creating a new activity, the 
associated list of activity types for the specified phase will be 
dynamically instantiated from the meta-model. Hence, the 
available activities for the “problem definition” phase are 
shown in Fig. 4. This list of activity types vary from one phase 
to another according to the PBL meta-model. In addition, the 
same procedure is performed when creating a new tool, artifact 
or resource. 

 
Fig. 3 list of phases types in a PBL lesson plan from the PBL meta-

model 
 

 
Fig. 4 list of activities types in “problem definition” phase from the 

PBL meta-model 
 

The teacher can easily share any PBL lesson plan with other 
teachers through the implemented import and export functions 
within the design time environment. Hence, this function is 
built based on the language used within the PBL scripting 

INTERNATIONAL JOURNAL OF EDUCATION AND INFORMATION TECHNOLOGIES Volume 9, 2015

ISSN: 2074-1316 108



 

 

language. In which the designed PBL lesson plan can be 
transformed into/from a PBL script. This involve an 
implementation of a PBL script reader and writer which read 
and write JSON file to be shared and reused by many teachers. 
Having such function would reduce the time and effort needed 
from the teacher to redesign similar plans for the same course 
for different problems. 

Moreover, the teacher can specify the run structure of the 
activities within a phase whether to run in sequence, parallel or 
selective. For example, in case of sequence run structure, the 

teacher can drag and drop the activities of a phase within a 
PBL lesson plan to satisfy the desired sequence. Similarly, the 
running structure of phases can be applied. If the run structure 
is in sequence, then the activity or phase that appears first in 
the PBL lesson plan would run first. A screenshot of the 
implemented design time environment is shown in Fig. 5 in 
which a simple PBL lesson plan is designed. It consists of 
three phases each phase has two activities with the associated 
artifacts, tools, and resources. 

 
Fig. 5 the design time environment of PBL lesson plans in Moodle 

 

B. Run-time Environment  
The runtime environment is a player to manage the 

execution of the designed PBL lesson plans and make them 
ready for student to follow and for teacher to handle. It 
provides the technical support for both teachers and students. 
One functional aspect was implemented for teachers to handle 
the execution of a PBL lesson plan and some functional 
aspects were implemented for students to follow a PBL lesson 
plan. The teacher can open/close a phase/activity at any time. 
The students can follow the PBL lesson plan phase by phase 
and use the available tools and resources. Also, students can 
submit artifacts within activities.  

The run structure specified in the design time of the PBL 
lesson plan was applied to handle the execution sequence for 
both activities and phases. In sequential run structure no time 
overlapping is allowed between the start and end time of 
activities or phases. However, the teacher can force open or 
close any phase or activity at any time. If a teacher forces 
closing an activity or phase at specific time, the end time of the 
activity or phase will be automatically changed to that specific 
time. Additionally, force closing any phase will force closing 

all its activities. On the other hand, force opening a closed 
phase would first close all the open phases and assign the force 
open time as the end time for them. After that, will force open 
the specified phase by changing its start time to the time the 
force open requested. Applying such constrains within the 
runtime environment in the sequential run structure ensure that 
only one phase or activity can be open in a time.  

Furthermore, the teacher can specify the complete condition 
of activities and phases whether to be time limit or user 
control. In case of a time limited activity/phase, the teacher has 
to specify the start and end time for it. Though, the teacher can 
force open/close an activity/phase any time. In case an activity 
complete condition is set to “user control” then the teacher can 
simply choose to open/close an activity/phase as shown in Fig. 
6. Opening an activity will change its status to open. If the run 
structure of activities inside a phase is sequential and there is 
already one open activity, then runtime environment will 
prevent opening new activity and warn the teacher to close 
previous activities first.   
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Fig. 6 open and close icons in runtime environment 

The status of an activity/phase was categorized into three 
types which are not open yet, open, and closed. Each status 
type is identified by a different color as shown in Fig. 7. 
Having such colorful statuses help the teacher in tracking the 
execution of the PBL lesson plan elements at any time. 
Additionally, only activities/phases with open status are visible 
to the students and the others are hidden. 

