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Abstract—Advances in Information and Communications
Technology (ICT) have increased the growth of Massive open
online courses (MOOQOCs) applied in distance learning environ-
ments. Various tools have been utilized to deliver interactive con-
tent including pictures, figures, and videos that can motivate the
learners to build new cognitive skills. High ranking universities
have adopted MOOC:s as an efficient dashboard platform where
learners from around the world can participate in such courses.
The students learning progress is evaluated by using set computer-
marked assessments. In particular, the computer gives immediate
feedback to the student once he or she completes the online assess-
ments.

The researchers claim that student success rate in an online
course can be related to their performance at the previous session
in addition to the level of engagement. Insufficient attention has
been paid by literature to evaluate whether student performance
and engagement in the prior assessments could affect student
achievement in the next assessments.

In this paper, two predictive models have been designed namely
students’ assessments grades and final students’ performance. The
models can be used to detect the factors that influence students’
learning achievement in MOOC:s. The result shows that both mod-
els gain feasible and accurate results. The lowest RSME gain by
RF acquire a value of 8.131 for students assessments grades
model while GBM yields the highest accuracy in final students’
performance, an average value of 0.086 was achieved.
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I. INTRODUCTION

Massive Open Online Courses (MOOCsS) is one of the most
widespread e-learning platforms. The MOOCs present the
course using digital tool materials in various forms such as
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visual, audio, video and plain text. Most students prefer using
video lectures to understand the contents of lessons over
thoroughly reading plain text documents. The interactive video
in the MOOC:s could reduce students’ stress, help them to feel
relaxed and learn quickly [1] [2].

MOOCs can be classified into two distinct types mainly,
connectivist Massive Open Online Courses (¢cMOOCs) and
eXtended Massive Open Online Courses (XMOOCs).The
xMOOCs are learning paradigm based on the principles of
cognitivist behaviorist theory[4]. The structure of the courses is
similar to the traditional course where the syllabus consists of a
set of video lectures and a set of multiple choice quizzes in
addition to the final exam. The video lectures featuring the
course instructor reviewing the content of the previous online
lesson are released weekly. The participants can watch and
pause the video at their own pace. Moreover, the students can
socially interact with other participants and the instructor
through posting in discussion forums. The instructors usually
post questions, provide task solutions and reply to student
questions via these discussion forums; as a consequence the
discussion forums play a vital role in enhancing the course
quality and make online sessions collaborative and engaging [3]

[5].

The ¢cMOOCs are a new learning model based on
connectivist learning theory [3][4]. With the connectivism
approach, the instructor would not provide the actual learning
material; the students get the course syllabus by asking the
questions and sharing this information with other participants.
References [3][4][5] posit the learning strategy of cMOOCs
focused on a collaborative approach in which learning material
combined remix, repurposable and provided, forwarded to
other students.

With cMOOC:s, it is impossible to involve expertise to assess
the students' knowledge whereas in xMOOCs, university
lecturers can evaluate the students’ knowledge through the use
of computer-marked assessment feedback. In particular, the



computer gives immediate feedback to the student when he
completes the online assessment. The learner, upon successful
completion, will be awarded their certification in xXMOOCs.The
¢cMOOCs do not include a formal assessment. Hence,
universities are not considered cMOOCs as an official course

[51[6].

With rapid advancements in technology, artificial
intelligence has recently become an effective approach in the
evaluation and testing of student performance in online courses.
Many researchers applied machine learning to predict student
performance in [7], however few works have been done to
examine the trajectories performance [8]. As a result, educators
could not monitor the real-time students learning curve.

Two sets of experiments are conducted in this work. In the
first set of eperiements, regression analysis is implemented for
estimation of students’ assessment scores. The student past and
current activities in addition to past performance are employed
to predict student outcome. In the second set of experiments,
supervised machine learning method has been utilized to
predict long-term student performance. Three types of
candidate predictors have been considered firstly behavioral
features, followed by temporal and demographic features. The
proposed models offer new insight into determining the most
critical learning activity and assist the educators in keeping
tracking of timely student performance. To the best of our
knowledge, student performance has been evaluated in online
course using only two targets: “success” and “fail”. Our model
predicts the performance with three-class labels “success”,
“fail” and “withdrew”.

