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Abstract—Nowadays, instructors apply a large variety of learning methodologies to help learners to achieve the learning outcomes and to assess the
knowledge acquired across the course. Formative and summative assessment
models are mainly applied in multiple combinations independently of the learning environment (on-site, online or blended). When we move to an adaptive
learning, the adaption tends to be in the learning process (learning path, activities, educational resources) mainly related to formative models but little
adaption can be found related to summative models and very restrictive. In the
latter case, grade formulas depending on performed assessment activities are
typically defined to provide a personalized learning process. In this paper, we
introduce the basis of an innovative personalized summative model based on
learner's preferences and effort. Although this model conceptually may allow
passing a course without evaluating all learning outcomes, it is not far from
conventional summative models where a certain grade is required to pass the
course and the learner may not have acquired all the knowledge taught in the
course. The paper introduces the model and it also analyses an opinion survey
on instructors and learners.
Keywords—adaptive assessment, summative model, personalization, learner's
preferences, student’s effort

1

Introduction

In the European High Education Area (EHEA), the instructional process is recommended to be based on a continuous assessment model: Students learn the different
topics through all the course, and they are assessed with different learning activities
and not only with a final exam. This methodology contributes to better acquire the
learning outcomes since there is a continuous learning process during the course.
The previous statement is the recommended model and it can be achieved by following a formative model. In this type of models, learning outcomes, skills and
competences are continuously evaluated to assess the knowledge acquired by the
student and, therefore, continuous feedback can be provided to improve student’s
knowledge. For instance, rubric-based assessment [1] can be used to obtain a score of
an activity based on learning outcomes.
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However, most of the applied formative assessment models are combined with a
summative model due to the complexity to evaluate a learner only by competences
acquisition and to include some final validation (i.e. final exam). In this hybrid models, the summative model aims to grade students by adding several assessment activities during the course and a final validation, and the formative model helps to improve
students' knowledge by providing continuous feedback based on their ongoing performance.
In this paper, we focus on a novel standalone summative model based on student’s
preference and by considering student’s effort. Note that, this model is compatible
with any formative model to boost the instructional process. The motivation comes
from online learning where there are virtual learning environments (VLE) that allow
customization of the learning process, such as the interface presentation or the learning path [2][3][4]. The grading system tends to be hardly specified by instructors and
very constrained regarding how to calculate the grade of the learner. Moreover, student’s effort is commonly not considered since each learner needs different effort to
acquire the same outcomes or competences. In those models, learners tend to adapt
their learning progress based on how they will be evaluated through the course. The
new approach proposes to flip the adaption. The student is not conditioned by the
summative model. By the contrary, the assessment model is adapted based on her own
learning preferences and by considering the effort invested on the course. That is,
each learner may have a different grading model based on her preferences and exerted
effort.
The paper is organized as follows. Section 2 analyses previous work on assessments models and effort estimation. Section 3 focuses on the learning perspective of
the model and Section 4 introduces the mathematical foundations of the Personalized
Summative Model. Section 5 shows the data structure designed to store the
knowledge representation of the model. Finally, Section 6 performs a qualitative
analysis of the model by analyzing instructors’ and learners’ opinions, and conclusions and future work are presented in Section 7.

2

Related Work

In this section, previous work and a motivation example are presented. First, a brief
literature review is performed on hybrid assessment models. Next, different methodologies to evaluate student’s effort are described. Finally, the motivation example is
presented.
2.1

Assessment Models

In the literature, we can find many case studies and methodologies that apply
summative [5] and formative [6] assessment models. If we focus on hybrid models
that combine both models, interesting approaches are found. Authors in [7] reviewed
instructional design models and compared them to instructional strategies in online
courses and proposed a hybrid model to integrate constructivist and objectivist approaches with the instructional design. Another model was proposed in [8] using
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multiple-choice assessment. Here, authors designed a new formative model using
multiple-choice activities commonly used for summative models. Additionally, they
described the advantages of multiple-choice test on formative assessment. In [9], a
model for K-12 education level was proposed based on CBAL (Cognitively Based
Assessment of, for, and as Learning) theory. This hybrid model aims to assess what
students have learned and facilitates the instructional process. Other models were also
proposed for final project evaluation [10], gamification [11] and evaluation of technical skills [12].
There is some discussion related to summative models whether they can be used
standalone to provide a successful learning experience [13][14]. Authors in [15][16]
analyzed particular courses where a summative model was applied and they concluded that they could be used to estimate student's knowledge and performance properly.
As far as we know, few personalized summative models have been proposed. Personalization is tended to be applied in the learning process. Authors in [17] described
a customizable model for undergraduate students and a similar model was proposed in
[18] for learning programming. Even a generic functional model was proposed in [19]
to adapt the assessment.
2.2

Student’s effort and measurement

The model proposed in this paper allows model customization based on student’s
effort. That is, the level of customization depends on the progression of the student
and the effort she exerts during the course.
Here, the first handicap of the model appears: How is the effort evaluated? The effort is not a standard measure and each learner needs different effort to acquire the
same learning outcome. The effort has been analyzed widely in the past decades and
different research studies have been performed.
In the University of Benedict College (Columbia, USA), a policy combining effort
and knowledge assessment is applied from 2004 [20][21]. The summative model
takes into account both measures (knowledge and effort grade) in different proportion
on first (40%, 60%) and following students (60%,40%). The author concluded higher
effort contributes to get better grades and better knowledge.
In [22], a study in grading preference was done in physical education. The experiment concluded that teachers mainly preferred students who showed high effort compared to students with excellent physical abilities.
Previous models seek to maintain the engagement of students through all the
course. Maintaining continuous engagement reduces dropout and the time spent in the
course contributes to acquire knowledge. Authors in [23] evaluated how selfregulation could also affect knowledge acquisition. They found evidences revealing a
positive relationship between engagement, effort and classroom performance on selfregulated students.
Effort can be measured using different strategies as we describe next:
• Time spent studying (or time on task) is an easy estimation. Here, different
evidences have been used to collect the effort: student’s self-reports [24], the
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period of the week (i.e. daily or weekend) [25], class attendance [26], consistent effort across semester [27].
• Time off task [28]. Inversely, this estimation evaluates the time spent on the activity when the student is thinking about other tasks. If a student has a high time off
task in one activity, she will feel that the task requires less effort.
• Mental effort [29][30] is defined as the amount of capacity or workload used by a
learner to achieve a learning outcome. Note that, this effort is unrelated to time on
task since mental effort evaluates the perception of the learner. This effort is also
typically measured through learner’s reports.
As we can observe, all these measures are subjective. There is no standard evaluation scale. However, it can be used to create a custom scale that can help to assess
student’s effort.
Other validation experiments analyzed previous measurements with the acquisition
of learning outcomes [31][32]. Significant results were found distinguishing different
student’s profiles depending on the goal objective (i.e. obtain the best score or pass
the course with the least effort). Another relevant conclusion is that all previous estimations are directly related to the outcome acquisition.
The next section introduces a motivation example: A simple score-based summative model with a very limited customization.
2.3

Motivation example: Score-based summative model

In this section, we motivate the new summative model. Authors in [33] described a
score-based assessment system that combined formative and summative assessment
and it could be used to define a broad set of models based on the type of assessment
activities deployed on the course and the percentage of the score assigned to each
activity. For example, let us assume the next summative model:
FM = MAXIMUM (35% CA + 35% FP + 30% FE, 50% FP + 50% FE)

(1)

where the final mark (FM) of the course is computed based on two different
models. The first one takes into account the continuous assessment (CA) activities
performed during the course, a final project (FP) during the last month of the course
and a final exam (FE). The second model only takes into account the final project and
the final exam for students that have not passed the continuous assessment activities.
In this model, the learner could decide in some way which learning model wants to
follow: a more formative one which is aligned with the different competences learned
on each unit of the course or a more summative one based on a final project and a
final exam that evaluate all the knowledge acquired during the course.
This type of adaption on the assessment model is very constrained. However, this
adaption can be enriched by increasing the number of possible customizations. In this
paper, we propose a novel summative model where the learner can select which activities she is interested in performing. Note that, the learner will be able to avoid even a
final exam depending on her preferences.
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However, the learner should have some limitations in this customizable model and
not all students should be able to select the same preferences. We have to preserve the
principal objective of the course from an educational point of view, that is, to acquire
the learning outcomes of the course. For this reason, we propose that the learner
should select the available preferences depending on previous effort or prior
knowledge proved during the course.
Previous to describe the foundations of the proposed model, we discuss the learning perspective of the model. That is, the items that can be customized and the
evidences that can be used to extract the effort exerted by the student.

3

Learning Perspective

This section puts emphasis on the learning perspective of the model. The customization items can be anything related to the calculation of the grade of students. We
have identified the next items and some justification for each one is also provided.
• To add extra points to assessment activities: This is a common customization used
on courses. When the learner performs some extra activities during the course, she
can be rewarded with extra points on the mark. On the learning perspective, we can
assume that the learner has reinforced her knowledge through the additional exercises. Note that, a range of different points (i.e. 0,25, 0,5, 1, …) can be defined depending on the learner’s effort.
• To extend the submission date: The learner can extend on demand the deadline
when an activity must be submitted. On the learning perspective, this extension enables the possibility to improve the activity, practice the skills, acquire the
competences, and get a better grade.
• To avoid an assessment activity: This is a more serious item. The student can decide to avoid an assessment activity and, therefore, the grade calculation formula
should be readjusted based on the set of performed activities. Note that, the item
can be added to any activity, even the final exam. The effort cost should be adjusted depending on the criticality of the activity in the assessment model. On the
learning perspective, the learner should prove previous to the activity that she has
acquired the knowledge addressed on the avoided activity.
• To avoid an exercise within an activity: This item is a particular example of the
previous one. On complex activities, the learner could decide to avoid a particular
question. The effort cost should be significantly less compared to the previous one
and, in this case, only the grade of the activity should be adjusted. Learning concerns are similar to the previous one but they are less critical.
• To invalidate an activity already graded: A learner may not pass an assessment
activity and the final score can be highly affected due to the importance of the activity on the assessment. A student could decide to cancel the activity and, therefore, to improve the final score. The cost effort should be less than avoiding the
activity since the learner has tried to perform the activity and she has practiced the
skills and competences assessed on the activity. On the learning perspective, there
are multiple concerns. On the one hand, the student may submit an empty activity
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and she can invalidate it with a less effort cost. On the other hand, the learner has
tried the activity and she has failed. Therefore, the competences have not been
completely acquired.
• To remove constraints in the final mark computation: In some summative models,
there are hard constraints that learner must fulfill to pass the course. For example, a
grade larger than a certain grade must be obtained from one activity to apply the
grading formula. These constraints avoid learners to pass even having high grades
in other activities. On the learning perspective, the learner proves with the extra activities knowledge acquisition and if the learner has high grades in some activities,
we can assume that most of the competences have been acquired. In this case, the
cost effort can be less than avoiding an activity, since this item can be defined as a
safeguarding item.
• To see an assessment exercise within an activity previous to the publication date:
This item is interesting for activities with a limited time such as final exams.
Therefore, the learner could receive the statement of an exercise before the publication date to try to solve it. On the learning perspective, the student practices the
competences before the activity and, therefore, the objective to learn is also met. In
this case, the cost should be taking into account the points assigned to the exercise
in the activity and the cost effort assigned to items related to extra points.
• To change the type of assessment activity: Some courses deploy different activities
depending on the level of expertise or the average mark of the learner. Some activity can be more complex such as a final exam, and others can be less complex such
as a multiple-choice questionnaire. This item enables the option to change the type
of assessment activity on the fly even if the constraints to activate the less complex
activity have not met. The cost should be proportional to the type of activity (final
exam, continuous assessment activity, etc.). On the learning perspective, the
assessment objective of the activity is the same. Therefore, the same knowledge
will be assessed.
Note that, this list is not incomplete and more customization items can appear on
courses depending on the resources, the activities and the domain of the course. Some
of these items may alter the model significantly and it may have a high impact in the
grade computation. Therefore, the inclusion of limitations on incompatible items (i.e.
items that may generate an invalid model to obtain a score) is a good design decision
and it is recommended for all courses.
The evidences are also an important issue of the model. The instructors should decide which ones related to the course can prove student's effort. Here, we summarize a
possible list. Similar to the previous list, more evidence may appear depending on the
context the model is applied:
• Non-assessment activities: In some courses, there is a list of exercises to practice
the contents of the course or some recommended task, i.e. to read some textbook.
These activities are not considered in the assessment, since they are recommendations in the formative part of the course. However, the student invests a significant
effort doing these activities and this effort can be collected.
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• Additional assessment activities: Some assessment activities can be defined to
practice some contents of the course, i.e. the use of a specific tool. The effort can
also be taken into account.
• Presence on communication channels and discussions: Some students are active in
the communication channels of the course, such as, discussion forums to ask questions and help other learners. This contribution to the collaborative knowledge construction can also be collected.
This is a brief list that can be enlarged with further evidences. Instructors will need
instruments to collect them. Automated computer-assisted instruments can be used in
online and on-site learning. These tools are preferable since they reduce overheads on
manual administration tasks. However, simple instruments such spreadsheets or manual reports could also be used.
This model can be hard to assimilate for instructors and it can be difficult to explain
to students. Instructors are used to define the grading model with some constraints. In
some cases, some extra points are rewarded based on the progression of the learner
during the course. The proposed model is an extension of the simple reward system of
giving points. A student can make an extra effort during the course such as practicing
different exercises and the summative model can be customized based on this effort.
Another concern in the learning perspective is that student can avoid assessment activities where some critical content of the course is evaluated. Therefore, instructors are
unable to assess this knowledge. Assuming a precise effort assignment for each item, if
the learner can select an item, this implies that the learner has invested an effort in
some parts of the course that should compensate entirely or partially the criticality of
the activity. Moreover, similar to other summative models, it is not mandatory to acquire all the competences and learning outcomes of the course. Most of the models, a
mark larger than the half of the total points is sufficient to pass the course.
If we refer to students, the model can be described as a reward system based on
continuous assessment evaluation. More proactive students will be able to select some
benefits compared to learners that only perform the mandatory assessment activities.

4

Personalized Summative Model

After knowing which customization items can be applied and which evidences can
be collected, we are ready to define the personalized summative model mathematically.
As aforementioned, the objective of the model is to provide to the learner a customization method to add preferences on his summative model based on the effort exerted
during the course. The objective of this section is to introduce the model and define the
mathematical constraints.
The Personalized Summative Model (PSM) has two main components:
1. A set of customization items1 (I) on the assessment. These items are related to all
the elements of the assessment and in all parts of the course. For instance, an assessment activity, an exercise of an assessment activity, some extra points in some
assessment activity, among others.

1

Hereafter, we will indistinctively talk about customization items and items.
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2. A set of evidences (E) that proves the effort exerted by the student. As we described previously, not all students should have the same customization items.
Therefore, the model needs to capture the effort employed by the student regarding
evidences. An evidence can be any set of data that prove effort such as the evaluation of an activity, meaningful messages in a discussion board or forum; or traces
of the learning material the learner has read, among others.
Based on these components, we can define some constraints onto the model.
Definition 1: Given a set of customization items ! ! !!! ! !! ! ! ! !!! ! the compatible
customization item matrix ! defines the set of compatible customization items that
can be selected for a model such that
!!!"!!! ! ! !! are compatible!
!
(2)
!!!" ! !! ! ! !! ! ! !! ! !!!" !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!otherwise
!
The first definition defines the set of customization items and the relationship
among them. The matrix defines the set of items that are compatible among them and
it helps to avoid the selection of preferences that could generate an invalid model. For
instance, for the model of Equation 1, the matrix would set as incompatible the items
related to avoid the final project and the final exam.
Definition 2: Given a set of customization items ! ! !!! ! !! ! ! ! !!! !and a compatible customization item matrix !, a learner can select a set of customization items
!" ! !"!! ! !"! ! ! ! !"! such that,
!!"! ! !"! ! !"! !"! ! !"! ! !! ! ! !!" ! !! ! !! ! !!

(3)

!
A learner should be able only to select items inside the model and only the compatible ones. There is no point to select incompatible items, since the summative model
will be inoperative to assess the knowledge acquired in the course.
Definition 3: Given a set of evidences ! ! !!! ! !! ! ! ! !!! and a set of completed
evidences by a learner !" ! !"!! ! !"! ! ! ! !"! ,
!!"! ! !"! !"! ! !! ! ! ! !

(4)

!
Let us assume that we can generate evidences of the acquired learning outcomes,
skill or competences acquired by the learner. Similar to Definition 2, we specify the
relationship between the set of available evidences and the evidences triggered by the
student. Note that, these evidences can be specified in multiple ways with respect to
the competences of the course, one(evidence)-to-one(competence), many-to-one or
one-to-many. This correspondence should be created manually by defining all possible evidences of each course.
Previous definitions define the set of components the learner can collect but it remains to define the relationship between customization items and evidences. Any
learner requires a certain amount of effort to acquire knowledge. This effort can be
applied on reading a learning material, by performing an assessment activity or by
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solving exercises not associated with any assessment of the course and it can be
estimated by using the techniques described in Section 2.2.
This effort can be associated with both components: customization item and
evidences. In a customization item, it can be seen as the equivalent effort a learner
normally invest to achieve the item. In an evidence, it can be viewed as the necessary
effort to complete or trigger the evidence.
Note that, the estimation of these efforts is not easy, it may depend on of the course
and it also should take into account the type of learner (i.e. a new learner or a repeater
do not need the same effort to complete an evidence [20]). This study is left as future
work. Here, we assume a manual assignment of effort to customization items and
evidences.
Let us assume that we have estimated the effort required to trigger each evidence
and the effort associated with each customization item. The following definitions state
that each evidence and customization item has an estimation effort coefficient.
Definition 4: Given a set of customization items I, there is a set of effort coefficients !! ! !!! ! !! ! ! ! !!! that establish the effort cost needed to select each customization item such that
!!! ! !! !!! ! !! ! !! ! !! ! ! ! !!

(5)

!!! ! !! !!! ! !! ! !! ! !! ! ! ! !

(6)

!
Definition 5: Given a set of evidences E, there is a set of effort coefficients
!! ! !!! ! !! ! ! ! !!! that establish the effort cost needed to complete each evidence
such that
!
Note that, Definition 4 and Definition 5 can be applied to any set of customization
items and evidences. That is, they can also specify the set of effort coefficients for the
selected item and triggered evidences for a learner. The effort coefficients for the
selected customization items and completed evidences by a learner are denoted as !!"
and !!" respectively.
Property 1: Given a set of customization items I and a set of evidences E for a
PSM model, a set of selected customization items SI and a set of triggered evidences
SE for a learner; we can define the next constraint for the respective sets of effort
coefficients !! , !!! ! !!" , and !!" :
!! !!!!!"

!! !

!! !!!!!"

!! !

!! !!!!!

!! ! !

!! !!!!!

!!

(7)

!
Property 1 specifies that the total effort associated with the selection of customization items is less or equal to the total effort of the triggered evidences and, consequently, to the total effort required to complete all evidences. Additionally, the property also specifies that the total effort cost of all items of the model is always larger
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than the total effort of the selected ones. This last constraint ( !!!!!!! !! ! ! !!!!!!! !! )
is crucial for the model since we clearly define that the model does not allow to select
all items. In other words, the model will have some incompatible items that cannot be
selected at once by a learner.
Property 2: Given a set of customization items I and a set of evidences E for a
PSM model with the corresponding sets of effort coefficients !! and !! , we define the
complexity coefficient ! ! ! ! ! such that
!! !!!!!

!! ! !

!! !!!!!

!! !and !!! ! ! !!! !!!! !

!! !!!!!

!!

(8)

!
The complexity coefficient ! constraints the number of items that can be selected
from the model based on the total effort of all items. On values near to 1, mostly all
items can be selected (all items cannot be selected as stated by Property 1),
meanwhile for values near to 0, a small set can be selected. The second constraint sets
a lower bound for the total effort of evidences requiring that all items should be selectable. That is, there is no item with an effort larger than the total effort of evidences.
Note that, this is a simple model that establishes a unique effort estimation through
the course. This implies that the acquisition of different knowledge is abstracted to a
unique effort value and this effort can be exchanged for any item (i.e. even items
without any relationship with the evidences which provided the effort). However, this
model can be extended to various effort estimations allowing a more complex model.
This second approach could refine the correlation between different effort estimation
and items.
Also, we can enhance the model by defining different coefficient efforts to each
learning outcome or competence. Different coefficient efforts can provide a more
fine-tuned model where evidences will be associated only with the set of customization items related to the same learning outcome. However, we consider that these
more complex approaches at this stage of the research are out of the scope.

5

Data Structure Information

This section describes the data structure for storing the information proposed for
the personalized summative model. Note that the design has been performed from
scratch based on the necessary knowledge to be stored. The proposed structure contains the minimal information required to collect all the completed evidences and
select the desirable customization items.
A UML representation can be seen in Figure 1. The model has been designed similar to a payment transaction system (i.e. banking system) where the currency is the
learner effort. The main entity is transaction that can be seen as the effort account of
the learner. It is the responsible to store all the customization items and evidences that
a learner has selected and completed respectively. The entity stores each transaction
the learner performs and it keeps the balance of the available effort. Note that, the
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available effort is restricted to be always positive. The model facilitates the tracking
of the effort by assigning a positive effort to evidences and a negative effort to the
customization items. Thus, a positive effort on transactions denotes effort acquired by
completing evidences and not yet consumed by selecting customization items.

Fig. 1. Data structure of the Personalized Summative Model

A transaction belongs to a learner and it is associated with a course. Thus, a learner
can have different active PSM models but each one is associated with a unique
course. Note that, a transaction can be only performed by two types of items: customization items and evidences and they have an associated coefficient effort as we defined in the previous section. Note that, the model also stores the compatible set for
each course using the is compatible with relation.
Finally, each evidence is evidence of a course and a customization item is item of a
course. These two relations help to specify the set of evidences and items for each
course. Here, we assume that evidences and items are different for each course and
this assumption simplifies the model significantly when the effort is assigned to each
item. Although evidences and customization items can be similar across courses, if
we assume that they are different, the effort assignment is set to each item individually. The course entity also defines the complexity coefficient to limit the maximum
effort that can be achieved by triggering evidences and the transaction entity keeps the
maximum effort earned by each learner to facilitate the checking of the constraint.
Currently, the model does not store relationship with learning outcomes. We assume that the manual definition of evidences subsumes the set of learning outcomes
of the course implicitly.

6

Analysis Opinion Survey

The PSM model has not been yet implemented since an analysis of the customization items and evidences that can be applied should be performed prior to their utiliza-
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tion. Similarly, the effort estimation must be further analyzed. Moreover, depending
on the context of the course (online or on-site), a system should be designed and deployed to facilitate the utilization of the model.
At this stage, we have performed a qualitative evaluation of instructors’ and learners’ opinion as potential users of the PSM model. Precisely, different surveys have
been used. Instructors are queried about the potential of the model and learners are
questioned based on the set of items we have defined in the previous section.
6.1

Survey to instructors

For this purpose, a survey was performed to give an opinion of the new model. The
Likert scale was used ranging from 1 to 5, being the larger value five meaning that
they strongly agree with the statement. At the end of the survey, there is also an open
question to gather critical comments and valuable opinions not collected in the previous statements.
The statements were the following ones:
1. The model is conceptually easy to understand.
2. The model can be used in a higher education context.
3. The model can be easily deployed on a course.
4. The proposed customization items are easy to understand.
5. The proposed customization items are acceptable based on the learning perspective.
The survey has been performed on ten teachers of courses related to high education
courses in Computer Science. We are aware that it is a too small sample and a largescale survey should be done to obtain conclusions. The objective of this short survey
was to get first impressions of the new model and detect advantages and drawbacks to
improve it. An extensive survey is planned as future work. Results are summarized in
Table 1.
Table 1. Results of the instructor's survey (1 to 5 scale, 5 is better)
Statement

Instructor

Avg.

1

2

3

4

5

6

7

8

9

10

1

4

5

4

3

5

4

4

5

4

5

4,3

2

5

5

5

4

5

5

5

5

4

5

4,8

3

3

4

3

2

4

3

4

4

1

3

3,1

4

5

4

5

3

5

5

5

5

3

5

4,5

5

4

5

5

3

4

4

4

5

3

4

4,1

The first statement evaluates the complexity of the model based on the objective of
the model and the mathematical constraints. Instructors agree that is easy to understand.
The second statement evaluates the perception whether this model can be applied
in a high education context. All instructors agree with the statement. On the open
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question an instructor argues that it should be interesting to describe how the model
can be combined with a formative model to boost the instructional process.
The third statement obtains the lowest rating. At this stage the instructors do not
see clearly how they can apply this new model to a course. In the open question, they
argue different concerns: 1) it is hard to define the customization items and the
evidences. 2) there is no instrument to estimate the effort cost of the customization
items and the evidences. 3) The effort is subjective and it can be overestimated or
underestimated for different items and evidences and for each learner.
The fourth statement evaluates the complexity of the defined customization items.
The instructors mostly agree with the statement that they are easy to understand.
However, in the open question, there is a concern related to how some of them, such
as cancel an activity or an exercise, can really be managed during the course. Also, an
instructor found a pitfall in the customization item “to cancel constraints”: A learner
can submit an empty exam equivalent to avoid the exam with less effort.
Finally, instructors partially agree that the customization items can be acceptable
based on the learning perspective. There is a concern in the open question related to
which learning implication has that a learner can avoid or cancel an activity. Is it
acceptable? or has the learner to prove (be assessed) the knowledge in another way?
At this stage, we consider that this appraisal is acceptable. Instructors accept the
model as a possible one. However, they have several concerns that should be
discussed in the next steps of the research. A previous analysis should be performed
on courses since the customization items and the evidences have to be defined.
Although, the list described in the previous section cannot be applied straightforwardly, each course has particularities that imply that the list of available items and
evidences should be specifically defined.
Additionally, instructors need more instruments. In particular, they need specifically how to estimate the effort cost, how to manage the effort performed by each learner
and how to manage the selection of evidences for each student. These instruments
should be deployed by a specific system which should support the complete model.
6.2

Survey to students

Another questionnaire has been performed on students. The aim of the study is to
query which customization items will be preferred by the students since some of them
may not be attractive to them.
The survey has been performed on the course Computer Fundamentals of the Degree of Computer Science of the Open University of Catalonia that is a first-year
course with a large number of students (around 350 students per semester). The contents of the course are related to the introduction of digital systems design.
The course is composed of three continuous assessment activities (CAA), one final
project (FP) at the end of the semester and an on-site final exam (FE). The CAA are
related to contents of numeral systems, combinational circuits and sequential circuits.
The final project is intended for practicing all the knowledge acquired during the
course to build a sequential circuit based on a finite state machine. Finally, the final
exam assesses particular knowledge acquired during the CAA.
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Table 2. Results of the student's survey (0 to 5 scale, 5 is better)
CAA1

CAA2

CAA3

AC

FP

FE

To add extra points (1 point)

Average score for activity / item

1,3

2,1

3,0

3,6

3,9

4,3

To extend submission date (2 days)

1,5

2,2

2,8

-

3,6

-

To avoid an activity

2,0

3,3

3,5

0

4,4

4,7

To avoid 1 exercise within an activity

2,0

3,1

3,3

-

4,1

4,6

To cancel an activity

2,1

2,5

3,0

0

3,9

4,5

To nullify constraints

-

-

-

-

3,8

4,1

To see exercise statement previous publication date (1 day)

0

0

0

-

0

4,0

To change type activity (problem-based exam
to multi-choice questionnaire)

-

-

-

-

-

4,2

The final mark is computed based on Equation 1 where we can observe that the
continuous assessment (CA) is optional. However, the FP and FE are mandatory with
a minimum score of 4 points.
Here, the customization items defined in Section 3 have been distributed on each
activity. Note that, some items have been avoided since they were not applicable in
the activity, i.e. extension of the submission date is not applicable on an on-site final
exam since the exams are institutionally scheduled and this schedule cannot be modified. A Likert scale ranging from 0 to 5 has also been used, being the larger value 5
meaning that they strongly agree with the relevancy of the item; and 0 meaning that
the item is not relevant for the activity. For each item, the average score on the Likert
scale has been computed.
The survey has been introduced as an additional non-mandatory activity (not included in the assessment of the course) at the end of the semester (near the submission
of the final project). Note that, at this stage of the course, learners know how the
course is distributed and the difficulty inherent in each activity (except the final exam)
and the final mark computation. Therefore, this experience is excellent to analyze
where customization items could be better deployed. The survey was answered by
143 out of 345 students (41%).
As we can observe in Table 2, learners give more importance to items on activities
that have more impact in the final mark computation, i.e. CA, FP and FE. This is a
consistent result. The objective of the item is to customize the summative model.
Therefore, students prefer to customize more complex activities that have more impact on final mark computation. The more relevant item is to avoid the final exam
followed by avoiding one exercise of the final exam. To cancel the exam and to avoid
the final project are the following preferences.
Another interesting result is that some items are not relevant at all. To see an exercise statement of a CA activity previous to the publication date or to cancel or not to
perform a CA activity are not selected by any student. Note that, not to perform the
CA is inherent on the grade computation formula described by Equation 1.
This survey gives first insights that these items are relevant for students. However,
we are aware that these results may differ from other courses and different final mark
computation models.
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7

Conclusions and Future Work

In this paper, we have presented a novel summative model based on learner preferences. Learners are able to customize their summative model based on their level of
engagement and effort during the course.
Mathematical constraints to build the model and the learning perspective of the
model have been described. Additionally, a survey to instructors and learners has
been presented to analyze first opinions about the new model and the defined customization items.
Currently, the model has many unsolved challenges. First, the effort should be estimated. The models presented in Section 2.2 can be used or even a combination of
them. A statistical model will be constructed as an instrument to estimate the effort
for each course efficiently. Evidences should be carefully defined since they may
have different formats or unstructured and their collection should be analyzed. Online
and on-site learning should also be taken into account when defining them. Online
learning will be easier to collect and process evidences since VLE combined with
learning analytics systems can provide deep reports for each learner. Whereas on onsite learning can be more difficult since evidences should be gathered manually.
However, it is feasible to gather effort in face-to-face settings as stated in the literature described in Section 2.2.
More complex challenges appear when learning outcome are assessed. The current
model assumes a unique effort estimation for all learning outcomes and, therefore, the
effort collected on evidences could be invested in any customization item. But
evidences should be classified based on the type of learning outcome where they have
been collected and the effort received should be consumed on preferences compatible
with the outcome. Thus, the effort has a certain label associated based on the
practiced knowledge performed during the completion of the evidence.
Finally, this model may have some criticism from academic institutions or quality
agencies since it clearly states that some competences it may not be learned or assessed. However, as we described in the introduction, this model is not far from current models where not all the competences are assessed in the activities (i.e. the instructor decides which knowledge is really assessed on each activity) and where the
learner usually needs the half of the total score to pass the course. The difference is
that in the PSM model is the learner who decides which knowledge is avoided during
the assessment activity. All these open challenges will be addressed as future work.
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Abstract—An English idiom is a special combination of words, the meaning of which is not the simple addition of its constituents but a special meaning.
English idioms are widely used by English native speakers, which are very important for English as a second language learners. Chinese learners are poor in
English idioms comprehension, and they need to adopt a new method for improving their English idioms comprehension. S-S-P-C model means analyzing
an English idiom from syntactic, semantic, pragmatic, and cultural perspective,
which was applied in a teaching experiment among college students for one
semester. The teaching experiment shows that S-S-P-C model is an efficient
method for Chinese learners to help improve their English idioms comprehension.
Keywords—Teaching experiment; English Idioms comprehension; Chinese
learners

1

Introduction

English idioms are widely used by English native speakers in daily conversation
and written language.[1] For English as a second langue learners, grasping a suitable
amout of English idioms is very necessary, which signifies how well he or she learns
the Englihs language. However, English idioms comprehension and acquisition is a
tough task for most of Chinese learners, who spend lots of time on English learning
but achieve less. Chinese learners attach great importance to English words, neglecting English idioms. What are idioms? The definition of idioms vary from each other
in different languages. The Chinese language is a long-history language, which boasts
of a large amount of vocabulary. “In Chinese lexical system, Chinese idioms are a
typical unit. As an individual type in the domain of idioms, most Chinese idioms have
some unique qualities. One of the design features of most Chinese idioms on the dimension of form characteristics is the four-character form----- the Chinese lexicon
provides an exact number of the characters in such a unit.” [2] Different from Chines
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idioms, English idioms are “metaphor, indirect speech acts, sarcasm, irony, metonymy, and many other linguistic constructions”. [3] Idioms as multiword expressions are
lexicalized: “they have the semantic unity of single words but the grammatical flexibility, though in varying degrees, of phrases, semi-clauses, and clauses, which indeed
the majority is”. [4]An English idiom is a combination of more than one word, the
meaning of which is not the simple addition of its constituents’ literal meanings. The
meaning of an English idiom cannot be deduced from the literal meanings of the individual words constituenting the idiom. Therefore, Chinese learners should adopt a
different method when comprehending or acquiring English idioms.
Based on previous reseach, we proposed a model of English idioms comrehension,
which is called S-S-P-C model. In this model, the first S stands for syntactic analysis,
the second S stands for semantic analysis, the P stands for the pragmatic perspective,
and the C stands for the cultural perspective. Specifically speaking, when comprehending an English idiom, a learner can try to analyze the idioms from the four aspects:
syntactic, semantic, pragmatic, and cultural. Take the idiom “come true” as an example. Syntactically, “come true” can be sorted into the pattern of Verb + Complement.
Therefore, it will bear some characteristics of this pattern. “Come true” will act a
predicate like a pattern of Verb + Complement. Only has a student grasped the grammatical usages of “come true”, he can make correct sentences, like “my dream has
come true”. Otherwise, he may make wrong sentences, like “my dream is come true”.
Some other idioms can be set about like that from the perspective of semantics, pragmatics, and cutural. In order to examine whether this model of English idioms comprehension was efficient, we conducted a teaching experiment of the S-S-P-C model
of English idioms comprehension among college students for one semester.

2

Experimental section

2.1

Pre-test and a Group Interview

Before beginning the teaching experiment of S-S-P-C model, we conducted a pretest and a group interview. We chose college students as subjects. The students, who
were non-English majors, were sophomores from Guangxi Normal University for
Nationalities. The students’ majors cover Chinese majors, Law majors, Physics majors, Chemistry majors, and so on. All students from ten classes participated in the
pre-text. Forty two students were from Class One, which would be the contrastive
class, and forty students were from Class Two, which would be the teaching experiment class. The number of students from Class Three to Ten ranged from forty to
forty-three. We chose forty English idioms randomly from Oxford Dictionary of Idioms edited by Judith Siefring as the material for the pre-text. The forty English idioms
were not included in the subjects’ textbooks. The subjects were expected to translate
the English idioms into Chinese. If an idiom was translated correctly,the subject
would score 2.5 marks, or else he would score zero. The scores were analyzed by
SPSS 17.0. Ten classes’ scores of English idioms test are displayed in Table 1.
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Table 1 shows that average scores of each class range from 30 to 35. The average
scores of Class 1, which will be the contrastive class, are 29.10; Std. Deviation is
14.062; Std. Error is 2.170; Lower Bound of 95% Confidence Interval for Mean is
24.71; Upper Bound is 33.48. In contrast, Class 2 will be the teaching experiment
class, and its average scores are 33.35; Std. Deviation is 15.448; Std. Error is 2.443;
Lower Bound of 95% Confidence Interval for Mean is 28.41; Upper Bound is 38.29.
The low average scores of English idioms test indicate that students from the ten
classes are very poor in English idioms learning, including the would-be contrastive
class and the teaching experiment class. In order to examine whether there were significant differences in English idioms learning between the ten classes, we conducted
test of homogeneity of variances and one-way Analysis of Variance (Anova).
In Table 2, which is the result of the test of homogeneity of variances,
P=.204>0.05, which shows that the data is suitable for one-way anova.
The one-way Anova in Table 3 shows that P=.211>0.05, which demonstrates that
there is no significance difference between different groups.
Table 1. Ten Classes’ scores of English Idioms Test
95% Confidence Interval for Mean

Class

N

Mean

Std. Deviation

Std. Error

Lower Bound

Upper Bound

1

42

29.10

14.062

2.170

24.71

33.48

2

40

33.35

15.448

2.443

28.41

38.29

3

43

36.95

15.933

2.430

32.05

41.86

4

41

35.51

16.078

2.511

30.44

40.59

5

41

32.56

14.342

2.240

28.03

37.09

6

43

31.47

14.494

2.210

27.00

35.93

7

43

29.09

12.939

1.973

25.11

33.08

8

41

35.12

15.603

2.437

30.20

40.05

9

41

33.49

15.611

2.438

28.56

38.42

10

43

31.16

13.327

2.032

27.06

35.26

Total

418

32.76

14.862

.727

31.33

34.19

Table 2. Test of Homogeneity of Variances
Levene Statistic

df1

df2

Sig.