 

 
Fig. 7 activity/phase possible statuses 

 
As the teacher makes a designed PBL lesson plan visible for 

students, they can work to solve the presented problem by 
following the plan as guidance for them. The students can view 
the current problem information in the home page of the plan 
including the title, description, grade, timing and resources. 
Also, if the students are required to work in groups then each 
student can see a list of his/her group members as shown in 
Fig. 8. This makes it easy for students to identify their group 
members with the ability to exchange direct messages. Sending 
a direct message from one student to another is an important 
feature of Moodle that was adopted in the developed runtime 
environment to ease the communication between students. 
Besides that, the home page of the PBL lesson plan states the 
phases involved in the PBL lesson plan with their status 
(open/close), time (start and end time) and grade. 

 

 
Fig. 8 list of group members for students with the current logged in 

student highlighted 
 
Moreover, another page called “current phase” can be 

viewed by students which shows the current open phase(s) that 
they need to work on. Hence, this page presents the detailed 
description, goals, and list of activities for the current open 
phase. The students can then navigate to the current open 
activities of that phase and see the details of each open activity 
including the activity tools that can be used, the activity 
resources and the required artifacts. For example, “identify the 
problem” is an activity type within “problem definition” phase 
which use two tools; the brainstorming and chat; use a 
resource “problem trigger” as a page; require a submission of 
“problem tasks” list artifact with online text submission 
medium type. Fig. 9 shows the page of an open activity that 
students can view for the illustrated example where students 
can choose to enter an online chat room tool to collaborate 
with their group members. This is besides viewing the 
available resources and submitting a desired artifact. An 
artifact submission page has been developed for student to be 
able to submit and edit their required artifact submission. 

Consequently, students can repeat the same work flow for 
every activity of each phase till all phases are completed to 
reach the end of the PBL lesson.  

 

 
Fig. 9 an open activity workspace for students 

V. EVALUATION 
This section describes the evaluation methodology applied 

to evaluate the usefulness of the developed PBL lesson plan 
plugin in Moodle. 

A. Evaluation of design-time environment by teachers  
This evaluation was applied to a PBL practical session 

conducted at Qatar University. The evaluation of the design 
time environment in the developed Moodle’s plugin comprised 
eight ordinary teachers who participated in the session. They 
had been chosen to represent a wide range of subjects 
including computer science, computer engineering, Arabic, 
industrial engineering, and civil engineering. Additionally, 
they also have come from different teaching levels such as 
teaching assistant, assistant professor, and lecturer. The 
session was self-controlled, as the teachers started using the 
PBL design time environment without any training. The target 
of this evaluation was to test the usefulness of the design time 
environment by teachers. The session lasting one hour was 
distributed in the following manner: 
• The first ten minutes were used to give an introduction of 

the PBL learning methodology and the different models 
involved.  

• The next 40 minutes were consumed to build a PBL lesson 
plan using Moodle. A predefined PBL lesson plan was 
given to each of them which comprised of four phases. 
Each phase had two activities with some interconnected 
tools, resources, and artifacts. The participating teachers 
were asked to create the PBL lesson plan even though no 
prior training was given to them on how to use the design 
time environment of PBL lesson plans. 

• Following this, the teachers were given five minutes to fill 
a survey. The survey consisted of four sections to assess 
the teachers on; the background information, computer 
literacy, usefulness of the PBL scripting language, and 
the design time environment of PBL lesson plans, 
respectively. The last two sections of the survey 
evaluate the usefulness of the developed PBL design 
time environment, while the first two sections used to 
analyze the relation between the teacher’s evaluation 
and their prior background information and computer 

INTERNATIONAL JOURNAL OF EDUCATION AND INFORMATION TECHNOLOGIES Volume 9, 2015

ISSN: 2074-1316 110



 

 

literacy. The last two sections consist of 17 statements, 
for each, the participant has to choose his/her level of 
agreement. (1: strongly disagree, 2: disagree, 3: no 
opinion/unsure, 4: agree, and 5: strongly agree).  
 