The reminder of this paper is organised as follows. Section 2
will give detailed information about prior works .In section 3,
shows the methodology, including data give overview of
features section , experiment setup and experiment results .The
conclusion and future works are described in Section 4.

II. LITERATURE REVIEW

Student performance is a key indicator of measuring learning
progress in a virtual learning environment. Researchers have
adopted various methods to monitor performance [1]. In this
section, the literature review in the relevant area is presented.

The Factor Analysis Model (FAM) was proposed to predict
the student's performance in Intelligent Tutoring System (ITS)
taking into consideration the difficulty level of assessments
based on Item Response Theory concept [9] [10]. The difficulty
level of tasks can infer measurement of the correlation between
the student’s performances and assessment questions. To
compute the probability of a student solving a task correctly, a
set of predictor variables are defined in the FAM including the
number of opportunities presented to the student at each task,
the duration spent on each step and the difficulty level of each
question or latent variable. The results reveal that incorporating
the latent variables into the estimates of student performance
can significantly enhance the model [10].

To measure how the activities of learners could impact their
learning achievement in MOOC:sS, the researchers found that
Learning Analytics (LAs) in conjunction with machine
learning, are effective tools that offer the potential to trace
student knowledge. The researchers demonstrated that machine
learning could help the educator in providing cohort
information about the learning process, furnishing researchers
with the ability to both visualise and analyse the information
obtained from each tier of the learner. Thus, an accurate
predictive model can be acquired in such courses[11] [12][13].

Students’ marks in the first assessment and quiz scores in
conjunction with social factors are used to predict students’
final performance in online course [ 14]. Two predictive models
were introduced. In the first model, logistic regression was used
to predict whether students gained a normal or distinction
certificate. In the second predictive model, logistic regression
was also used to predict if students achieved certification or not.
The results indicated that the number of peer assessment is the
most effective feature for acquiring a distinction. The average
quiz scores were considered the most reliable predictor for
earning a certificate. The accuracy of distinction and normal
models were reported with the percentage of 92.6% for the first
model and 79.6 % for the second model, respectively[14].

The association between the Virtual Learning Environment
(VLE) data and student performance has been investigated at
the University of Maryland, Baltimore County (UMBC) [12].
LA used through the implementation of the Check My Activity
(CMA) tool. CMA can be defined as an LA tool, which com-
pares students VLE activities with other activities and provides
lecturers frequent feedback of students’ emotional states. The
results showed the students who engage with the course
frequently are more likely to earn mark C or higher than those
who did not regularly engage [12].

III. METHODOLOGY

A) Data Description

The OULAD dataset was captured from the Open University
Learning Analytics Dataset (OULAD )repository. The open
university in the UK delivers the online course in various topic
for undergraduate and postgraduate students in the period
between 2013-2014. The main composite table called
“studentInfo” is linked to all tables.The"studentInfo "table
includes information relevant to students’ demographic
characteristics[15].

The information related to students perfromnce are collected
in “Assessments” and Student Assessment tables. The table
“Assessments” contains information about the number, weight
and the type of assessments required for each module. In
general, each module involves a set of assessments, followed
by the final exam. The assessments are Tutor Marked
Assessment (TMA), Computer Marked Assessment (CMA).
The final average grade is computed with the sum of all
assessments (50%) and final exams (50%). The “Student
Assessment” table involves information relating to student



assessment results, such as the date of the submitted assessment
and the assessment mark[15].

The “Student Registration” table contains information about
the date the students registered and unregistered in a particular
module. The overall date is measured by counting numbers of
unique days that students interact with courses until the course
ends. In Open University online courses, students are able to
access a module even before being a student of the course;
however, it is not possible to access the course post-course
closure date. The students' information related to their
interaction with digital is store in learners Virtual Learning
Environment dataset.