1.361

9

408

.204

Table 3. One-way Anova
Sum of Squares

df

Mean Square

F

Sig.

Between Groups

2656.808

9

295.201

1.347

.211

Within Groups

89445.788

408

219.230

Total

92102.596

417
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In conclusion, the pre-test shows that college students from the ten classes are poor
in English idioms learning and there is no significance difference between different
classes, which lays a foundation for our further study.
In order to know the ins and outs of students’ acquiring English idioms, we conducted a group interview. Six students among teaching experiment class were chosen
randomly to be interviewed. The interviewed questions are: Do you think English
idioms are more difficult than words? How do you learn English idioms?
About the first question, all the interviewed students admitted that English idioms
were much harder to learn than English words and they felt frustrated about idioms
learning. As to the second question, students gave different replies, which are transcribed as follows:
Student A: I have no special methods. When I learn English words, I try to memorize their spellings and their equivalent Chinese meanings by rote learning. I think
idioms are just like words, so I adopt the same methods.
Student B: I have no special methods, either. An English idiom has an equivalent
Chinese meaning. I have to memorize it just like a word. For example, put across, one
meaning of which is to express, is just like a word. I cannot get its meaning by adding
the meaning of “put” with the meaning of “across”, so I have to remember that “put
across” means “express”, and I use the idiom “put across” in a sentence just like I use
the word “express”.
Student C: Idioms are special, which are somewhat different from words. For some
idioms, I learn them by rote learning, such as “pick up”, “bring up”, “put across”,
each of which is a single unit, just like a word. For some idioms, I can link them to
other things. For example, “be the last straw” is an interesting idiom. When I come
across it, I remember that there is a nearly same saying in Chinese, so I conclude that
it must be the same meaning as the saying in Chinese. However, this sort of idioms
are not many; moreover, sometimes an English idiom has a completely different
meaning from that seemingly similar Chinese equivalent, such as “eat ones words”,
which is nearly the same as “Shi Yan”. “Eat ones words” means that “confess that
one’s predictions were wrong”, which is completely different from “Shi Yan” with
the meaning of “someone failed to do what is promised”. So, I think rote learning is
the best method, which can guarantee the meanings of idioms are understood as it
should be.
Student D: I cannot agree with Student C more. Sometimes I speculate there may
be a better way to learn idioms, and I try to link the English idiom with the Chinese
idiom. Sometimes I can guess the meanings of some English idioms, but sometimes
not. When I make a mistake, I am at a loss. So, I would rather learn idioms by rote
learning, which is safe.
Student E: Learning idioms by rote learning are actually safe, but it is boring. We
cannot remember so many things only by rote learning. I tried to find out some convenient and efficient method, but I failed. I expect maybe there is not such a method.
Student F: Actually, idioms learning are important, and I learn them by rote learning. However, when I come across a new idiom, I have to look up it in a dictionary,
which makes me fail to concentrate on the story what I am reading. I am eager for an
efficient idioms learning method.
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From the interview transcriptions, we can make a summary about what students
think of English idioms acquisition: English idioms are important, which should be
attached great importance; An idiom is just like a word, which can be learned only
like a word by rote learning; For English idioms acquisition, there are not an efficient
method.
According to the pre-test and the interview, we can get to know the current situation about students’ English idioms comprehending and acquisition: Chinese college
students have great difficulties in comprehending and acquiring English idioms. They
always acquire English idioms by adopting the traditional method-----rote learning.
They are not interested in English idioms and often avoid using idioms in both oral
communication and written communication. They need some new English idioms
acquisition methods badly.
2.2

The Application of S-S-P-C Model in College English Teaching

After the pre-test and the group interview, we began a teaching experiment. The
teaching experiment lasted for one semester. We chose Class 2 as the teaching experiment class, and Class 1 as the contrastive class. In the teaching experiment class,
there are 40 students, who major in Chinese. In the contrastive class, there are 42
students, who major in Chemistry. In the contrastive class, we adopted traditional
teaching method. In other words, we attached no importance to English idioms teaching and acquisition, and we spent very little time on it or taught students to remember
spellings and usages of those idioms as words. In the teaching experiment, we adopted the S-S-P-C model of English idioms acquisition. In other words, both the teacher
and the students attached great importance to English idioms acquisition, and they
saw idioms as special language elements. Specifically, the teacher taught idioms from
the four perspectives: syntactic, semantic, pragmatic, and cultural.
The following is the procedure of teaching an idiom:
We take the idiom carry coals to Newcastle as an example. When teaching carry coals to Newcastle, the teacher instructs the students to analyze its syntactic structure. From the syntactic perspective, carry coals to Newcastle belongs to clause idioms and can be subcategorized into the pattern of Verb + Direct Object + adjunct.
Therefore, the students can grasp grammatical usages of carry coals to Newcastle. In
other words, the students will use it as a verb in a sentence instead of a noun. From
the semantic perspective, the teacher analyzes its semantic meaning. The key word in
this idiom is Newcastle, which is famous for boasting of lots of coals. The teacher
tells students this knowledge and instructs students to speculate its semantic meaning
from “carry coals to Newcastle, which boasts of lots of coals”, and it is very easy for
students to acquire its figurative meaning which is “do something necessary” from
“carry coals to Newcastle, which boasts of lots of coals”. The reasoning is as such:
Newcastle boasts of coals; if you carry coals to Newcastle, the coals will be more; For
Newcastle, increasing some coals brings no advantages. Therefore, carrying coals to
Newcastle means “do something necessary”. Then, the teacher will give some examples: you are carrying coals to Newcastle, because her family is rich and she is not
short of money at all. From the pragmatic perspective, the idiom carrying coals to
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Newcastleis colloquial and is used in daily conversation in most cases. From the cultural perspective, carrying coals to Newcastlehas no special cultural origin. As illustrated above, the idiom carrying coals to Newcastle has been analyzed from the four
perspectives: syntactic, semantic, pragmatic, cultural, which is the S-S-P-C model.
“Cold turkey” is another good example. Syntactically, it belongs to the phrase idiom and is subcategorized into the pattern of noun phrase, so the students get to know
it acts as grammatical functions of a noun phrase. Semantically, it is difficult for us to
deduce its figurative meaning from “cold” and “turkey”. Nevertheless, we can explore
its origin from the perspective of culture. Turkey is a very important dish in English
family on both Thanksgiving Day and Christmas Day. However, different from
chicken on Chinese plates, in English families’ eye, turkey is not only ugly but also
dull. Imagine what is a cold turkey like? Therefore, if you are called “a turkey”, you
must be very angry, because you can deduce its meaning is stupid or something from
its cultural origin [5]. Pragmatically, it is colloquial and is used in daily conversation.
Also, the idiom cold turkey has been analyzed under the guide of S-S-P-C model of
English idioms acquisition.
Following the S-S-P-C model, the teacher analyzes some idioms as examples. Later on, for every new idiom, students try to analyze from the four perspectives guided
by the teacher. From the feedback, students are very interested in this model and are
ready to analyze idioms they come across.

3

Results and Discussion

After the teaching experiment was over, we conducted a post-test on Class Two as
the teaching experiment class, and Class One as the contrastive class. The test material was another forty idioms randomly chosen from Oxford Dictionary of Idioms edited by Judith Siefring. The forty idioms were not included in the subjects’ textbooks
and different from those in the pre-test. In order to guarantee the materials of pre-test
and post-test have similar degrees of difficulties, we chose Class Three as subjects.
The forty-one students from Class Three, who received no teaching experiment, were
asked to be tested on the materials of post-test. The scores of the pre-test and the posttest were examined by paired samples statistics and paired samples test. The results
are shown in Table 4 and Table 5.
As seen from Table 4, average score of pre-test is 31.32, and that of post-test is
33.63. Standard deviation in Pre-test is 12.960, and that in Post-test is 12.545.
Table 4. Paired Samples Statistics
Mean

N

Std. Deviation

Pre-test

31.32

41

12.960

Std. Error Mean
2.024

Post-test

33.63

41

12.545

1.959

The paired sample test in Table 5 shows that Mean Difference between pre-test and
post-test of Class Three is -2.317and t is -9.54; Two-tailed test is not significant
P=0.346>.05which demonstrates there are no significant differences between
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scores of two tests. In other words, the materials of pre-test and post-test have similar
degrees of difficulties.
Table 5. Paired Sample Test
Paired Difference
Mean

Std. Deviation

-2.317

15.546

Std. Error
Mean
2.428

95%Confidence
Interval of the Difference
Lower

Upper

-7.224

2.590

t

df

Sig.(2tailed)

-.954

40

.346

After the material of post-test was examined by paired sample test, we conducted
the post-test on Class Two as the teaching experiment class, and on Class One as the
contrastive class. The method is the same as what the pre-test adopted. In other words,
the subjects were expected to translate the English idioms into Chinese. If an idiom
was translated correctly, the subject would score 2.5 marks, or else he would score
zero. The data was analyzed by SPSS 17.0. The descriptive statistics in Table 6 shows
that the average score of the contrastive class is 33.42, and that of the teaching experiment class is 68.51. After the teaching experiment was conducted, the experiment
class scored 68.51, much higher than the contrastive class, which scored only 33.42.
Table 6. Group Statistics
Class

N

Mean

Std.Deviation

Std.ErrorMean

1

43

33.42

14.221

2.169

2

40

68.51

11.409

1.740

Independent sample test in Table 7 shows that F=2.812, and the two-tailed test is
significant (P=0<.01), which demonstrates that there are significant differences between scores of the contrastive class and the teaching experiment class after the teaching experiment was conducted.
Table 7. Independent Samples Test
Levene's Test for Equality
of Variances
Equal variances assumed
Equal variances not assumed

F

Sig.

t

df

Sig.(2-tailed)

2.812

.097

-12.622

84

.000

-12.622

80.227

.000

In conclusion, after the teaching experiment, the class which received the teaching
experiment has improve much in the achievements of English idioms acquisition
more than the contrastive class which received no experiment. Therefore, the S-S-P-C
model of English idioms acquisition is proved to be efficient and be suitable for Chinese college students.
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4

Conclusion

To sum up, the general aim of the present study is to construct a model of English
idioms acquisition suitable for Chinese college students, and the present study have
solved the questions put forward in the introduction of the present thesis. The following conclusions can be drawn.
1. English idioms acquisition is not haphazard, instead, there is a pattern to follow.
Chinese college students need to acquire idioms by following a scientific acquisition modelinstead of only by rote learning.
2. English idioms acquisition needs to be dealt with from the four perspectives:
syntactic, semantic, pragmatic, and cultural, which can be called S-S-P-C model.
Syntactic analysis is conducive to students’ memorizing idioms’ forms and grasp
idioms’ grammar usages. Semantic analysis helps students acquire figurative meanings of idioms from literal meanings of constituents. Pragmatic perspective makes
students develop a pragmatic competence and use idioms appropriately in specified
context. Cultural perspective is favorable for students’ understanding English idioms
in a penetrating way. For comprehending and acquiring idioms comprehensively,
students need to integrate the four approaches.
3. The S-S-P-C model is proved to be feasible and efficient. After the model was
appliedin the teaching experiment, the idiom exams result and the interview with
some students show that they improved English idioms acquisition and became interested in English learning.
The present study constructed the S-S-P-C model of English idioms acquisition
and applied it in the teaching experiment, which provides insights into idioms acquisition’ efficient method different from traditional method characterized with rote learning. Both Chinese college students and their English teachers will be expected to get
hints from it. Nevertheless, the present study has still some limitations. For practical
reasons, only 40 Chinese college students participated in the teaching experiment for
one semester. A larger sample of participants and a longer duration of the teaching
experiment would make the S-S-P-C model more valid and reliable.

5

Acknowledgement

The study is supported by Guangxi Normal University for Nationalities in China:
The study of English idioms’ characteristics and English idioms comprehension (The
number: 2016YB020) and 2014-2018 Youth fund program of foreign languages
teaching research in the stage of China’s elementary education  The number:
JJWYQN2015096

6

References

[1] Gibbs,R.W.,Jr.(1991). Semantic analyzability in children’s understanding of idioms. Journal of Speech and Hearing Research, 34: 613620. https://doi.org/10.1044/jshr.3403.613

iJET ‒ Vol. 12, No. 6, 2017

29

Paper—A Teaching Experiment of Chinese College Students’ English Idioms Comprehension

[2] Zhang hui, Yiming Yang and Jiexin Gu, Feng Ji. (2013).“ERP correlates of compositionality in Chinese idiom comprehension”. Journal of Neurolinguistics 26: 89–112.
[3] Titone, D. A., & Connine, C. M. (1994). Comprehension of idiomatic expressions: Effects
of predictability and literality. Journal ofExperimental Psychology: Learning, Memory,
and Cognition, 20: 11261138. https://doi.org/10.1037/0278-7393.20.5.1126
[4] Fernando, C. (2000). Idioms and idiomaticity. Shanghai: Shanghai Foreign Language
Teaching Publishing House.
[5] Sandrine Le Sourn-Bissaoui, St phanie Caillies, Stphane Bernard, Michel Deleau,
&Lauriane Brul. (2012). Children’s understanding of ambiguous idiomsand conversational perspective-taking. Journal of Experimental Child Psychology 112: 437451.
https://doi.org/10.1016/j.jecp.2012.02.003

7

Authors

Hui Chen is a lecturer at School of Foreign Studies, Guangxi Normal University
for Nationalities, Chongzuo, China.
*Xianze Wu, corresponding author, is an associate professor at School of Foreign Studies, Guilin University of Technology, Guilin, China.
Article submitted 01 May 2017. Published as resubmitted by the authors 07 June 2017.

30

http://www.i-jet.org

Paper—Prediction of Learner’s Profile based on learning styles in Adaptive E-learning System

Prediction of Learner’s Profile Based on Learning Styles
in Adaptive E-learning System
https://doi.org/10.3991/ijet.v12i06.6579

Sucheta V. Kolekar

Manipal University, Manipal, Karnataka, India
sucheta.kolekar@manipal.edu

Radhika M. Pai*

Manipal University, Manipal, Karnataka, India
Radhika.pai@manipal.edu

Manohara Pai M.M.

Manipal University, Manipal, Karnataka, India
mmm.pai@manipal.edu

Abstract—The major requirement of e-learning system is to provide a personalized interface with personalized contents which adapts to the learning
styles of the learners. This is possible if the learning styles of the learner is
known. In this paper, it is proposed to identify the learning styles of the learner,
by capturing the learning behavior of the learner in the e-learning portal using
Web Log Mining. The learning styles are then mapped to Felder-Silverman
Learning Style Model (FSLSM) categories. Each category of the learner is provided with the contents and interface which are apt for that category. Fuzzy C
Means (FCM) algorithm is used to cluster the captured learning behavioral data
into FSLSM categories. The learning styles of a learner get changed over a period of time hence the system has to adapt to the changes and accordingly provide the necessary interface and contents. For this, the Gravitational Search
based Back Propagation Neural Network (GSBPNN) algorithm is used to predict the learning styles of the learner in real-time. This algorithm is a modification of basic Back Propagation Neural Network (BPNN) algorithm which calculates the weights using Gravitation Search Algorithm (GSA). The algorithm
is validated on the captured data and compared using various metrics with the
basic BPNN algorithm. The result shows that the performance of GSBPNN algorithm is better than BPNN.
Keywords—Felder-Silverman Learning Style Model, Fuzzy C Means, Gravitational Search Algorithm, Back Propagation Neural Network Model, Jaccard Index, Xie-Beni Index.
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1

Introduction

Adaptive E-learning System enhances the efficiency of online education by providing personalized contents and user interfaces. The personalized environment should
be adaptive and should change according to the learner’s requirements. The learner’s
requirements can be captured through their usage patterns. These patterns differ
among learners who attend the same course.
Typically e-learning of educational system provides the same resources to all
learners even though different learners need different information according to their
level of knowledge, ways of learning style and preferences. Course sequencing is a
technology originated in the area of Intelligent or Adaptive Learning System with the
basic aim to provide learner with the most suitable sequence of knowledge to learn,
and sequence of learning tasks (examples, exercise, problems, contents etc.) to work
with. This sequence of learning task can be defined based on learning behavior of the
learner on the portal.
The learning behavior can be captured through the e-learning portal using Web Usage Mining (WUM). WUM is the process of finding out what users are looking for on
the E-learning portal [1]. Some users might be looking at only textual data, whereas
some others might be interested in multimedia data. WUM also helps find patterns for
a particular group of people, or for e-learning users in a particular region. It uses the
web logs to extract potential patterns of learning styles. Such kind of patterns is used
to study the learner’s navigation behavior along with the efficiency of the interface
components, which help in adapting and customizing the resource delivery.

Fig. 1. Dimensions and Categories of FSLSM
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The captured learning behavior can be mapped to learning styles by using suitable
learning style model. The FSLSM is the most popular learning style model available
which emphasizes on various categories of learners. The FSLSM defines four dimensions (Pre-processing, Perception, Input and Understanding) and eight categories of
learners (Active, Reflective, Sensing, Intuitive, Visual, Verbal, Sequential and Global), which are as shown in Fig. 1.
Depending on the learning style model, the adaptive e-learning system should
adopt the mechanism to detect and identify learning styles of new learner. Hence the
prediction model needs to be developed to classify a new learner and personalized
contents and interface can be provided to the learner on the e-learning portal.
In this paper, the learning styles are captured and identified based on standard
FSLSM learning style model. The captured data is mapped to learning style categories
of FSLSM, which has been done through FCM Clustering techniques. The mapped
data is then used to predict the learning styles using GSBPNN Classification technique [1].
Rest of the paper is organized as follows. Section II discusses related research
work in the area of clustering and classification techniques particularly for e-learning.
Section III discusses about the learning components of e-learning portal. Section IV
describes the methodology used for clustering and classification. Section V presents
the experimentation and result analysis and Section VI mentions the concluding remarks.

2

Related Works

In literature, there are various techniques that have been used to identify and classify learning styles with various learning style models. Some of the paper are studied
thoroughly and some factors are identified which are integrated into the work. The
referred literature work cover different aspects of learner’s behavior and knowledge
depending on the application the authors have considered for their experiments. Abdullah et al. [1] have proposed a new approach to classify students dynamically depending on their learning style. This approach is experimented on 35 students for
Data Structure online course created using Moodle. The learning style of each student
is identified according to FSLSM by extracting learner’s behavior and data from
Moodle log. Also, learning styles based on the behavior have been compared with
quiz results conducted at the end of the course. But the learning style of a learner
changes over a period of time. The e-learning portal considered for study is Moodle
and it is static in nature. The authors have not considered the learning components of
portal such as pages and files, which are useful to define the learning styles based on
FSLSM.
Feldman et al. [11] have reviewed the current trends in the field of automatic detection of learning styles. They have presented the analysis result of different techniques and discussed some limitations, implications and research gaps. Authors have
described various detection techniques, which are mainly categorized under classification mechanism of Data Mining. Authors have also proposed the user model for the
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education system that is used to detect the learning styles. Authors have not implemented the mentioned techniques by considering a learning style model.
Chang et al. [6] have proposed a learning style classification mechanism to classify
and identify student’s learning styles. The mechanism modifies K-Nearest Neighbor
(k-NN) classification algorithm and combines it with Genetic Algorithms (GAs). The
experimental results indicate that the classification mechanism can effectively classify
and identify student’s learning styles. The mechanism has not considered the specific
features of learning styles based on a particular learning style model. The selection of
learning style model influences the characteristics of mechanism. Authors have not
considered the use of learning style model for the improvement of e-learning system
with the recommendation mechanism based on learning styles of learners.
Abdullah et al. [2] have discussed about the impact of learning styles in the elearning environment. The Naive-Bayes Tree (NBTree) classification technique is
used to classify the learning style of the learner as per FSLSM. In this approach the
learning styles are captured using questionnaire index of FSLSM, which has its own
limitations to consider the learner’s online usage behavior.
Latham et al. [15] have combined the Multi-Layer Perceptron and Artificial Neural
Network (ANN) to classify the learner’s data. The learner’s data is captured based on
FSLSM Questionnaire index and have considered four categories of learners (Active/Reflective and Sequential/Global) for classification. Since the algorithm considered questionnaire data of FSLSM, the identified learning styles cannot be considered
as realistic learning styles for adaptive e-learning.
Ahmed and Badii [4] have discussed the importance of integrating the learning
styles into Educational Hypermedia Systems (EHS). Authors have also discussed
various approaches such as Bayesian Network, Decision Tree, and ANN etc. to classify log data accurately. The algorithms have not been implemented for real time captured learning behavior that can be considered to integrate learning styles in the EHS.
Bernard et al. [5] have proposed an approach that uses ANN to identify student’s
learning styles. Authors have considered the FSLSM questionnaire approach to identify learning styles of students. Students who had spent more than 5 minutes to fill the
questionnaire have been stored in the database. This approach can be applied dynamically to detect the learning styles.
Takacs et al. [19] have proposed a method to make learning more efficient. Authors have tried to adapt the process of learning to learner’s individual needs. Learner’s characteristics such as learning preferences, sensual types, learning styles and
motivation are identified as part of the proposed work. Authors have used questionnaire approach to collect the data. The results of this methodology are compared with
clustering algorithms, decision trees and Principal Component Analysis (PCA). Authors have also analyzed that learners cannot be divided into various groups that possess similar properties and it is not possible to deal with every learner individually.
Huong Truong [20] has reviewed various works that has been tried to integrate the
learning styles with adaptive e-learning system. He has also discussed about various
aspects of learning style theories, real-time learning style predictors, learning style
classifications algorithms and adaptive learning system using learning style applications. In learning style theories author has listed Felder and Silverman Model, Kines-

34

http://www.i-jet.org

Paper—Prediction of Learner’s Profile based on learning styles in Adaptive E-learning System

thetic and Kolb’s learning style model, Honey and Murnford’s Learning style model
etc. In real-time learning style predictors, the main sources of data and the corresponding attributes such as log files, user history, background knowledge, intelligent
capability, cognitive traits, motivation level etc. have been discussed. In learning style
classification the author has explained about rule-based, Bayesian network and hidden
Markov Chain.
Hogo [12] has presented the use of different fuzzy clustering techniques such as
Fuzzy C-Means (FCM) and kernelled FCM to find the learner’s categories and predict
their profiles. Fuzzy clustering reflects the learner’s behavior which is more than crisp
clustering. The author has mentioned three different types of learners such as bad,
worker and regular students and not considered any standard learning style model for
learning styles of the learners. The usage data of students is captured based on questionnaire approach of FSLSM and not considered real time usage data of learners.
Quang Do [10] have proposed the use of Gravitational Search Algorithm (GSA) in
Neural Network and compared with Back Propagation Neural Network for classification. Xu and Zhang [21] combined the GSA with Neural Network and tested on different data sets for classification. The integration of GSA with NN is proved to give
better accuracy and can be considered for real time usage data of learners on elearning portal to classify new learner as per learning style model.
Chellatamilan et al. [7] have discussed about the data mining techniques, which
can improve the learning content organization, and learning objects recommendations.
Authors have focused on clustering and classification methods to predict the learning
styles of the learners. The learning behaviors have been captured on Moodle portal,
which is static in nature and does not support dynamic recommendations. Also the
approach is implemented for Kolb learning style and can be tried for FSLSM.
Deborah et al. [9] have identified FSLSM as a suitable model for learning style
prediction, especially in web environments. The authors have proposed to use Fuzzy
rules to handle the uncertainty in the learning style predictions. However this work
has not considered all the learner categories of FSLSM. Also the fuzzy rules are defined only on three parameters such as mouse movement, document length and image
area.
Markowska-Kaczmar et al. [16] have discussed about providing individual learning
path through recommendation system in e-learning. Authors have used clustering and
classification for defining the learning profiles but not considered any specific learning style model for learning behaviors.
Based on the studies of related work, it has been identified to consider some important factors such as FSLSM categories of learners, real time captured usage data or
learning behavior of learners for specific course, various learning objects in e-learning
portal and integration of learning style in the portal to provide adaptive environment.

3

Overview of Proposed E-Learning System

In order to develop adaptive e-learning system, the learning behavior of each
learner has to be captured on e-learning portal. For capturing the usage data of learn-
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ers, an e-learning portal has been developed. The portal is developed using Dot Net
Framework and deployed on GodAddy domain space to provide access to all learners
on the Internet. The log file option of server is set to W3C extended log file format for
the portal, which captures usage details of learners who are accessing the portal. The
www.mitelearning.com portal is made available to second year engineering learners
for the HTML course. The topics are divided into three categories based on prerequisite concept, main concept and advanced concept. The contents for the topics are
made available for the learners through the portal in different file formats such as text
(doc/pdf), video (mpeg/mp4) and demo (ppt/pptx). The learners can also go through
the exercise modules that have been generated for each topic. The learners can also
make use of the facility of different learning components that has been generated as
pages to explore more about a specific topic. Portal is also implemented with additional learning components such as Assignments and Forum.
Following are the learning components defined for the e-learning portal.
• Announcement: Instructor can convey any important instructions or suggestions
through this component. Learner can view by clicking on Announcement link.
• Email: Learner can send mail to instructor or any other learner in order to clarify
some doubts or share some materials.
• Discussion Forum: Learner can start discussions on specific topics or can get the
doubts solved online with other learners.
• Assignments: Learner can read the Assignment question and upload the completed
assignment for assessment.
• References: Learner can see other important links or material by clicking on reference link of each topic.
• Exercise: Learner can solve multiple-choice questions on specific topic after going
through the contents.
• Topic List: Learner can view the list of topics, which has been made available in
the portal.
• My Account: Learner can modify his/her personal details in the portal.
• Pre/Main/Advanced: Topics have been arranged in the portal in three different
levels so that learners can go through any of these levels of the topics based on
his/her understanding.
3.1

Learning Objects Labeling as per FSLSM

The e-learning portal is a combination of learning components called “ pages” and
learning contents called “files”. Each learning component with the contents in the
portal is considered as learning objects. To map learning objects onto FSLSM
categories all learning objects need to be labeled depending on the preferences of each
learner. Mapping of Learning Objects on to FSLSM’s categories are shown in Table
1. These mapped learning objects are considered as feature values for the clustering
algorithm to label the learning behaviors.
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Table 1. Learning objects as per FSLSM
FSLSM Categories

Learning Objects

Active

Videos, PPTs, Demo, Exercise, Assignments

Reflective

PDFs, PPTs, Videos, Announcements, References

Sensing

Examples, PDFs, Videos, Practical Material

Intuitive

PDFs, PPTs, Videos, Forum, Topic, List, References

Visual

Images, Charts, Videos, References

Verbal

PDFs, Videos, Email, Announcements

Sequential

Exercise, References, Assignments, Sequential

Global

Topic Lists, References, Exercise, Assignment

3.2

Characteristics of Web Pages as per FSLSM

The learners access various web pages on the e-learning portal. The web pages
contain the following different learning objects.
• Learning contents in the form of text, ppt, videos etc.
• Different topic links, forum, email, index of the sequential contents, profile details
etc.
• The text contents such as various images, charts, graphs, diagrams, flowcharts,
video links etc.
• Assignments with upload and download option for the answers, multiple-choice
questions and search option.
The characteristics of the web pages are defined based on the above learning objects that can map to FSLSM categories of learners. The e-learning system captures
the usage access of all the learners along with the details of the pages and files accessed by each learner. The captured details of the pages are used to identify the
learning styles of learners.

4

Methodology

To make traditional e-learning system adaptive, there is a prime necessity to integrate the learning styles into the portal and provide contents to the learners as per
learning styles. Two important steps to integrate the learning styles into adaptive elearning system are mentioned as follows;
• Identify the learning style using captured data (Sequences).
• Modify the e-learning portal as per identified learning styles.
The learning styles can be identified based on standard learning style model such
as FSLSM. The captured data can be mapped to learning style categories of FSLSM,
which is possible through Clustering and Classification techniques [1]. To perform
the clustering and classification of learner’s behavior following research questions
need be accentuated.
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• What are the various parameters/ feature values that need to be considered for each
type of learner as per FSLSM categories?
• How to group the captured learner’s behavior into FSLSM categories in order to
assign labels to each type of learner?
• How to classify the new learner’s behavior into defined FSLSM categories of the
learners?
The above mentioned research questions can be answered as follows:
• The learning styles of learners are identified based on defined parameters or feature
values of FSLSM.
• The grouping can be done using a clustering algorithm and categories of FSLSM
can be assigned as a label to each cluster.
• The classification algorithm can be used to classify the new learner’s behavior and
identify the FSLSM category of the new learner.
For the implementation of clustering and classification algorithms, the learning behaviors have been captured in XML format that has been converted into learning
sequences. The various learning components accessed by learners at each session of
learner is defined as the learning sequence of that specific learner. The sequences are
defined as per time spent on each file and page in each session. The sequence file
consists of the captured sequences of all learners and each sequence contains the sequence id, session id, learner id and page id along with time spent on each page and
file id along with time spent on each file. Time spent on page or file is considered in
minutes.
The example of sequence is as follows.
!! !! !!" !! ! !! ! !!" !" !! !" !! ! !! !" !!" !" !!" !

Where !! is sequence id, !! is session id, !!" is learner id, !! is page id, ! is time
spent on page, !! in minutes, !!" is file id and !" is time spent on file in minutes.
The identified sequences are not labeled and not mapped to learning objects of
FSLSM’s categories. To classify the new sequence of any learner into any of the eight
defined categories of FSLSM, all the existing sequences of sequence file should be
labeled or grouped based on the feature values. Hence to identify the learning styles
of the learner clustering algorithm is used. To predict the learning style of the new
learner classification algorithm is used. The proposed approach uses two algorithms.
• Fuzzy C Means (FCM) algorithm to label or map the sequences into FSLSM categories.
• Gravitational Search based Back Propagation Neural Network (GSBPNN) algorithm. To classify the new sequence of existing or new learner as per FSLSM categories.
The approach of labeling the sequences and classification of new sequence is
shown in Fig. 2.
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Fig. 2. Learning Style Identification Approach

Following subsections describe the technique of clustering and classification algorithms that are used in the proposed system.
4.1

Fuzzy C Means (FCM) Algorithm

The FSLSM’s feature values and the sequences of learners are given as an input to
the FCM algorithm. Based on the feature values the sequences are grouped together
[13][3]. The FCM technique is entrusted with the task of assigning membership to
each and every sequence values, which are linked to each singular cluster center. If
the sequence values are very near to the cluster center, its membership moves further
toward the precise cluster center. The sum of all the membership values of each sequence should be equal to one. Further, membership and cluster centers are revised
according to the equation after each iteration. After finding the distance value, the
value is compared with the threshold value. If the distance value is less than the
threshold value then learner’s sequence is grouped in that cluster. A sequence can
belong to more than one cluster. The step-by-step procedure is shown in Algorithm 1.
In FCM algorithm, the learner’s learning style is grouped based on the center value
selection. The center values are calculated based on the feature values and assigned to
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each cluster. Finally all the sequences are grouped into eight clusters of FSLSM categories and each sequence is assigned the label as per FSLSM.

Algorithm 1.

4.2

FCM Algorithm for Labeling Sequences

Goodness of Clusters

The clustering algorithm should form high quality clusters with low similarity between the clusters. In order to evaluate the goodness of the clusters the following two
indexes are used.
Jaccard Index: The Jaccard Index is used to check the similarity between the clusters [8]. The steps of Jaccard Index are shown in Algorithm 2. The FCM algorithm
results in the grouping of some sequences into more than one cluster. Hence it is necessary to have the distance between the clusters closer to one based on Jaccard Index
algorithm.

Algorithm 2.
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Xie-Beni (XB) Index: The Xie-Beni (XB) index defines the inter-cluster separation as the minimum square distance between cluster centers, and the intra-cluster
compactness as the mean square distance between each data object and its cluster
center. To identify the goodness of intra-cluster similarity [8], XB indexing is applied
and checked for the similarity of clustered points of FSLSM eight categories. The XB
index is calculated using equation 1.
! !! !! ! ! !

!
!!!

! ! ! ! !! !
!
!!! !" !
!
!!!"#!!! !! !!!

(1)

Where ! is the XB Index, ! is the center value, ! is the member function, ! are the
center values and ! is the mean value.
4.3

Gravitational Search based Back Propagation Neural Network (GSBPNN)
Algorithm

After labeling the sequences in the FCM algorithm, all the sequences are used to
train the classification algorithm. In order to provide the Adaptive User Interface, the
new sequence of learner’s session need to be classified as per eight classes of FSLSM.
To classify the sequences, Gravitational Search based Back Propagation Neural Network algorithm is used. The new sequence of each learner is given as input to neural
network. The Gravitational Search is used to improve the accuracy of the basic neural
network classification algorithm. GSA is a heuristic optimization algorithm which is
based on Newton’s law of gravity and interactions between the mass. The algorithm
consists of number of agents which are selected randomly or based on specific condition. These agents are considered as communicating objects through the force of gravity. The positions and masses of the objects represent the solution to the specific problem. The iterations of GSA are based on the changing positions. The change in the
positions are defined by the fitness function, velocity and acceleration. These parameters change in every iteration of GSA to provide better weight values [21][17]. Neural
Network (NN) is used for processing of information that is based on nervous system
of biological process. The components of this systems are brain, neurons and connection between them for information process. NN consists of large number of neurons,
connected with each other to solve the specific problem. The applications of NN are
classification, pattern recognition, image compression, prediction etc. NN works on
the learning process which involves the adjustments of weights which are assigned to
the connections between the neurons. Neural networks are organized in layers, where
layer consists of many interconnected nodes. These interconnected nodes are mimicking the characteristics of biological neurons by processing the input data. The output
of each node is called as the activation or node values. The connection between the
nodes is represented by weights, which could be positive or negative. These weight
values decides how input data are related with the output data. Weight values are
determined at the time of training for each iteration through the neural network. Thus,
the network learns to identify different classes based on the input data characteristics.
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After the training procedure the neural network could be applied for the classification of new data. Using the following steps, classification is performed by the trained
neural network.
• Activation of the network input nodes by using data sources that match the data
sources used to train the network.
• Forward the data through the neural network i.e. the interconnected nodes.
• Activation of the network output nodes.
• Activation of network output nodes decide the outcome of the classification.
Back Propagation Neural Network (BPNN) learns through the algorithm called
Back Propagation. With Back Propagation, the input data is repeatedly presented to
the neural network. With each presentation the output of the neural network is compared to the desired output and an error is computed. This error is then fed back (back
propagated) to the neural network and used to adjust the weights such that the error
decreases with each iteration and the neural model gets closer and closer to producing
the desired output. This process is known as training. After training the Neural Network the model is validated and tested [18]. The GSA gives optimized weights which
can be used in the process of BPNN. The accuracy of classification algorithm is based
on the weights assigned the connections between the neurons in the BPNN. To assign
the optimized weights Gravitational Search Algorithm (GSA) is used. The algorithm
classifies the learner’s sequence into multiple classes i.e eight categories (classes) of
FSLSM. The modified GSA with BPNN is given in algorithm 3.
The basic BPNN steps are showed in algorithm 4. The BPNN algorithm is also implemented for same number of sequences and results are compared with modified
GSBPNN that is discussed in the next section.
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Algorithm 3.

iJET ‒ Vol. 12, No. 6, 2017

GSBPNN Algorithm for Classification of Sequences

43

Paper—Prediction of Learner’s Profile based on learning styles in Adaptive E-learning System

Algorithm 4.

4.4

BPNN Algorithm for Classification of Sequences

Validation of Algorithm

The classification algorithm is validated using k-cross fold validation technique.
This technique is commonly used for validating the performance of classifier by dividing the data set into k cross folds. For given set of M sequences, one data set is
used for training and k-1 data sets are used for testing the classifier. The steps are
shown in Algorithm 5.

Algorithm 5.
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4.5

Performance Metrics for Classification Techniques

The accuracy of classification algorithms is measured based on the number of correct predictions. To prove the validity of the predictions and robustness of the models,
accuracy alone is not sufficient. However there is a requirement to calculate the precision and recall for each class and analyze the performance.
Precision (P): The ratio of the number of relevant sequences identified to the total
number of irrelevant and relevant sequences identified. Precision is calculated as in
equation 2.
!"

!!

!"!!"

!!

!"!!"

(2)

Recall (R): The ratio of the number of relevant sequences identified to the total
number of relevant sequences in the sequence file. Recall is calculated as in equation
3.
!"

(3)

F-Measure (F1 Score): Since the class distribution is uneven, it is always better to
calculate the F1 score. The F1 score provides the weighted average of precision and
recall. Hence it considers both False Positive (FP) & False Negative (FN) as in equation 4.
!" !

!!!!!!
!!!!!

(4)

Accuracy (A): The ratio of correctly predicted sequences as in equation 5.
!!

!"!!"

!"!!"!!"!!"