The collected data was analyzed using descriptive 

statistics such as mean and standard deviation. Table I 
shows the mean and standard deviation values of the 
analyzed 17 statements. The mean represents the average 
agreement score (1: strongly disagree, 2: disagree, 3: no 
opinion/unsure, 4: agree, and 5: strongly agree) of the eight 
participated teachers for each survey statement. The mean 
scores of all seventeen statements are larger than 3.25 and 
most are near 4.0. The first five survey statements were 
related to the ease of use PBL scripting language, while the 
rest of the statements represented the ease of use PBL 
design time environment. The PBL scripting language was 
part of the evaluation as it was used within the development 
of the PBL design time environment. Obviously, most of the 
participated teachers responded positively on all aspects of 
the evaluation statements for both; the used PBL scripting 
language and the PBL design time environment. 
Additionally, the Cronbach's alpha (α) value was calculated 
to measure the design time environment ease of use scale. 
Hence, the ease of use α scale is 0.835. Nunnally 
recommended that any instrument used in a basic research 
should have reliability of about 0.70 as a base or better [22]. 
According to Nunnally, the resulted α scale of Moodle’s 
PBL design time environment demonstrates that the survey 
concerning ease of use is quite reliable comparing to the 
base value which is 0.70.  

 
Table I Survey results for evaluating the PBL design time 

environment ease of use 

 
 

In order to validate our result from using the cronbach’s 
alpha we provide evidence that the scale of the survey 
statements is unidimensional. As a result, we used 
exploratory factor analysis method in SPSS software in 
order to check the dimensionality. The factor analysis was 
settled to use the principle component method as the 
extraction method for dimensions. The eigenvalue of 
extraction was selected to be 2 as a minimum. By applying 

the factor analysis in the 17 statements the SPSS generate 
the table labeled “Total Variance Explained” as shown in 
Table II. From the table we observe that the eigenvalue of 
the first factor is quite a bit larger than the eigenvalue of the 
second factor (13.023 versus 1.811). This difference is 
shown clearer in the plot diagram shown in Fig. 10. 
Additionally, the first factor accumulate 76.608% of the 
total variance, hence this validate the unidimensionality of 
our concerned factor of the survey which is to evaluate the 
ease of use factor of our developed environment. This 
indicates that the statements of the survey are highly 
correlated to each other, thus the cronbach’s alpha indicate a 
good internal reliability of the ease of use factor of our 
environment. 

 
Table II total variance explained table generated from SPSS software 

for the 17 statements of the survey for the 8 teachers 
Total Variance Explained 

Fact
or 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of 
Variance 

Cumulative 
% Total % of 

Variance 
Cumulative 
% 

1 13.023 76.608 76.608 13.02 76.608 76.608 
2 1.81 10.650 87.258    
3 .840 4.940 92.198    
4 .631 3.710 95.908    
5 .348 2.046 97.954    
6 .348 2.046 100.00    
Extraction Method: Principal Component Analysis. 

 

 
Fig. 10 Factor analysis plot diagram for the PBL design time 

environment evaluation data 
 

Additionally, the results of the first two sections of the 
survey were analyzed. The first section involved 
information about the participated teachers’ prior PBL 
knowledge. Fig. 11 shows the analysis of the prior PBL 
knowledge scale (1: Nothing, 2: a little, 3: basic knowledge, 
4: knowledgeable, 5: expert) and the ease of use mean for 
each teacher where no significant difference was noticed 
regarding the different level of prior PBL knowledge. That 
is teachers with no strong prior PBL knowledge still thought 
that the Moodle’s PBL design time environment is easy to 
use.  