B) Feature Extraction

The features extraction was undertaken in our previous
work[16]. The VLE activities were used to generate
behavioural features. For each student at a specific time t, two
features are extracted: the number of sessions (0%) and the
number of clicks ((c?). The behavioral features can be divided
as either static or dynamic.

o Static Behavioral features: These are a set of behavioral
features that correspond to student activities since the first time
they engaged in the course till last day they quit the course. Let
us consider the set X € RT*"™*™ in which X,; ; represents
the j* activity of the i” student at time . S is a set of students
denoted as an n-dimensional vector [S; ..., Sn], where n is the
number of students. Furthermore, M is defined as an m-dimen-
sional vector that represents VLE learning activity types, M =
[M1 ...., Mm], where m is the number of learning activities
that the ith student is assigned.

® Dynamic Behavioral Features: These are a set of behav-
ioral features that vary over time. Let t be a sequence of dis-
jointed time intervals, where ¢ € [1,6]. To represent all student
activities at time ¢, we define the type of student’s activity rec-
ords as the vector X;; j = [Xp;1,X¢ 2 s Xp,im,]. Here j de-
notes learning activity that is undertaken at time ¢ by student
Si, such that j = 1, the, m; where m is given as the number of

learning activities.

C) Students’ performance Model

Two sets of experiments are conducted in this case study. In
the first experiment, the dynamic behavioral features are
considered to predict student performance, while the static
behavioral attributes are employed in the second experiment.

The problems are formulated as classification and regression.
The regression setting is considered when we aim to predict
students’ assessments grades, whereas classification setting is
utilised when we seek to predict final student performance in
the entire course. It is considered a multi-class problem where
the target class is whether students pass, fail or withdraw from
courses.

Early grade prediction could help educators deliver timely
intervention support and additional learning materials to help
students who have low scores[17]. As discussed previously, the
student should participate in five CMA assessments and six
TMA assessments, in addition to the final exam. The
assessments should be handed in within a specific period. Due

to the TMA assessment weighing 45% of the final result, while
the CMA assessment weighs only 5%, our temporal analysis is
based on the submission date of the TMA.

In first set experiments, student performance is predicated in
a timely manner, as can be seen, in Figure 1 the course is
subsequently the into six-time intervals, corresponding with
assessment submission dates. The student behavioral records
are distributed according to the assessment date. The student
performance in prior assessments with their interaction
behavior is considered in this analysis.

In the second set of experiments, we evaluated the
trajectories student performance by aggregate the student’s
behavioral activities across the six-time slices into a single time
slice. The behavioral features, demographic features and
temporal features are used as input variables. We did not
account for past assessments grade, and final exam mark as
target class is computed based on these features. The dataset
contains 4004 records where the proportion of “fail”,
“withdrawn” and “pass” classes are 28%t,40% and 32%
respectively.

In order to evaluate the student performance predictive
model across two experiments, several metrics have been
considered. In terms of the regression analysis, the Root Mean
Square Error (RMSE) and R-squared( R?) are used to predict
students’ assessment grades. With regards, to the classification
analysis accuracy, specificity and sensitivity, F-Measure,
Receiver Operating Characteristic(ROC), and Area Under
Curve (AUC) are employed to predict final student
performance. Furthermore, tenfold cross-validation is used for
both a regression and classification analysis; 50% of the dataset
is selected to train the algorithms. A further 50% of the data is
disjointed from the original dataset, and was used to evaluate
the generalization errors for unseen data.

TMAL TMA 2 TMA 3 TMA 4 TMA S

Figure 1.Student behavioral features based on TMA intervals

D) Features selection

As our aim is to investigate the impact of student performance
in the previous assessment into the following assessment,
features selection is only consider for the first set of experiment.
Recursive Feature Elimination (RFE) is utilized in this case
study.

Rrecursive feature elimination is one of the most popular
wrapper feature selection approaches. RFE can be defined as an
optimisation algorithm based on backwards selection and
resampling techniques [18]. It keeps recursively creating the



model until it gets a small number of features. The data set is
partitioned into train and bootstrap samples with different
elements. At each iteration, the algorithms are chosen as the
most important features. To assess the probability of ranking
features, the new model that includes the most essential
predictors is retained until all are exhausted[19][20].