(5)

Where

• True Positive !" !!Number of sequences that are correctly classified to be positive.
• True Negative !" !! Number of sequences that are correctly classified to be negative.
• False Positive !" !!Number of sequences that are incorrectly classified as positive.
• False Negative !" !!Number of sequences that are incorrectly classified as negative.
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5

Experimentation and Result Analysis

The www.mitelearning.com portal for HTML course was made available to second
year engineering students for duration of two months. Total 108 learners participated
in HTML online course and 1235 learning sequences are captured in the web log data.
The sequences are pre-processed and are labeled according to eight categories of
FSLSM using FCM clustering algorithm. The FSLSM mapped learning objects are
considered as feature values for labeling. Also the characteristics of web page are
identified based on feature values of FSLSM. These characteristics are used to understand the learning styles of the learner who is accessing a specific web page. Around
1235 sequences are grouped into eight clusters of FSLSM. After clustering the existing sequences, the classifier is trained using GSBPNN algorithm to identify the
FSLSM category of the new learner. The structure of experimented neural network is
shown in Fig. 3 where all the parameters of each sequence is assigned to each input
node i.e. !! !to !! . The parameters of each sequence used for prediction are as follows;
•
•
•
•
•

Filename/Pagename
Type of file/page
Time spent on file/page
Frequency of file/page
FSLSM Category

Fig. 3. Structure of NN used for GSBPNN
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The eight categories of FSLSM are considered as the output nodes for neural network [10]. The number of nodes for hidden layer is calculated as shown in equation 6
where the final value will be truncated to identify the nodes [14].
!"#$% !

!"#$%!!"#$%!!"#$"#!!"#$ !!

(6)

!

To validate the performance of the classification algorithm, k-fold cross validation
algorithm is used [3]. The GSBPNN algorithm is compared with basic BPNN using
the performance metrics for classification techniques.
5.1

Clustered Sequences based on FCM Algorithm

1235 sequences are clustered using FCM algorithm and labeled with FSLSM categories of learners. Center values for each cluster are computed based on the feature
values i.e. based on learning objects to FSLSM categories. The result of clustering is
shown in Table 2.
Table 2. Results of FCM Algorithm
Clusters
Active

Number of Sequences
169

Reflective

144

Sensing

138

Intuitive

162

Visual

256

Verbal

133

Sequential

144

Global

152

Since some of the sequences belong to more than one cluster, the total number of
sequences in cluster is more than the total number of sequences in the output set. This
is because one learner can belong to more than one type of categories as per FSLSM
spectrum. It is analyzed that, the learner can be active and at the same time interested
in different types of visual contents on the portal to understand the specific topic
[3][8].
The goodness of clusters is computed by applying Jaccard Index Algorithm. The
average Jaccard Index computed for eight clusters is 0.72. The Jaccard Index value is
not exactly 1, as some sequences are clustered into more than one cluster. The validity
of FCM is also evaluated by calculating XB index value for all the clusters. The calculated index value is 0.02. The minimum index value defines the best partitions of
the clusters.
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5.2

Classification of Sequences based on GSBPNN Algorithm

The GSBPNN algorithm is used to classify the new sequence as per the eight categories of FSLSM. Once the model is trained based on sequences, which are labeled as
per FCM, the new sequence can be classified and learning styles of the learner identified. The algorithm is executed for various number of Iterations (I) and performance
metrics are obtained. These metrics are compared with the metrics of BPNN, as
shown in Table 3.
According to values defined in the Table 3, the accuracy of GSBPNN classification
algorithm is 95.93% for 200 iterations. As the number of iteration increases, the accuracy also increases but algorithm takes more time for execution.
Table 3. Comparison of Classification Algorithms
I
60

GSBPNN

BPNN

A

P

R

F1

A

P

R

F1

87.16

88.09

90.30

88.89

75.13

76.38

79.43

77.20

100

89.45

90.03

92.18

90.87

77.09

78.18

81.02

79.03

200

95.93

96.33

99.05

97.67

78.83

79.90

83.10

80.12

The proposed system emphasizes mainly on two important aspects of AES. One is
dynamic way of identifying the learning styles by capturing the web logs in real time
and second is consideration of learning style model to categorize the learner. In AES,
the need for identifying the learning styles is mainly for adapting the contents and
user interface on the portal. In this scenario, the system should be able to identify as
well as adapt the learning styles and to the changing learning patterns. The proposed
system captures and identifies the learning styles of the learners dynamically as the
learner progresses on the portal for the particular course. Also the learning styles are
identified based on standard FSLSM learning style model which has eight categories
of learning styles. Any specific learner fall into any one of the eight categories of the
FSLSM initially and category changes over the period of time. The dynamically
changed learning styles are considered in order to provide adaptive user interface and
contents on the developed portal.
Some of the existing systems discussed in literature survey are static in nature
where the learning styles have been captured once and contents are provided accordingly. Also some of the other systems categorize the learners into general categories
such as beginner, advanced, expert and so on. Such type of systems do not focus on
learning abilities. The proposed system provides the learning styles of the learner
during the learning process. The system is tested in real time environment by offering
the online course and the result of prediction is validated.
5.3

Time Complexity of Clustering and Classification Algorithms

Two algorithms have been used for experimentation, where FCM is used once to
label all the sequences and GSBPNN algorithm have been implemented to train the
sequences with iterations. Thus the time complexity of both the algorithms are com-
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pared separately. Following are the parameters and complexity for FCM and
GSBPNN:
• The time complexity of FCM algorithm is !!!"! ! !!

Where ! is the number of data points, ! is the number of clusters, ! is the number
of dimensions and ! is the number of iterations.

• The time complexity of GSBPNN algorithm is !!!"#!! !

Where ! is the number of weights to be assigned to all the nodes, ! is the number
of input nodes, ! is the number of hidden nodes, ! is the number of output nodes and
! is the number of iterations.

6

Conclusion

To enhance the efficiency of online course, Adaptive E- learning Systems (AES) is
a promising research area. A necessary requirement in this area is to identify the
learning styles of the learners as per standard Learning Style Model, which is useful
to provide adaptive learning experiences. In this context the work describes a methodology to automatically detect and identify the learning styles of learners using Web
Log Analysis approach.
The captured web usage data is pre-processed and converted into XML format to
identify the unique sequences of each learner as per their sessions. These sequences
are mapped to eight categories of Felder-Silverman Learning Style Model (FSLSM)
based on the learning objects defined for each category. The mapping has been
achieved by applying Fuzzy C Means (FCM) algorithm on the sequences and clustered them into eight groups of FSLSM which are defined as Active, Reflective, Sensing, Intuitive, Visual, Verbal, Sequential and Global. Some sequences are assigned
multiple labels according to the featured values of FSLSM learning objects.
The output of FCM algorithm is checked for goodness of the clusters. The sequences are further used for classification using Gravitational Search based Back
Propagation Neural Network (GSBPNN) model. Applying k-cross fold mechanism
the classification algorithm is validated. The model is executed for number of iterations and compared for various metrics with basic BPNN algorithm. The result shows
that the GSBPNN algorithm performs better than BPNN algorithm.
The future work will focus on to provide the adaptive contents and interface to the
new learner based on the learning style of the learner, which is identified through
GSBPNN algorithm.
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Abstract—Nowadays, Information and communications technology (ICT)
becomes a very important thing in human life in different fields. They are used
in many fields as information systems (software, middleware) using various telecommunication media to give users the ability to manipulate digital data. In
addition, with new technology development, a new concept appeared in the late
90s and early millennium, which is distance learning through e-Learning platform. Recommendation systems become increasingly used in information systems and especially in e-learning platform. These systems are used to propose
and recommend content of these platforms to users according to needs of the
latter in order to allow them to have the maximum information for learning.
In this paper, we present an intelligent hybrid recommendation system based
on data mining. This system has four parts, the first for data collection and for
center of interest construction by two modes: explicit data collection, which
based on users and what they filled in their profiles, and implicit and automatic
data collection by proposing a survey to users in order to gather information
about their interest. A second part for processing information already collected
in the previous part and for creating the learning model, classifying users who
posted the content and classifying content also in order to send the results to the
recommendation module. The third part is for making the similarity between
learners and content and doing the recommendation for learners and the final
part is for creating a log file of recommendation by learner, which will be used
in the upcoming recommendation. According to results already done, we noticed that our proposition is satisfactory and the system is well optimized in
terms of accuracy, response and processing time compared to the standard recommendation.
Keywords—e-learning, recommendation systems, filtering based content, collaborative filtering, hybrid filtering, utility matrix, data mining, decision trees
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1

Introduction

The new world of information has changed our lives. However, this impact is
modest compared to what we were expecting in the coming years especially in education. Information technologies have changed the way we work. Better, they will
change the fundamental aspects of life: health, shopping, education, teaching, etc.
Since the Internet has been adopted and developed as a means of communication
by the educational institutions in the 1970s, scholars have had knowledge of its huge
potential as a learning tool. Over the past few years, the governments of the countries
are more and more excited by the possibilities of online learning for make it profitable
and easily accessible education for all ages and social backgrounds, regardless of time
and geography.
The researchers have worked hard to provide a remote environment for real-time
instantaneous interaction and exchange between persons in order to facilitate learning.
The research made have led to the creation of a remote virtual environment for learning called the intelligent tutoring system (ITS).
The intelligent tutoring system (ITS) is a computing environment designed for
promoting human learning and constructing the knowledge among a learner [1]. The
ITS concerns several themes, among these themes is the e-Learning.
The e-Learning is considered by many as the only reliable solution to the problem
of offering and providing the necessary resources to facilitate and improve the learning and education. The e-Learning (Electronic Learning) means, as indicated in the
"e" in its name, learning by electronic ways.
According to the European Commission [2]: "e-learning is the use of new multimedia technologies and the Internet to improve the quality of learning by facilitating
access to resources and services as well as remote exchanges and collaboration". This
clear, synthetic complete definition puts the emphasis on the notion of quality in stating that the objective of the e-Learning is to improve and facilitate the quality of
learning. ITS covers several systems with several types of training [3], distance education (EAD), distance training (FAD) and the Open and Distance Learning (ODL).
Considering the importance of the e-learning in our present life in regards to learning among all the world, recommendation systems must be present in the e-Learning
platforms to facilitate, propose and recommend articles, books, presentations and
courses that will be consulted and followed, as well as valuing the content in the platform. Several works have been made to implement the recommendation systems in eLearning platforms by using the data mining approach. Our proposed recommendation system is based on data mining and classification techniques, especially the decision trees and other proposals, which will be presented in the next sections.
The rest of the paper is organized as follows:
Section 2 introduces the recommendation systems proposed by other researchers in
the literature. Data mining and classification methods as well as the application data
mining in the recommendations systems are presented in section 3. Section 4 presents
the recommendation systems and their types. Section 5 introduces and presents our
new intelligent recommendation system. Section 6 presents the design and the imple-
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mentation of the proposed recommendation system. The results are presented in section 7, finally the Conclusion, and the future work in Section 8.

2

Related Work

The distance training evolved since the 1970s and the 1980s. Turoff Murray and
Hiltz Roxanne Starr [4] have published online courses. The emergence of the Internet
has accelerated the evolution of distance training and it has transformed into an electronic training called e-Learning. The Web 2.0 has allowed the evolution of the eLearning to 2.0 version and allowed considerably to expand the potential of collaborative learning, as well as increasing the number of connected learners.
In [5], the authors presented a recommendation system to recommend to users the
adequate e-Learning platforms for their cases, which is based on decision trees using
ID3algorithm. The system takes into consideration several attributes namely, the type
of questions of the test required for a course or content, the images as a Boolean variable that gives the information to the system that the user will use the images or not.
In addition, we find the complexity of the interface for the use of platforms, the price
of the platform, the knowledge of the users on the platforms e-Learning and finally
the type of files to import. They have presented also the generated decision tree where
they have concluded a lot of rules that can be used by the system. As well, they have
presented the final interface of their proposed system.
In [6], the authors presented the recommendation system architecture in the field of
inter-library services. This system has three layers; the first layer is intended to acquire the data for the database (data for the inter-library database, data concerning the
user profiles for user profiles database and data for bibliographies database). The
second layer is for the recommendation system processing which contains two modules, one for the pre-processing of the data from the databases and a module of data
mining for extraction of the recommendation rules. Finally a presentation layer as a
user interface where there are two module; one for processing of the rules extracted in
order to recommend and one other module for the feedback of the processing of data.
In [7], the authors have proposed a decisions trees improvement by proposing a
method called "Most Popular Sampling (MPS)" to improve the construction time of
the trees. This improvement is based on verification of the nodes associated to users
who have a popular reputation instead of of check all nodes. The second improvement
is based on the proposal of a new algorithm for the creation of the decision trees
called "Factorized Decision Trees (FDT)" which uses the factorization of the matrix
to predict the assessments of the nodes of the tree. The authors have exploited the
Netflix database to achieve their experiments. According to the authors, the results
have been well satisfactory, either for the MPS method that improves the response
time of the trees construction without influencing the accuracy or for the Algorithm
FDT, which improves the precision of the evaluations of the forecast.
In [8], the authors have proposed an algorithm for recommendation, which is based
on "Repeated Incremental Pruning" method to reduce the rate error produced during the processing, and on "Predictive Rule Mining" method to analyze the users in
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order to extract the rules of learning. The authors conducted a comparative study with
the traditional approaches in citing the advantages and disadvantages of each. The
authors have used the data set of the assessments of the movielens platform made by
the different users of the platform. According to the authors, the results have been
well satisfactory and their proposal is much better than the other approaches in the
literature.

3

Datamining and Classification Approach

3.1

Datamining concept

Data mining is an approach for exploration, exploitation and analysis of data of
large volume (Big Data), which organizes the data in a way more understandable. On
the other hand, it serves to discover the rules of organization, classification and prediction to assist decision makers in the decision support process. [9].
Data mining is used to increase the capacity of storage and processing of data, and
is used in the collection of data [10]. Data mining allows also exploiting data to increase the profitability of the institutions namely companies, government etc …, and
increase the return on investment of their information systems.
3.2

Classification approach

Classification is a data analysis approach. It serves to facilitate the study and processing of data with large volumes [11], this approach aims to consolidate data into
groups to categorize data. It is a method among the methods used in data mining for
the processing, analysis and exploitation of important data. The data is grouped into
several classes such a way that the data of the same class are as similar as possible
and the classes are the most distinct possible.
There are many classification approaches in data mining namely neural networks,
Bayesian networks and decision trees.
Decision trees: Decision tree is a data structure of statistical machine learning. Its
operation is based on heuristics that provide outstanding results in practice. Its appearance makes it very clear and easy regarding reading to be exploited by humans
[12].
Decision tree models an hierarchy of tests on values of a set of variables called attributes. After these tests, the predictor produces a numeric value or selects an item in
a discrete set of conclusions. We speak of regression in the first case and classification in the second [13].
There was a lot of construction algorithms of decision trees but the most significant
works are the CART algorithm (Classification And Regression Trees) proposed by
Breiman et al. in 1984 [14], the ID3 algorithm proposed by R. Quinlan in 1986 [15]
and C4.5 algorithm which is an improvement of the ID3 algorithm also proposed by
R. Quinlan in 1993 [16].
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4

Recommendation Systems

Recommendation systems have become a very important tool in computer systems
namely e-commerce sites, social networks or e-Learning platforms. The aim of these
systems is to recommend articles, content or media according to several criteria as
applicable for users to facilitate them the searching of information.
Pradel [17] defines the recommendation systems as tools for filtering information
(movies, music, books, news, images, Web pages, etc.) to be suggested to users. The
recommendation system analyzes user information and its profile as well as its activities to predict and recommend information that suits him.
The purpose of these systems is to do similarity between user and information, by
exploiting a set of criteria and information collected about this user and other information as well as information to recommend in order being able to recommend this
information to users. Recommendation systems differ depending on the way of filtering information and data. This difference produces several types of recommender
systems namely:
• Filtering based content relies on the content of articles or information in order to
compare a user profile [18]. The system compares the representation of information and articles on the platform with the user's profile to recommend it. An article is recommended based on its similarity to the user profile.
• Collaborative filtering relies on the feedback and votes made by users of the platform on the articles in question. These assessments are translated into numerical
values that can be exploited in the recommendation. There are two main approaches for collaborative filtering. The approach that refers to users [19]. It consists in
comparing the users with each other and finding things in common in order to recommend. The second approach refers to Articles [20]. It consists in comparing the
items evaluated by the same users and recommending based on the closest of those
they have already evaluated items.
• Hybrid filtering exploits the evaluations made by users and information about the
contents. These systems may use other sources of information [21]. several methods to make the hybrid filter can be used to combine sources or models. It is possible for example applying separately collaborative filtering and other type of filtering to recommend, and combine these sets of recommendations by weighting, cascading, switching, etc. to produce final recommendations for users [22].

5

Proposed Intelligent Hybrid Recommendation System

In this section, we will present our proposed recommendation system. Our recommendation system aims to recommend the most appropriate content for a learner of an
e-learning platform. This system helps to build the center of interest for users by facilitating access to content. Most recommendation systems are based on the processing
of learner profiles only, however, our system designed to take into consideration several aspects when recommending namely:
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• The consideration of center of interest if it exists
• The consideration of evaluations on the content and the number of visits by users
of the platform as well as the user's reputation who put the contents
• Construction of the center of interest of learners using surveys proposed by the
platform for learners who have not fulfilled or not completed their center of interest to fill it or to evolve it
• Using data collection with dual method, explicit method and implicit method
• Using an hybrid filter that combines content filtering and collaborative filtering in
order to recommend
• Using the data mining and especially the decision trees in order to provide recommendations and to classify users and content
• The construction of file log and historical data by user in order to be used during
the next recommendation
Our proposed system is divided into four main parts:
• The first part is for the data collection about the learner profile, the content to recommend, the evaluations of the learner, the number of visiting a content and on requests sent into the platform.
• The second part is for processing of the information already collected in the previous section and for creating the learning model, classification of users who have
submitted the contents and for classification of content in order to send the results
to the recommendation part
• The third part is for making the similarity between learners and content and performing the recommendation
• The fourth part is for creating file log and historical data by user in order to be used
during the next recommendation
We have tried to include the recommendation based on the historical data, cookies,
and the requests sent on the platform order to turn our system into a system able to
recommend for the users who are not registered on the platform.
5.1

Data collection and construction of centers of interest

Recommendation system must be able to make predictions about the interests of
users. It must collect a number of data of these users in order to be able to build a
profile for each user. Our system is based on two steps to make the collection of data
needed to build the user profile.
Explicit collection: It relies on data and interest entered by the user in the center of
interest and on the activities made by the learner on the platform (comments, likes and
dislikes, favorites and ratings). The rating uses the standard scale of rating ranging
from one star to five stars which is converted into numerical value used in the recommendation module.
Implicit collection: It relies on the analysis of requests sent and the analysis of the
historical data of the learner on the platform. To do that, we proposed a survey that
will appear periodically to users in order to build its center of interest and its profile.
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This proposition allows the system to fill automatically the interest of learners for
users who have not fulfilled their center of interest or evolved it implicitly. The historical data of the learner is collected by the last part of the proposed system. This historical data is in the form of set of elements consulted on the platform (articles, videos,
images, etc ...), consultation frequency of these contents and finally the time spent on
such content. The system also analyzes the browser historical data by consulting
browser cookies etc ... to be able to recommend to learners.
The survey is in form of questions displayed on the platform like flying messages
asking for answers from the learner. The system exploits the answers in the form of
binary decision tree to be able to provide the results of questions.
There are several algorithms to draw decision trees; there are algorithms that
browse the trees from top to down and vice versa. In 1986, Ross Quinlin proposed an
algorithm that made a revolution in the field of machine learning for the decision
trees: ID3 algorithm [15].
ID3 built the decision tree recursively. At each step of recursion, it calculates
among the remaining attributes of the current branch, the one that maximizes the
information gain. I.e., the attribute that makes it easier to classify samples at this level
of this branch of the tree.
This algorithm uses two actions to choose the best attribute, measurement of the
entropy and measurement of the frequency. We will be interested in measurements of
Shannon entropy because it is the best in terms of performance. The following formula represents the Shannon entropy H(S):

H ( S ) = " # p( x) log 2 p( x)
x!X

(1)

The following algorithm is proposed to select the best attribute and perform the
procedure of processing and searching:

ID3 (Examples, Target_Attribute, Attributes)
Begin

Create a root node for the tree

If all examples are positive, Return the single-node tree Root, with label
= +.
If all examples are negative, Return the single-node tree Root, with label
= -.
If number of predicting attributes is empty, Then Return the single node
tree Root, with label = most common value of the target attribute in the examples.
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Otherwise Begin
A ! The Attribute that best classifies examples.
Decision Tree attribute for Root = A.
For each possible value, vi, of A,
Add a new tree branch below Root, corresponding to the
test A = vi.
Let Examples(vi) be the subset of examples that have the
value vi for A
If Examples(vi) is empty
Then below this new branch add a leaf node with label
= most common target value in the examples
Else below this new branch add the subtree ID3 (Examples(vi), Target_Attribute, Attributes – {A})
End For Each
End
Return Root
End

We will present in coming section an example of the functioning of our system and
we will illustrate the functioning of our decision tree and how the survey works to fill
the center of interest of the learner.
Table 1 shows an example of rules that can be taken by the system to discover the
learners' interest center.
When the decision is positive, the system saves all information regarding the center
of interest of the learner, the field, the subject, the author and books.
Table 2 presents the list of decisions to be taken by the system to build the center
of interest of the learner.
Figure 1 shows an excerpt of the tree generated for the following example by the
system.
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Table 1. Rules examples for the decision tree
Attribute

Possible values

Field

Literature, Mathematics, Computer Science

Subject

Roman, French, Analysis, Algebra, Java, Decision Tree

Author

Julius Obsequens, Flavius Merobaudes, David Hilbert, Henri Poincaré, Claude
DELANNOY, Ross Quinlin

Publishing house

Charles-Joseph Panckoucke, Richard Bentley, Eyrolles, John Wiley & Sons, Larousse,
Springer Verlag

Book

Liber de prodigiis, Carminum Orationisque Reliquiae, The Foundations Of Geometry,
La Valeur de la Science, Programmer en Java - Java 5 à 7, Machine Learning

Decision

Yes or No

Table 2. List of decisions for the decision tree
Field

Subject

Author

Publishing house

Book

Decision

Literature

Roman

Julius Obsequens

Literature

French

Flavius Merobaudes

Richard Bentley

Carminum Orationisque
Reliquiae

Yes

Mathematics

Analysis David Hilbert

Springer Verlag

The Foundations Of
Geometry

Yes

Mathematics

Algebra

John Wiley & Sons

La Valeur de la Science

Yes

Eyrolles

Automat und Mensch:
Über menschliche und
maschinelle Intelligenz

Yes

Springer Verlag

Machine Learning

Yes

Henri Poincaré

Computer
Science

Java

Claude
DELANNOY

Computer
Science

Decision
Ross Quinlin
Tree

Charles-Joseph
Panckoucke

Liber de prodigiis

Yes

Fig. 1. Generated decision tree by our system
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5.2

Classification of users that posted the contents

Our system classifies the users of the platform in three types, new users, the least
reputed users and well reputed users. We proposed a formula to calculate the margin
in order to indicate the interval for each class type. The formula proposed:

Range =

! (RL ) + ! (RCS )
3

(2)

Where RL is the total number of evaluations on all learners and RCS is the total
number of evaluations of content. Evaluations are in the form of number of stars of a
scale ranging between zero and five star rating. The system calculates intervals and
then for each user, its evaluation is added to the evaluation of such content to put him
in a category. Here is the formula calculated for each user:

Rating Ui = ! ( RLi ) + ! ( RCSi )

(3)

Where RLi represents, the total number of evaluations of a learner and RCSi represents the total number of evaluations of the contents of this learner.
Therefore, the system classifies users who have posted content using decision trees
as follows:

Fig. 2. Classification of users who submitted the contents
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5.3

Classification of the well reputed users that posted the contents according
to the ratings and content category

Our proposed system performs the content classification in stages, classification on
category for put the content in its category in order to facilitate the association of the
content according to the learners' interest center. The second classification is based on
the ratings.
Classification on category: In this stage, the system tries to associate each content
in its category to facilitate the matching task with the interests of learners in the recommendation. Each content has a category field in the database to use it in classification. The system groups items by category using decision trees. Below is an illustration of how the system works to do this classification:

Fig. 3. Content Classification according to Category Field

Classification based on ratings: In this stage, our proposed system classifies each
category according to evaluations made on the contents. We designed the system to
take into consideration the evaluation on the content i.e., the number of stars voted for
this content, user reputation and the number of likes and dislikes in order to evaluate
the content . We proposed a formula to group all these criteria into a single value
calculated by our proposed formula. Here is the proposed formula:

CGR i =

RatingContenti + DSLi + Rating Reputationi
3

(4)

Where:
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CGRi is Content General Rating
Rating Contenti are evaluation and

votes of learners who have followed or who

have read the contents. This evaluation is in the form of scale from zero stars to five
stars as follows:
•
•
•
•
•
•

Null = 0
Poor = 1
Medium = 2
Good = 3
Very good = 4
Excellent = 5

DSLi (DiSlikeLike) are likes and dislikes that are made by learners to express their
appreciations or their disgruntled towards the content posted on the platform. This
evaluation is converted and calculated by the following proposition:
• Likes = 1
• Dislikes = 0

Rating Reputationi

is the user reputation that posted the content. Learners make their
votes and ratings on users that posted the content based on its activities on the platform, its relevant content as well as his help and explanations for learners. This evaluation is a scale from zero stars to five stars and is divided into six categories as follows:
•
•
•
•
•
•

Null = 0
Poor = 1
Medium = 2
Good = 3
Very good = 4
Excellent = 5

5.4

Construction of the proposed personalized matrix utility

There are many methods for prediction the content that interest learners. All these
methods need information regarding learners and content in order to be exploited and
analyzed by the recommendation system. This information is gathered into a matrix
called matrix utility.
[23] defined the recommendation by a set of all learners and a set of all content that
can be recommended. R is a set of learners voting and rating on content posted on the
platforms. Based on this matrix, the system tries to recommend content that has the
highest rating and the highest number of learners. In the previous section, we proposed a formula that includes all the criteria into a single value calculated by our
proposed formula.
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Consider learners L and C content, R is the set of votes and ratings where

L!C " R .

For each learner l ! L , there is a content
tem and maximizes reputation of l

c ' ! C that is recommended by the sys-

#l ! L, cl" = arg max c!C r (c, l )

(5)

Consider the following table that contains an example of the information used during the creation of the matrix:
Table 3. Content 1
L1
L2
L3
L4
L5
L6

RatingContent
5
4
2
5
0
3

DSL
1
1
0
1
0
1

RatingReputation
4
4
4
4
4
4

CGR1
3,33333333
3
2
3,33333333
1,33333333
2,66666667

Table 4. Content 2
L1
L2
L3
L4
L5
L6

RatingContent
1
0
2
0
5
3

DSL
0
0
0
0
1
1

RatingReputation
2
2
2
2
2
2

CGR2
1
0,66666667
1,33333333
0,66666667
2,66666667
2

Table 5. Content 3
L1
L2
L3
L4
L5
L6

RatingContent
5
5
4
5
5
4

DSL
1
1
1
1
1
1

RatingReputation
5
5
5
5
5
5

CGR3
3,66666667
3,66666667
3,33333333
3,66666667
3,66666667
3,33333333

Table 6. Content 4
L1
L2
L3
L4
L5
L6
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RatingContent
0
0
2
4
0
1

DSL
0
0
0
1
0
0

RatingReputation
1
1
1
1
1
1

CGR4
0,33333333
0,33333333
1
2
0,33333333
0,66666667
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Now, we will present the utility matrix according to our proposition:
Table 7. Utility Matrix

5.5

CGR1

CGR2

CGR3

CGR4

L1

3,33333333

1

3,66666667

0,33333333

L2

3

0,66666667

3,66666667

0,33333333

L3

2

1,33333333

3,33333333

1

L4

3,33333333

0,66666667

3,66666667

2

L5

1,33333333

2,66666667

3,66666667

0,33333333

L6

2,66666667

2

3,33333333

0,66666667

Recommendation of content to learners based on similarity Learners Contents

In order to do the similarity between learners and content posted on the platform,
you have to find some kind of similarity between the rows and columns of the utility
matrix. The choice of approach depends on information contained in the e-Learning
platform. There are many approaches and methods to measure the similarity between
learners and content. In our case, we have chosen the cosine similarity [24, 25, 26] to
recommend to learners.
The cosine similarity can be calculated by the following formula:

Scosine( a ,b ) =

a

# x!Ea " Eb u (a, x) $ u (b, x)
# x!Ea " Eb u (a, x) 2 # x!Ea " Eb u (b, x) 2

(6)

b are two learners or two contents and Ea is a set of contents
measured by the learner a and Eb is a set of contents measured by the learner b .
Where

and

In the section coming we will present the interpretation of information of the utility
matrix by the system for recommendation.
Recommendation based on similarity Learner – Learner: Consider the example
of the following utility matrix presented in the previous section:
Table 8. Utility Matrix
CGR1

CGR2

CGR3

CGR4

L1

3,33333333

1

3,66666667

0,33333333

L2

3

0,66666667

3,66666667

0,33333333

L3

2

1,33333333

3,33333333

1

L4

3,33333333

0,66666667

3,66666667

2

L5

1,33333333

2,66666667

3,66666667

0,33333333

L6

2,66666667

2

3,33333333

0,66666667
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When the system recommends for learner L1, it calculate the cosine similarity of L1
with all learners in its category as follows to determine its similarity with the other
learners.
Iteration 1: Cosine Similarity of L1 and L2
Scosine( L1 , L2 ) =

3,33333333 ! 3 + 1! 0,66666667 + 3,66666667 ! 3,66666667 + 0,33333333 ! 0,33333333
3,333333332 + 12 + 3,666666672 + 0,333333332 ! 32 + 0,666666672 + 3,666666672 + 0,333333332

Scosine( L1 , L2 ) = 0,996931528369
Iteration 2: Cosine Similarity of L1 and L3

Scosine( L1 , L3 ) = 0,958610229606
Iteration 3: Cosine Similarity of L1 and L4

Scosine( L1 , L4 ) = 0,892476565758
Iteration 4: Cosine Similarity of L1 and L5

Scosine( L1 , L5 ) = 0,860879919727
Iteration 5: Cosine Similarity of L1 and L6

Scosine( L1 , L6 ) = 0,967347818696
Since a large value of cosine (positive) means a smaller angle so a smaller distance, thus these iterations gives us the following result:
Ranking of learners according to similarity with learning L1
L2
L6
L3
L4
L5

We proposed to give the possibility the administrators of the e-Learning platform
to configure a proposed parameter called K that aims to specify the TOP K, which is
the number of learners to recommend when displaying the recommendation result. On
the above example, we have five learners that are classified according to similarity
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with the learner L1, so if for example K = 2, so the system recommends content published or viewed by learners L2 and L6 and if K = 3 then learners L2, L6 and L4 ... etc.
5.6

Classification of content for unregistered users (Passive Collaborative
Filtering)

Our system performs an analysis of learner’s behavior in the "background" using a
proposed survey in the module of data collection, exploiting the requests sent on the
platform, cookies of the platform and log files information of the learner on the
browser or on the platform to deduce its center of interest in order to use it in the
recommendation. The proposed survey as already said is a survey with several questions displayed on the platform like flying messages asking for answers from the
learner. The system exploits these answers in the form of binary decision tree to be
able to deduce the result of the issues. After construction of the center of interest, the
system use it to classify contents according to the categories of center of interest. We
proposed the passive recommendation solution using the recommendation based on
similarity Content - Content.
Recommendation based on similarity Content - Content
Consider the example of the following utility matrix presented in the previous section:
Table 9. Utility Matrix
CGR1

CGR2

CGR3

CGR4

L1

3,33333333

1

3,66666667

0,33333333

L2

3

0,66666667

3,66666667

0,33333333

L3

2

1,33333333

3,33333333

1

L4

3,33333333

0,66666667

3,66666667

2

L5

1,33333333

2,66666667

3,66666667

0,33333333

L6

2,66666667

2

3,33333333

0,66666667

When the system recommends content to a learner, it calculate the cosine similarity
of content already visited by this learner with all content in its category as follows to
recommend the best among them. We assumed in our example that the content already visited is the content C1 content, so we worked with the CGR1.
Iteration 1: Cosine Similarity of CGR1 and CGR2
Scosine(CGR1 ,CGR2 ) =

3,33333333 !1 + 3 ! 0,66666667 + 2 !1,33333333 + 3,33333333 ! 0,66666667 + 1,33333333 ! 2,66666667 + 2,66666667 ! 2
3,333333332 + 32 + 22 + 3,333333332 + 1,333333332 + 2,666666672 ! 12 + 0,666666672 + 1,333333332 + 0,666666672 + 2,666666672 + 22

Scosine(CGR1 ,CGR2 ) = 0,748818358036
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Iteration 2: Cosine Similarity of CGR1 and CGR3

Scosine(CGR1 ,CGR3 ) = 0,965246603853
Iteration 3: Cosine Similarity of CGR1 and CGR4

Scosine(CGR1 ,CGR4 ) = 0,813351635265
Since a large value of cosine (positive) means a smaller angle so a smaller distance, thus these iterations gives us the following result:
Ranking of contents according to similarity with the content
CGR1
CGR3
CGR4
CGR2

The same as the recommendation of learners, we proposed to give the possibility
the administrators of the e-Learning platform to configure a proposed parameter
called K that aims to specify the TOP K, which is the number of contents to recommend when displaying the recommendation result. On the above example, we have
three contents that are classified according to similarity with the content CGR1, so if
for example K = 2, so the system recommends the content CGR3 and CGR4 and if K =
3 then learners CGR3, CGR4 and CGR2 etc...
5.7

Processing log file information of learners

The creation and processing of historical data and file log information serve to give
a recommendation list at each connection or at each consultation of the e-Learning
platform. This process is also used to recommend content already recommended to be
consulted again and recommend new content that are similar to content already recommended.
There are two types of recommendation based on historical data and file log information proposed by our system:
• For learners registered on the platform: historical data of recommendations of the
learner is saved by our system to be recommended after, ie, this historical data is
used to recommend content already recommend and new content similar to the
content already recommend.
• For non-registered learners on the platform: it is based on browser history, so the
system creates a session and cookies to retrieve information consulted by the user.
Also, to have a traceability of all requests or content consulted in the platform.
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In both cases, our system is based on content-based recommendation to recommend similar new contents that have just been posted on the platform classified by
category.

6

Design and Implementation of the Proposed
Recommendation System on E-Learning Platform

In this part, we will introduce the e-Learning platform and our recommendation
system based as already said on several modules to make the recommendation. The
first module for data collection implicitly and explicitly. The second module for processing the collected data in order to create the learner profile, the classification of the
users and the classification of the contents. The third module for making the recommendation based on the proposed model and the fourth module for the creation of log
files and user historical data to be used in the upcoming recommendation processes.
For the data collection of the first module, as already mentioned, we have designed
two methods: explicit and implicit. The first one is based on the information entered
by the user when registering on the platform or during the modification of the profile
to evolve the information and the center of interest. The next figures shows our proposed recommendation system:

Fig. 4. Result recommendation and construction of log files and historical data
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Fig. 5. Recommendation for unregistered users

7

Results and Discussion

To calculate the accuracy and the response time of our proposed system, we used a
data set of an e-Learning platform that contains 700 users and 1000 content. This set
comprises 70512 total of evaluations. As already mentioned before, the evaluation has
scale that ranges from 0 to 5 stars where 0 to 2 is a poor evaluation, 3 is average and 4
to 5 star represents a good evaluation. In our results, we selected using the classification proposed in this paper only contents which their users who posted these contents
have a good reputation on the platform and the contents are contents that have a relationship with literature. Figure 6 shows the set.
We also used a data set of reputations of users who posted these contents to be
used in our proposition.
Therefore, after applying our proposition to get CGR according to the likes and
dislikes and according to the reputation of users who posted these contents, we got
our final matrix with which our system uses it to recommend content. Figure 7 shows
the resulting matrix.
After getting the final matrix, the system executes the process of recommendation
and displays the content list recommended according to the center of interest of learner as shown in Figure 8.
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Fig. 6. Utility Matrix Dataset

Fig. 7. Final Utility Matrix
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Fig. 8. Recommended Content List

According to the method of the cosine distance, content that has the highest value
is the most appropriate content for the learner. In the figure, the recommendation is
made for learner number one (LA). Notice that the contents number nine is the most
suitable. After, it comes the content number 15 and so on.
To evaluate our proposal in terms of accuracy and response time needed to recommend, we conducted 20 experiments. We started with a matrix of 35 learners and
50 content. In each time, we increase the number of learners by 35 and the number of
content by 50.
To evaluate the performance and accuracy of our proposed system for recommendation against the standard recommendation, we used the following equation [27]:
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Accuracy =

ITPR
ITPR + IFPR

(7)

ITPR: Item True Positive Recommendation. Case was positive i.e. the data and the
rules were good and the recommendation is also positive.
IFPR: Item False Positive Recommendation. Case was positive i.e. the data and
rules and all but unfortunately the recommendation was negative.
We made the experiments for our proposal and for the standard recommendation.
In addition, we tried to compare experiences and we got the following results:

Fig. 9. Accuracy simulation

We noticed that the accuracy for our proposition and for the standard recommendation degrades when increasing matrix size (number of content and number of learners
with the evaluations) in each experiment. At the end, we observed that our proposed
system remains beyond the threshold that we set to satisfy the recommendation that is
90%, and degrades slowly unlike the standard recommendation that degrades very
quickly with time at each increasing in volume of the matrix so that at certain volume,
it will no longer satisfy the recommendation set to 90% with an uncertainty of 10%
margin.
The second part of our results was for the comparison between our proposed recommendation system and the standard recommendation. To do it, we calculated the
response time for both systems in each experiment and we got the result shown in
Figure 10.
During the first two experiments, we noticed that the standard recommendation is
faster than our proposal, but starting from the third experiment our proposition starts
to be faster than the standard recommendation. It was also noted that when the volume of the matrix increases, the standard recommendation performance decreases, so
it influence on its response time unlike our proposed system that manages very well
the processing and response time and keeps its processing and response performance
even if the volume of the matrix increases.
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Fig. 10.Execution Time simulation

8

Conclusion and Perspectives

In this paper, we presented a hybrid intelligent recommendation system for eLearning platforms based on data mining. The recommendation system aims to recommend the most appropriate contents for learners of e-learning platform. It assists in
build the center of interest for users by facilitating access to content.
The system is divided into four main parts:
• The first part for data collection
• The second part for processing of information already collected in the previous
section
• The third part for the similarity between learners and content and make the recommendation
• The fourth part for creating a historical data of recommendation by learner.
For data collection, and construction of the learner profile we used the explicit and
implicit collection. In the recommendation, we proposed several modules, a module
for classification of users who posted contents according to their reputations, a module to classify these users according to content category and according to the evaluations made by learners of the platform. A module for the construction of the proposed
utility matrix and the recommendation module that is based on learner profile and
content. The last part for the recommendation based on retrieved and recorded historical for both types of learners registered and non-registered on the platform in order to
recommend content not only already recommended but also the new similar content
by category. The recommendation used in this case is the one based on the content.
For future work, we will try to work with multi-agent systems to manage the modules of our proposed systems to improve the performance in terms of processing and
response time because we will use the distributed processing, which reduces the response time. In addition, multi-agent systems will ensure the accuracy of our proposed system in terms of recommendation. Moreover, we will transform our recommendation system into a generic module that works and that installs easily on the
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entire well known e-Learning platform under free license like (Chamilo, Claroline,
eFront, Moodle, SAKAI, Etc.).