Moreover, section two of the survey involved 
information about the teachers’ computer literacy levels. In 
Fig. 12, each point represents the relation between a teacher 
computer literacy level and his/her ease of use mean. The 
computer literacy level was calculated as the mean of 
different skills levels in different aspects significant for 
using Moodle’s design time environment. The skills were 
regarding the teachers’ use of generic computer tools (e.g. 
Word MS), communication tools (e.g. chat), teaching tools 
(e.g. digitalized whiteboards), and learning management 
systems (e.g. Moodle). On analyzing the collected data, we 
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infer that there is slight positive influence of computer 
literacy level on the ease of use mean, though some 
deviations exist. Despite the fact, some participated teachers 
had little technical knowledge of computers; the majority of 
teachers still thought Moodle’s design time environment is 
easy to use. 
 

Fig. 11 scatter chart of 
teachers prior PBL 

knowledge(x-axis) and ease 
of use mean (y-axis) 

Fig. 12 scatter chart of 
teachers computer literacy 

mean(x-axis) and ease of use 
mean(y-axis) 

 

B. Evaluation of run-time environment by students 
The evaluation of Moodle’s PBL run-time environment 

was conducted through another practical session conducted 
at Qatar University. The PBL run-time environment 
evaluation covered a sample of ten students who 
participated in the session. The students have come from 
different education programs. One student from the master 
program, two students from secondary school, and the other 
seven students were from bachelor program. The conducted 
evaluation organized in term of self-controlled that is the 
students started using the PBL run-time environment 
without getting trained beforehand. This evaluation targeted 
testing the usefulness of the developed Moodle’s PBL run-
time environment for students. 

A complete PBL lesson plan with details about a real 
PBL problem was created for students to solve. The PBL 
lesson plan consisted of four phases; problem definition, 
identification of learning issues, gathering and sharing 
information, and problem resolution. The PBL lesson plan 
was designed for group working mode, so the participating 
students were divided into three groups. 
The session lasting one hour was distributed in the 
following manner: 

• The first ten minutes were used to give an 
introduction of the PBL learning methodology and 
the different models involved.  

• The next 40 minutes, they worked in groups to solve 
a simple online PBL problem using Moodle’s PBL 
run-time environment. They were asked to use 
Moodle’s PBL run-time environment without prior 
training in how to use it. 

• The last five minutes of the session they were asked 
to fill a survey according to their gained 
experience in using Moodle’s PBL run-time 
environment. The survey consists of three 
sections; the first two sections are similar to the 
first two sections of the previously used survey in 
evaluating Moodle’s PBL design time 

environment. While the last section involved 12 
ease of use statements that were created to 
measure the usefulness of the developed Moodle’s 
PBL run-time environment by students. 

The collected survey data for evaluating Moodle’s PBL 
run-time environment was analyzed the same way it was 
done for evaluating the PBL design time environment. Table 
III shows the twelve statements used in the survey together 
with their mean and standard deviation values for the ten 
participated students in the evaluation session. Eventually, 
the mean score for the twelve statements is near 4.0 and 
most are greater. Noticeably, most of the participated 
students responded positively on all aspects of Moodle’s 
PBL run-time environment evaluation statements. In 
addition, Moodle’s PBL run-time environment ease of use 
Cronbach's alpha (α) value is 0.78 which also demonstrates 
that the surveys’ ease of use is quite reliable.  

 
Table III results of evaluating the PBL run-time environment ease of 

use 

 
 

Similarly we validate the result by proving that the data 
of our survey are unidimensional through the exploratory 
factor analysis.  By applying the factor analysis in the 12 
statements, we generate the table “Total Variance 
Explained” using the SPSS software as shown in Table V. 
According to the eigenvalue shown in the table we perceive 
that the eigenvalue of the first factor is larger than the 
second factor (6.009 versus 1.366). Also, the first factor 
accumulates the highest percent 60.09% of the total variance 
which in turn prove the unidimensionality of our concerned 
factor in the survey. The gap between the factors is shown 
clearer in the plot diagram shown in Fig. 13.Through that 
we can conclude that the twelve statements of the survey are 
highly correlated to each other, thus the cronbach’s alpha 
indicate a good internal reliability of the ease of use factor 
of the PBL run-time environment. 