The results of the features selection across six intervals are
listed in Table 1. It is based on RMSE criteria. The results
reveal that students’ assessments grades during the previous
slice occupy the position of highest top features across all
intervals.

The “session.homepage” and “sum_click.homepage” of the
previous and current time slice are the most important features
across all intervals. It also appears that “sum_click.forumng”
and “session.forumng” have been selected as top features, only
for intervals 1 and 2. In general, the activities (“homepage”,”
quiz”,” subpage”) robustly predicted the students’ grades over
all time intervals.

Table 1 Features selection (RFE)

Various machine learning models are used in this
experiment, including Random Forest (RF), Multi-Layer
Perceptron (MLP) with two hidden layers, Neural Networks
with single hidden layer ( Nnet), Gradient Boosting Machine
(GBM) and Generalized Linear Model (GLM).

The empirical results from the first set of features have
acquired slightly better performance than the selected features.
However, the Mlp and Rpart in the second set of features offer
better results. The RMSE metric measures the difference
between the predicted values and the actual observations. The
lowest RMSE value demonstrates the better performance of the
predictive model. In terms of the first set of features, RF obtains
the best RMSE achieving values of 8.131 over interval 3. For
the second set of features, the Gbm model gives the best RMSE,
with a value of 11.230 over interval 1.

As can be seen, for both set of features the Gbm models over
interval 1, 2, 4, 5, and 6 give the best RMSE, with averages
values of 11-22. RF occupies the second-best model. The
RMSE increased by 3% in Glm across all intervals and acquired
an average value of 11-23. Mlp acquired the worst RMSE, with
a value of 44.904 and 39.215 at interval 6 for both sets of
features. In general, Mlp achieves the poorest RMSE across all

Interval Five Top Features intervals for both sets of features.
Interval 1 “session.homepage/T2”
“sumeth'fommng{,T 2 Table 2 Result for Predication Students’ Assessments Grades Model
session.resource/T2
“session._forumng/TZ” . Interval ML RMSE  R? Interval ML RMSE R?
“sum_click.subpage.T2 Mip 18162 0483 Mip 24324 017
Interval 2 “Score.Assessment 17 1 RF 11395 0.790
“session.homepage/T3” Rpart 11.647  0.780 1 RF 21.366  0.272
“session.quiz/T3” Glm 11382 0790 Rpart 22.457 0.198
“session.homepage /T2” Gbm 11230 0.204 GIm 22.344  0.204
“sum_click.forumng/T3 Gbm 11.230 0.274
Interval 3 “Score. Assessment 2” Mip 20517 0427 Mlp 26.374  0.558
“sum_click.homepage/T3” RF 18221  0.640 RF 18.062 0.643
“sum_click.subpage/T3” 2 Rpart 22400 0.459 2 Rpart 22.628 0.444
“session.homepage/T3” Glm 19.116 0.604 Glm 18.831 0.612
“session. subpage/T3” Gbm 18.145 0.644 Gbm 18.321 0.634
Interval 4 “score. Assessment 3” Mip 20.564  0.641 Mlp 27574 0405
“sum_click.quiz/TS”, 3 RF 8.131 0.937 3 RF 16.225 0.764
“session.quiz/T5”, Rpart 13.760  0.18 Rpart 24304 0.434
“sum_click.homepage/T5”, Glm 15.376  0.773 Glm 23.106  0.489
“session.homepage/T5” Gbm 11.506 0.873 Gbm 22,600 0512
Interval 5 “score. Assessment 47, Mlp 18.205 0.768 Mip 16.733  0.790
session.quiz/T6”, 4 RF ~ 13.904 0853 4 RF 13.905  0.853
“sum_click.quiz/T5™, Rpart 16264  0.799 Rpart 16264 0.799
“SCSSiOl’l.quiZ/TS” Glm 15.354 0.821 Glm 15.787 0.811
“sum_click.homepage/T6” Gbm 13.892  0.853 Gbm 14.074  0.849
Interval 6 “Score. Assessment 57, Mlp 29.665 0.428 Mlp 26271 054
“session.homepage/T6”, 5 RF 19.900 0.716
“sum_click.homepage/T6”, Rpart 25.001 0.553 5 EF ;2(2)(5)? gzg;
“sum_click.homepage/T7” Glm 21.708  0.663 G{)art 21.831 0.659
“ session .homepage/T7” Gbm 19.871 0.718 Gbr;ll 19.478 0.728
6 Mlip 44904  0.147 6 MLP 39.215  0.067
RF 21.529  0.688 RF 22.794  0.650
E) Simulation results- Students Assessments Grades Model Rpart  25.259  0.569 Rpart 25919 0.546
Glm 22.058 0.673 Glm 23.332  0.633
The regression analysis has been applied to predict students’ Gbm  21.425 0.691 Gbm 22.761  0.650