9
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Abstract—Is my professional knowledge outdated? Do I have the skills
needed for the new challenges of the society? What knowledge do I lack to
qualify for a job I like? What universities can I address to get knowledge that
improves my employment expectations? These are relevant questions that all
employees have done in any moment of their life. In addition, when there are
high rates of unemployment and job offers that keep unfilled, the answers to
these questions are even more relevant. Answering such questions open new
opportunities for employed and unemployed people, by allowing them to design
a formative plan according to their skills and expectations. It also provides
evidences to employers about the skills and knowledge of the society, making
them more aware of the skills of their potential future employees. The companies also will have more knowledge to design the professional career of their
employees according to the company needs and the knowledge and skills of
their employees. This paper proposes a system that helps people by showing
which knowledge and skills a person misses for a given job position and what
university courses the person can take to acquire the required skills and
knowledge. The system has been implemented as a recommender system that
helps users in planning their life-long learning. The paper shows the architecture of the proposed system, a case study to explain how it works, a survey to
validate its usefulness and usability and some conclusions after its first experimentation.
Keywords—recommender system, employability, analytics, job finding, skills
analysis, life-long learning

1

Introduction

Nowadays, organizations are facing new necessities when recruiting new employees. Advances in technology, availability of data, new society’ challenges and new
types of jobs require new skills that current staff or available people for hiring may
not have. Such quick evolution has resulted in a very dynamic labor market. In that
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sense, people may feel overwhelmed by the speed the labor market evolves and how
quickly their knowledge and skills became obsolete. Therefore, it is relevant to provide analytical tools that support people to be aware of how well positioned they are
for succeeding in their professional and job expectations, of what knowledge and
skills they should get to be able to achieve such expectations or of how to maximize
their employability.
That is not a necessity that impacts in persons (potentially employees) only, but also in organizations (potential employers). The necessity is even greater in
environments where there are a high unemployment rate and environments where
there are many job offers that become vacant because, supposedly, employees do not
have the proper skills and knowledge. In the big data era, it is possible to create analytical tools that access and analyze data about job offers, about people resumes and
about the academic programs that universities offer. These tools might provide relevant information to people in order to keep their professional knowledge updated, to
increase their rate of success in further professional promotions and to raise their
employability.
The objective of the presented work is to make a first step in the creation of such
tools. In that direction, the present paper proposes a system that uses analytics and
natural language processing techniques (NLP) to infer the knowledge a person should
acquire to be able to perform a given job. The system is also able to identify the academic programs and subjects where the person can learn the missed knowledge and
skills. Such information is used to provide a tool that helps users in improving their
knowledge and skills according to their labor expectations. The proposed system uses
NLP techniques to process the job offers automatically and extract the required skills
and knowledge for each job offer. The skills and previous knowledge of users can be
automatically inferred or manually provided by users. Then, analytics are used to
create a recommender system that provides information about what knowledge and
skills users should obtain and where they can be acquired.
The contribution of the proposal is twofold. First, it makes people more aware of
their own limitations and more autonomous according to their further education, by
providing tools to be self-aware of the obsolescence of their knowledge and to be able
to plan their future formation more efficiently. Second, it can potentially reduce the
gap between academic offer and labor market necessities, increasing the amount of
people to be able to cover the job positions that actually keep deserted.
The paper is structured as follows. Section 2 presents a brief introduction to related
work that analyzes the alignment of the academic offer and labor needs to increase the
employability of population. It also includes information about standardization initiatives that have arisen to provide homogeneity in the curricula definition. Section 3
describes the proposed system by describing their main components, how the information is inferred and it is shown to users. Later, Section 4 shows, by a case study,
how the system identifies the required skills for a given job position and the academic
programs and courses a given user can take in order to get the lacking knowledge to
apply to such offer. Finally, Section 5 concludes the paper by presenting some final
remarks and pointing out further work.
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2

Related Work

According to [1], cooperation between university and industry is one of the drivers
of actual innovation. In addition, the participation of university students in the industry approaches them to their professional future. In that sense, it is important to take
into account the industry to influence the development and evolution of professional
academic programs in order to provide the skills and knowledge students will require
for industry [2]. However, there is a misalignment among what is taught in academic
programs and the real needs of the labor market [3][4]. Therefore, many people do not
work in a job that corresponds to their knowledge and many employers consider that
individuals do not have the knowledge and skills required to deal with the company
challenges successfully.
The extraction of the professional knowledge of people and its alignment to the labor market has been tackled mainly by three approaches: services that look for alignment among curricula and labor market, services that look for the relation among
education provided by universities and labor market and proposals done from a business intelligence perspective.
In the first direction, we have services such as Monster1, StepStone2, Lingway3 or
Innovantage4 that propose job offers aligned to the person profile. Recommendations
are made from a keyword analysis of the person resume and the job offers available.
In some cases, the job offers are classified using ontologies, such as in [4][5][6][7].
Then, the comparison is more powerful, since it is not only performed with words but
also with semantics, allowing to identify jobs that match a given resume even when
there are not keywords in common between the resume and the job offer. However,
these systems have some scalability problems for large and unstructured resumes,
where it is difficult to infer all the keywords and their context. There are also other
problems when using NLP techniques in order to extract the skills and content related
to a person: same content and competencies can be written differently.
In the second direction, we have approaches focused on connecting an academic
environment of a university with labor market [8]. In these systems, a web service
that links academic programs to related jobs within web portals of job finding is
provided to students. As far as we know, these systems use only the title of the academic programs to calculate the relationships, which can be conflictive since the title
is very short, incomplete and do not describe well enough the content and practiced
skills of a program or of a specific course.
From a business intelligence perspective, within the European Project
h-TechSight5, the frequencies of key concepts of some technological domains were
calculated. Their work provided detailed information about the demands of these
domains geographically. Apart from the potential benefits for persons, such system
may be useful for industry to be aware, in real time, the adoption and evolution of a
1

http://www.monster.com/geo/siteselection/
http://www.stepstone.com/
3
http://www.lingway.com/
4
https://www.innovantage.co.uk/
5
http://banzai-deim.urv.net/~riano/hTechSight/projecte.html
2
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specific technology. However, under our knowledge, such system has not been applied to educational purposes.
Two common issues that appear in related work are the ambiguity of the definition
of skills and knowledge within resumes and the interoperability of resumes and higher
education programs. In order to deal with the ambiguity of knowledge and skills,
there are some proposals focused on standardizing the resumes by providing a limited
vocabulary for reducing term dispersion. Proposals for standardizing the skills and
knowledge of persons are Europass6 and the e-Competence Framework7. Europass
provides two documents to provide a standardization of resumes: the curriculum vitae, which presents the candidate skills and qualifications, and the European skills
passport, which provides standardized information about the language skills of the
candidates. It also defines the structure and content of another kind of official documents to document and share people competences in the European context. Examples
of such documents are the Europass mobility, which records knowledge and skills that
may be required by other countries, or the Diploma supplement, which records the
knowledge and skills acquired by a given person in a higher education degree. Similarly, the e-Competence Framework provides standardization at skills level, but only
for the area of Information and Communication Technology (ICT). To do so, it provides a common language and semantics for 40 competences, skills, knowledge and
proficiency levels that can be understood across Europe.
Even when different institutions use the same specifications and standards to represent the information about their courses and the competencies the students get during
their academic life, the interoperability continues to be an obstacle. Each institution
and job portal will have their data isolated, generating different information silos. In
order to surpass such problem, approaches used for other purposes should be adapted
in a linked data global solution [9]. Some works that focus on the representation of
information could be utilized in that direction. Authors in [10] use an ontology that
represents learning resources to give support to online learning processes. In [11] it is
provided an ontological version of the national UK curricula8 to represent the academic programs and subjects; and the Learning in Process9 project aims to empower
people as their own mentors. To do so, they provide ontologies to represent the profile
of students unambiguously and to allow knowledge exchange between different
agents. Another work with an approximation similar to ours is presented in [12],
which allows representing, among other information, the topics dealt in the materials
of university courses. Since its focus is in the representation of knowledge, and not in
their inference, the lists of the topics covered in each material and the material where
they are covered should be specified by hand. The proposal is not focused to study
how the academic program is aligned with the job necessities, but to evaluate the
review of courses and see how different courses may overlap. Other approaches that
use linked data to provide interoperability in the educational context can be found at
[13].
6

http://europass.cedefop.europa.eu/en/home
http://www.ecompetences.eu/
http://www.bbc.co.uk/ontologies/curriculum
9
http://www.calt.insead.fr/Project/lip/
7
8

80

http://www.i-jet.org

Paper—A Life-long Learning Recommender System to Promote Employability

Fig. 1. Diagram of the program recommender system.

3

The Recommender System

In this section, the recommender system is described. As aforesaid, the system
aims to recommend to each user what knowledge is required to apply to a specific job
offer, the knowledge that the user is lacking and what are the best-suited academic
programs to acquire such lacking knowledge. The required knowledge from job offers
will be automatically inferred from the textual description of the job offer using NLP
techniques. Therefore, the required skills (we will use the term skills to indicate both
skills and knowledge in order to simplify readability from now on) are the real requirements that should be fulfilled to access the job and not the ideal skills commonly
associated with a professional category.
The workflow of the proposed system is illustrated in Figure 1. As we can observe,
the system has three different data inputs: information about the user profile, information about the job market, and information about academic programs.
First, the system needs all the information related to the prior-knowledge of the user to be aware what skills the user has. It is crucial to get the right and complete information about the user profile. The reason is that if a skill the user has is not
introduced, then the system will fail to propose the right job offers to the user. The
resume, job experience, skills, competences and even the prior-learning can be
provided. For the resume information, the system provides two options: manual insertion using a structured resume form or an automatic extraction of the information
stored in LinkedIn profile:
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• Manual insertion of the profile: the system asks for information about language
proficiency, previous and current job experience and skills. The user needs to add
all this information systematically. The main drawback of this method is that the
curriculum information has to be inserted using the custom format of the system,
i.e. standard formats cannot be reused.
• Automatic insertion of the profile: the system uses the LinkedIn API to extract the
skills and job experience of the user from its public profile. To do so, the public
Python LinkedIn interface library (http://ozgur.github.io/python-linkedin/) has
been used. This library is a Python interface that simplifies the interaction with the
LinkedIn API. For instance, the skills extraction can be done using the simple
method get_profile with the parameter selectors=['skills']. This method is more attractive than the previous one, since the user can reuse curriculum information inserted in LinkedIn. The drawback is that only this service is supported. However,
the system has been designed to incorporate any public resume exporting service in
the future easily.
Additionally, the system is capable of integrating the academic record of the user.
Although this is not critical information for the alignment between resume and job
required skills, this information is currently used to inform which courses are not
required to be enrolled since they are already completed. As aforesaid, this functionality has been only implemented to deal with the academic record at the Open University of Catalonia. Other educational institutions may be integrated easily in the future
since the system reads the academic record of the student in JSON format via a web
service method. Thus, the endpoint has been already implemented in the service.
Other universities will only need the specification of the endpoint to send the information of users in the JSON format.
The job offers are extracted from LinkedIn via the Python LinkedIn library, by using the method search_job with the parameter selectors=['jobs'], which returns a list
of job offers. Additional search filters can be added to the method to improve the
query and return an up-to-date list (i.e. the job offers in the last month).
For the academic information, we use the analytical data store provided in [15].
This data store contains an analysis of the most relevant terms associated with each
course of the UOC that has been extracted by using similar techniques than the ones
applied to job offers over the different materials of the subjects. The relevant terms
can be any set of words (three words at maximum) that define skills, tools,
competences or any other word associated with the knowledge of the course. Note
that, this information has been extracted from the materials (textbooks) of the courses
and manually validated by the instructors. Therefore, the relevant terms of each
course describe the real knowledge of the course and not the ideal knowledge that
should be learned based on teaching programs. Additionally, the data store is
complemented with the structure of each program by giving the list of courses associated to each one. That allows getting the skills taught on each subject, but also on
each academic program.
At this point the required data for the recommendation is gathered but it should be
cleansed, summarized and improved using NLP techniques. These techniques are
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applied to the information extracted from job offers and from student background
(from the resumes and the courses the student has completed). The academic information does not require this kind of treatment, since the data has been already processed before being inserted in the analytical data store [15].
Once the data of the jobs offers and user background are gathered, their content
should be analyzed to identify the skills contained within the text (ones will be the
skills required for the job and the others the skills the user already has).
The skills extraction procedures use NLP techniques to easy manage and cleanse
the data. The relevant skills are extracted by means of NLP techniques that segment
the text, lemmatize the words and produce candidate terms, which are word lemmas,
bi-grams and tri-grams of lemmas. Not all the candidates are relevant because of their
part of speech (POS) and their importance in the text. So the extractor uses a POS
tagger to analyze each text in order to identify the grammatical category of each term
and lemmatize it. Then, the frequency of appearance is calculated to determine the
importance of the candidate keywords in each text. Then, a cleansing procedure
merges equivalent keywords and it discards stop words. The system uses Freeling
[14] to determine when different keywords are different representations of the same
lemma. If so, the different keywords are unified. For example, the keywords “implementing”, “implement” and “implemented” are semantically equivalent, therefore,
they can be unified in one term “implement”. In the deletion of stop expressions,
language-specific rules should be used to identify what expressions can be deleted.
For example, a rule will be “When a bi- or a tri-gram contains a pronoun, then it can
be deleted”. In addition, dealing with keywords of different length provides more
terms and potentially more quality terms, but it can also produce some noise. In order
to reduce such noise, a process to detect redundant keywords and to delete them has
been created. Such process detects when there are two terms and one is a subset of the
other. In such cases, we can discard the subsumed one when the frequencies of both
terms are very close. For example, suppose the terms “analytics” with a frequency of
63 and “business analytics” with a frequency of 61. In such case the system can discard the term “analytics” without losing too much precision (only two apparitions of
the term will be lost). Domain synonyms detection has not been dealt in the cleansing
process since they require a high manual intervention.
Currently, extraction of users' skills and extraction of job offers use the same NLP
approach. However, we are aware that they should be handled in a different way to
improve quality extraction. Resume documents sometimes tend to use unstructured
text to describe all the knowledge and experience. Similarly, job offers may also describe the required skills on unstructured text with another style. Developing specific
NLP techniques depending on the discursive approach should improve the quality of
the extracted information [[16]][[17]].
After gathering all these information, the system generates a dashboard with a list
of reports. These reports show to each user which job offers are more related to the
user capabilities and the list of academic programs and subjects that could help to
acquire the missing skills to be fully eligible to apply for a job offer. The different
phases the system follows to generate the final dashboard are (See Figure 1): skills
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matching process, course matching process, and aggregation process. These phases
are described in detail in the next subsections.
3.1

Skills matching process

The first module performs the matching process between the skills of the user and
the skills required in the job offers. Matching skills are straightforward due to the
parsing and linguistic cleansing that is done in the detection of keywords. In this
stage, the system just looks for identical skills terms. The process computes two sets
of terms:
• Acquired skills: job terms that describe the skills that have already been acquired
by the user.
• Lacking skills: job skills not matched with the skills of the user. They are assumed
as the skills the user lacks.
The acquired skills list is merely used to give further information to the user about
its capabilities and chances for a given job position. The lacking skills list is useful to
detect what academic programs offer support to their acquisition. Note that, user skills
that are not necessary on the job (not matched) are discarded since they are not useful
in further processes.
The process of analyzing all job offers generates a set of records of the form:
(user, job offer, score, list of job matched terms, list of job unmatched terms)
where the score provides information about how able is the user for applying to the
job offer. It has been calculated as the number of matched terms between the resume
of the user and the job offer.
This set of records is sorted by the score providing the list of the most relevant job
offers related to skills of each user. This sorted list is transferred to the next process.
3.2

Course matching process

The second phase produces the matching between the selected terms in the previous step and the terms of the courses. As aforesaid, the analytical data store obtained
from [15] provides information about the relevant terms for each course. The matching process is computed only between job unmatched terms and relevant terms of the
courses since the matching process seeks the courses that cover the largest sets of
unmatched skills for each job offer. The process generates records similar to the previous process but records are enriched with relevancy within the courses, where the
score is defined as the number of matched terms between relevant terms of the course
and job unmatched terms. This score gives information about the number of skills
each course allows to acquire.
Additionally, this matching process is responsible for evaluating prior-learning of
the users (regarding completed courses) and calculating the set of courses the user
may potentially enroll to acquire the required skills. Since it is possible that the user
has already completed such course, the system uses information from the academic
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record of the user in order to see whether there is some selected course already done
by the user. At this stage, the system cannot match completion of courses with priorlearning of the user out of the academic record. However, we are planning to use the
technique described in [18] to support this feature.
This evaluation extends the record by adding information whether each of the
selected courses has been completed by the user:
(user, job offer, course, score,
list of course matched terms, list of course unmatched terms, is completed?)
Like in the previous process, this set of records are sorted by the score, providing
the list of courses that their learning contents are more related to the skills that the
user needs to apply to the job offer.
3.3

Aggregation process.

The information gathered up until this stage is at the course level. In order to represent the information also at the academic program level, this process aggregates information by giving a complete vision of the best academic programs to improve
user's skills.
The set of obtained records in the previous process is analyzed and combined using
the academic program structure described in the analytical data store. Individual
scores are summed on courses of the same program and, therefore, a new record is
generated:
(user, job offer, program, score,
list of program matched terms, list of program unmatched terms)
All these records are stored in a data system to give full support to any decisional
or recommender interface. Multiple reports can be provided at the user level, program
level or even at the institutional level in terms of acquired skills or required skills to
current job offers.
• At the user level, the system can provide fine-grained information related to which
job opportunity the user is more eligible. This information may not seem valuable
compared to the information provided by job search services. However, the value
of the system is when this information is enriched with acquired and missing skills.
Additionally, a user may be interested to see which programs and courses teach the
missing skills, the relationship between courses and taught skills.
• At the program level, the produced information can be useful to see the relationship between programs and job offers. Potential students can be notified with information related to which career opportunities have a specific program; or the academic coordinator can even modify the content of the courses to get a better
alignment with labor market and increase the employability of their students.
• At the institutional level, more deep analysis can be performed to get more quality
curricula, detect open opportunities and improve the students’ employability of the
professional programs.
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At this stage, we only provide support at the user level to give recommendations of
the best programs to be enrolled to fulfill all requirements and skills to apply to a job
offer. The next section describes a case study to see the output of the recommender
system and an analysis of an opinion survey.

4

Experimental Evaluation

In this section, we present the experimental evaluation of the system. Two analysis
are shown. First, a case study of the designed system to show the different reports the
system offers. The case study has been done on a real student and the presented results are based on the current knowledge of the learner. Next, an opinion survey has
been performed. The analysis has been extended to five students to analyze the potential of the system. We are aware of the limitation of the experimentation. However,
the university employment service does not allow to perform large pilots on students
on prototype systems. This first analysis will help to refine and improve the system
and a large experiment will be done in the next step of this research.
4.1

Case study

In this section, we show the case study that is related to a real student enrolled in
the Postgraduate of Business Intelligence at the Open University of Catalonia. The
student has been selected since he has already done several courses of the master
postgraduate and he has sought the guidance of the university employment service.
We asked the student to be part of the experiment and he accepted. The student filled
the resume based on the form provided by the tool since he did not have a LinkedIn
account.
The system found different job offers based on information extracted from the
LinkedIn job services. We performed a selection of job offers in the last month related
to the professional category of Information Technology and at the living location of
the student: Barcelona, Spain. Around 200 job offers were found related to the design
of mobile applications, data analytics, web services expert and web design among
others. The interface of the system filtered the results and showed only a list of 10
jobs based on the number of job matching skills. Note that, the user can modify the
number of shown jobs but the default limit has been set to 10 based on the first experimentation. Note that, the correlation between jobs and curriculum was poor after the
tenth job offer.
For this example, we found interesting to select a job offer not fully related to the
background of the student since a job related to Business Intelligence would generate
reports completely towards to the program of Business Intelligence. As we can observe on Figure 2, the selected job offer was UX (User Experience) Designer. The
system provided a first bar chart visualization with the classification of the skills. As
aforesaid, the skills of each job offer are naively extracted from the job services and,
therefore, the system provides a large number of keywords. Some skills are closely
related to the job, such as ux, and others are not relevant, such as 401k. In the future,
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Fig. 2. Distribution of the skills of the job offer.

this extraction should be refined by reducing the outliers’ keywords and finding
equivalent keywords by using cleansing techniques [15]. The system classifies the
skills in three classes:
• Acquired skills: These skills are the result of the matching process between skills,
jobs and skills provided by the student in the resume form. This information is
obtained from the skills matching process.
• University skills: These are the skills the user does not have, but that can be
acquired from university courses. They are computed based on the union of the
terms taught in all programs from the records generated by the second module
course matching process. It is worth remarking that the skills can be learned from
multiple programs (i.e. the skills are not exclusive of one program). At this level, it
is not objective to analyze which academic programs and courses can be enrolled
to acquire the skills; that will be the responsibility of the next report (see Figure 3).
• Missing skills: These are the missing skills that cannot be learned at the university.
Mainly, in the example, because not all the programs have been taken into account
in phase 2 of the system (i.e. not all computer science programs were dealt and
therefore angularjs, backend and postgres were not matched with any course).
Currently, this report only offers one chart related to the knowledge learned in the
Open University of Catalonia. However, the system is prepared to show reports of
different universities when complete information about courses and programs is
stored in the system. This comparison could help the learner to select the institution
that could help to promote better his resume and knowledge.
When an institution is selected, more fine-grained information related to its programs is provided. The report (see Figure 3) shows the list of programs associated
with the university skills. For each program, the list of the courses related to each skill
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Fig. 3. Programs associated to the missing skills.

Fig. 4. Sankey diagram between programs and skills.

is also summarized. Contextualized information on each skill bar chart shows a
detailed list of courses. Additionally, this report shows completed courses based on
the academic record of the student in the university.
Finally, the last report is provided. A Sankey diagram (see Figure 4) shows the relationship between programs and skills. This diagram is useful to see all relationships
between skills and programs, to see whether one skill is dealt with different subjects
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(such as in the saas case) and to analyze which courses are involved in this relationship. Additionally, this report also shows completed courses with a different color to
see a global view of completed courses. For instance, in the figure we can see that
analytics is related to three courses Business Analytics, Support systems for managing
BI projects and Information, corporations and market in BI. We can observe that the
course Information, corporations and market in BI has already been completed by the
student. Note that, the last one is also related to the saas skill.
We consider that these three reports provide sufficient information to users to
freely select the job offer they want to apply, the list of institutions best-suited for
improving their skills and the list of programs related to the missing skills. Although
simple, we believe that the current system provides relevant information for a student
to perform a selection.
4.2

Opinion survey

The second analysis is based on an opinion survey. The university employment
service selected five students (including the previous one) who were seeking
assistance for searching a job. Similar to the previous study, we requested their consent to be included in the pilot.
Students went through all the process: they filled the resume form, the system processed their information and a complete report was provided based on their curriculum and job preferences. When all the guidance process was completed, the survey
was sent to evaluate the recommender system.
Five statements were requested to evaluate the opinion with respect the new service. The Likert scale was used ranging from 1 to 5, being the larger value five meaning that the student strongly agrees with the statement. At the end of the survey, there
is also an open question to gather critical comments and helpful opinions not collected
in the previous statements. The statements are next described:
1. I think that the course recommender system is a valuable resource to improve my
curriculum.
2. There is few manual intervention of the student.
3. The distribution of skills is easy to understand.
4. The skills distribution by program is easy to understand.
5. The graphical information about programs, courses and skills is easy to understand.
Table 1. Results of the opinion survey (1 to 5 scale, 5 is better)
Statement

Student

Avg.

1

2

3

4

5

1

5

5

5

3

5

4,6

2

4

3

3

1

3

2,8

3

4

5

3

2

4

3,6

4

5

5

5

4

4

4,6

5

5

4

5

3

5

4,4
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The results of the survey are summarized in Table 1 where the average value for
each statement is also reported. The first statement evaluates the global appraisal of
the service. The objective is to know the opinion of this service to give a personalized
support to students. We can observe that most of the students gave the maximum
value. In the open comments, the student who valued the first statement with a 3,
claimed that the recommender is not useful at all if the university does not give any
additional support to find a job. We guess that the student wanted personalized guidance to get a job and not to continue studying to get better skills.
The second statement got the worse appraisal. The objective was to evaluate the
consumed time by the students to use the system but all students focused the statement on evaluating the resume form. All students claimed that the resume form
should be removed since they had already filled another resume for the unemployment service. One student stated that some standard curriculum form should be used
instead and his opinion is that LinkedIn is not a standard curriculum form. Moreover,
we can observe that no student complained about the different reports. Then, we assume that they did not require much time to analyze the results but alternative ways of
getting the students’ resume should be proposed.
Mixed opinions were found in statement 3. The objective of the statement was to
evaluate the first report based on skills coverage by the university. The majority of the
students gave a good value but one student complained about the report with a value
of 2 out of 5. The student stated to be confused about the name of the skills. The student is enrolled in the Master degree of Security and he found skills such as cloud,
scrum, or positive. As we can observe, a more deep cleansing process is needed to
reduce outliers’ keywords. We guess that, in some students, this type of keywords
reduced the trustworthiness with the system.
The fourth statement aimed to evaluate the second report. In this case, a good result
is also obtained with no comments. The report is easy to use and understand. Similar
results have been achieved for the fifth statement. Students confirmed that the Sankey
diagram is easy to understand. A comment was collected referring to the comparison
of the different programs. The student claimed that the diagram should contain information about the minimal courses to be enrolled to obtain the maximum profit (i.e.
maximum number of skills).

5

Conclusions and Future Work

In this paper, we presented a recommender system that allows people to be more
aware of their own limitations and opportunities of employability. In addition, the
system gives information to users that can be used to know what skills and knowledge
they miss and how to acquire them. Therefore, the system could be a tool that supports users to self-design their long-life learning path according to job and professional expectations. The system is in a preliminary stage, but we believe it has large potential and may inspire new relevant and useful services, such as employment service,
smart enrollment service, benchmark service of academic institutions, among others.
The case study presented in the previous section shows an excerpt of the analytical
reports that can be provided at the user level. Additional services could be added at
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the user level, but also reports can be provided at different levels (program, institution, geographical region, ...) as it is planned as future work. Other future steps are
related to improving the quantity of data of the system, by analyzing new sources of
information related to job offers and academic institutions, and the quality of the
analysis, by using new NLP techniques particularly efficient when dealing with skills
extraction. We are aware that the case study and the opinion survey are not sufficient
to make conclusions. However, the studies give first insights about the potential of the
recommender.
It is worth noting that the current version of the recommender has been developed
considering only academic programs and courses from the UOC, but it can be extended to cover other educational institutions. Interoperability structured exchange formats have been developed to easily add information from programs and courses of
other higher education institutions.
Apart from improving the information extraction, it would also be interesting to
improve the way information is represented to improve interoperability. The desirable
scenario would be to have shared models that represent the necessary information of
resumes and curricula. These models should be represented in a way that can be
understood by programs: in an ontology framework for example. Our plan is to reuse
the standardization proposals commented in the related research section to create an
ontological framework. The proposed ontologies will act as a federated model that
stores the information of the academic programs of different universities and the people resumes. Linked data technologies will be used since it is very difficult to find out
a model that suits all domains and countries. So, even when we have different curricula or resume models (one for each country for example) their component classes and
resources could be linked by using linked data techniques in order to act as a centralized database with all the information of the academic programs to consider.
From an experimental perspective, we are planning to use the collected comments
from the survey to improve the system and to give better support to students. We are
planning with the university employment service to enlarge the study to more students
in different specialties. However, this will be performed with the improved version of
the system.
From an institutional perspective, we are interested in including the generated
information of the system within the institution analytical system. Adding the new
data in the institutional data warehouse could help to improve the decision taking in
the institution at management and teaching level. For example, they could be used to
address labor needs in the design of new learning contents and therefore provide
courses and programs more professional oriented.
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Abstract—Advancement of digital technology is influencing the leaping
development of various activities in our daily life. E-Learning system has also
gained a competitive edge over the prevailing traditional methodology. The
prevailing pedagogy is being replaced by the E-Learning teaching system. ELearning teaching-learning methodology provides more flexibility and allows
freedom from time, place, physical presence, hectic, and stressful teachinglearning etc., thus plays a vital role in education system. However, there are
many barriers in E-Learning methodology for successful teaching-learning.
Study on such barriers will help to overcome the difficulties to the success of ELearning. Present research paper attempts to study the various barriers that are
affecting the successful implementation of E-Learning in Saudi Arabian Universities. This study reviews various barriers from literatures and identified
most important E-Learning barriers which are described and grouped in four
dimensions such as Student, Instructor, Infrastructure and Technology, and Institutional Management. Sixteen barriers falling under these relevant dimensions were validated their importance quantitatively through university Students, Instructors, and E-Learning staffs of some well know universities in Saudi Arabia. A survey instrument was developed and tested on a sample of 257 respondents of Saudi Arabian Universities. It was found that Infrastructure and
Technology Dimension is the most significant as perceived by respondents. Re-
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sults of the study also reveal that, all barrier factors are highly reliable, therefore
should be taken care for successful implementation of E-Learning systems.
Keywords—E-learning, E-learning Barriers, Saudi Arabia. Questionnaire survey, Statistical Analysis, Cronbach's alpha

1

Introduction

Revolution of digital technology has a positive influence over the various day-today activities of human lives. Apart from other sectors, education sector promoting
teaching-learning activities is also influenced in a big way. The traditional pedagogy
has undergone a revolutionary change because of the leaping changes of Information
and Communication Technologies (ICTs) in the last decades [1]. The ongoing changes in digital technology offers tremendous prospects for various sectors like industrial
sectors, medical sectors, banking sectors, education sectors etc. for improving the
living standards. Industrial sectors are keen on upgrading its human skills through
various online training programs. Online training courses help them to acquire much
needed skills for accomplishing higher productivity in their respective fields. In the
last decade of 20th century, universities are much more influenced due to digital technology and beefing up for ‘E-learning’ [2]. Positive developments in Internet and
telecommunication technologies has removed the barriers of time, distance, place, etc.
and provides much leisure in teaching-learning activities. There are dramatic changes
in the learning environment [3]. Nowadays, universities around the world attempt to
take the maximum benefit out from the technological revolutions and provide a better
teaching-learning environment for various stakeholders. Students, teachers, and administrations are mostly benefited in the digitally connected world [2].
Initially E-learning was implemented successfully in the developed countries. Subsequently their developed operational models became benchmark for others to follow.
Many universities across the globe have adopted their operational models to remain
operative in the teaching-learning activities. However the success of their operation
model was influenced by the specific critical success factors (CSFs) and barriers related to that part of the globe. There is tremendous influence of culture, social life,
and living standards on the success of E-Learning. The degree of influence of such
factors may vary form one part to another part of the globe. Hence, it is obvious that
the operational model of successful implementation of E-Learning in developed countries may needs to be investigated and tested to apply the strategies in different countries with culture and social changes. The past studies has also confirmed that CSFs
and barriers have different degrees of influence over E-Learning system[4] [5].
The ministry of education of the Kingdom of Saudi Arabia takes necessary cares
for university-level education and provides educational reforms from time to time.
The ministry of education has recognized the needs of E-Learning in public universities. The E-Learning teaching methodology has been opted rigorously in the education
of boys and girls. However, the need of E-Learning system is much more felt because
of the gender based educational system. E-Learning system in KSA provides equal
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opportunity to all aspirants seeking education irrespective of their gender. There is a
massive demand from students, who are willing to engage in part-time jobs and really
wish to continue their studies for better opportunities in future [6]. It has been well
established that E-learning requires massive investments in hardware and software
infrastructure to become productive, and successful in E-Learning system. However,
it has been seen that the success gained in the E-Learning system is not directly proportional to the investment made. Similarly, it has been seen that the effective implementation of E-learning through many Saudi Arabian Universities do not seem proportional to the huge government investments in technology for education [2].
Present research investigates the potential barriers towards more effective adoption
and implementation of E-learning in Saudi Arabia. To achieve this objective, research
has been conducted in two phases. In the first-step, studies and literatures on Elearning have been rigorously reviewed and analyzed by highlighting the barriers that
are restricting the full advantages of E-Learning. In the second-step, a questionnaire
based survey has been conducted among the stake holders of the E-Learning i.e. students, Instructors, and Staff members in Saudi Arabian Universities. The main objectives of the study are to know the importance of each barrier related to various dimensions (main-criteria) like Student, Instructors, Infrastructure and Technology, and
Institutional Management in the Saudi Arabian Universities.
The paper is organized in the following manner: Section 2 discusses related literatures and introduces the term E-learning and throws some lights on its advantages.
Sections 3 presents description of the research methods and procedures used in generating the indicators of each E-Learning barriers. In Section 4, the findings based on
the results obtained from the present study is discussed, the main barriers related to Elearning implementation derived from literature are documented, and importance of
each barrier is obtained by analyzing the questionnaire-survey. Finally, in Section 5
the paper concludes with significant findings, discussions, and scopes for future research.
2

Literature Review

1.1

Definition of E-Learning

We are using different definitions and terms for learning with the help of technology. Use of technology enhances the quality level of learning and teaching among the
stakeholders. For this ongoing research purpose, E-Learning term is defined as, “innovative approach to education delivery via electronic forms of information that enhance the students’ skills, knowledge, or other learning performance” [7]. Other
scholars define the term E-learning as the usage of new and modern Information and
Communications Technology (ICT) with the help of networks of computers to provide learning materials, teaching, and information to stakeholder [8]. Here stakeholders of the E-learning systems are Students, Instructors, Technical and Administrative
staffs, and higher authorities of the university [9]. Some other studies also used and
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related other terminologies for E-Learning such as Online Learning, Online Education, E-Education, and Distance and open learning.
1.2

Benefits of E-Learning

[1] summarized some important E-Learning benefits from the literature.
1. Effective interaction among Students and Instructors: E-Learning offers alternative
openings for interaction among stockholders even after normal office work hours.
2. Easy Accessibility of Information: students can easily access the required learning
materials from anywhere, whenever they are free. E-Learning can also help in fulfilling the needs of some learners’ special needs.
3. Reducing the cost of Teaching and Learning: E-Learning can exclude traveling expenses, and save time and effort. Additionally, Learners can also get reduction in
fee structures for E-Learning courses.
4. Enhancing Teaching Quality: E-learning can help Instructors to integrate pedagogical theories and multimedia enabled system and make lessons more interactive and
interesting for Students.
5. Learner-Centered and Self-Paced Learning Environment: Sometimes the difference
in age group and background subject knowledge effect students learning ability, in
this case, face to face learning approach with a teacher does not work properly. ELearning is more suitable in such environment.
6. Ease of tracking attendance and activities of Students: E-Learning Learning Management Systems (LMS) provides rich log files of the users that track students’ activities in the system.
1.3

Current Status of E-Learning in Saudi Arabian Universities

The Kingdom of Saudi Arabia, is the biggest Arab state by land area in the Western Asia. It covers most of the Arabian Peninsula. Saudi Ministry of Education monitors institutes of higher education and universities which offer different courses ranging from Diploma, Bachelors, Masters, and PhD degree in humanities and scientific
specialization. The General Organization for Technical Education & Vocational
Training (GOTEVOT), which is a Saudi government authority for vocational and
technical education established E-Learning center for training staff and students in
2002. This was the starting point of online education in The Kingdom of Saudi Arabia. The Saudi Ministry of Education also recognized the importance and need of Elearning in public universities where exists the shortage of female teaching staff
members in the gender segregated educational institutions. There is also huge demands from those students who are mostly working as part-time and want to study in
their leisure time for getting better employment in future[10] [6].
This was the major reason that The National Centre of E-learning and Distance
Learning (NCeDL) was established by the Saudi Ministry of Higher Education to
guide the essential changes and establish the system to provide and prepare ELearning teaching materials [11]. This initiative had excellent results and many uni-
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versities were agreed to integrate the E-Learning system with the traditional educational system [12] [11].
At the beginning, NCeDL worked and coordinated with some established Elearning service providing companies. Jusur was developed with the help of wellknown Malaysian METEOR company, Maknaz learning object repository will be
developed in tandem with HarvestRoad Hive, an Australian based-company, and
Makanz content will be developed initially by TATA Interactive Systems, a leading
Indian E-Learning company. This is how almost all the Saudi Universities have remarkably increased their focus on E-Learning. The universities like Taiba University,
King Saud University (KSU), King Abdul Aziz University (KAU), King Khalid University (KKU), Qassim University, Madinah Islamic University, and Al-Baha University have formal agreements with the NCeDL to establish and run E-Learning programs [13].
1.4

Barriers related to successful implementation of E-learning

Incorporating E-Learning into traditional teaching is somewhat difficult task which
may come across different types of complications and difficulties, these problems are
called E-Learning Barriers or Obstacles towards integrating E-Learning with traditional teaching. After extensive review on the literature related to Barriers towards ELearning, it is found that many researchers classified E-Learning Barriers or Obstacles into four different dimensions or themes, namely Barriers related to Students,
Barriers related to Instructor, Barriers related to Infrastructure and Technology, Barriers related to Institutional Management.
3

Research methodology

To know the most important barriers which may obstacle in successful implementation of E-Learning at Saudi Arabian universities, a mixed method was used. At the
beginning of the study, recent literatures were reviewed in detail and analyzed to
determine and conclude the items relevant to barriers of E-Learning with different
dimension through content analysis qualitative techniques. Different studies were
selected from ScienceDirect, IEEE, Emerald Publishers, Taylor and Francis, Springer
and Google scholar data-bases. The methodology for this research were analyzed and
synthesized data using one of the popular qualitative techniques with content analysis.
Later, to validate the extracted factors, a survey approach was used involving 247
Students, Instructor and staff members of different universities in Saudi Arabia. SPSS
v22 Windows software program is used to analyze the responses of the survey. At the
beginning the initial design draft of the survey instrument was reviewed by four experience staff members with more than 10 years of teaching and managing E-Learning
courses to establish the content validity of the instrument. The survey comprises of
two main parts. First part contains demographic questions on association of ELearning, Gender, College of Teaching or Studying, E-Learning experience (number
of years’ as an E-Learning user), Designation, University name, Purpose and Fre-
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quency of using E-Learning teaching, and University. Second part is divided into four
dimensions, namely: Student, Instructor, Infrastructure and Technology, and Institutional Management with 16 barriers factors. The survey consists of five-point scale
items (1 for Not Important, 2 for Slightly Important, 3 for Moderately Important, 4 for
Important, and 5 for Very Important).
1.5

Content validity analysis

In the Beginning the preliminary survey instrument was discussed and reviewed by
four experienced E-Learning expert with more than 10 years of E-Learning teaching
and administration experience to check the importance of each Dimensions as well as
its Barrier Factors and the degree of the instrument clarity, contents of the survey and
difficulty of the presented items.
The experienced expert were agreed that the items are applicable based on the current research objectives and the items are representative to check the importance of
the Barriers related to successful and effective implementation of E-learning.
Table 1. Experts rating for each Dimensions’ Content Validity
Experts

Items

CVI

1

2

3

4

Students’ Dimension

!