 
Table V total variance explained table generated from SPSS software 

for the 12 statements of the survey for the 10 students 
Total Variance Explained 
facto
r 

Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of 

Variance 
Cumulative 
% 

Total % of 
Variance 

Cumulative 
% 

1 6.00
9 

60.090 60.090 6.00
9 

60.090 60.090 

2 1.36
6 

13.658 73.748    

3 .852 8.521 82.269    
4 .556 5.558 87.827    
5 .493 4.925 92.752    
6 .343 3.429 96.181    
7 .231 2.313 98.494    
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8 .121 1.208 99.702    
9 .030 .298 100.000    

 

 
Fig. 13 factor analysis plot diagram for the PBL run-time 

environment evaluation data 
 

Furthermore, the results of the first two sections of the 
survey were analyzed the same way as described in evaluating 
Moodle’s PBL design time environment. This is because the 
first two sections are common between both used surveys. As 
shown in Fig. 14 the analysis of the students’ prior PBL 
knowledge level and the ease of use mean have no significant 
difference. This means that the evaluations of both Moodle’s 
PBL design time environment and PBL run-time environment 
were not affected by the level of prior PBL knowledge for the 
participated teachers and students. The scatter chart shown in 
Fig. 15, presents the relation between each student computer 
literacy level and his/her ease of use mean. The computer 
literacy level was calculated the same way done previously in 
evaluating the PBL design time environment. Though the 
computer literacy level showed a slight positive influence in 
evaluating the PBL design time environment, a slight negative 
influence appeared in evaluating the PBL run-time 
environment with some deviations. That is some students with 
little computer literacy knowledge evaluated the PBL run-time 
environment more positively than students with higher 
computer literacy knowledge.  However, the majority of the 
students still thought Moodle’s PBL run-time environment is 
easy to use. 

 

VI. CONCLUSION 
In conclusion, this study provides a technical support for 

teachers to apply PBL learning methodology in their courses.  
A PBL online system was proposed for designing and 
delivering PBL lesson plans. The PBL online system consists 
of a PBL design time environment to design PBL lesson plans 
and PBL run-time environment to simulate the execution of 

PBL lesson plans for students. Moodle’s LMS was customized 
to implement both PBL design time environment and PBL run-
time environment. This study used an existing PBL scripting 
language to enable the design and delivery of a wide range of 
PBL models. The design and implementation of Moodle’s 
PBL design time environment facilitate teachers in building 
PBL lesson plans in flexible and reusable manner. Students 
would use Moodle’s PBL run-time environment to follow a 
PBL lesson plan in order to solve a real world problem 
constructed by the teacher.  

According to our evaluation of this study, both  Moodle’s 
PBL design time environment and Moodle’s PBL run-time 
environment are easy to use with Cronbach's alpha (α) value 
greater than 0.7. To the best of our knowledge, no other study 
has built a PBL design time environment and PBL run-time 
environment within an existing LMS to support PBL-pedagogy 
which is making this study a unique international contribution. 
We believe that the developed Moodle’s PBL design time 
environment and PBL run-time environment would inroad the 
PBL learning methodology into education here in Qatar and 
around the world. 

VII. FUTURE WORK 
The future work of this study involves different aspects. 

One is that enhancing Moodle’s PBL run-time environment to 
support different functional aspects for teachers, as within the 
scope of this study only one functional aspect was supported. 
Other functional aspects including feedback function to 
continually give feedback for students for each PBL lesson 
plan activity. Also, providing peer and rubric evaluation to 
evaluate the students work in solving a PBL problem. Another 
functional aspect is a notification function that would notify 
the teacher when the students submit PBL artifacts.  

Additionally, build a repository of PBL lesson plans for 
the teacher within Moodle’s PBL design time environment to 
use and customize PBL lesson plans. Also, a search engine 
that aids the teacher to search the repository of PBL lesson 
plans for the best lesson plan that fit his/her needs from the 
repository. This would save the teacher’s time and effort 
needed to design a new PBL lesson plan.  

The interface of Moodle’s PBL run-time environment 
will be improved in the future according to the students’ 
feedback on the evaluation. Finally, this work inroads the 
development of PBL online system in other LMSs rather than 
Moodle. 
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