assessment grades over six-time intervals. Table 2 list the result
of regression analysis .Two sets of features are considered. In
the first set of features, dynamic behavioural features and
student performance are used as predictors, while only the top
five features are employed in the second set of features.




F) Simulation results- Final Students Performance Model

The classification analysis results for the second experiment
presented as follows. The same set of machine learning
classifiers in the previous experiment are used in this case
study.

As can be seen in a Table 3 all classifiers obtain similar ideal
results, the highest performance achieved by Gbm with the
value of 0.868 while RF, Nnet producing the value of 0.854,
achieved the lowest accuracy. Table 4 shows the class “With-
drawn” acquired the best accuracy of all Classifiers reaching an
average value of 0.99 whereas the class “Fail” gives the lowest
performance, with an approximate range of accuracy between
0.76-0.80.

The sensitivities are high overall classifiers for class “With-
draw” and “Pass”. The best sensitivity achieved by Rpart re-
ported the values of 0.99 and 0.92. The class “Fail” gained very
low sensitivities across all classifiers. This is expected since the
number of records with target class “Fail” are limited hence, the
algorithm cannot learn well. With regards, to true negative
instance, the Gbm and Nnet produce the best result, specificity
=0.998 for class “Withdrawn”. The poorest specificity gained
by Rpart for class “Pass” obtained the values of 0.81. As can
be seen, the best F1-Measure gained by Gbm yielded a value of
0.993, 0.864, 0.772, for the class “Withdrawn”,” Pass” and
“Fail” respectively. The lowest F1-Measure is shown for Rpart
with the value of 0.67 over class “Fail”.

ROC is used in this study to choose a decision threshold value
for the true and false positive rate across each class. Figure 2
lists ROC curves. Overall, a range of AUC values between
0.99-0.82 for all classes was obtained. As previously men-
tioned, the demographic behavioral and temporal features in
classification analysis were combined. In this model the total
numbers of variables are 35. As a result, the predictive model
may suffer from the overfitting issue. In this case, we compare
classifiers results in terms of train and test error which could
give an indication of the overfitting problem.

Figure 3 displays the result of overfitting evaluation. It can
be observed that training and test error are low for all classifiers.
The lowest test and train error was obtained by Gbm. The RF
,Nnet obtained a similar test error with an approximate
percentage of 14%. The training errors are slightly higher in
these classifiers. The largest error was acquired by the Mlp
model. Although all models fit well for most classifiers, Mlp
suffers from overfitting.

Table 3 Accuracy Result for Final Students Performance model

Classifier Accuracy
Mlp 0.858
RF 0.854
Rpart 0.862
Gbm 0.868
Nnet 0.854

Table 4 Results for Final Students Performance Prediction Model

Classifier Performance Metrics
MLP ACC. Fl1 Sens. Spec. AUC
Pass 0.858 0.850 0.892 0.824 0916
Fail 0.782 0.690 0.631 0.932 0.886
Withdrawn 0.993 0.992 0.989 0.996 0.996
RF ACC. F1. Sens. Spec. AUC
Pass 0.855 0.843 0.844 0.866 0.924
Fail 0.808 0.713 0.712 0.904 0.892
Withdrawn  0.995 0.993 0.991 0.990 0.995
Rpart ACC. F1 Sens. Spec. AUC
Pass 0.866 0.865 0.923 0.810 0.867
Fail 0.767 0.671 0.582 0.952 0.821
Withdrawn ~ 0.997 0.991 0.996 0.992 0.997
Gbm ACC. Fl1 Sens. Spec. AUC
Pass 0.872 0.864 0.903 0.841 0.925
Fail 0.802 0.722 0.665 0.939 0.900
Withdrawn ~ 0.994 0.993 0.991 0.998 0.997
Nnet ACC. Fl1 Sens. Spec. AUC
Pass 0.856 0.8471 0.870 0.843 0.925
Fail 0.795 0.7045 0.670 0.920 0.900
Withdrawn ~ (0.994 0.9934 0.991 0.998 0.998
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G .Discussion