!

!

!

1.00

Instructors’ Dimension

!

!

!

!

1.00

Infrastructure and Technology Dimension

!

!

!

!

1.00

Institutional Management Dimension

!

!

!

!

1.00

1.6

Reliability analysis

Reliability is normally defined by measuring the internal uniformity of components
with the uses of Cronbach’s alpha (!), which is commonly used to measure the inner
consistency. It presents integrity strength of a set of items in a group or dimension. The factor is carefully weighed as a degree of scale reliability. A high value of
Cronbach’s alpha (!) does not indicate the degree as unidimensional. To evaluate
inner consistency, the value of alpha will provide evidence of the scale as unidimensional and additional examinations or research may be conducted on the point. Another method, known as exploratory factor analysis, is used to check the dimensionality.
Basically, the Cronbach’s alpha (!) is not representing a statistical value. The alpha is
nothing but a coefficient of consistency or reliability. The alpha (!) which is presented in Eq. (1), is a function of test item number (!) and average of inter-correlation.
!!

!!!

!! !!! !!

(1)

Here, ! is presenting the item number, ! is presenting the average variance, and !!
is indicating the average inter-item covariance of the test items.
It is clearly seen from Eq. (1) that, if the number of items (!) is increased by some
value, Cronbach’s alpha (!) will increase. On the other hand, with the decreasing
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value of average inter-item correlation, Cronbach’s alpha (!) will be decreased. Moreover, with the increment of the average value of inner-item correlation,
the alpha value will be in increasing as well.
High reliability exists in the instrument with the value of 0.973 based on 16 items.
Table 2 shows the Cronbach’s Alpha reliability coefficient for each of the four Dimensions: Student = 0.905, Instructor = 0.934, Infrastructure and Technology Dimension = 0.918, and Institutional Management = 0.890.
Table 2. Reliability Analysis: Barriers of E-Learning
Dimensions

No. of Items

Cronbach’s alpha

Students’ Dimension

4

0.905

Instructors’ Dimension

5

0.934

Infrastructure and Technology Dimension

3

0.918

Institutional Management

4

0.890

Total

16

0.973

(Source: Calculation from Primary data using SPSS 22.0)

4

Finding

After reviewing the detailed literature, study identified 16 most important Barriers
of E-Learning which were grouped in four dimensions having same theme such as 1)
Student, 2) Instructor 3) Infrastructure and Technology Dimension. 4) Institutional
Management. Each dimension included several factors that can be explained as follows:
1.7

Students’ Dimensions

Among the different dimensions of E-Learning, Students’ dimension is most important. In fact, in universities E-Learning is made available so that students can learn
[14]. Since Students are away from the Instructors, some difficulties can come across.
Table 3 shows the important barrier factors falling under the student’s dimension from
different resources.
Table 3. Barriers: Student’s Dimension
Factor

Resources / References

Lack of ICT skills

[15], [1], [16], [17], [18], [19], [20], [21], [18], [22], [23]

Lack of E-Learning knowledge

[15], [1], [24], [25]

Lack of English language proficiency

[2],[26], [27], [27]

Lack of Motivation

[1], [14], [28], [27], [29], [30], [31]

While getting the quantitative results through survey, it was also found in Table 4
that most of the respondents agreed about the importance of barrier factors of student
dimension for successful implementation of E-Learning having mean in between 3.20
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to 3.63. It can be concluded from the data in Table 4 that among all the respondents,
“Lack of Motivation” is having the highest mean value (3.63). Therefore, it is considered as the most significant factor. “Lack of ICT skills” having least mean value
(3.20) which is the least significant barrier factor for the successful implementation of
E-Learning. The average mean for all barrier factors in Student’s Dimension is 3.45.
Table 4. Barriers: Student’s Dimension
Mean

N

Lack of ICT skills

Factors

3.20

257

Std. Deviation
1.304

Lack of E-Learning knowledge

3.54

257

1.369

Lack of English language proficiency

3.42

257

1.065

Lack of Motivation

3.63

257

1.221

(Source: Calculation from Primary data using SPSS 22.0)

1.8

Instructors’ Dimensions

Instructor is also important entity of E-Learning System. Many researchers discussed different Barriers related to Instructor, especially on the ICT skills and ELearning training of the Instructor because lack of these skills will affect significantly
on the confidence of Instructor in the use of technology and they will try to escape
from using it. [2] Summed up some studies to show that If Instructors with positive
attitude and required technical knowledge, they can use E-Learning system compare
to others. Some of the important barriers under Instructor Dimension are discussed in
the literature as shown in Table 5.
Table 5. Barriers: Instructor’s Dimension
Factor

Resources / References

Lack of ICT skills

[1], [32], [16], [24], [17], [26], [28], [18], [19], [21] [22], [23]

Lack of E-Learning knowledge

[1], [17], [14], [31], [25]

Instructors Resistance to change

[33], [16], [16] [24], [34], [17],

Lack of time to develop e-courses

[2], [33], [16], [18], [21], [29], [22], [35], [30], [23], [25]

Lack of Motivation

[1], [17], [22], [35], [23]

While getting the quantitative results through survey, it was also found in Table 6
that most of the respondents agreed about the importance of barrier factors of instructor dimension for successful implementation of E-Learning having mean in between
3.31 to 3.70. It can be concluded from the data in Table 6 that among all the respondents, “Lack of Time to Develop E-courses” is having the highest mean value (3.70).
Therefore, it is considered as the most significant factor. “Lack of ICT skills” having
least mean value (3.31) which is the least significant barrier factor for the successful
implementation of E-Learning. The average mean for all barrier factors in Instructor’s
Dimension is 3.57.
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Table 6. Barriers: Instructor’s Dimension
Mean

N

Std. Deviation

Lack of ICT skills

Factors

3.31

257

1.255

Lack of E-Learning knowledge

3.63

257

1.367

Resistance to change

3.66

257

1.215

Lack of Time to Develop E-courses

3.70

257

1.287

Lack of Motivation

3.55

257

1.148

(Source: Calculation from Primary data using SPSS 22.0)

1.9

Infrastructure and Technology Dimensions

Technical Dimension plays major role in E-Learning and it is fundamental part in
successful implementation of E-Learning. It also required huge finances which make
it very expensive to proper implementation and maintenance [5]. For successful implementation of E-Learning, organizations need to ensure appropriate Hardwares,
Softwares, Internet connectivity, and Technical Support system. Some of the important barriers under Infrastructure and Technology Dimensions are discussed in the
literature as shown in Table 7.
Table 7. Barriers: Infrastructure and Technology Dimension
Factor

Resources / References

Inappropriate Infrastructure

[15], [1], [32], [36], [24], [17], [26], [37], [18], [19], [21], [22], [35], [23],
[30], [25]

Low internet bandwidth

[1], [32], [36],[17], [38], [27], [19], [20], [21], [35], [23], [30], [31]

Lack of technical support,

[1], [2], [33], [39], [36], [24], [20], [40], [22], [41], . [35], [31]

While getting the quantitative results through survey, it was also found in Table 8
that most of the respondents agreed about the importance of barrier factors of Infrastructure and Technology dimension for successful implementation of E-Learning
having mean in between 3.51 to 3.67. It can be concluded from the data in Table 8
that among all the respondents, “Low Internet Bandwidth” is having the highest mean
value (3.67). Therefore, it is considered as the most significant factor. “Inappropriate
Infrastructure” having least mean value (3.51) which is the least significant barrier
factor for the successful implementation of E-Learning. The average mean for all
barrier factors in Infrastructure and Technology Dimension is 3.61.
Table 8. Barriers: Infrastructure and Technology Dimension
Factors

Mean

N

Std. Deviation

Inappropriate Infrastructure

3.51

257

1.364

Low Internet Bandwidth

3.67

257

1.285

Lack of Technical Support

3.65

257

1.232

(Source: Calculation from Primary data using SPSS 22.0)
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1.10

Institutional Management Dimensions

In the present time, universities around the world are trying to get benefits from the
present technological revolution and are attempting to offer the best possible support
for Students and Instructors, but many developing countries are facing different challenges in implementing successful E-Learning [2]. Some of the important barriers
related to Institutional Management Dimensions are discussed in the literature are
shown in Table 8.
Table 9. Barriers: Infrastructure and Technology Dimension
Factor

Resources / References

Lack of Financial Support

[15], [32], [1], [42], [24], [34], [43], [28], [18], [27], [19], [22]

Lack of Inadequate Policies

[15], [1], [2], [42], [32], [24], [17], [18], [31]

Lack of Training on E-Learning

[15], [1] [2], [33], [24], [36], [30]

Lack of Instructional Design

[2], [35]

While getting the quantitative results through survey, it was also found in Table 10
that most of the respondents agreed about the importance of barrier factors of Institutional Management Dimensions for successful implementation of E-Learning having
mean in between 3.39 to 3.62. It can be concluded from the data in Table 10 that
among all the respondents, “Lack of Training in E-Learning” is having the highest
mean value (3.62). Therefore, it is considered as the most significant factor. “Lack of
Instructional Design” having least mean value (3.39) which is the least significant
barrier factor for the successful implementation of E-Learning. The average mean for
all barrier factors in Institutional Management Dimension is 3.50.
Table 10.

Barriers: Institutional Management Dimension
Mean

N

Std. Deviation

Lack of Financial Support

Factors

3.55

257

1.380

Lack of Inadequate Policies

3.46

257

1.224

Lack of Training in E-Learning

3.62

257

1.164

Lack of Instructional Design

3.39

257

1.137

(Source: Calculation from Primary data using SPSS 22.0)

5

Discussion and Conclusion

From literature survey, it is found that, 16 barrier factors which are the most significant in effective and successful E-Learning implementation in Saudi Higher Educational Institutes. Thus, this study was conducted to identify the E-Learning variables
that influence the uses and success of E-Learning. The findings from the content validity analysis and reliability analysis of the instrument indicate the high validity and
reliability of the system. Thus, researchers may suggest to take care these barrier
factors for successful E-Learning systems. Data collected from this study and previous researches reflect differences in Cronbach’s alpha values. This may because of
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the respondent’s background, curricula, culture, facilities, or the items used in the
instrument. This study considers all four dimensions of E-Learning, which are Student, Instructor, Infrastructure and Technology and Institutional Management. It was
found that Infrastructure and Technology Dimension having mean 3.61 is the most
significant while Students’ Dimension having mean 3.45 is least significant as perceived by respondents. Moreover, Lack of Time to Develop E-courses barrier Factor
having mean 3.70 is most significant among all sixteen factors while Lack of ICT
skills for Students is least significant with mean value as 3.20. This study reviewed
the most important Barriers of E-Learning acquired from the extensive literature survey and developed a survey instrument incorporating the attained Barrier Factors for
the better effectiveness of E-Learning system. It can be concluded that, Student, Instructor, Infrastructure and Technology and Institutional Management dimensions are
the most important dimensions to influences the usages of E-Learning systems. Thus
we recommend that institutions should provide more attention to above said barrier
factors of E-Learning to ensure more successful implementation of an E-Learning
system. The questionnaire used in this study focuses on the perceived effect of each
factor dimension based on overall E-Learning effectiveness. It is recommended to use
this instrument in various contexts for the purpose of developing, implementing, and
assessing E-Learning systems properly. Another prospective could be the implementation of an E-Learning model, and investigating its learning effectiveness. Furthermore, the factors incorporating all the four dimensions can be prioritized to find more
effective barriers. Assessment of barrier factors contributes significantly to effective
E-Learning process. However, the influence of such barriers may vary from region to
region depending upon the social, economic, and geographical conditions of a country. In this research, assessment have been established in the Kingdom of Saudi Arabia (KSA).

6
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Abstract—The article solves the problem of describing the professional
training for a medical graduate in terms of competency-based approach and
identification of ways to develop these qualities to work with medical equipment. A model for the competence formedness level assessment has been elaborated, which indicates all its input and output parameters.
On the basis of the developed methods and algorithms for calculating the
competence formedness level for the training course ‘Anesthesiology, Resuscitation, and Intensive Care’ a calculation has been made of all the required importance coefficients of the courses, their modules, and other learning activities
involved in the formation of competences.
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1

Introduction

Each student enters a medical school with a unique propensity, certain knowledge,
experiences, expectations, and perhaps with a sense of vocation. The importance of
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the student’s compliance with the medical school in terms of having the necessary
knowledge base, including natural and liberal sciences, which actually makes an educated person, is generally acknowledged. At present, there are different approaches to
the curriculum design in a medical school overseas, such as a curriculum based on
organ systems that focuses on the syllabus organization; a curriculum on the basis of
the competency-based approach aimed at learning outcomes; a program based on
teamwork, where more attention is paid to teaching methods. However, all the existent programs are focused on certain parts of the complex system, but do not take into
account how the other components of the educational process are subject to change
and interact with each other [Bordage, Harris, 2011]; that is, it has become necessary
to find an optimum approach to the creation of modern curriculum design in a medical school, and the essence of the competency-based approach requires more attention.
Over the last 20 years, the attitude to the competency-based approach in medical
education has been rather contradictory. It is generally accepted that the competencybased movement emerged to introduce behavioral goals in the education of the 1960s
and 1970s [Jolly, 2012]. Gradually, however, an interest developed in the prospects of
the competency-based approach because of the obvious useful principles that remain
unaltered:
1) the focus on learning outcomes; 2) a better compliance and preparation for the
actual practice; 3) the potential to eradicate the specialist training time-binding; 4) an
increased recognition of skills; 5) the improvement of credit transferability between
universities [Jolly, 2012].
In other countries, the evolution of the competency-based approach ideas in medical education, which originated in the early twentieth century, led to the fact that responsibility, learning outcomes, the individualization of the educational process, and
avoiding the time-dependent curriculum design became the main aspects of the competency-based approach. Recently, the desired learning outcomes have been defined
by the key competences or roles, which a medical graduate must have or fulfill. In the
US, the Accreditation Council for Higher Medical Education identifies the following
competences: patient care, medical knowledge, practice-oriented training, interpersonal communication skills, professionalism, and medical practice based on human
systems [Bordage, Harris, 2011]. The Council has also developed a concept of clinical
milestones on the basis of 6 generalcompetences. These are the categories of clinical
skills, in which students should demonstrate a growing skill and determine the speed,
at which they progress in the course of training. A similar approach is presented in the
form of confidential professional activities that are specific behavioral situations
where a competent specialist must demonstrate an acceptable level of skill and interaction. These subcompetences, i.e. the core competences, the generic competences,
the confidential professional activities, etc., represent the beginning of the classification schemes that bind the abstract competences and the observable behavior through
a series of intermediate taxonomic categories. In Canada, the roles of a medical university graduate are defined by the Royal College of Physicians and Surgeons: a medical expert, a communicator, a team worker, a manager, a health advocate, a scholar,
and a professional. These roles comprise over 28 specific core competences, which
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are then fleshed out as 126 generic competences [Bordage, Harris, 2011]. Thus, the
six competences a physician must possess have been developed in the US
(ABMS/ACGME); seven ones – in Canada (CanMeds), seven ones – in the Institute
of International Medical Education (IIME), and 12 are represented in the Dundee
outcome model (DOM).
The most obvious congruence is observed only in the first two competences that
can be classified as professionalism and communication skills [Albanese et al., 2008].
These differences may have arisen due to the fact that, although several lists of competences are presented, there is no precise competence definition content. Moreover,
so far there have been disputes about the separation of the concepts of ‘competence’
and ‘competency’. The difference between a competence and competencyis presented
in one of the articles [Fernandez et al., 2012], where competences are considered as
the means selected for special tasks, whereas competency is regarded as a more extensive concept, including the integration of variety of skills and abilities.
In the literature, the following definitions of competency can be found, that is,
‘what it means to be a competent physician’: 1) able to provide medical care and/or
other professional services in accordance with the standards of practice established by
the members of the profession and meeting the expectations of society [Whitcomb,
2002]; 2) a complex composition of behavioral situations, based on the knowledge,
skills, attitudes, and competency as a personal aptitude [Carraccio, 2002]; 3) a set of
skills, knowledge, and attitudes required for the general practice of public health [Albanese, 2008]; 4) significant observable knowledge, skills, and attitudes [Bhatti,
Cummings, 2007]; 5) the knowledge, skills, attitudes, and personal qualities necessary
for medical practice [Calhoun, 2002].

2

Terms of Reference

The new paradigm of education should be oriented to the needs formation in constant replenishment and updating of knowledge, improving skills and expertise, their
consolidation and transformation into competences. In particular, the paradigm of
knowledge in education should be reconsidered from the perspective of the competency-based approach.
A long-standing practice of drawing up qualifying professional characteristics of a
specialist has existed in the national education system in relation to higher education,
which enshrined requirements for expertise and skills of graduates in different specialties where, in addition to the knowledge paradigm, the terms ‘readiness’, ‘ability’,
‘responsibility’, ‘understanding’, and ‘worldview’ are present, extending the narrow
confines of such a paradigm. At the same time, the very principles of the specialist
model development have been subjected to critical analysis and improved. Thus, N.F.
Talyzina points out that ‘the description of the education purpose (the specialist model) means a representation of either a system of typical tasks, or a system of skills
(activities) pertinent to them’.Itis also emphasized that the structure of the specialist
model should envisage: ‘a) tasks (activities) determined by the peculiarities of the
century; b) the tasks determined by the peculiarities of the social and political for-
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mation; c) the tasks imposed by the requirements of the profession’ [Bhatti, Cummings, 2007]. These general requirements for the education goals specification are
still valid at the present time and contribute to the modernization of education.
The need to describe personality traits of high school graduates in terms of the
competency-based approach is long overdue, and Bologna Process requires a common
understanding of the content of qualifications and degrees in all the participating
countries’ curricula and designates general and specific competences of graduates as a
joint effort priority area[Baizak, 2015].
The medical graduate’s professional activity description in terms of the competency-based approach and the identification of ways to develop these qualities to work
with medical equipment is considered to be one of such tactical tasks.

3

Methods

The model of the competence formedness level assessment.
Currently, universities and colleges are facing quite an acute problem of training
future specialists and identifying their professional orientation. As a result of the educational process transition to the new standards, a new approach both to the learning
process and to the assessment of students’ knowledge and progress is to be developed.
The main distinguishing feature of this approach would be that there is a transition
from the formation of traditional expertise and skills to the formation of competences,
expressing the professional orientation of students and future graduates. This would
allow human resources departments in enterprises to select budding specialist more
carefully [Baidenko, 2005].
Let us consider an approach to the assessment of students’ progress moving away
from the standard models, in which students learn the subjects and receive grades, and
going to a model, in which the student’s professional level constitutes a set of competences in order to determine their future professional orientation.
Formally, the model of a student and a graduate being trained and having received
an education can be represented as follows [Bermus, 2005]:
# ={PC, CC, A, W, N, S},

(1)

where M is the conventional symbol for the model of a student or a group of students;
PC is set of professional competences that a graduate possesses upon graduation;
CC is a set of comprehensivecompetences a graduate possesses upon graduation;
A is a set of indicators and methods of assessing the level of competence formedness, according to the subjects studied;
W stands for weighting coefficients of competences (characteristics) and their
formative subjects;
N stands for norms;
S means scores and gradesin the studied subjects and their modules, and other
types of training activity.
The interconnection of the specialist components is shown in Fig. 1.

iJET ‒ Vol. 12, No. 6, 2017

111

Paper—Competency-based Approach to the Assessment of Professional Training for a Medical Student…

This diagram shows how the components forming the competences of students throughout their training period are interrelated. The quality standards are a very
important component; they determine what level of quality the professional characteristics developed in a graduate must have.
This component is determined by employers interested in the industry specialists. Human resources departments should have relevant professionals working
with universities and colleges.

Fig. 1. The interrelation of the student model components

Many indications that characterize the level of formedness of each competence
separately are as follows:
C = (Yi (MY), T, S, U, G, E),

(2)

where C is the competence, the outcome of the i-th subject upon the completion of
its course;
S is the entire set of subjects studied by a trainee throughout the learning period
and participating in the formation of a competence (throughout a course, a semester,
all the training, etc.);
T stands for the set of subjects involved in the formation of a competence;
U is the definition evaluation nominal scale [Umin, Umax], where the left limit is
minimum allowable, the right limit is maximum allowable;
E is the measurement error taking into account the number of subjects involved in
the formation of a single competence;
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G is the final grade inclusive of all the subjects; can be given only upon the completion of training.
Then, the mathematical model of the approach to assessing the formedness level of
each competence, developing in the student in the process of learning, is described as
follows and depends on the following parameters [Yefremova, 2010]:
! ! ! !! !
! ! !!!! !! !! !! !! !!!
! ! !!"#

(3)

Fig. 2. The components dependency graph

The curricula prescribe two types of competences (general cultural ones - GC, professional ones - PC), which are formed in each student enrolled in a certain course;
they can be represented as a matrix, as shown below:

!! !

!! !

!!!! !!!" !!!" ! !!!!
!!!" !!!! !!!" ! !!!!
!!!" !!!" !!!! ! !!!!
! ! ! ! !
!!!! !!!! !!!! ! !!!"

!"!! !"!" !"!" ! !!!!"!!
!"!" !"!! !"!" ! !!!!"!!
!"!" !"!" !"!! ! !!!!"!!
! ! ! ! !
!"!! !"!! !"!! ! !!!"!"
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Where CC stands for comprehensive competences;
PC means professional competences;
n is the number of a competence;
m is the number of a student.
Thus, the dependence of all the components of competences on the subjects looks
as follows:

!! !!! !

!!!! ! !!!!!! !!!
!! !!! ! !!!!!! !!!
!!!!!!!!
!! !!! ! !!!!!! !!!

(6)

where Ci(t) are the competences formed in a student, their values changing over
time, in the course of studying the subjects;
Sn(t) are the subjects studied throughout the training period;
Mm(t) are the modules studied in the cycle of each subject, during a semester or the
whole course.
Thus, it is obtained that the values by the competence formedness level depend on
grades in the subjects and their modules that change over time, in the course of studying the subjects involved in the formation of a particular competence; the final grade
in it can be received only upon the completion of training, that is, a student who has
completed 2 years cannot score 100 points, as these points are only generated upon
the completion of the whole course.
Thus, the model for assessing the competence formedness level has been described, where its input and output parameters are indicated.

4

Results

The calculation of the competence formedness level in medical students in terms of
using medical equipment
To test the methodology for the final calculation of the competence formedness
level for the training course ‘Anesthesiology, Resuscitation, and Intensive Care’, the
grades in the subject modules and other learning activities were taken for the entire
training period in several groups.
Analyzing the grades, the following conclusions can be drawn: for the students
who have excellent final grades in the subjects and, at the same time, excellent values
in all the modules within a subject as well, their formedness level of almost all the
competences will be the same. However, in most cases in the objective assessment,
not every student is equally good or equally bad at performing all types of training
activities; it all depends on the subjects studied and on the level of their comprehension and acquisition. Someone may be a good practitioner, someone a theoretician or
an analyst, while someone is doing well in science. In such cases, an automated system for assessing the formedness level of competences will determine the professional
orientation of a student (a future graduate).
Let us consider various examples of the competence formedness level calculations.
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For four students, the values in the modules of different subjects and other learning
activities involved in forming competences of different cycles are taken, and an example calculation according to their level of formedness on the basis of the developed
methods and algorithms is presented.
For student 1, the formedness levels of the following competences are calculated
according to the formulas:
The subject coefficients of belonging are calculated taking into account the opinions of all the experts and their credibility coefficients, as follows:
!! !

!
!!! !!!

! !!! , where

(7)

m is the number of experts participating in the expert assessment.
The values of the coefficients are taken by the columns of the tables - the experts,
taking into account all the values. Thus, it is found that the final absolute competence
formedness value level can only be obtained upon completion of studying all the
subjects from all the cycles involved in the formation of competences.
The calculation of the relative index by the formedness level of competences with
account of one subject Cn is made by the formula:
!! = !! ! !!

(8)

Accordingly, in order to calculate the relative value of the formedness level of
competence for a semester (year) CSe it is needed to add up all the values in the subjects, which participated in the formation of a competence, for the period multiplied
by a weighting factor:
!!" !

!
!!! !! ,

where

(9)

n is the number of subjects involved in the competence formation for a certain
training semester.
PC – 1, PC – 2; PC – 3, PC – 4; PC – 5,PC – 6, PC – 7; PC – 8, PC – 9 ;PC – 10 :
!!"! ! !!!" ! ! !" ! !!!"# ! !" ! !!!"" ! !" ! ! ! !" ! !!!"# ! !" ! !!!!" ! !"
! !!!! ! !" ! !!!" ! !" ! !!!" ! !" ! !!!"
! !!!"# ! !" ! !!!"# ! !" ! ! ! !" ! !"
For the rest of the competences of student 1, the following values are obtained:
!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!!"! ! !"!!!!"! ! !"!!

!!"! ! !"!!!!!"! ! !"!!!!"!" ! !"!
From these values, a conclusion can be drawn that this student has the highest
score (excellent) in the formedness level of competences PC-1, PC-2. The competences PC-3, PC-4 PC-5, PC-8, PC-9, PC-10 have a lower score and fall in the ‘good’
interval, whereas the PC-6, PC-7 have also fallen in the ‘good’ interval, but the score
is even lower. It should be noted that the average score on the student’s academic
performance is ‘4’. In total, the student has very few excellent grades in the subjects,
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but there are competences that have been formed with the ‘excellent’outcome. Thus,
the professional orientation of the student can be inferred by assessing the formedness
level of competences, which a simple system of assessment per subjects would not be
able to provide.
Then, the formedness levels of the same competences are calculated for student 2
and the following values are obtained:
!!"! ! !!!!!!"! ! !!!!!!"! ! !"!!!!"! ! !"!!!!!"! ! !"!!!!!"! ! !"!!!!"!
! !"!!
!!"! ! !"!!!!!!"! ! !"!!!!"!" ! !"!

Out of the examined competences of the student, the formedness level of almost all
of them falls into the ‘good’ interval, except the PC-6, whose value falls into the ‘satisfactory’ interval (however, it requires an error calculation and making a decision on
the level of its formedness), the average score in the subjects was closer to the value
of ‘satisfactory’; they have many more of these grades than ‘good’ ones, and very few
‘excellent’ grades. Just as in the previous case, it is found that the final values solely
in the subjects are not evidence of the formedness level of certain competences.
The formedness levels of the same competences are calculated for student 3, and
the following values are obtained:
!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!!"! ! !"!!!!!"! ! !"!!!!"!
! !"!!
!!"! ! !"!!!!!"! ! !"!!!!"!" ! !"!

Out of the considered competences of different sections, it can be seen that for a
number of competences the graduate’s formedness level falls within the ‘satisfactory’
interval; in most of the calculated values, the competences formedness level stands at
‘good’ value. The graduate’s average score in the subjects is closer to ‘good’. It is
thereby found that with an average ‘good’ score, a number of graduate’s competences
have formed only with the ‘satisfactory’ value.
The formedness levels of the same competences of student 4 have the following
values:
!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!"! ! !"!!!!!"! ! !!!!!!!"! ! !"!!!!"!
! !"!!
!!"! ! !"!!!!!"! ! !"!!!!"!" ! !"!

In this case, it is found that part of the competences from the section have not
formed (a grade that falls within the ‘unsatisfactory’ range has been received, while
the other part of the competences have formed at the ‘good’ level. Thus, it can be
seen that the student’s total average score in the subjects amounts to 3; at the same
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time, part of their competences has formed with a good score and gives an indication
of their professional orientation.
Fig. 3 and 4 represent diagrams showing the competences formedness level of 4
different students who have different scores in the subjects and a different grade point
average in general.

Fig. 3. Diagram of values by the formedness level of competences for four different students in
the range of assessment [0; 100]

Fig. 4. Diagram of values by the formedness level of competences for four different students in
the range of assessment [2; 5]
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As can be seen from the diagrams, the students have values different from each
other by the formedness level of competences, whereby the student 2, whose average
score in the subjects is ‘satisfactory’, has more competences of a higher formedness
level than that the student 3, whose average score is closer to ‘good’; i.e., the student
3 at an average has a better academic performance in the subjects than that the student
2. It can be concluded that making an assessment of the formedness level of the student’s competences is an important part of the educational process, which allows
determination of the graduate’s professional orientation.

5

Conclusions

1. The problem of describing the professional activities of a medical graduate has
been solved in terms of the competency-based approach and the identification of
ways to develop these qualities for dealing with medical equipment.
2. A model for the assessment of the competences formedness level has been elaborated, where its input and output parameters are indicated.
3. On the basis of the developed methods and algorithms for calculating the formedness level of competences for the training course ‘Anesthesiology, Resuscitation,
and Intensive Care’, a calculation of all the required importance coefficients of the
subjects, their modules and other learning activities involved in the formation of
competenceshas been made. From the calculated values a conclusion can be drawn
that different modules of the same subjects have different importance coefficient
values for certain competences, as well as one and the same subject in different
ways influences the level of a particular competenceformedness, which proves the
need for making an expert assessment. After that, for a number of competences of
several students a calculation of the formedness level of competences has been
made showing that even in a small group of students under consideration (some of
them performed equally on the average), different competences are formed at a different level. Consequently, conducting this assessment is necessary for determination of the future graduates’ professional orientation.
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Abstract—This paper describes the incorporation of the PowToon program
as an activity for a course on Technological Innovations as Didactic Resources,
in two pedagogy programs at Universidad Catolica del Maule (UCM) in Chile.
This activity has been designed based on the ‘learning by doing’ paradigm,
backed up by existing resources available in The Cloud. The students’ perceptions about the use of the program were collected through the use a closedended/open-ended question survey. The data analysis was carried out by using a
mixed methodology (qualitative/quantitative) and, in general terms, showed
positive results on the use of PowToon, not only on the motivational aspect, but
also regarding its contribution on learning new contents and developing ICTrelated abilities. However, opinions are still divided on the aspect of userfriendliness.
Keywords—PowToon, learning by doing, learning in the Cloud, ICT, pedagogy programs (undergraduate teacher training programs)

1

Theoretical Framework

1.1

Constructivist learning, based on learning by doing

According to its etymology, learning comes from the Latin apprehendere
(ad=towards and prehendere=to perceive). Furthermore, Robbins (2004) defines
learning as “any significant and relatively permanent change in a person’s behavior,
as a result of an experience.” Through learning, abilities, skills, knowledge and values
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are modified due to experience, not due to biological or physiological factors, which
depend entirely on the organisms’ internal functions.
From a constructivist point of view, learning consists of creating meaning from experiences and, taking into account that from a single experience many meanings can
be produced, it is impossible to achieve just one single and “correct” meaning.
Knowledge is not something independent from the mind, so it cannot be understood
as a realistic representation of the world, but as an interpretation of our own experiences. According to neuroscience, learning consists of changes in the synaptic connections which cause differences in thinking and behavior. Brain structures are modified by learning through new connections and Hebbian networks. Human beings create meanings, which are neither acquired nor obtained, from the real world. Thus,
concepts evolve and transform themselves every time they are used. Reality is not
something “objective” that students need to make an effort to know, but rather internal representations under a permanent transformation process. Comprehension cannot
be depicted in just one single definition that can be recalled from memory, but can,
however, be built upon real contexts through interaction. It is not about recovering
intact information structures, but rather about students developing the means to create
specific comprehension through a process of prior knowledge assembly. Therefore, it
is necessary for knowledge to take place in a real environment and through activities
related to the individual’s learning experiences. This is called meaningful learning.
Hence, through this type of learning, prior knowledge modifies the new knowledge as
well as the experience, which, in turn, also determines and restructures the prior one.
From this point of view, knowledge is not abstract, but is, however, linked to context
and experience.
The teacher’s role, under this approach, consists of guiding students towards the
construction of their own learning as well as encouraging and facilitating collaboration with others, which will allow students to discover multiple perspectives on a
particular issue or problem. After gaining more confidence and experience, students
will eventually advance towards a cooperative learning phase in which discussion and
dialogue are the fundamental tools for the intellectual growth of the students and the
group they belong to.
Activities play a major under the constructivist perspective: knowledge is not constructed in abstract but in a real-world setting instead, where learners can modify their
experience and skills “by doing”. Meaningful learning is not senseless information,
but a process of prior knowledge assembly or storage in order to generate adaptive
responses to new situations.
However, the activities carried out by individuals are expressed in different ways
and at different complexity levels. There are activities that challenge the intellect,
others that challenge emotions and yet others that even challenge physical capacity.
More precisely, it can be stated that they involve, to a greater or lesser extent, the
individual´s own intelligences, based on the theory of multiple intelligences by Howard Garner (1983): musical, bodily-kinesthetic, logical-mathematical, linguistic, spatial, interpersonal and intrapersonal intelligences. Of course, none of these intelligences work in isolation. For example, children who develop the ability to write
mainly use their linguistic intelligence, but when they write, they can also use motor
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intelligence, which allows them to manipulate the keyboard or trace the words with a
pencil. In this sense, activities do not only involve different forms of intelligence, but
also different complexity levels: Understanding and solving second-grade equations
require understanding first-degree equations and, prior to that, know how to do numerical reversibility operations. Something similar occurs when a gymnast or dancer
performs a routine: Before performing he/she needs to learn how to coordinate many
movements, do muscle work outs and improve flexibility.
There are activities that are simply related to the behavior that a person demonstrates through his/her capabilities; Others, however, show these capabilities through
a tool, an instrument, an appliance or a prosthesis, widening the possibilities of transforming the world the individual is surrounded by. For example, with regards to material landscape transformation, the use of machines immensely increases performance
capacity over a person. In mathematics and accounting operations, the use of spreadsheets allows extremely complex processes to be carried out under a very short period
of time. In spatial thinking and graphic design, image processing applications and 2D
and 3D figures are very useful in creating virtual elements and space. Currently, a
myriad of activities is carried out by using digital tools that can expand people´s capabilities to limits never before known in the history of mankind.
Nowadays there are computational tools to increase and substantially improve
memory capacity or storage, calculation, verbal expression and communication. All
these capabilities become evident through the interaction of humans and computers.
1.2

Learning in the Cloud

The Cloud is an "infinite" set of data available to thousands of users who can directly download and run the programs and the software applications through information servers (Google Maps, Gmail, Facebook, Tuenti or Flickr) distributed
throughout the world. In "The Cloud" everything that a computer system can provide
is offered as a service. Emails are read and stored remotely, like in Google Mail
(gmail.com), Yahoo Mail (yahoo.com, yahoo.es), Microsoft Mail (live.con, hotmail.com), etc.; it is also possible to upload and download videos (youtube, vimeo,
etc.), photographs (Flickr, Picasa, etc.), listen to any type of music (audio streaming,
Spotify, etc.) or even manage a business. According to Huth and James Cebula
(2011), Cloud computing allows web space and storage resources to be obtained,
similarly to e-mails:
Cloud computing is a subscription-based service where you can obtain networked
storage space and computer resources. One way to think of cloud computing is to
consider your experience with email. Your email client, if it is Yahoo!, Gmail, Hotmail, and so on, takes care of housing all of the hardware and software necessary to
support your personal email account (Huth y Cébula, 2011).
Cloud computing has had a decisive impact on the world of technology, which is
obviously also generating economic and social change. Cloud services allow multiple
businesses and users to share multi-tenant resources, and thus eliminating complex
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restrictions in the traditional computer environment and therefore optimizing space,
time, energy and lowering costs as well.
In this sense, The Cloud is a virtual environment where users interact with information that is available to them from any Internet-connected device, such as computers, tablets, phones, smart watches, etc., with hardware features that are increasingly
more and more common. Furthermore, this phenomenon is about tools and resources,
publically available, which offer the possibility of extending an individual´s cognitive
ability and, therefore, being able to expand the scope and intervention of education in
terms of student learning. Nowadays, the Cloud is likely to become an environment
through which education can develop any of the multiple intelligences identified and
described by Garner.
1.3

Learning activity using PowToon

PowToon is a tool whose operation is similar to Power Point, Impress, or even Prezi. It uses slides to which text and images can be added to, but it also allows animation and the incorporation of sound or music, available in the same application or
through an external source. The result is a product that mixes the look or the appearance of a PowerPoint Presentation with a comic book.
These online visual presentations are a fast and eye-catching way to deliver information to diverse audiences within a very short time period. Some of the general
advantages offered by the presentations are:
• They allow individuals to display or present any topic of interest and be able to
share it with others
• They immediately attract the viewer if the presentation is well designed.
• They require students (when assigned tasks connected to the presentations) to read
and synthesize information to later be able to present it.
• They achieve greater comprehension of the information being shown and make it
easier to remember.
• They integrate different types of formats and media, increasing the integration
capabilities of the visual, auditory and motion resources.
• Currently, most of these tools, in their basic version, are free of charge or are offered at a very low cost.
• These resources are generally compatible with several operating systems.
PowToon was founded in January 2012, and in August of that same year the beta
version was released. PowToon uses Adobe Flex technology that generates an XML
file. This file can be executed in the PowToon online visor or exported to YouTube.3.
It is a program used for designing presentations in The Cloud, and offers a free version for teaching. Like most of the programs that run in The Cloud, it is necessary to
register before being able to start working with it. Once registered, it is necessary to
access an editing screen and submit the desired slides or use one of the predesigned
templates. Each slide, which functions as a kind of canvas, can be edited by adding
text, images and animation. The presentations developed in PowToon can be stored in
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a traditional format, which allows the slides to move one by one, or be exported to
Youtube as a video file where there is a special channel for PowToon. The videos
made by using free accounts include the PowToon watermark.
The following learning activity using PowToon was developed in two undergraduate pedagogy programs (The Elementary School Pedagogy Program and the English
Pedagogy Program) within the context of the course: Technological Innovations as
Didactic Resources (TIDR), carried out at Universidad Catolica del Maule (UCM),
Chile.
This course, taught in these two programs, aims to develop the necessary competences for getting to know and for using the computing resources, as well as carry out
various teaching and administrative activities at the university. The course is about the
role of ICTs in today's society, based on knowledge access and knowledge production, taking into consideration the contributions from the research in areas such as
Cognitive Science, Theories of Learning and Neuroscience. It is stated in the literature that the use of digital technologies promotes learners´ skill and ability development.
The basic premise adopted by the TIDR course to design the teaching-learning
process is "learning by doing." Even the conceptual knowledge acquired by a student
is related to what is done with the concepts: linking them together, applying them in
specific situations, translating them into different types of language, etc. Based on this
perspective, the course aims to subject the logic of content learning to one that is
activity-based. This is carried out by thinking about the different levels of complexity
and the interrelationship between one activity and another.
The activity described below is taken from the lesson plan called "Knowledge Society," which requires students to develop a proposal for teaching sex education to
high school students within the context of a society determined by the use of Internet
and social networks. In order to carry this out, they are instructed to make a video,
using PowToon, where they are to incorporate problem identification, data definition,
and the impact or the changes expected through this proposal. The video, required to
last four to five minutes, is an important evaluated assignment within the course.

2

Methodological Framework

2.1

Population and sample

All the undergraduate students taking the TIDR course from the Elementary Pedagogy Program and the English Pedagogy program at UCM were invited to fill out the
survey. A total of 47 students out of 61 participated.
24 students (51%) were enrolled in the Elementary Pedagogy Program and 23
(49%) were part of the English Pedagogy program. In terms of gender, 37 subjects
were female (79%) and 10 were male (21%). In terms of age, 31 of them are between
19 and 22 years old (66%), and 13 are between 23 and 26 (28%). Only one person is
younger than 18 (2%) and two older than 27 (4%).
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2.2

Students’ perception about the activity using PowToon

A survey was applied after carrying out an activity using PowToon, in order to
gather information about students’ perception. The survey included two questions:
How did you like working with PowToon? What can be highlighted, positively or
negatively, about the use of PowToon in developing activities for this course?
The first one was a closed-ended question which had four items using a doubleentry chart. The respondents were required to assess the extent of their agreement
with the item. A Likert scale was used to measure every item in order to determine the
student´s degree of agreement:
5. Fully agree with the statement.
4. Partially agree with the statement.
3. Neither agree nor disagree with the statement.
2. Partially disagree with the statement.
1. Fully disagree with the statement.
The second question intended to establish the participants’ point of view by establishing a minimum amount of restriction in their answers. The question was designed
by taking into account the objectives of the study as well as the theoretical framework.
It is worth mentioning that the students participated voluntarily and anonymously.
They were previously explained the research purpose and asked to sign a consent
form to analyze their answers and, eventually, publish them in an article.
The methodology selected to carry out the analysis was a mixed methodology, with
a qualitative emphasis; the answers to the first question were processed through quantitative techniques and the data collected from the second question were analyzed and
interpreted through qualitative techniques.

3

Results

3.1

Quantitative results

The students’ answers were analyzed according to the frequency in the degree of
agreement manifested in each item. Then, they were analyzed according to demographic variables (Students’ gender, major, age).
Frequency of answers by item: In general, the features of the program that
showed the highest degree of agreement are related to the fact that PowToon allows
the use of new abilities (72% fully agrees and 25,5% agrees), suitable to learn new
contents (57,4% fully agrees and 29,8% agrees), and motivating (51,1% fully agrees
and 38,8% agrees). Barely 14,9% fully agrees that working with PowToon is easy,
while 34% agrees with this statement. On the contrary, more than half of the students
(51,1%) has a neutral view, 25,5% disagrees, 17% fully disagrees with the statement
that working with the program is easy. In the rest of the items, answers in agreement
or that are neutral are quite few: 12,8% neither agrees nor disagrees with the idea that
PowToon is suitable to learn new contents, 6,4% agrees that it is motivating and 2,1%
agrees that it is effective in the use of new abilities; 4,3% agrees with the statement
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that PowToon is motivating, while no student disagrees that it is suitable to learn new
contents as well as to use new abilities; finally, no student fully disagrees that PowToon is motivating and suitable to learn new contents and useful in developing new
skills.
Table 1. Frequency of answers by item
ITEM

5

4

3

2

1

f

%

f

%

f

%

f

%

f

%

Working with
PowToon is motivating

24

51,1%

18

38,3%

3

6,4%

2

4,3%

0

0,0%

Working with
PowToon is easy

7

14,9%

16

34,0%

12

25,5%

8

17,0%

4

8,5%

Working with
PowToon is suitable to learn new
contents

27

57,4%

14

29,8%

6

12,8%

0

0,0%

0

0,0%

Working with
PowToon is useful
to develop new
skills

34

72,3%

12

25,5%

1

2,1%

0

0,0%

0

0,0%

Answers by gender: According to students´ “t”, the analysis shows that there are
statistically significant differences regarding gender in the first two items: women
consider, to a greater extent, that working with PowToon is motivating (t (45) = .724,
p = 0.19 < 0.05) and easy (t (45) = .594, p = .019 < 0.05). Hence, this indicates that
being male or female is an incidental variable in the opinions that students had in
those two items. Furthermore, in the item related to the program being suitable for
learning new contents and useful in developing new abilities, no statistically significant differences are shown.
Answers by program: According to “t”, the analysis shows that there are only statistically significant differences regarding students´ major in the item that refers to
PowToon being useful in developing new abilities. This difference is favorable to the
group of students belonging to the Elementary School Pedagogy program (t (45) =
.1860, p = .016 < 0.05).
Answers by age: In order to know the relation between the students’ age (quantitative variable) and their answers about using PowToon, a parametric analysis using the
Pearson’s Correlation Test was done. According to this analysis, there is NO significant correlation (Hernández, 2010) between the participants’ age and any of the items
in the survey. This lack of significant correlation can be observed in the following
chart.
3.2

Qualitative results

One of the open-ended questions asked in the survey was: What is the most important aspect to highlight, either positively or negatively, about the use of PowToon
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for the purpose of the course? This question was answered by all the pedagogy students (47) that participated in the study.
The data were processed using Atlas-ti 6.2, taking into account some of the features and purposes that define qualitative analysis, according to Hernández (2010): To
provide structure to the data by organizing, interpreting and evaluating the units, the
categories, the topics and the patterns; to make sense out of the data; to explain the
phenomenon. The analysis procedure used was Grounded Theory (Strauss & Corbin,
1990) where, firstly, units of analysis were identified; then they were coded at first
level by the assignment of codes and categories. Then, coding of second level categories took place, in which the definitions and conceptualizations were integrated. Finally, explanations from the collected and processed data were established through both
previous levels.
The following codes represent the concepts indicated in the table.
Table 2. Code meaning
Code
F

Signification
Family

CF

Code family

U

Use

R

Requirement

FU

Usefulness

AN

Negative aspects

AP

Positive aspects

EX

Perception

PowToon program usefulness: The first PowToon related topic identified in the
answers given by the pedagogy students is the usefulness of the program in the educational field. It is a useful support tool, within the teaching-learning process, for the
elaboration and expression of contents and for the creation of audiovisual material,
which is shown through the use of animation and videos to make didactic material.

Fig. 1. PowToon usefulness – general representation
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In relation to the usefulness of the program, it is possible to confirm that its use can
be gratifying, despite that the fact that it requires time and dedication, as well as skill
development.

Fig. 2. Use of PowToon

Positive aspects: Some of the positive aspects related to the use of PowToon mentioned by the students has to do with the aid or support it provides during the teaching
and learning process, not only for the teacher but for the student as well, by challenging and stimulating creativity, familiarizing them with the use of ICTs and helping in
the creation of didactic material.
Furthermore, it is mentioned that the program is suitable to be used in the educational field, mainly because it has several tools and various effects incorporated that
make it, among other things, motivating, didactic, dynamic and attractive for children.
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Negative aspects: The pedagogy students who participated in the study mostly
agreed that the negative side of using PowToon is related to three main aspects: a) the
difficulty for Spanish speakers to use it because it just has an English interface. This
is mainly a problem for children because they cannot speak English. b) The second
aspect has to do with the program having a time line which requires that all the elements be programmed and assembled together. This feature, however, is also mentioned as a positive aspect by other students who see it as being related to the dynamic
way in which information is presented in PowToon. c) Finally, another aspect mentioned as negative has to do with the restrictions on the use of the program without
having a paid account: it is impossible to save what has been created in the computer,
and is only made available in the web. Moreover, there are many resources that can be
seen but are unavailable to be used with a free account.

Fig. 4. Negative aspects of PowToon

4

Conclusions

Students have a positive opinion about the use of PowToon in the development of
learning activities related to undergraduate teacher education in the TIDR course,
especially in the unit about different aspects of the Knowledge Society. In general
terms, a high percentage of mostly female students consider PowToon to be a motivating tool used to create interactive materials through animation and videos.
Regarding the usefulness of PowToon in supporting the teaching and learning process, the students think that the program is suitable for the learning of contents and for
skill development, as well. With regards to this, there is an overall good opinion about
it, especially among elementary school pedagogy students. Another element worth
mentioning is the possibility that the application offers to express or transmit information through the creation of audiovisual material thanks to the great amount of
tools and effects PowToon has to offer.
Based on this point of view, the authors of this research paper agree with Tracy
Weber (2014) who states that it is possible to use PowToon in any type of class:
PowToon can be used in any class. It could be employed in an English class to
demonstrate knowledge of Romeo and Juliet from a student’s perspective; in an Agri-
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culture class to demonstrate how to fix an engine or properly fertilize crops/plants;
and even in an industrial arts class by demonstrating welding techniques.
Also, the data obtained in this research are similar to results obtained in a study
conducted by Marta Pinto (2014), from the Católica Portuguesa University, in Portugal. As part of a curricular unit on supervising teachers within the ICT discipline,
students had to write their own digital stories using web 2.0 tools (GoAnimate, Movie
Maker and PowToon). According to the data gathered, among 54 seventh grade students, 75,9% of them thought that the use of web 2.0 tools made content learning
easier, strengthened meaningful learning and developed general skills. 81% of these
students thought that the activity was challenging and stimulated active, collaborative
and meaningful learning, arousing their interest and encouraging commitment with
one’s own learning.
Finally, regarding user-friendliness, opinions are divided. Some students think
PowToon is easy to use, while others think it is complicated. The factors that make
using the program difficult have to do with, mostly, menus and commands, which are
presented to students in a foreign language. Despite the fact that many of the elements
that allow a determined program to be managed are common to many applications,
regardless of the interface language, the fact that PowToon just comes in English is
seen as an obstacle hard to overcome by students. This difficulty is made worse by the
fact that they are very accustomed to using PowerPoint. Hence, PowToon is seen as
an application that structures itself in a very unusual way, where elements are managed in a different way from that of PowerPoint. Furthermore, some students see the
restrictions imposed on free accounts as a real problem since this means that many
tools and resources can only be accessible through a paid subscription. Finally, the
fact that students cannot save what they have created as a downloadable file is seen as
quite a negative aspect.
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Abstract—Today’s era of societies comprise of one coherent global village,
in which learning about and understanding other cultures is crucial. Fu-Jen
Catholic University (FJCU), a private university in northern Taiwan, has joined
the “Global Academic Initiatives” (GAI) coordinated by East Carolina University (ECU) in USA since 2007. A course entitled Cross-Cultural Communication: Global Understanding is offered in FJCU to allow students in the English
department to discuss cultural topics with students from two other countries via
Information and Communication Technologies (ICTs) for authentic contacts.
The ICT tools support both the synchronous and asynchronous mode of communication. This paper describes the instructional design of the Cross-Cultural
Communication: Global Understanding course including the pre-connection
trainings and the connection discussions. For the post-connection part, students’
learning and reflections will be discussed along with their e-learning styles.
This example could offer other educators who are interested in designing similar intercultural communication courses.
Keywords–Intercultural communication, Information and Communications
Technology (ICT), Instructional design, Taiwanese college students

1

Introduction

In this day and age of global villages, cultural empathy and understanding are of
great importance, as one comes in contact with people of various backgrounds frequently, either for the purposes of learning and teaching or business communication.
With a variety of digital media appropriate for teaching and learning, without a doubt,
Information and Communication Technologies (ICT) currently play an important role
in intercultural communications and learning [1]. This paper describes the instructional design of the Cross-Cultural Communication: Global Understanding course
offered by the Department of English Language and Literature in Fu-Jen Catholic
University (FJCU) in Taiwan, which joined the “Global Academic Initiatives” (GAI)
coordinated by East Carolina University (ECU) in USA since 2007. Students in this
course are given the opportunity to experience authentic contacts with counterparts
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from several foreign countries and discuss cultural issues of the different cultures.
Through ICT tools, students are also able to learn through situated learning.

2

About the Course

The education system in Taiwan is based on semesters. Both the Fall and Spring
semesters are 18 weeks long. Before the actual international connections, there are
local sessions for the instructor to prepare the learners for intercultural interactions.
As a tradition of all courses taught in the English department of FJCU, everything is
conducted in English only. Then, the class connects with two to three different countries separately. For the past few years, the first country was usually USA with students in ECU. The second and third country could be Mexico, Peru, Switzerland,
Russia, or Japan, depending on how ECU designs the master schedule (The third
country may connect for two or three weeks only instead of four full weeks depending
on the date of the end of the semester in Taiwan).
Each of these international connection sessions lasts around 100 minutes. The class
is divided into two groups (A and B), with one group talking to their counterpart via
large-group interactive videoconference the first 45 to 50 minutes, while the second
group texts with their partners one-on-one using a text-chat IRC program such as
IceChat or Kiwi via the server of ECU (and if there are problems, FaceBook Messenger or Google Hangout could be used). In the second 45 to 50 minutes, the groups
then switch their methods of communication. A teaching assistant is present during
class time to help with the text-chat issues. Also present is a technician at the back of
the classroom in the Taiwan end (in a technical booth) that is a distance learning room
equipped with videoconferencing system and video recording facilities (See Table 1
for the short version of the schedule in the course syllabus).
Along with the syllabus, a course map is drawn by the mind map software Inspiration to be uploaded to the Learning Management System, EngSite, for the students
(see Fig. 1 for the course map). According to the requirement by FJCU, Professional
Knowledge and Professional Skills need to be listed properly for each course. Under
Professional Knowledge, cultural knowledge (both local and foreign cultures), communication theories and strategies, as well as cross-cultural communication methods
are mentioned during local training sessions. For the Professional Skills, “Advanced
English Expressions” through the four language skills (English reading, writing, listening, and speaking), “Problem solving,” and “Information Technology” are included. Overall, the instructor intends to provide the learners the opportunity to learn and
achieve the following through this course: cultural knowledge, intercultural communication skills, intercultural competence, and ICT skills. These objectives match the
educational goals of the department. They are also important as [2] pointed out, “If
our goal is to prepare students for positive intercultural participation through effective
communication, students need not only to make themselves understood, but also to be
accepted behaviorally and interactionally, especially because acceptance is more often
strained by offending behaviors than by incorrect grammar” (p. 11).
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Table 1. A sample schedule of the course (short version)
Week
1
2

Mode
Local
Local

3

Local

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Local
Connect
No class
Connect
Connect
Connect
Local
Connect
Connect
Connect
Connect
Connect
Connect
Connect
Local

3

Activities
Introduction; about Global Understanding Project; Culture and Communication Concepts
Learn text-chat programs; Video: “Cross-cultural Communication”; Cultural sensitivity
Issues of cyber communication; Introduction to cultural theories: Hofstede Theory and
Lewis Model
Guest speech: Indian Culture
Connection with country A: Lecture; College life
Spring break: No Class
Connection with country A: Family; Cultural Traditions
Connection with country A: Meaning of Life and Religion; Stereotypes and Prejudices
Connection with country A: Collaborative Project Presentations on donation topic
Individual conference with the instructor: Talk about your collaborative projects progress
Connection with country B
Connection with country B
Connection with country B
Connection with country B
Connection with country C
Connection with country C
Connection with country C
Oral Presentation

Instructional Design

Based on a previous study report done by the author [3], the following tips of instruction are adopted for the design of this intercultural communication course based
on the cross-cultural comparison of learning styles of Asian learners to learners of
other cultural backgrounds:
1. Provide the outlines for the overall course and for each of the connections since the
Asian learners are mainly holistic learners (Asian students are even less analytic
when compared to Africans or learners of other cultural backgrounds).
2. Provide concrete examples when discussing abstract concepts (Asian learners have
a lower preference of abstract learning when compared to Africans).
3. Give step-by-step guidance in the instructions, since Asians in Taiwan have a
higher preference in sequential learning.
4. Asian learners are low in Persistence learning style (i.e., Mdn= 2.67 out of 5.00).
Therefore, audio, animations or video clips should be kept short since they have
shorter attention span.
5. Asian learners have a lower preference in Learning with Group when compared to
African learners. However, instructors must promote team-learning and collaboration since this is an essential concept nowadays. The inclusion of Collaborative
project done by students of different countries in the Global Education project is a
good practice for these learners.
6. Asian learners have a lower preference in Text learning style (reading of text materials). However, to be able to read and understand texts is a crucial skill, especially
for academics in higher education. Instructors can provide shorter and various articles for reading materials.
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Fig. 1. The course map for the intercultural communication course

Consequently, the course of intercultural communication are categorized into several phases, including the pre-training phase, international connection phase (focusing
on the discussion of several topics), collaborative project phase, and post-connection
phase. In the pre-training stage, the instructor goes through cultural theories such as
Hofstede’s cultural dimensions [4], shows the DVD video of “Cross-Cultural Communication: How Culture Affects Communication,” discusses etiquettes and issues on
cyber-communication [5], and finally, completes the training on using online text-chat
programs. Students are able to explore their e-learning styles as well.
After the pre-training stage and during international connection sessions, the FJCU
teacher and the students have three to four week’s connection with foreign partners in
two to three countries. The first connection session starts with the instructors’ lecture
from both countries followed by the students’ brief self-introduction. The instructor’s
lecture about Taiwan include the demographical background information as well as
the interesting activities in the night markets and their meaningfulness to the Taiwanese. Then, as for the rest of the sessions, topics for discussion and learning about
other’s culture include “College life,” “Family and Cultural Tradition,” “The Meaning
of Life and Religion,” “Stereotypes and Prejudices,” and the “Free topic” session. The
free topic session could be devoted to the presentation of the collaborative project of
students of both sides.
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The instructors of each countries discuss and come up with a general guideline
about the collaborative project for the participating students at the beginning of the
connection, so that students would have enough time to work on their team project for
presentation. Choices on the topics of collaborative project may be given, for example, “The meaning of Success,” “A role model in one’s country,” “How to help people with 1 billion dollars?” etc. Instructors of both sides may also ask students of both
countries to prepare for role-plays or to perform their traditional dances and rituals in
the connection. Throughout the semester, students in Taiwan write short journals to
reflect on their connections. After the connections, they give a final presentation and
write a term paper on the comparison of the cultures.

4

Students’ Learning and Reflections

In one semester for pilot testing, thirteen English-major students in a class connected with students in Mexico, Peru, and Japan (There were some exchange students
from other foreign countries excluded for data analysis). The Online Learning Style
inventory (by Liu & Shih as explained in the paper of [6]) and post-connection surveys (Peru survey, Mexico survey, and Japan survey) were given to the students in
Taiwan to fill out to examine their e-learning styles and the feasibility of the connections. Quantitative and qualitative data analyses were conducted for analysis.
Table 2. Results of Online Learning Styles of English majors in Taiwan (N=12)
Learning Styles
Text
Visual
Perceptual
Auditory
Active
Abstract
Concrete
Serial/Linear
Cognitive
Random
Holistic
Analytic
Study Alone
Study with Group
Personality
Guided
Persistence
Observer

Descriptive Data
Mean
SD
3.40
.48
3.67
.60
3.52
.73
3.67
.50
3.27
.39
3.92
.57
3.61
.62
3.48
.56
3.42
.48
3.24
.39
3.58
.46
3.48
.31
3.52
.76
2.61
.85
3.04
.45

Other Statistics
One-way repeated measure ANOVA: F(3,
32.05)= .69, p= .56

Paired t-test: t(11)= -3.13, p=.01*
Paired t-test: t(11)=-.53, p=.61
Paired t-test: t(11)=-1.06, p=.31
Paired t-test: t(11)=-.57, p=.58

Note: *p< .05

For the quantitative data, the reliability results of the online learning styles inventory is medium with a Cronbach's ! of .40. This is because of the small number of sample (only twelve students filled out this inventory). For the descriptive outcomes
(Means and Standard deviations) of the different types of online learning styles,
please see Table 2. The test of normality showed non-statistical significance (using
Shapiro-Wilk’s test), which meant parametric tests could be adopted for further anal-
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yses. We saw that the four perceptual learning styles of this group of students were
about the same. A one-way repeated measure ANOVA result revealed a nonstatistical significant effect, F(3), 32.05)= .69, p= .56. No post-hoc analysis was needed in this case.
For the pairs of cognitive learning styles and personality learning styles, paired ttests showed that only the pairs of Abstract vs. Concrete learning styles had a difference, t(11)= -3.13, p=.01. Learners were more concrete-oriented (M= 3.92; SD=.58)
than abstract-oriented (M=3.27; SD=.39) (see Table 2). The results gave a good support for the instructional design of the course by providing concrete examples and
materials for students in this course.
From the qualitative responses in the post-connection surveys, we witnessed the
self-awareness and reflections of the learners. Participants especially mentioned the
difficulties in understanding the accents of Mexicans and Peruvians (Student 5 and
Student 12 in the Peru survey). However, they gave their best efforts, rose to the challenge, and eventually grew accustomed to the accents. Some brought up the limitations related to technology, Student 6 said “What I disliked was that sometimes few
people are seen on the screen” (Peru survey).
As for comparison of working with people of different cultures, Student 10 mentioned about the need of efficiency because of working under a different time zone,
“…when I was working with my partner, the time difference did not allow us to chat
a lot. We need to be more efficient and straight to the point.” (Mexico survey). During
the connection with the Japanese partners, Student 2 pointed out the efficient work
ethics of the Japanese student, and found that they were constantly comparing the
similarities of Taiwanese culture versus Japanese culture, since both belong to the
classification of Asian culture. However, there were some variances; Student 4
learned some parts of the Japanese culture that she did not know, such as the eating of
horse meat. Besides the survey data results, one could see through observations of the
course that the students were very active in discussing the cultural topics through
large-group videoconference orally as well as the one-on-one text-chat (See Fig. 2 for
a photo of the videoconferencing group in the distance learning classroom).

5

Conclusion

In this paper, the instructional design of the course, Cross-Cultural Communication: Global Understanding, offered at FJCU was explained first. Learners’ online
learning styles and post-connection survey data were collected from the students in
the course prior and after the international connections in one semester. The descriptions and findings provided in this paper would be valuable to other educators who
conduct similar cross-border cultural learning or intercultural telecommunication
projects.
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Fig. 2. A photo of the videoconferencing group.
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Abstract—The research focuses on the motivations of US’s high school
students chose Chinese as a secondary language study programme from multiple aspects: the future career considerations, Chinese population growth, and
the persona interests. The current Chinese language learning statistics have been
given as further references in terms of questionnaire findings.
Keywords—US high school, students, Chinese language, motivation of studies

1

Introduction

Currently, English is the most widely used language around the world. An American student, especially high school students, often lacks the motivation to learn a
foreign language. Native English-speaking high school students may think that the
foreign languages is not necessary because no matter which country they are going to,
there are always people who can speak English in that country. For now, in all fifty
states of America, it is required that high school students take a foreign language class
in order to graduate, based on the study of National Council of State Supervisors for
Language. In Nevada, students are required to finish at least two credits of the foreign
language courses. In Chapter 1 of 2013 Nevada Education Data Book, A 2010 study
titled “Education Data Profiles for the State of Nevada and Surrounding States” reports that there are 645 public schools in Nevada, and that 16% of Nevada high
schools are public. This adds up to approximately 103 public high schools in Nevada.
Most of these public high schools would offer Spanish, Italian, and French. Others
might offer Chinese, Japanese, Latin, German, etc. The high school we gave the questionnaire offers Spanish, French and Chinese.
It is important to know the reason why students still want to take foreign language
when it is not mandatory, because it helps the language teachers know what their
students want to learn from the class and know what they should be focusing on. This
is going to improve the quality of teaching.
A 2010 New York Times study found that in this current decade, foreign language
instruction has decreased in all languages except Chinese. The population who wants
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to learn Chinese keeps increasing. Compared to the data in 1997, the percentage of
students choosing Chinese increased from one percent to four percent. Also the language education landscape is changed. “A decade ago, most of the schools with Chinese programs were on the East and West Coasts. But in recent years, many schools
have started Chinese programs all around the United States” (Dilon).

Fig. 1. Source: Growth in Chinese Language Courses. New York Times, 2010. Web.
5/20/2015

2

Research Designs

There are multiple reasons that students in United States choose Chinese as their
foreign language. I created a questionnaire to see the main reason that makes American public high school students choose Chinese as their foreign language (see Appendix A).
I separated my questionnaire into two parts. The first part asks for personal information, which includes gender, grade level, the number of years spent studying Chinese, etc. The second part lists seven possible reasons why students choose to learn
Chinese. They are:
1. I have a strong interest in Chinese and culture.
2. My parents encouraged me to study Chinese.
3. I think Chinese will improve my opportunities for higher education and a good career.
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4. My friends are taking Chinese.
5. I like the teacher.
6. I perceive Chinese to be easier than other languages offered at our school.
7. The school counselor advised me to study Chinese.
Chinese teacher in Nevada said she is going to have more Chinese classes next
year. This shows that more and more students are interested in taking Chinese. The
situation has changed from only one first year Chinese class last year, to two first year
Chinese classes this year, to three first year Chinese classes next year. The number of
new students in Chinese classes is constantly increasing.

3

Findings and Analysis

In the public high school, there are 1,609 students based on the report by US News.
This semester, 61 students chose to take Chinese. There are two first-year Chinese
classes and one second-year Chinese class. I offered a questionnaire in those three
Chinese classes. Because 11 students were absent, I only sent out 50 questionnaires,
and received 40 of them back, 39 of them being valid. Since the description for the
second part of the questionnaire created a little confusion. Because of some of the
students do not follow the introduction of the question, only 26 of the questionnaires
had the second portion completed.
3.1

General Analysis

18 females and 21 males responded the questionnaire, as Figure 2 below shows.
The gender distribution of the students taking first year Chinese and second year Chinese is shown in Table 1.

Fig. 2. The pie chart of the gender percentage of our respondents
Table 1. The gender distribution of the students taking first or second year Chinese
Male

Female

Total

1st year of Chinese

16

13

29

2nd year of Chinese

5

5

10

Total

21

18

39
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21 freshmen, 11 sophomores, 7 juniors, and 0 seniors responded to the questionnaire, as Figure 3 below shows. The grade level distribution of the students taking
first year Chinese and second year Chinese is shown in Table 2.

Fig. 3. The pie chart of the grade level of our respondents
Table 2. The grade level distribution of the students taking first or second year Chinese
9th

10th

11th

12th

Total

1st year of Chinese

21

4

4

0

29

2nd year of Chinese

0

7

3

0

10

Total

21

11

7

0

39

There is only one student whose mother speaks Chinese, and only one student
whose father speaks Chinese. Two students’ parents both speak Chinese, and the
remaining 35 students all have parents who both do not speak Chinese, as Figure 4
below shows. The distribution of the students taking first year Chinese and second
year Chinese is shown in Table 3.

Fig. 4. The Pie chart of the family background of Chinese
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Table 3. of students’ family background of Chinese speakers
Mother

Father

Both

Neither

Total

1st year of Chinese

1

1

0

27

29

2nd year of Chinese

0

0

2

8

10

Total

1

1

2

35

39

3.2

Hypothesises Tests

R. C. Gardner’s essay “Social Psychology and Second Language Learning The
Role of Attitudes and Motivation” shows that success in second language learning is
dependent on the students’ natural ability in the language, the students’ motivation in
learning the language, and the influence of the people around them like family, teachers, and friends. Gardner posits that there are two kinds of motivation: Instrumental
Motivation and Integrative Motivation. Instrumental Motivation means the students
are motivated by possible future uses of the language, such as career opportunities it
could offer. Integrative Motivation means the students are motivated by interest in the
culture or history of the language-speaking country. Based on these theories, I generated seven possible reasons students may choose to learn Chinese in the second part
of my questionnaire, which are listed below.
I have a strong interest in Chinese and Chinese culture. For high school students, learning another language is usually motivated by interest. Interest is one of the
most important factors in encouraging students to learn Chinese.
My parents encouraged me to study Chinese. For high school students, the suggestion and encouragement is another factor that influences a students’ decision. The
more the parents value Chinese, the more motivation the student may have. Conversely, if the family doesn’t like Chinese, the attitude that the family has may also decrease the student’s interest in learning Chinese.
I think Chinese will improve my opportunities for higher education and a
good career. For these students, they know that language is a necessary skill in the
job market. As China is currently undergoing major development, there will be increased interaction between China and America. The fact that the language might be
useful in the future may also help to motivate students.
My friends are taking Chinese. The students who choose this as the main motivating factor are highly influenced by friends, and learning a language with a friend
also could help motivate students.
I like the teacher. Sometimes a good teacher can make students have a greater interest in the subject.
I perceive Chinese to be easier than other languages offered at our school.
Sometimes because of their family background, Chinese may be easier for certain
students. Or some students tried to learn other languages, but based on their abilities,
came to believe that Chinese is easier.
The school counselor advised me to study Chinese. In this situation, students
mostly just wants to fill their graduation requirements. Maybe some students really
disliked other languages that the school offered.
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3.3

Statistic Analysis

This part discusses the primary reason why students chose Chinese as their foreign
language class. Because the description of the second part of the questionnaire created
some confusion, only 26 of the questionnaires had a completed second portion. The
students were supposed to label these seven reasons from one to seven, one being the
most important reason and seven being the least important reason.
I used the weighted mean to compare the importance of these seven reasons. For
easy calculating, if a student thinks that the first reason is the most important, then the
first question would receive a score of one. If the student believed it were second
most important, then the question would receive a score of two. This continues to a
score of seven, where the student believes it was the least important reason, and so the
question gets a score of seven. The less the weighted mean there is, the more importance the question has. The result are shown in table 5 in the next page.
Comparing the weighted mean (x), these seven reasons are listed in terms of their
importance below with x! values in parentheses:
! I have a strong interest in Chinese and culture.
! I think Chinese will improve my opportunities for higher education and a good
career.
! My parents encouraged me to study Chinese.
! I like the teacher.
! My friends are taking Chinese.
! I perceive Chinese to be easier than other languages offered at our school.
! The school counselor advised to study Chinese.
The analysis of a comparison of the opinion from the male students and female
students is shown below. In these 26 students, the weighted mean of the 12 male students and 14 female students is shown in Table 4.
Table 4. the weighted mean of total, male and female with these questions
Weighted mean(x! )Reasons

Total

Male

I have a strong interest in Chinese and culture

1.85

2.17

Female
1.57

My parents encouraged me to study Chinese.

4.00

3.50

4.42

I think Chinese will improve my opportunities for
higher education and a good career.

2.35

2.25

2.42

My friends are taking Chinese.

4.31

4.42

4.21

I like the teacher.

4.23

4.42

4.07

I perceive Chinese to be easier than other languages
offered at our school.

5.58

5.33

5.79

The school counselor advised me to study Chinese.