The regression and classification analysis are considered in
This case study. The result of predicting students’ assessments
grades model shows that best RMSE and RZacquire over
interval 3 while worst RMSE and R? are shown for intervals 5
and 6.This could be attributed to a number of students record
over interval 3 than other interval as a result; The algorithm can
learn more and model will fit well. In contrast to, the lowest
number of training example shown over interval 6.

Final student performance predictive model revels ideal
sensitivities and specificities for all classifiers Although, the
sensitivities and specificities are balanced for all classifiers over
class “Withdrawn” and “Pass”, the specificities are higher than
corresponding sensitivities for class “Fail”. This is due to; the
database is skewed in favor of chosen the majority classes
“Withdrawn” and “Pass”. In this case, predict withdrawal
students are more priority than predict success and fail students
as it is worthwhile to predict students who withdraw from the
entire course than students who stay engaged with the course.

The primary reason the machine learning models obtain
higher performance in classification than regression is the
relevant to the type of features sets. As such, in classification
analysis, the static behavioral features in conjunction with the
temporal features and demographic features are used as input
variables in the prediction of final student performance model
while only dynamic behavioral features employed to estimate
students’ assessments grades. The temporal features that
include the date of student registration and un-registration in an
online course are robust predictors features that adequately
impact on student achievement. It could be impossible to
combine the temporal features with behavioral features with
respect to regression analysis as the database include student
temporal information for the entire period.

IV. CONCLUSION

Two sets of exterminates have been carried out in this study
using regression and classification analysis. The results of
predicting students’ assessments grades model show that the

students’ performance in a particular assignment relies on
students’ mark in the previous assignment within single
Courses. The researchers conclude that students’ prior grade
point average (GPA) with a low mark is considered as a
significant factor of withdrawal from the next course in the
traditional classroom setting,

Both conventional classroom setting and virtual class share
similar characteristic in term of the effective of pervious
performance into student learning achievement in the future.

The final student performance predictive model revealed that
student engagement with digital material has a significant im-
pact on their success in the entire course. The findings’ results
also demonstrate that long-term students’ performance
achieves better accuracy than students’ assessments grades pre-
diction model, due to the exclusion of temporal features in re-
gression analysis. The date of student deregistration from the
course is a valuable predictor that is significantly correlated
with student performance. With the regression analysis, the data
does not provide the last date of students’ activity prior to un-
dertaken assessments. The findings’ results have been recom-
mended to take into account the temporal features on predicting
of subsequent assessments grades.

Future research direction involves the use of temporal
features for predicting students’ assessments grades model.
With temporal feature time series analysis will be untaken,
might be more advanced machine leering will be utilized.

References

[1] K. F. Hew and W. S. Cheung, “Students’ and
instructors’ use of massive open online courses
(MOOC:s): Motivations and challenges,” Educ. Res.
Rev., vol. 12, pp. 45-58,2014.

[2] H. B. Shapiro, C. H. Lee, N. E. Wyman Roth, K. Li,
M. Cetinkaya-Rundel, and D. A. Canelas,
“Understanding the massive open online course
(MOOC) student experience: An examination of
attitudes, motivations, and barriers,” Comput. Educ.,
vol. 110, pp. 35-50, 2017.

[3] J. Renz, F. Schwerer, and C. Meinel, “openSAP:
Evaluating xMOOC Usage and Challenges for
Scalable and Open Enterprise Education.,” Int. J. Adv.
Corp. Learn., vol. 9, no. 2, pp. 34-39, 2016.