5.69

5.91

5.50

Using a two sample t-test on a TI-Nspire calculator, which is the program
(tTest_2Samp), with the alternate hypothesis that male and female have a significant
difference in opinion on these reasons, I got t=0.0036 and p= 0.997. Because the pValue is greater than 0.05, we reject the alternate hypothesis, and can say that the
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male and female populations don’t have a significant difference in opinion in these
questions.
The order of importance of the reasons for male, female, and the whole sample
population is shown in Table 5 below.
Table 5. the importance order for male students and female students
Total

Male

Female

I have a strong interest in Chinese and culture

Order of importance Reasons

1

1

1

My parents encouraged me to study Chinese.

3

3

5

I think Chinese will improve my opportunities for higher education and a good career.

2

2

2

My friends are taking Chinese.

5

4

4

I like the teacher.

4

4

3

I perceive Chinese to be easier than other languages offered at
our school.

6

6

7

The school counselor advised me to study Chinese.

7

7

6

Based on these results, male students have exactly the same order as the whole
sample population. Even though there is a small difference between the female opinions and the whole sample opinions, this is not because of a significant difference in
calculation, but the small sample size.
Overall, both male and female students chose the first and third reason as their
primary reason. The second, fourth, and fifth reasons’ importance do not differ significantly, but the weighted mean is significantly higher than the first and third reason.
The sixth and seventh reason have the highest weighted mean, meaning people don’t
think they are important.
The analysis of the comparison between the opinion from the male students and
female students is shown below. In these 26 students, the weighted mean of 19 first
year Chinese students and 7 second year Chinese students is shown in Table 6.
Table 6. the weighted mean of the student in 1st year Chinese class and 2nd year Chinese class
Weighted mean(x! ) and importance order Reasons

1st year

2nd year

I have a strong interest in Chinese and culture

2.00

1

1.43

1

My parents encouraged me to study Chinese.

3.95

3

4.14

3

I think Chinese will improve my opportunities for higher
education and a good career.

2.37

2

2.29

2

My friends are taking Chinese.

4.26

5

4.43

4

I like the teacher.

4.10

4

4.57

5

I perceive Chinese to be easier than other languages offered
at our school.

5.57

6

5.57

6

The school counselor advised me to study Chinese.

5.74

7

5.57

6

Based on these results, the importance order of the first year Chinese class students
is exactly the same as the whole sample population’s importance order. The second
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year Chinese class students are mostly the same, but it is mainly because the sample
size is very small, containing only seven students. This results in the same conclusion
as the previous section, in which the first and third reason are more important than the
remaining five.
16 out of 39 students said that they have other reasons for learning Chinese aside
from the ones provided. This percentage is shown below in Figure 5 as a pie chart.

Fig. 5. the pie chart of students who have other reason to choose Chinese

These sixteen reasons can be separated into several parts. The reasons in the first
part are about interest in the language. It includes:
•
•
•
•
•
•

I think Hanzi is very artistic.
I'd like to travel to China and teach there, and eat the food there.
I was curious how the character system worked.
I wanted to see what it was like.
It was just interested in the character system.
Learn a new language.

The second part is because of the graduation requirements, or because Chinese is a
good fit.
• Required for an honors diploma and most kids don't take it. I thought it would help
challenge me.
• I did not do well with Spanish.
• I didn't want to take Spanish or French.
• I didn't choose Chinese.
• The third group thought that Chinese is useful.
• I figure it will be useful, considering how it is the most spoken language in the
world.
• As an IB student and global citizen, it is very important to understand other cultures, and languages. It is a special opportunity to converse with others in their native tone.
• The fourth part is about familial influence on the student choice. In includes:
• My mom would not let me take French, so Chinese seemed cool.
• My sister lived in Taiwan.
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4

Conclusions and Highlighted Findings

As of now, the establishment of Chinese classes in American public high school is
still in its infancy. In fact, for American students, Chinese is a very hard language
course. The Foreign Service Institute (FSI) places all the languages in the world into
three categories based on the approximate learning time (Thompson). Mandarin Chinese is in the third category, which is the hardest category, needing approximately
more than 2,200 hours and a year to learn. For English speakers, the extremely difficult writing system makes the learning process even harder.
Based on my experience in the public school’s Chinese class, even the worst students in the class were very interested in Chinese culture. Most of the time, students
were interested in China, but could not motivate themselves to learn Chinese. Learning a language requires a lot of effort, memorization, and time. Most American public
school students cannot spend a majority of their free time practicing a foreign language. If there are more situation that need Chinese to communicate, this situation
may change. There is a group of students who take Chinese just to fulfill the graduation requirement. The motivation to actually learn Chinese in these students is very
low. I see a lot of students in the class who simply just finish the work that is required. If they are allowed write Chinese in pinyin, which is an easier system then
Chinese character, but not useful to use, they do not put in the effort of writing words
in Chinese characters.

5
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Abstract—Using bibliographic data extracted from CNKI database, social
network analysis is used to generate and analyze the network of co-authors of
China in the field of management. This article suggests that: the density of the
network is low, which means the collaboration between authors in China is not
tight; the relations between the degree centrality and research output are weak.
The author who published more papers may not have more co-authors. Through
the lens of betweenness centrality, several authors in key positions of network
are always dominating the academic information exchange and the small groups
of authors have changed from 2006 to 2015. The result of core-periphery analysis reflects that only a very small proportion of scholars are in the core of the
network while most are relatively independent. The similarity of working experience, academic authority and geographical closeness are helpful to form and
enhance the collaboration network.
Keywords—social network analysis, co-author, management

1

Introduction

With the development of science and technology, the integration, differentiation
and cross-fertilization of disciplines are increasingly important. Therefore, scholars
with different backgrounds start seeking collaborations for better development. Research collaboration becomes a vital force to promote the development of disciplines.
A co-authorship network is a social network consisting of a collection of researchers each of whom is connected to one or more other researchers if they have coauthored one or more papers and such a network can be represented as a set of nodes
(or vertices) denoting co-authors joined by edges (or links) denoting research acquaintance.1
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This study employed Social Network Analysis to explore the characteristics of coauthorship network in the field of management in China so as to explore the trend of
research collaboration between scholars in past 10 years.

2

Research Methodology and Data

2.1

Methodology

Social Network Analysis is used to gain an understanding of the nodes (co-authors)
and relationships (those who wrote a paper together) in the co-authorship network. In
this study, we will analyze the density, centrality, core groups and small groups within the network.
2.2

Data

The data is collected from the database of China National Knowledge Infrastructure (CNKI), and 5 top Chinese journals in the field management were selected including Journal of Management Sciences, Journal of Industrial Engineering and Management, Chinese Journal of Management Science, Chinese Public Administration
and Chinese Journal of Hospital Administration. The retrieval time is from 2006 to
2015. There are 8830 papers after deleting the book reviews, editorial material and
meeting abstract.

3

An Overall Analysis of Co-authors

3.1

Trend of Co-authorship Rate

At first, we focus on the co-authored publications. This was achieved by Excel to
extract a list of co-authors. Another software called Bibexcel was then used to convert
this list of authors into network file to the format which is readable by Ucinet.
Through the preliminary dealing with data, there are 5,808 collaborative papers,
accounting for 65.76% of the total, in 8830 samples. All the literatures involved
10,653 authors, including 6459 co-authors, accounting for 60.63% of the total number
of authors.
Table 1. Proportion of papers with more than 1 author
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Numbers of author

Numbers of articles

Proportion

2

3055

34.60%

3

2026

22.94%

4

522

5.91%

5

132

1.49%

>=6

73

0.82%
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From Fig.1, we can clearly see that the co-authorship rates of the five journals
are in a gradual upward trend. And the percentage of the co-authors is about 60% 70%, proving that the co-authorship in the research is a normal state. From the results,
we can deduce that the collaboration between scholars will increase in the future. And
there will be more interdisciplinary, cross-cutting collaborative research.

Fig. 1. Co-authorship Rate

3.2

Identification of core authors

The network constructed by massive authors would be extremely complex and not
helpful for the further analysis in the subnets. In order to highlight the collaborationrelationship intuitively, the number of co-authors needs to be limited to narrow the
scope of analysis. According to Price's law (Equation 1), we select the productive
authors with 8 or more papers to construct co-author matrix. Top ten core authors are
shown in Table2.
M=0.749Xmax0.5

(1)

M is the lowest value of the core author; Xmax is the number of papers published by
the author with the most productive.
Table 2. Top Ten Core Authors
Author

Papers

Author

Papers

1

Xia Shu-zhang

132

6

Gao Xiao-ping

36

2

Ji Zhe1

108

7

Liu Jie

36

3

Ji Zhe2

60

8

Da Qing-li

35

4

Liu Si-feng

49

9

Liu Xing

32

He Jian-min

31

5
Tang Xiao-wo
43
10
Note: Jizhe1 and Jizhe2 are homonyms of Chinese names.
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4

Visualization of Scientific Collaboration Network

We divided the ten years into two phases and generate a picture by net-draw. The
result of visualization is shown in Fig.2.

Fig. 2. Scientific Collaboration Network of Core Authors (2006-2010,2011-2015)

152

http://www.i-jet.org

Paper—Analysis on the Co-authoring in the Field of Management in China: Based on Social Network…

Through the comparative analysis of the two periods, we find that:
The scientific collaboration network continues to expand, and new groups emerge.
Taking the network of Gao Xiao-ping for example, though the collaboration network
is still small, the number of co-authorship papers had obviously expanded in the last
five years. Overall the co-authorship rate in the former five years was 62.8%, the
latter five-year co-authorship rate was 68.87%, which has significant increased. Taking Tang Xiao-wo and Ni De-bing for example, the numbers of co-authorships in the
former five years are 10, and in the latter five years have risen to 12.
Besides, the scientific collaboration networks are changing. Some scientists have
withdrawn from the network, while others have joined in. In addition, some authors
have changed their network. Liu Wei, for example, he was in the team of Wu Gang at
the first five years, then he joined the team of Gao Xiao-ping at the second five years.

5

Scientific Collaboration Network Analysis

5.1

Network Density Analysis

Density refers to the "connections" between core authors. If every node is directly
connected to every other node, we have a complete graph. The density of a graph is
defined as the number of links divided by the number of vertices in a complete graph
with the same number of nodes.2 For an undirected graphG with N nodes, the density
D is defined as Equation 2:

(2)
And the research has proven that the density of the network affects the dissemination of knowledge and information.3 The greater the density, the more conducive to
the sharing and dissemination of knowledge.
Table 3. Network Density Analysis
Period

Density

2006-2010

0.0085

2011-2015

0.0111

2006-2015

0.0084

According to the results of network density analysis, the network density of the coauthors is 0.0084 in 10 years. It proves that the collaboration among the core authors
is not tight. At the same time, it also shows that in the field of management, there is
still much space for scientific collaboration. However, in the latter five year, the density has improved, which means the collaboration in the field is going up.
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5.2

Network Centrality Analysis

Centralization is used to describe the status and importance of individuals or organizations in their social networks and the most important centrality measures including
degree centrality, closeness centrality and betweenness centrality.4
Degree Centrality: Degree centrality is simply the degree of a vertex, which can
be measured by the number of nodes directly connected to it.5
Table 4. Centrality analysis
Degree

Nrm Degree

Da Qing-li

Name

19

0.833

Zhu Jian-jun

18

0.789

Liu Si-feng

12

0.526

Gao Xiaoping

11

0.482

11

0.482

Wang Wen-bin
……

……

……

Wang Di-fang

1

0.044

Huang He

1

0.044

In Table4, the third column (Degree) is the absolute degree of centrality, the fourth
column (NrmDegree) is the relative degree of centrality. We can conclude that the
highest degree is Da Qing-li, the absolute degree is 19 points. That means, Da QingLi once published papers in the five top journals with 19 authors. The minimum value
of the absolute point centrality is 1, which indicates the author collaborated with only
one scholar.
Betweenness centrality: Betweenness is a measure which measures the extent to
which a particular node lies between the various other nodes of the network.6Betweenness centrality is defined as the ratio of the number of shortest paths
(between all pairs of nodes) that pass through a given node divided by the total number of shortest paths. The normalized betweenness centralitybi of node i is given as
Equation 2:

(3)
where n is the number of nodes, gjk is the number of shortest paths from node j to
node k, and gjik is the number of shortest paths from node j to node k that pass b
through node i.7
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Table 5. The Betweeness centrality of the top ten authors
Betweenness

Betweeness
centrality

93.5

0.521

77

0.429

71

0.395

Wang Yingluo

Wen Hong

56

0.312

Da Qing-li

He Zheng-fei

45

0.251

Hu Xian-zhi

Name
Gao Xiao-ping
XieYa-hong
Wu Jian-nan

Betweenness

Betweeness
centrality

Liu Jie

33

0.184

Li Shan

33

0.184

17

0.095

5

0.028

3.5

0.019

Name

Table 5 shows that: the majority of people are unable to keep the network connected in collaboration and the highest three are Gao Xiao-ping, Xie Ya-hong and Wu
Jian-nan. Besides, the betweeness centrality of the 178 authors is zero except for the
first 13 authors which proves that most of the authors who publish papers in the journals of management do not have the ability to control information exchange and participate less in academic communication. And that also proves the Two - Eight law in
economics: Most of the resources are often monopolized by a small number of people.8
Table 6. Comparison of the top5 in Two Period
2006-2010

2011-2015

Betweeness

Betweeness
centrality

Jia Ling-ming

2

0.014

Li Huan

1

0.007

Liu Si-feng

1

Guo Ji
Ji Zhe1

Name

Betweeness

Betweeness
centrality

Li Shan

10

0.092

Yang Shan-lin

9

0.082

0.007

Liu Jie

6

0.055

1

0.007

Gao Xiao-ping

5

0.046

0

0

Wang Peng

4

0.037

Name

Table 6 shows that in the latter five years, both the betweeness and betweeness centrality are increasing significantly, which indicates there are more authors involved in
collaboration and their communication become more frequent.
5.3

Core-Periphery Analysis

The discussion of core-periphery has been hot for a long time, but rare of them are
quantified by data. In the social network analysis, the nodes of the network center are
the core authors in this filed.9The purpose of this analysis are to identify the authors in
the center and periphery.
The core-periphery structure of the author is analyzed by Ucinet. The first group is
the core group, among which the Xia Shu-zhang is the core, and Ji Zhe, Gao Xiaoping are in the main core area. The second group is in periphery, the authors in this
group collaborate less with others. This indicates that the members in group1 are
capable of being a partner of others, while the group2 members are always doing
research by own self. This result is highly consistent with Fig.2.
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Table 7. Core-Periphery Analysis Outcome
Core
2006-2010

Periphery
2011-2015

2006-2010

2011-2015

Xia Shu-zhang

Ji Zhe1

Liu Jie

Chen Xiao-hong

Ji Zhe1

Xia Shu-zhang

He Jian-min

Ma Shi-hua

Ji Zhe2

Ji Zhe2

She Hui

Hu Bin

Liu Si-feng

Liu Si-feng

Shen Rong-hua

Zhao Shu-rong

Tang Xiao-wo

Tang Xiao-wo

Zheng Cheng-wu

Zhang Qun

Gao Xiaoping

Liu Si-feng

Zhang Zong-yi

Shi Ya-jun

Liu Wei

Yang Shan-lin

Zhou Zhi-ren

Ye Fei

Fang Zhi-geng

Gao Xiao-ping

Guo Ju-e

Zhou Jin

Liang Liang

Zhang An-ding

Li Xiang-yang

Chen Tao

Pu Yong-jian

He Jian-min

Hao Zheng-fei

Chen Hong

…
…
…
Note: Jizhe1 and jizhe2 are homonyms of Chinese names.

…

Furthermore, Table 7 shows that the core members do not change in the two period
and the core members are Xia Shu-zhang, Ji Zhe1, Ji Zhe2, Liu Si-feng, Tang Xiaowo, Gao Xiao-ping and so on. This reflects they are the authority in this field all the
time. However, some authors changed their position and get into the core groups such
as He Jian-min and Liu Jie.
5.4

Small group analysis

There are two methods for computing small groups: one is calculated by nodes and
considered as a small group by the degree of nodes, and the other is calculated by
distance and small groups at a certain distance.10 Small groups of research methods
have many types, including factions, n-factions, n-sects, k-plex, k-core and so on. As
the concept of n-factions is relatively close to the daily understanding of faction and
the collaboration between authors does not have direction, we choose the undirected
n-faction to calculate.17 small groups are generated after the maximum distance n
between nodes and the number of small nodes are respectively set to 2 and 3. (Fig.3)
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Fig. 3. N-cliques Analysis Outcome

As shown in Table 8, there is one group with 8 members, three groups with five
members, two groups with four members and eleven groups with three members. The
small group shows some features:
1. The members in a group have a similar working experience. The largest coauthorship is based on Gao Xiao-ping, Liu Wei. Among them, Wu Jian-nan and
Xie Ya-hong are also the important nodes, which play a role in establishing the
connection with other authors. They are all the faculties of Chinese Institute of
Administration and their research areas are public policy and administration.
2. Academic leaders play an important role in forming network. Taking Da Qing-li, Ji
Jian-hua, Sun Hao, Wang Wen-ping and Wang Wen-bin for example. Daqing Li
and Wang Wen-ping are famous professors from Southeast University and almost
all of authors have relevant studying and working experience at Southeast University, which indicates that academic leaders can increase the possibility of scientific
collaboration through their authority. As the core of the network, Da Qing-li is the
key factor to maintain the link of the network, which reflects his important position
in the field of management.
3. Geographicalcloseness is another vital factor to the establishment of networks. In
the case of Liu Wei, Hu Xian-zhi and Jie Ya-hong. Liu Wei is an assistant professor in Beijing University of Chinese Medicine, Hu Xian-zhi is a Research Associate in Beihang University and Jie Ya-hong is the editor in Chinese Public Administration. The institutions of the authors are all located in Beijing.
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Table 8. Groups
Group

member

Group

1

Gao Xiao-ping; Liu Wei; Shen Rong-hua;
Wang Lan-ming; Hu Xian-zhi; Jia Ling-min;
Wu Jian-nan; Xie Ya-hong

10

2

Gao Xiao-ping; Liu Jie; Jia Ling-min; Wang
Ying-luo; Wu Jian-nan

11

3

Liu Jie; Shang Hong; Wang Peng;Wu Jiannan

12

4
5
6

Wan Difang; Wang Ying-luo;Wu Jian-nan
Ji Zhe; Hao He-fei; Li Shan;Zhang Hong-bin
Liu Si-feng; Fang Geng-zhi; Zhu Jian-jun

member
Lan Zhi-yong; Fan Zhi-ping; Liu Yang

Hao Hefei; Li Shan; Wen Hong
Hao He-fei;Xie Ya-hong; Wen Hong

13

Guo Ju-e; Xi You-min; Zhuang Guijun

14

Chen Qi-an; Ren Yu-long; Yan Taihua

15

Gao Xiaoping; Hu Xian-zhi; Bao Jing;
Xie Ya-hong; Wen Hong

7

Da Qingli; Ji Jianhua; Sun Hao; Wang Wenping; Wang Wen-bing

16

8

Zhang An-ding; Yang Shan-lin;Zhang Qiang

17

9

Dan Bing; Zhang Xu-mei; Wang Lei

Fan Ying; Wei Yi-ming; Wu Gang
Han Li-yan; Rao Yu-lei; Wang Ying

Table 9 shows that the number of collaboration groups has increased from 13 to 16
from the first five years to second. And the sizes of the groups have become larger. In
the first five years, there are one group with five members, three groups with four
members and nine groups with three members. And in the latter five years, there are
four groups with six members, four groups with four members and eight groups with
three members. It is worth noting that the groups are also in great changes. Some
groups disappeared in the latter five years, such as group 4, 7, 9, 10, 11, 12 and13
while some groups come into being in the latter five years, such as group 1, 2, 3, 5, 8,
11, 12, 13, 14, 15 and 16. Besides, the members in group change obviously, such as
Chen Jian in group 5 in the former five years. Some members changed their group,
such as Liu Jie and Liu Wei.
Table 9. Groups
2006-2010

2011-2015

Group

Author Name

1

Liu Jie; Gao Xiao-ping; Hu Xian-zhi; Jia
Ling-min

1

Yang Shan-lin; Liang Chang-yong; Zhang
Qiang; Zhang Li; Luo He; Hu Xiao-xuan

2

Liu Jie; Jia Ling-ming; Hao Zheng-fei

2

Yang Shan-lin; Liang Chang-yong;
Jiang Bing

3

Gao Xiao-ping; Shen Rong-hua; Jia
Ling-min

3

Yang Shan-lin; Luo He; Cao Jie; Hu Xiaoxuan

4

Hu Xian-zhi; Jia Ling-min; Zhang Jixing

4

Liu Si-feng; Fang Zhi-geng;
Zhu Jian-jun

5

Liu Si-feng; Fang Zhi-geng; Chen Jian;
Zhu Jian-jun

5

Ji Zhe; Zhang An-ding; Liu Jie; Li Shan;
Zheng Hao-fei; Shang Hong

6

Liu Wei; Wu Gang; Li Chuan-zhao

6

Gao Xiaoping; Liu Wei; Wang Lan-ming;
Shen Rong-hua; Wen Hong; Jie Ya-hong
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6

7

Li Huan; Liu Yi; Gao Shan-xing

7

Gao Xiao-ping; Liu Wei; Wang Lan-ming;
Shen Rong-hua; Jie Ya-hong; Bo Gui-li

8

Gao Xiao-ping Guo Ji Shen Rong-hua

8

He Jian-min; Luo He; Cao Jie

9

Guo Ji Shen Rong-hua Bao Jing

9

Liu Jie; Li Shan; Shang Hong; Wang Peng

10

Xiong Zhong-kai Zhao Quan-wu Bu
Xiang-zhi Chen Rong-qiu

10

Liu Jie; Wei Yu; Wang Peng

11

Wu Chong-feng Li Jun Liu Hai-long

11

Wang Shou-yang; Ma Chao-qun; Yang Xiaoguang; Guo Ju-e

12

Li Li-ming Fan Ying Wu Gang Wei Yiming Li Chuan-zhao

12

Wang Shou-yang; Ma Chao-qun; Liu Wenbin; Zhou Zhong-bao

13

Hu Xian-zhi Li Jun-qing Zhang Ji-xing

13

Da Qingli; SunHao; Hu Jin-song

14

Li Shan; Hao Zheng-fei; WenHong

15

Hao Zhengfei; Wen Hong; Jie Ya-hong

16

Fan Zhi-ping; Lan Zhi-yong; Liuyang

Conclusion

Using bibliographic data extracted from CNKI database, social network analysis is
used to generate and analyze the network of co-authors of China in the field of management. This article suggests that: the density of the network is low, which means
the collaboration between authors in China is not tight; the relations between the degree centrality and research output are weak. The author who published more papers
may not have more co-authors. Through the lens of betweenness centrality , several
authors in key positions of network are always dominating the academic information
exchange and the small groups of authors have changed from 2006 to 2015.The result
of core-periphery analysis reflects that only a very small proportion of scholars are in
the core of the network while most are relatively independent. The similarity of working experience, academic authority and geographical closeness are helpful to form
and enhance the collaboration network.
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Abstract—In order to improve learning efficiency and generalization ability
of extreme learning machine (ELM), an efficient extreme learning machine
based on fuzzy information granulation (FIG) is put forward. The new approach
not only improves the speed of basic ELM algorithm that contains many hidden
nodes, but also overcomes the weakness of basic ELM of low learning efficiency and generalization ability by getting rid of redundant information in the observed values. The experimental results show that the proposed method is effective and can produce desirable generalization performance in most cases based
on a few regression and classification problem.
Keywords—extreme learning machine (ELM), fuzzy information granulation
(FIG), neural networks, support vector machine (SVM)

1

Introduction

Extreme learning machine (ELM) [1], proposed by Dr. Huang in 2004, works for
the ”generalized” single-hidden layer feed-forward networks (SLFNs) [1 2], but there
is no need to tune the hidden layer (or called feature mapping) in ELM [3]. Due to the
fact that ELM’s input weights and hidden neurons’ biases do not need to be adjusted
during training and one may simply randomly assign values to them, the learning
phase of many applications can be completed within seconds [4]. Compared with
some classical methods, such as neural networks [5] and support vector regression
(SVR) [6], ELM is proved to require fewer optimization constraints and result in
simpler implementation, faster learning, and better generalization performance.
Due to the simplicity of ELM’s implementations, ELM has been extensively used
in classification and regression applications. However, because of some ELM’s parameters (the input weights and hidden biases) are randomly chosen, ELM’s learning
efficiency and generalization ability can’t be guaranteed. Usually, there are two ways
to solve this problem. One is to find the best parameters and some scholars have finished by some intelligence algorithm. The other is to increase the number of the hid-
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den units so as to make these randomly generated parameters approach the best parameters [7]. Nevertheless, the hidden units’s increase will add up to the amount of
calculation and is inconvenient for the implementation.
In recent years, information granulation (IG) has been used increasingly as an effective technique to get rid of redundant information in the observed values. IG is the
process of forming meaningful entities of information, and fuzzy modeling can be
conveniently adopted for information granulation, i.e. fuzzy information granulation
(FIG). The FIG approach can transform primary data into a sequence of granules by
setting the size of the granulation window, generating the granulated sets [8]. Historical observation data is selected to be fuzzy information granulated and this process
can improve training time, training efficiency and ensure test accuracy.
Enlightened by the idea of FIG-SVM (support vector machine based on fuzzy information granulation) algorithm [9], this paper puts forward an efficient extreme
learning machine (ELM) based on fuzzy information granulation (FIG) called as FIGELM. The FIG-ELM was able to achieve good generalization performance and prediction accuracy with less training time. In this paper, two regression problems and
two classification problems are used to examine FIG-ELM’s performance and the
results show that the FIG-ELM algorithm is superior to conventional ELM, SVM,
FIG-SVM, BP, LVQ and DT.[10]
The paper is organized as follows. In Section 2, the extreme learning machine
(ELM) is introduced. An Efficient Extreme Learning Machine Based on Fuzzy Information Granulation (FIG-ELM) is discussed in Section 3, and in Section 4 simulation results of some recognized benchmark regression and classification problems are
given. In Section 5, conclusions are brought forward.

2
as:

Extreme Learning Machine
The typical single hidden layer feed-forward networks (SLFNs) can be expressed

Fig. 1. SLFN structure
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Where x and y respectively represent the input element and the output element ,Wij
is the weight vector connecting the i-th input node and the j-th hidden node, !jkis the
weight vector connecting the j-th hidden node and the k-th output node.
For Q arbitrary distinct samples ( xi, yi ), xi=[xi1,xi2,L,xin]T!Rn, yi=[yi1,yi2,L,yn]T!Rm,
i=1,2,k,Q, g(x) is activation function and b is the threshold. The ELM’s mathematic
model is:
l

l

i =1

i =1

T = # !i gi ( x j ) = # !i g ( wi " x j + bi ), j =1, 2,! , Q

(1)

T

where wi=[wi1, wi2,K, win] is the weight vector connecting the i-th input node and
the hidden nodes ,xj=[x1j, x2j, K, xnj]T is the input matrix, !i =[!i1, !i2, K, !in]Tis the
weight vector connecting the i-th hidden node and the output nodes and bi is the
threshold of the i-th node, i=1,2,k,l..
Eq. (1) can be rewritten as follows

H! =T '

!2"

where T’ is the transposition of matrix T and H is called the hidden layer output
matrix in neural network.

H ( w1 , w2 ,! , wl , b1 , b2 ,! , bl , x1 , x2 ,! , xQ , ) =

" g ( w1 ! x1 + b1 ) g ( w2 ! x1 + b2 ) g ( wl ! x1 + bl ) #
$ g (w ! x + b ) g (w ! x + b ) g (w ! x + b ) %
1
2
1
2
2
2
l
2
l
$
%
$
%
"
$
%
$& g ( w1 ! xQ + b1 ) g ( w2 ! xQ + b2 ) g ( wl ! xQ + bl ) %' Q*l

(3"

According to Eq. (1) and Eq. (2), matrix H is known when activation function g(x)
is given and the parameters values (w, b ) are randomly obtained. So, the weight vector ! can be solved by the following equation:

min H ! " T '
!

(4)

The solution is:
^

! = H +T '

(5)

where H+ is matrix H’s Moore-Penrose generalized inverse.
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3

An Efficient Extreme Learning Machine Based on Fuzzy
Information Granulation (FIG-ELM)

3.1

Fuzzy Information Granulation (FIG)

The concept of fuzzy information granulation (FIG) was suggested by Dr.Lotfi and
A. Zadehin the 1960s. The FIG approach is implemented to transform the original
data into a sequence of granules, gaining more general view at the data that retains
only the most dominant components of the original temporal series [8].
For given time series, all time series X can be regard as a window for fuzzification.
The task of fuzzification is to create a fuzzy granule P on X, which can reasonably
describe inkling G of X [9]. So, the definition of data is:

g !x is G

(6)

Fuzzification essentially is a process to ensure a function A, which A is the membership function of G. Generally speaking, there are some common forms of fuzzy
granules: triangular type, trapezoidal type, gaussian type, parabolic type and so on. In
this paper, triangular type was chosen. The structure of triangular type is shown in the
Figure 2.The membership function can be constructed as:

!0, x < a
" x#a
"
,a $ x $ m
"m # a
A( x, a, m, b) = %
" b # x ,m < x $ b
"b # m
"0, x > b
&

(7)

Fig. 2. Triangular type structure
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3.2

FIG-ELM

ELM need not spend much time to tune the input weights and hidden biases of the
SLFN by randomly choosing these parameters. Since the output weights are computed based on the input weights and hidden biases, there inevitably exists a set of nonoptimal or unnecessary input weights and hidden biases. Thus, in order to make these
randomly generated parameters approach the best parameters, we need to increase the
number of the hidden units at the cost of increasing the training time.
In view of the situation above, an efficient approach named FIG-ELM combining
ELM with FIG is proposed. In order to improve ELM’s training time, learning efficiency and generalization ability , FIG is exploited to dispose the original data set,
namely, get rid of redundant information in the observed values at first, and then
ELM is used to do train granulated data for prediction.
The whole arithmetic processes can be shown in Figure 3:

>#,$#

!"#"$%&'"(#)"(*$&+&',(.,#,(/"#

6'.

01223(&'4*$%,#&*'(
+$,'1-,#&*'

5#&-&2&'+(678(#*(
#$,&'('"9(.,#,

<*%:,$&'+(9&#)($",-(.,#,(#*(:$*="(
#)"(,;;1$,;3(*4(:$".&;#&*'

5#&-&2&'+(678(#*(
:$".&;#

Fig. 3. Flow chart

4

Experimental Results and Analyses

In order to prove the capabilities of the approach proposed in this paper, some regression problems and classification problems are selected. All the programs are run
in MATLAB 2010a environment. In every simulation, there are three different fuzzy
particle after granulation: Low, R, Up, and we all only choose fuzzy particle Low for
prediction to facilitate the process.
4.1

Regression Problems

Real-World Problem: The performances of SVM, FIG-SVM, ELM, FIG-ELM
are compared on a real-world benchmark data set (Shanghai composite index). We
choose 400 groups of data.
There are 100 hidden nodes assigned for ELM, FIG-ELM and SVM’s, FIG-SVM’s
parameters be are as C=10 and g=1.5. Figure 4 and Figure 5 show the original data
and the new data disposed by FIG respectively. Figure 6 shows the fitting results
obtained by these four learning algorithms. Table 1 summarizes the results of realworld regression problem, with regard to the training time, maximum absolute error,
least absolute error and the average error for making the proposed algorithm’s performance prominent.
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Fig. 6. Prediction performances of four algorithms
Table 1. Performance comparison between four algorithms
Algorithms

Train Time (s)

Maximum Abso- Least Absolute Error
lute Error

Average Absolute
Error

SVM

2.39

0.98

0.02

0.55

FIG-SVM

1.57

0.96

0.05

0.43

ELM

0.73

36

7

21

FIG-ELM

0.45

5.2*10-7

1.1*10-7

3.3*10-7

It can be seen from Table 1 that FIG-ELM takes the least time and has the optimal
performance. FIG-ELM learning algorithm spends 0.45s obtaining the average absolute error (3.3*10-7). However, it respectively takes 2.39s, 1.57s and 0.73s for SVM,
FIG-SVM and ELM algorithms to reach a much higher average absolute error(0.55,
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0.43 and 21). In addition, it’s clear to observe from Figure 6 that the prediction results
obtained by FIG-ELM almost coincides with the true values. Obviously, it can be
seen that the proposed algorithm outperforms the contrastive algorithms.
Approximation of nonlinear function: In this example, four algorithms (BP,
SVM, ELM, and FIG-ELM) are used to approximate the nonlinear function. The
nonlinear function is represented as: y=x12+x22 (8)
The training data set and testing data set are randomly generated, and 1500 groups
of data are used for training and 500 groups for testing.
There are 100 hidden nodes assigned for BP, ELM, FIG-ELM and SVM’s parameters be are as C=10 and g=1.5. Moreover, FIG’s number of granulation window is
300, namely, FIG-ELM’s 300 groups of training data can represent 1500 groups. The
training time, average absolute error and testing mean square error (MSE) of these
four algorithms are shown in Table 2. Figure 7 shows the true value of the nonlinear
function and the approximated value obtained by these four learning algorithms.
50

40

35

35

30

30

25

25

20

20

15

15

10

10

5
0

True value
SVM

45

40

Output

Output

50

True value
BP

45

5
0

50

100

150

200

250
300
Sample number

350

400

450

0

500

0

50

100

(a) BP

150

200

250
300
Sample number

350

400

450

500

(b) SVM

50

50

True value
ELM

True value
FIG-ELM

45

40

40
35

30

Output

Output

30
20

25
20

10

15
10

0

5
-10

0

50

100

150

200

250
300
Sample number

350

400

450

500

0

0

50

100

(c) ELM

150

200

250
300
Sample number

350

400

450

500

(d) FIG-ELM

Fig. 7. Outputs of BP, SVM, ELM and FIG-ELM learning algorithms
Table 2. Performance comparison of nonlinear function
Algorithms

Train Time (s)

Average Absolute Error

MSE

BP

2.07

0.467

0.66

SVM

0.62

0.552

0.88

ELM

0.045

2.5*10-3

3.7*10-3

FIG-ELM

0.02

1.45*10-4

5.7*10-4

As can be seen from Figure 7 (a) and (b), the BP and SVM learning algorithms’
testing error is obvious. We can see that FIG-ELM has the best prediction performance from Figure 7 and Table 2, it not only has the shortest training time, but also
the minimum MSE.
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4.2

Classification Problems

Small-scale Real Classification Application: The performance comparison of the
proposed FIG-ELM algorithm and many other popular algorithms (BP, SVM, LVQ
and DT) has been conducted through a real medical diagnosis problem: Breast Cancer, was produced in the University of Wisconsin-Madison. There are 10 attributes in
total and the hidden nodes are set as 100. The total data are 569 groups, and 500
groups of data are randomly selected for training and the rest 69 groups for testing.
Similarly, FIG’s number of granulation window is 100, namely, FIG-ELM’s 100
groups of training data can represent 500 groups. One hundred trials have been conducted to compare the performance of these algorithms. Simulation results, including
the average training accuracy, the average testing accuracy, and the training time, are
shown in Table 3.
Table 3. Performance comparison in real medical diagnosis application: breast cancer
Training Time (s)

Training Accuracy (%)

Testing Accuracy (%)

BP

Algorithms

2.06

81.16

73.9

SVM

1.03

100

67.97

LVQ

0.33

89

91.33

DT

0.25

87.85

90

FIG-ELM

0.07

95.74

95.65

It’s easy to see from Table 3 that SVM’s testing accuracy is lowest though it obtains the best training accuracy. BP performs very poor in this case, with testing accuracy being at 0.739 and longest training time. LVQ and DT algorithms obtain better
performance at training time, training and testing accuracy, but is still not very well.
By contrast, FIG-ELM algorithm runs the fastest among these five algorithms and
obtains the best performance.
Medium Size Classification Problem—Character Recognition: The total data
are 6000 groups, and 5000 groups of data are randomly selected for training and the
rest 1000 groups for testing. In addition, FIG’s number of granulation window is 500.
One hundred trials have been conducted to compare the performance of these algorithms. Simulation results, including the average training accuracy, the average testing
accuracy, the training time and the number of hidden nodes are shown in Table 4.
Table 4. Performance comparison in medium size applications: character recognition
Algorithms

Hidden Nodes

Training Time (s) Training Accuracy (%) Testing Accuracy (%)

SVM

-

77.2

100

ELM

50

0.22

81.64

81.2

FIG-ELM

50

0.13

93.78

91.4

ELM

100

1.13

90.54

89.2

FIG-ELM

100

0.16

97.58

92.7

ELM

500

2.04

93.62

91.3

FIG-ELM

500

0.69

100

95.45
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As observed from Table 4, compared with other algorithms, FIG-ELM’s training
time is unattainable. It’s easy to find that SVM is over-fitting and has a long training
time. ELM and FIG-ELM algorithms’ training accuracy and testing accuracy are
increasing with the hidden nodes’ increasing, but ELM’s training time is longer than
FIG-ELM’s clearly, which are at 2.04s and 0.69s when the number of hidden nodes
are 500. Moreover, FIG-ELM’s training and testing accuracy are the best. Hence,
judging from the simulation results, FIG-ELM has stronger learning efficiency and
generalization ability than ELM, especially when there is a large amount of data and
need many hidden nodes.