[4] S. Li, Q. Tang, and Y. Zhang, “A Case Study on
Learning Difficulties and Corresponding Supports for
Learning in cMOOCs| Une étude de cas sur les
difficultés d’apprentissage et le soutien correspondant
pour I’apprentissage dans les cMOOC,” Can. J. Learn.
Technol. Rev. Can. ’apprentissage la Technol., vol.
42, no. 2, 2016.

[5] S. Zutshi, S. O’Hare, and A. Rodafinos, “Experiences
in MOOCs: The Perspective of Students,” Am. J.
Distance Educ., vol. 27, no. 4, pp. 218-227, 2013.

[6] Z. Wang, T. Anderson, L. Chen, and E. Barbera,
“Interaction pattern analysis in cMOOQOCsSs based on the



(7]

(9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

connectivist interaction and engagement framework,”
Br. J. Educ. Technol., vol. 48, no. 2, pp. 683—-699,
2017.

W. Xing and D. Du, “Dropout Prediction in MOOC:s:
Using Deep Learning for Personalized Intervention,”
J. Educ. Comput. Res. p.0735633118757015.,2018.
M. J. Gallego Arrufat, V. Gamiz Sanchez, and E.
Gutierrez Santiuste, “Trends in Assessment in
Massive Open Online Courses,” Educ. Xx1, vol. 18,
no. 2, pp. 77-96, 2015.

B. J. Hao Cen, Kenneth Koedinger and Carnegie,
“Learning Factors Analysis — A General Method for
Cognitive Model Evaluation and Improvement,” in /n
International Conference on Intelligent Tutoring
Systems, 2006, vol. 8, pp. 164—175.

K. R. Koedinger, E. A. Mclaughlin, and J. Stamper,
“Automated Student Model Improvement,” in
Educational Data Mining, proceedings of the 5th
International Conference on, 2012, pp. 17-24.

J. Sinclair and S. Kalvala, “Student engagement in
massive open online courses,” Int. J. Learn. Technol.,
vol. 11, no. 3, pp. 218-237, 2016.

J. Mullan, “Learning Analytics in Higher Education,”
London, 2016.

P. and K. Al-Shabandar, R., Hussain, A.J., Liatsis,
“Detecting At-Risk Students With Early Interventions
Using Machine Learning Techniques,” /EEE Access,
vol. 7, pp. 149464-149478, 2019.

S. Jiang, A. E. Williams, K. Schenke, M. Warschauer,
and D. O. Dowd, “Predicting MOOC Performance
with Week 1 Behavior,” in Proceedings of the 7th
International Conference on Educational Data Mining
(EDM), 2014, pp. 273-275.

L. Analytics and C. Exchange, “OU Analyse :
Analysing at - risk students at The Open University,”
in in Conference, 5th International Learning Analytics
and Knowledge (LAK) (ed.), 2015, no. October 2014.
R. Alshabandar, A. Hussain, R. Keight, A. Laws, and
T. Baker, “The Application of Gaussian Mixture
Models for the Identification of At-Risk Learners in
Massive Open Online Courses,” in 2018 IEEE
Congress on Evolutionary Computation, CEC 2018 -
Proceedings, 2018.

J.-L. Hung, M. C. Wang, S. Wang, M. Abdelrasoul, Y.
Li, and W. He, “Identifying At-Risk Students for
Early Interventions—A Time-Series Clustering
Approach,” IEEE Trans. Emerg. Top. Comput., vol. 5,
no. 1, pp. 45-55,2017.

C. Yun, D. Shin, H. Jo, J. Yang, and S. Kim, “An
Experimental Study on Feature Subset Selection
Methods,” 7th IEEE Int. Conf. Comput. Inf. Technol.
(CIT 2007), pp. 77-82, 2007.

G. Chandrashekar and F. Sahin, “A survey on feature
selection methods,” Comput. Electr. Eng., vol. 40, no.
1, pp. 16-28, 2014.

J. S. Ham, Y. Chen, M. M. Crawford, and J. Ghosh,
“Investigation of the random forest framework for

classification of hyperspectral data,” IEEE Trans.
Geosci. Remote Sens., vol. 43, no. 3, pp. 492-501,
2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