5

Conclusions

This paper combines extreme learn machine (ELM) with fuzzy information granulation (FIG). The new approach not only improves the speed of basic ELM algorithm
that contains many hidden nodes, but also overcomes the weakness of basic ELM of
low learning efficiency and generalization ability. The effectiveness is demonstrated
by simulating four examples: two regression problems (a regression dataset and a
nonlinear function approximation) and two classification (Breast Cancer and Character Recognition). Experimental results show that FIG-ELM algorithm has a higher
potential of enhancing the predictive accuracy, robustness and reducing the training
time.
Furthermore, efforts will be further made to achieve a higher efficient level. We also need to improve ELM algorithm, such as online sequential ELM, etc.
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Abstract—As a means to maintain competitive advantages of organizations,
knowledge transfer has attracted more and more attention in the academic circle. In this paper, the concept of network distance is introduced on the basis of
social network analysis method, and the influence of network distance between
organizations in social network on knowledge transfer is studied. Moreover, analogue simulation is conducted by utilizing 10 innovative enterprises in Shanghai Withub Hi-Tech Center. According to the researches, firstly, knowledge
growth rate of the entire network tends to increase at first and then becomes
stable as time passes. In this process, knowledge difference level among various
organizations continues to decline and tends to be stable finally. Secondly, network distance has a negative effect on knowledge transfer. According to the
simulation results, organizations need to continuously improve their knowledge
absorption ability, to change the network connection mode, and to form a close
network with other organizations.
Keywords—social network analysis method, network distance, knowledge
transfer; knowledge growth rate

1

Introduction

As a means to maintain competitive advantages of organizations, knowledge transfer has attracted more and more attention in the academic circle. Whether knowledge
can be transferred between individuals, inside the organization and between organizations becomes an important condition for survival and development of the organization. Under the influences of numerous factors like knowledge characteristics,
knowledge receiver, knowledge sender and context, the process of knowledge transfer
is very complex. Many researchers start from the angle of social network. For instance, Reagans et al. considered that when network connection was close, individuals
had the intention and motivation to spend time and energy in effectively transferring
knowledge; when individuals were in central position of the network, a promotion
effect would be generated on both knowledge acquisition and knowledge supply;
meanwhile, weak ties could help to expand the searching scope but went against
transfer of complex knowledge, and transfer of complex knowledge often depended
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on strong ties. As for the influence of distance in social network on knowledge transfer, Audretsch et al. put forward that informal contact and labor force spreading
formed by geographical adjacency would influence knowledge dissemination of enterprises. At the same time, Maskell et al. considered that geographical adjacency
would provide more opportunities of face-to-face communication for enterprises, thus
knowledge could be better disseminated and spread in the geographical cluster. Porter
raised that organizational social distance not only referred to the geographical concept
but also included adjacency of organizations in culture; distance adjacency also had a
promotion effect on knowledge transfer. Network distance in social network refers to
the relative distance between two nodes in the network, including geographic space
distance, cultural distance, knowledge distance, etc. Geographic space distance will
hinder knowledge transfer to some extent, but in the current scientific and technical
information era, geographic space distance is not the major influence factor anymore.
Cultural distance and knowledge distance have a greater influence. At present, researchers have expanded the concept of network distance from the original physical
distance into topological distance. Network distance means the shortest distance of
knowledge transfer between nodes in the social network. Based on social network
theory, this paper analyzes the influence of network distance in organization cooperation network on knowledge transfer.

2

Organizational Network Distance and Knowledge Transfer
Model

In organization cooperation network, nodes represent various organizations; sides
mean the knowledge transfer relationships between organizations, and the math expression is! !! ! . In it, !and!are the sets of nodes and sides;! ! !! ! ! ! !! and!
!! !! ! ! ! . If there is knowledge transfer relationship between nodes ! and!, !! ! !;
otherwise, !! ! !. When the knowledge transfer relationship between nodes is measured, the method of Sternberg et al. is adopted in this paper. In another word, judgment will be made for whether the two nodes have consultations during work.
Suppose that there are two organizations!and!, and! consults! for some problems in
the working process; then knowledge transfer relationship exists between! and !.
!! ! and!! ! represent knowledge levels of the two organizations at time !; !!! !
means the knowledge level increase of organization! after knowledge transfer between! and!;!!! ! ! !! ! ! !! ! . There are differences between organizations in
knowledge absorption ability and forgetting degree. Suppose that the absorption ability is !! and the forgetting rate is !! ! !!! ! ! ! ; then at time ! ! !, the knowledge
increase of organization !under the help of organization !is as follows:
!!! ! ! ! ! ! ! !! ! !! !! ! ! !! !

(1)

Knowledge transfer situations between two nodes with a direct relation are described above. However, knowledge transfer also happens between nodes without a
direct relation. Knowledge transfer between two nodes without a direct relation will
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be influenced by network distance. The longer the network distance is, the worse the
knowledge transfer effect will be. Suppose that the declining rate of knowledge transfer between two nodes!and !with a direct relation is !and network distance between
them is !! (natural number); then the declining result of knowledge transfer between
two nodes!and !is !!! ; at time ! ! !, the knowledge increase of organization !under
the help of organization ! is as follows:
!!! ! ! ! ! ! !! ! ! !! ! !! !! ! ! !! !

(2)

!

!

(3)

! ! !! !!!

(4)

In conclusion, there are !organizations (i.e. nodes) in the whole network, the average knowledge growth rate of every node at time !is:
! ! !

!

!!! !!

At time !, knowledge growth rate of the entire network is:
! ! !

! !!!

Meanwhile, diversity factor is used to express the overall difference degree of various nodes:
! ! !

3

! !
! !

!! ! !

!

!

!!! ! ! ! ! !

(5)

Instance Analysis

In 2009, Shanghai Commission of Science and Technology put forward the entrepreneurship support plan of “entrepreneurship nursery + incubator + accelerator”
carrier construction. Science and Technology Entrepreneurship Nursery of Shanghai
Withub Hi-Tech Center has extended support for technology entrepreneurship to
support and cultivation for entrepreneurship projects and entrepreneurial talents. After
construction for more than 2 years, “Science and Technology Entrepreneurship
Nursery” has formed a set of characteristic and effective nursery operation and management modes. The author selects 10 enterprises in Shanghai Withub Hi-Tech Center as the research objects, and carries out questionnaire survey for these enterprises
by applying overall network data collection method in social network analysis method. Moreover, data are collected by combining with evaluative methods like Sternberg.
3.1

Analysis on overall network matrix of knowledge transfer

Network distance will influence knowledge transfer, so the author represents network distance among the 10 enterprises with 1, 2, 3…… Among them, “1” means
direct contact and learning between two enterprises; “2” means that two enterprises
need another enterprise at least as intermediary agent to transfer knowledge from one
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party to the other party, and so forth. Network matrix of knowledge transfer among
the 10 enterprises is shown in Table 1.
Table 1. Network matrix of knowledge transfer
1

2

3

4

5

6

7

8

9

10

1

0

3

2

4

3

4

6

5

6

1

2

3

0

6

0

2

4

5

5

3

1

3

2

6

0

4

3

0

3

3

4

0

4

4

0

4

0

3

5

2

3

6

4

5

3

2

3

3

0

1

2

1

4

3

6

4

4

0

5

1

0

3

3

2

1

7

6

5

3

2

2

3

0

4

2

1

8

5

5

3

3

1

3

4

0

2

4

9

6

3

4

6

4

2

2

2

0

1

10

1

1

0

4

3

1

1

4

1

0

According to the above table, enterprises 2 and 4, 3 and 6, and 3 and 10 have direct
relations. Network distance between enterprises 1 and 7, 1 and 9, 2 and 3, and 4 and 9
is the longest; 6 enterprises are required as intermediary agent points between them.
3.2

Analysis on overall network knowledge growth rate and difference degree

The author conducts analogue simulation for the knowledge transfer process of the
above 10 enterprises via Matlab software. Setting for the initial value of variables is
as follows. ! It is hard to measure the initial knowledge level of 10 enterprises, so
this paper sets the initial knowledge level as 1-20 according to the proportion of employees’ educational degree. " The difference value between knowledge absorption
ability !! and forgetting rate !! is set as 0.2, meaning that the organization can absorb
20% of the current knowledge in the process of knowledge transfer. # The declining
rate u of knowledge transfer between two enterprises!and !with a direct relation is
0.8. Therefore, Fig. 1 shows the changes of knowledge growth rate ! ! of the entire
network at time ! as well as overall level difference degree! ! among various nodes.
According to Fig. 1, knowledge growth rate ! ! of the entire network presents a
huge increase range, while knowledge leveldifference degree among various enterprises declines slowly and tends to be stable as time passes. Knowledge growth rate of
organizations in the network will be influenced by the entire network, and tested by
knowledge absorption ability and forgetting rate of the organizations. If knowledge
level of the entire network is not high, knowledge level improvement of the organization will be hindered even if knowledge absorption ability of the organization is good
and its forgetting rate is low. There is a great difference among various organizations
in knowledge level. Therefore, organizations in the network not only need to increase
their knowledge absorption ability and reduce forgetting rate but also have to
strengthen connections with other organizations in the network. In this way,
knowledge transfer level will be promoted.
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Fig. 1. Simulation results about knowledge growth rate of the entire network and difference
degree

3.3

Analysis on the influence of network distance on knowledge transfer

Different organizations have different network distances, so this paper will continue to study the influence of different network distances between organizations on
knowledge transfer effect. This paper has the following stipulations. Firstly, the average value of network distances between any two nodes in the network is simulation
variable. Secondly, the connection degree between nodes in the network obeys Poisson distribution. Thirdly, if the connection degree of a certain node in this network is!
and the average value of connection degree is !, then connection degree of nodes can
meet the probability distribution function! ! ! ! !

!! !!
!!

.

According to the variation results about knowledge growth rate! ! of the entire
network and overall level difference degree ! ! among various nodes, knowledge
growth rate ! ! of the entire network and overall level difference degree ! ! among
various nodes will tend to be stable as time passes. Hence three variables are analyzed, covering average knowledge growth rate before network stabilization, average
knowledge quantity after network stabilization and average difference level after
network stabilization. Fig. 2 shows the simulation results.
According to Fig. 2, average knowledge growth rate before network stabilization
will decrease with the increase of network distance. With the expansion of network
distance, average knowledge quantity will increase continuously after the network
reaches a stable state, while average difference level does not change much. This
means that the change of network distance will influence average knowledge growth
rate and average knowledge quantity of organizations in the network; the influence on
the difference level of knowledge quantity between enterprises is small.
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Fig. 2. Simulation results about the influence of network distance on knowledge transfer

4

Conclusions

The concept of network distance is introduced in this paper, and the influence of
network distance between organizations in social network on knowledge transfer is
studied. Moreover, analogue simulation is conducted by utilizing 10 innovative enterprises in Shanghai Withub Hi-Tech Center. According to the researches, firstly,
knowledge growth rate of the entire network tends to increase at first and then becomes stable as time passes. In this process, knowledge difference level among various organizations continues to decline and tends to be stable finally. Therefore, in
order to increase knowledge level of the entire network or a certain organization,
other organizations in the network are required to transfer new knowledge or new
organizations should be added. Secondly, network distance has a negative effect on
knowledge transfer. According to the simulation results, the expansion of organizational network distance and the decrease of network connection strength will result in
a decline trend of knowledge growth. Hence organizations need to continuously improve their knowledge absorption ability, to change thenetwork connection mode, and
to form a close network with other organizations. In this way, knowledge transfer can
be promoted, knowledge communication will be realized and decline of knowledge
growth level can be delayed.
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Abstract—The paper analyzed the global growth and development of
flipped classroom research productivity in terms of publication output as
reflected in SCI/SSCI for the period 2000-2015. Publication types and
languages, characteristics of articles outputs, countries, subject categories and
journals, and the frequency of keywords were analyzed using bibliometric
methods. There are 149 articles in 78 journals listed in 41 SCI/SSCI subject
categories. A sharp growth trend of publication output was observed during
2011-2015. USA played a predominant role in flipped classroom research.
Education educational research, chemistry and medical were the top 3
categories and “active learning” and “blended learning” recent major topics of
flipped classroom research during the past 16 years. The results could help
researchers understand the characteristics of research output and search hot
spots of flipped education field.
Keywords—flipped classroom; active learning; blended learning; bibliometric

1

Introduction

There has been a growing interest in using the flipped classroom in both K-12
education and higher education [1]. In the flipped classroom, what is traditionally
done in class and as homework are switched or flipped [2]. It was reported that
flipped classroom was successful for both faculty and students [2]. There have been a
number of published papers which have reported the investigation and application of
flipped classroom. Some of them reviewed the trends of flipped classroom
development. Tomory and Watson [3] explains how issues regarding dual credit and
Advanced Placement high school science courses could be mitigated via a flipped
classroom instructional model. Leung et al. [4] gave a short review on flipped
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classroom approach and O'Flaherty and Phillips [5] reviewed the applications of
flipped classrooms in higher education.
Despite the importance of flipped classroom, there have been few attempts to
gather data about the worldwide scientific production of flipped classrooms research.
Bibliometric studies provided an accurate and presumably objective method to
measure the contribution of a paper to the advancement of knowledge [6, 7].
Bibliometric indicators including publication countries, research fields, journals, and
author keywords have been frequently used to analyze the trends and performance [811]. The objective of this study is to analyze the status and trends of flipped
classroom research in the last 16 years in order to help researchers understand the
panorama of global flipped classroom research.

2

Methods

The data used in this study were based on the database of the SCI and SSCI
published by Thomson Reuters Web of Science, Philadelphia, PA, USA. “Flipped
classroom” and “inverted classroom” were used as the string to search titles, abstracts,
and keywords from 2000 to 2015. The records were then downloaded to a compact
disc. Care has been exercised to examine the data collected to assure their identity.
Subsequently, the data were analyzed by Microsoft Excel. Articles from Hong Kong,
Macao, and Taiwan were not included in Mainland China. The investigation was
conducted to analyze the research trends and performance that including
characteristics of article output, publication outputs of countries and institutions,
distribution of outputs in subject categories and journals, and frequency of author
keywords, from 2000 to 2015. HistCite software developed by Garfield and
colleagues [12] was used to figure out the total global citation score (TGCs).

3

Results and Discussion

3.1

Document types, publication output

There were 149 papers related to flipped classroom research in the database,
including 6 document types. Articles (101) comprised 67.78 % of the total production,
followed distantly by meeting abstracts (28; 18.79%), editorial materials (13; 8.72 %),
news item (3, 2.01%), reviews (2; 1.34 %) and letter (2; 1.34%). English was the most
frequently used language, making up 97.32 % of all the published articles. The
publications devoted to flipped classroom research from 2000 to 2015 are illustrated
in Fig. 1. Although flipped teaching was firstly proposed in 2000, few studies were
indexed in SCI/SSCI database. Actually a sharp growth trend of publication output
was observed until 2011. The yearly number of articles increased notably from 1 in
2011 to 83 in 2015.
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Fig. 1. The number of articles on flipped classroom during 2000-2015

3.2

Publication distribution of countries and institutes

149 articles were published by authors from 25 countries/territories. The most
productive countries/territories are listed in Table 1. Two North and Central American
countries, three European countries, four Asian countries/territories, and Australia
were ranked in the top 10. The domination role in publication of USA was obviously
found from Table 1, taking a share of 68.456%. Actually, USA acts as the origin
country of flipped classroom, which firstly introduced by Lage MJ and Platt G [13]. A
large amount studies focusing on flipped classroom were conducted by various
American scholars [4, 5]. In addition, various related conferences were held in USA.
The Spring 2014 ConfChem conference, Flipped Classroom, was held from May 9 to
June 12, 2014, and contained 8 papers and a poster session discussing a variety of
ways to engage students within a flipped learning approach to the classroom [14]. By
contrast, other countries/territories published fewer research articles during the study
period.
Besides, the 10 most productive institutions are presented in Table 2. It can be seen
from the table that 9 of top 10 institutions were from USA and only one was from PR
China. Univ N Carolina has published 5 publications ranked first, as the leading
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institution in both of article quantity and TGCS. The results showed a good agreement
with countries/territories. USA played a predominant role in flipped classroom
research. It may be attributed to the vigorous development of flipped classroom in
United States.
Table 1. The 10 most productive countries/territories of articles during 2000-2015.
Countries/Territories
USA

Records

% of 149

102

68.456

Australia

9

6.04

Canada

8

5.369

Mainland China

6

4.027

Taiwan

3

2.013

Spain

3

2.013

Turkey

2

1.342

Singapore

2

1.342

Saudi Arabia

2

1.342

Germany

2

1.342

Table 2. The 10 most productive institutions of articles during 2000-2015.
Country

Records

TGCs*

% of 149

Univ N Carolina

Institutions

USA

5

103

3.356

Univ Georgia

USA

4

26

2.685

Yale Univ

USA

3

76

2.013

Univ Florida

USA

3

0

2.013

Purdue Univ

USA

3

8

2.013

PR China

3

10

2.013

Ctr Coll Danville

USA

3

4

2.013

Cleveland Clin

USA

3

36

2.013

Univ Washington

USA

2

23

1.342

Univ Rochester
*TGCs total global citation score.

USA

2

16

1.342

Hong Kong Inst Educ

3.3

Publication patterns: source titles and subject categories

The 149 articles were published in a wide range of 78 journals. The 10 journals
with the greatest number of published papers are listed in Table 3. Journal of
Chemical Education, Abstracts of Papers of The American Chemical Society, FASEB
Journal, Computers Education, American Journal of Pharmaceutical Education, and
Academic Medicine published most articles in the 16 years. The top 10 journals
published 61 articles, sharing 40.94% of the total amount. The observations indicated
that flipped classroom applications on chemistry, medical and computer were paid
more attentions.
There was a great diversity including 41 subject categories related to the research
topic of flipped classroom in Journal Citation Reports (JCR) of the ISI. Top 10
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subject categories with the most articles are listed in Table 4, containing the rank and
the percentage of the paper quantities. The five most common categories were
education educational research (54.362%), chemistry (14.094%), health care sciences
services (10.067%), nursing (8.054%) and pharmacology pharmacy (6.711%) along
16 years. The domination role of education educational research could be explained
by increasing studies on educational methods and theories. Benefits and strategies
[15], podcasts and video application [16] were studied during the teaching and
learning investigation. Long et al. [1] conducted their study to address the instructor’s
perspective, and instructors’ perspectives on technology integration can directly
influence their practice of incorporating technology in instruction. Hao and Lee [17]
attempted to figure out pre-service teacher concerns about teaching in technologyintegrated flipped classrooms. In addition, a study was conducted to determine the
effects of a flipped classroom (i.e., reversal of time allotment for lecture and
homework) and innovative learning activities on academic success and the
satisfaction of nursing students [18]. Except for education educational research,
chemistry and medical (contained health care sciences services, nursing and
pharmacology pharmacy) also attracted great attention. A large amount of articles
focused on both of chemistry and medical teaching. A flipped classroom format was
implemented and evaluated by Weaver and Sturtevant in the chemistry majors’
sequence at Purdue University over a period of three years to look at quantitative
measures of student performance in the flipped versus the traditional lecture approach
of this chemistry course [19]. Seery [20] analyzed student engagement with flipped
chemistry lectures and aim to build up a profile of how the flipped lecture works for
middle stage undergraduate students. Similarly, flipped method has been widely
applied on medical courses. Liebert et al. [21] attempted to apply flipped classroom to
the surgery core clerkship and observed high learner satisfaction, effective knowledge
acquisition, and increased career interest in surgery. A randomised control trial was
conducted to evaluate the flipped classroom pedagogy for a freshman year nutritional
science module [22]. In addition, flipped classroom has attracted great interest on
nursing education [23-26]. Overall, education educational research, chemistry and
medical were the top 3 categories in flipped classroom during the past 16 years.
Table 3. The 10 most productive journals during 2000-2015.
Journals

IF(2015)

Records

% of 149

1.225

13

8.725

--

8

5.369

5.299

6

4.027

--

6

4.027

American Journal of Pharmaceutical Education

1.196

6

4.027

Academic Medicine

3.857

6

4.027

Nurse Educator

0.991

4

2.685

Medical Teacher

2.355

4

2.685

Medical Education

3.369

4

2.685

BMC Medical Education

1.312

4

2.685

Journal of Chemical Education
Abstracts of Papers of The American Chemical Society
FASEB Journal
Computers Education
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Table 4. The 10 most productive subject categories during 2000-2015.
Records

% of 149

Education educational research

Subject categories

81

54.362

Chemistry

21

14.094

Health care sciences services

15

10.067

Nursing

12

8.054

Pharmacology pharmacy

10

6.711

Engineering

9

6.04

Computer science

7

4.698

Biochemistry molecular biology

7

4.698

Life sciences biomedicine other topics

6

4.027

Cell biology

6

4.027

3.4

Research emphasis: author keywords

As author keyword analysis provides effective information about research trends
for researchers, it has proved to be important for monitoring the development of
research topics [27]. According to the statistics, 247 author keywords were used from
2000 to 2015. The top 10 most active author keywords in the 16 years are listed in
Table 5. Except for the searching word “flipped classroom” and “inverted classroom”,
the two most frequently used keywords were “active learning” and “blended
learning”. Great efforts have been focused on “active learning” and “blended
learning”. Roach[28] studied new methods to increase interaction and active learning
in economics and found that an instructional design that is beneficial across student
groups. Kakosimos [29] attempted to develop a methodology to improve the
effectiveness of flipped classroom, adaptive e-learning, and active learning. Gilboy
[2] studied how to enhance student engagement using the flipped classroom within 2
undergraduate nutrition courses. Moreover, “internet/web-based learning” and
“computer-based learning” acted as significant research topics in flipped classroom
research. For example, blog was applied in a chemical course and proved beneficial
for active learning [30].
Table 5. The 10 most active author keywords during 2000-2015.
Records

Share (%)

flipped classroom

Author keywords

38

9.20%

active learning

18

4.36%

blended learning

12

2.91%

first-year undergraduate/general

10

2.42%

student-centered learning

8

1.94%

education

8

1.94%

inverted classroom

7

1.69%

second-year undergraduate

6

1.45%

internet/web-based learning

6

1.45%

computer-based learning

5

1.21%
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4

Conclusions

In this study, some significant points have been obtained on the research trends
throughout the period from 2000 to 2015. The number of articles about flipped
classroom increased slowly during 2000-2010, but showed a shape growth in 20112015. In total, there are 149 articles in 78 journals listed in 41 SCI/SSCI subject
categories. The research on the fields of flipped classroom focused on education
educational research, chemistry and medical. According the analysis of author
keywords, the two most frequently used keywords were “active learning” and
“blended learning”. The findings of this study can help relevant researchers
understand the performance of flipped classroom research in the world, and suggest
directions for further research.
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Abstract—Through the method of questionnaire survey about multimedia
teaching form, some ubiquitous problems have been reflected such as cognitive
deviation, blind using, the poor quality of courseware, the poor activity of classroom, etc. The expected effect of multimedia teaching cannot be achieved, and
the effectiveness of multimedia teaching is faced with some suspicions. The effectiveness of multimedia teaching contains two aspects: effective using of multimedia teaching system and the effectiveness of teaching effect. We should enhance management and direction, correctly understand and reasonably treat
multimedia teaching, avoid the blindness of multimedia construction and use,
increase the quality of courseware, promote teacher’s professional level and
classroom dynamics, organically combine traditional and multimedia teaching,
and take a series of measures to improve the effectiveness of multimedia teaching.
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1

Introduction

With the development of education informatization, the multimedia teaching has
been more and more widely used in schools, education and institutions of various
levels. Multimedia teaching has many advantages of that it is convenient, vivid informative and interesting, can greatly improve the efficiency of teaching, but the improvement of teaching effects did not achieve the desired level. Therefore, how to
reasonably, effectively use the multimedia resources and really improve the teaching
effect becomes a topic which is worth of discussion. Some scholars had completed
some researches in a certain extent [1-6], but normally, they discussed them abstractly. Targeted study is lacking, which is really meaningful. In this paper, the author
studied the issue exploringly through questionnaire survey.
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2

Research Methods

2.1

Design of research scheme

The author used his identity of class adviser, selected five major specialized courses including building architecture(A), mechanics of materials(B), concrete structure(C), civil engineering construction(D) and construction project budget(E), distributed questionnaire to five course teachers and forty-four students in the whole class,
then draw the research conclusions from statistics and analysis of questionnaire survey results.
2.2

Design of questionnaire

The course teachers and students used same questionnaire for receiving survey results in different viewpoint. For every course, the following seven same questions
were planned, and respondents were asked to select themselves answer.
Qu.1!In this course, what is the teaching method being adopted? Please make your
choice in (a. multimedia teaching; b. traditional teaching; c. combination of aforementioned two).
Qu.2!In the teaching process, how is the interaction between teachers and students? Please make your choice in (a. good; b. general; c. bad).
Qu.3!For teaching effect, what is your evaluation to this course? Please make your
choice in (a. good; b. general; c. bad).
Qu.4!For ensuring the teaching effect, which is your expectation in teaching
method? Please make your choice in (a. multimedia teaching; b. traditional teaching;
c. combination of aforementioned two).
Qu.5!Do you think multimedia teaching can replace the method of traditional?
Please make your choice in (a. yes; b. no).
Qu.6!(This question is suitable for multimedia teaching only.) How is the quality
of teaching courseware in this course? Please make your choice in (a. good; b. general; c. bad).
Qu.7!(This question is suitable for multimedia teaching only.) How to organize
teaching activities in this course when the multimedia teaching system is brokendown? Please make your choice in (a. writing on the blackboard; b. organize student
self-study; c. suspend classes).
2.3

Statistics of survey result

Author completed the frequency statistics according to selection results of five
teachers and forty-four students (The result of teachers see table 1 and students see
table 2).
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Table 1. The survey result of teachers
Courses
A

Qu.1
a

b

Qu.2
c

a

b

•

Qu.3
c

a

•

b

•

•

•

•

•

•

•

•

•

Qu.5

b

c

•

C
E

a

•

B
D

Qu.4
c

•

a

Qu.7

b

c

a

•

b

c

•

•

•

•
•

•

Qu.6

b

•

•

•

a

•

•

•

•

•

•

•

Table 2. The survey result of students
Courses
A

Qu.1
a

Qu.2

b

c

44

B

44

C

44

Qu.3

Qu.4

a

b

c

a

b

c

a

2

14

28

5

26

13

12

b

3

17

24

12

17

15

5

21

18

9

35

8

25

11

11

10

23

D

26

18

9

22

13

19

18

7

19

E

37

7

3

15

26

14

21

9

22

c
22

25
2

20

Continued from Table 2
Courses

3

Qu.5

Qu.6

Qu.7

a

b

a

b

c

a

b

c

A

31

13

8

21

15

2

17

25

B

16

28

C

21

23

D

37

7

11

24

9

13

10

21

E

33

11

5

16

23

3

12

29

Analysis of Present Situation and Disadvantage in
Multimedia Teaching

We can easily get the conclusion through the questionnaire survey result abovementioned, multimedia teaching has following problems at the moment.
3.1

Deviation on cognition

Many teachers have deviations on cognition to multimedia teaching, such as some
teachers mistakenly think that they can give up the traditional teaching because of
with multimedia, and some one-sided consider it is only the PPT courseware in multimedia teaching, and so on. These deviations cause the consequence of multimedia
teaching equipment has not been effectively used, poor quality of the courseware, and
the teaching effect can’t be achieved the expected level.
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3.2

Blindness on establishment and using

Because that the multimedia teaching has been regarded as a very important indicator in evaluation of teaching level, almost all schools and education institutions invest
blindly in building multimedia classroom and encourage the multimedia teaching, in
order to meet the target. Many teachers "rush" blindly require the use of multimedia,
regardless of the course feature need or not, no matter of the teaching effect and student’s satisfaction. The limited multimedia resources are occupied as thus, it will
certainly cause the multimedia equipment can’t be truly effective use.
3.3

Reducing on teaching skills of teachers

Many teachers rely too much on multimedia, multimedia courseware even can be
used to mask and make up some problem such as inadequate preparation for lessons,
sciolism about partial content, etc. They don’t pay attention to the basic training of
language, blackboard writing and demonstration in the traditional teaching, so their
ability to control the classroom is poor, adaptability to changes bad, who certainly
can't adapt to the change of teaching environment. For example, once the classroom
fall in with the failure of electricity supply, or multimedia system failures, and some
else abnormal situation, they will unable to go on the normal teaching and only suspend temporarily.
3.4

Poor quality on Multimedia teaching software

At present, although there are a few existing, and available network courseware or
commercial teaching software, but the quantity, applicability especially, can’t satisfy
to our wants. In multimedia teaching, the courseware is still prepared mainly by
teachers. But a great number of courseware which is manufactured by teachers are
lack of scientificity, the inevitable result is “advanced in teaching methods and poor
in teaching effect”. This is a key factor of affecting the effects of multimedia teaching.
The poor quality of the courseware mainly embodied in the following aspects:
1. Too simple in production. Some courseware just move the book content to the
computer screen by using PowerPoint, even knowledge system is incomplete, not
enough system.
2. Break away from the textbook. Some courseware may be better to use multimedia
technique and the level of courseware itself is higher, but can’t embody textbook
content very good, even empty, indefinite on topic, and disordered on gradation.
3. Lack of application of Multimedia functions. Some courseware may be better in
refining and summarizing the book content, but cannot effectively use the various
functions of multimedia software. Such as no action, no picture or no audio-visual
and so on, like thus only display the page-text make the class boring.
4. No update in using of the courseware. Many teachers don’t pay attention to update
the multimedia courseware even for several years, make it go away from the

190

http://www.i-jet.org

Paper—Study on Effective Using of Multimedia Teaching System and Enhancing Teaching Effect

knowledge update and development. Some teachers even no longer prepare lessons
before entering the classroom, multimedia became the tools of lazy fellow.
5. Blind pursuit of information quantity. Some teachers search a lot of information
from the Internet and put them into the courseware without being selected and
treated, directly be showed in class, the students can’t grasp the key points.
6. Lack of scientific and effective teaching design. Many multimedia courseware present the content simply without any suspense, take everything in one glance, have
no effectively setting up of learning situation for students, and be lack of design in
guiding students to think or solve problems, unable to arouse the enthusiasm of
learning for most of students.
In addition, there are some unreasonable problems on production of multimedia
courseware, such as colors, font size, volume, and so on, these will also affect teaching effect and the learning state of students.
3.5

Mechanization in teaching process and lack of interaction

Multimedia teaching will reduce the humanism in the process of teaching. Teaching content and rhythm carry out according to the courseware which is prepared before class. Many teachers in the classroom “discuss in state of sitting”, “ retell the
book according to screen”, have no a bit of personality or passion. Teachers speak in
sitting and students listen in sitting, the class atmosphere is rigid, there is no effective
communication and interact between teacher and students. Students generally reflect
the teaching is boring, the teaching effect is poor. The classroom environment like
thus become the crucial factors that influence multimedia teaching effect.

4

Countermeasures and Suggestions for Improving the
Multimedia Effectiveness

4.1

Correct understanding and rational treatment the form of multimedia
teaching

No matter which one teaching form, the ultimate goal all is to improve the teaching
effect and guarantee the teaching quality. Multimedia teaching is another definition
for computer-assisted instruction, it’s in order to improve teaching efficiency and
teaching effect. Multimedia teaching is advanced, but it is just a kind of assistant
teaching tools, it can’t take place of the traditional teaching. Multimedia teaching has
also its shortcomings, we can't totally repudiate the traditional teaching methods.
Multimedia teaching is not only a simple PPT courseware teaching, should also include all the various types of files and function can be used for auxiliary teaching,
such as audio, video, animation, etc.
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4.2

Reasonable configuration and distribution of multimedia teaching
resources

Whether to use multimedia teaching or not should be determined according to the
nature and characteristics of the course, we should avoid use multimedia blindly. In
fact, not all courses are suitable for multimedia teaching, and also not every section is
suitable for multimedia teaching in one course. The number and distribution of Multimedia classrooms should be determined on the basis of investigating and surveying
appropriately, to ensure the using value of multimedia resources. During the running
of the teaching, several multimedia classrooms should be reserved for meeting the
temporary needs of some curricula or equipment maintenance. Multimedia resources
can really be used effectively just in this way.
4.3

Improve the quality of multimedia teaching courseware

Teachers in addition to master professional knowledge, must also be able to master
the production and application technology of multimedia. Teachers should participate
in the producing of multimedia courseware personally, at the same time, strengthen
the construction of teaching team, develop the multimedia courseware collectively,
cooperate to solve complex problems in aspects of teaching content, teaching mode,
and so on. In producing process of courseware, the teaching process should be carefully designed, be artistic and rational, such as the teaching content should be shown
at when, where and in what way, pay attention to create suitable situation. We should
fully use the functions of multimedia technology, for instance, using the link technology to contact teaching content with the related content. According to the characteristics and content of courses, to apply comprehensively all kinds of media files, create
illustrated, audio-visual, clear, vivid courseware.
4.4

To strengthen the teaching skill training

Multimedia teaching demands teachers have good operation ability of hardware
and software, and make full use their functions. Such as audio, video, animation,
pointers, drawing pen, and even using software on-site and real-time input related
content, and so on, those are all beneficial to attract the attention of students and guide
students the train of thought.
Teachers should control reasonable lecture rhythm and page conversion speed,
make it correspond to the student's acceptance, give students a certain thinking and
reaction time. At the same time, in the multimedia teaching, the teacher still have to
pay attention to the rational use of language arts and blackboard writing, continue to
strengthen the teaching skill training, to cope with the existence of a variety of teaching environment and improve the quality of teaching.
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4.5

Increase interaction and emotional communication

Teaching depends on the interaction between teachers and students. It is not only
the flow of knowledge, also the emotional communication between teachers and students, even students and students. Teachers' body language and blackboard writing
process communication are both irreplaceable. The significance of teacher to students
is not multimedia display will be able to complete.
In the process of multimedia teaching, teachers should always pay attention to the
emotion of all students. The lecture must to be passionate, and teacher should be good
at actively regulating the classroom atmosphere, promoting the exchanges of teachers
and students by the personality charm, through emotional influence between teachers
and students.
4.6

Pay attention to the combination of multimedia teaching and traditional
teaching

Each of teaching form has its own advantages and disadvantages, we only learn the
essence of all kinds of teaching methods and means, optimize and comprehensively
apply them. Only in this way, we can really improve the teaching effect. Multimedia
teaching should be organically combined with the advantages of traditional teaching
means, and timely switch in the two kinds of teaching methods to make them into
supplement each other. Blackboard writing and body language of teacher are also
indispensable in multimedia teaching, for example, the reasoning process of important
and difficult contents should be lectured by necessary blackboard writing. For problems, solution and conclusion, flexible use of multimedia technology is better than
traditional teaching means, we can combine picture, text, sound, video and show the
dynamic change process, to deepen the students' impressions and memory and
achieve the best teaching effect.
4.7

Establish the supervision system for multimedia teaching

Management departments should strengthen the management of teaching quality
and carry out quality evaluation of multimedia teaching. The effective supervision
system should be established, such as the maintenance and management of multimedia hardware environment, the using training of multimedia teaching equipment, the
guidance of fabrication and application for multimedia courseware, as well as the
quality standard and evaluation of multimedia classroom teaching. This can not only
stimulate the enthusiasm of the teachers in multimedia teaching, create a good environment for teachers in improving multimedia teaching ability, and promote the effectiveness of multimedia teaching.
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5

Conclusions

Multimedia teaching is a kind of advanced teaching form with advantages of intuitive, vivid, informative, interesting and many other. It has incomparable advantages
against traditional teaching means and can greatly improve teaching efficiency, but
we should also realize its shortcomings at the same time. The traditional teaching and
multimedia teaching must be organically combined as auxiliary and supplement each
other, only this can receive the teaching effect of getting twice the result with half of
the effort.
Management department shall establish perfect monitoring system of teaching
quality and evaluation system of multimedia teaching, strengthen the management
and guidance for multimedia teaching.
Teachers should be active in learning to master modern technology and teaching
theory, assiduously train our education teaching art, improve the fabricating level of
courseware, pay attention to the organization and control of classroom, think highly
of the emotional communication between teachers and students.
Management departments, teachers and students should make joint efforts together
to get rid of the current plight of the multimedia teaching, guarantee the effectiveness
of the multimedia, and achieve the optimization in using and teaching effect of multimedia.
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