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Abstract - Computer Assisted Testing (CAT) system in
Indonesia  has  been  commonly  used  but  only  to
displaying  random  exam  questions  and  unable  to
detect  the  maximum  performance  of  the  test
participants. This research proposes a simple way with
a good level of accuracy in identifying the maximum
ability of test  participants.  By applying the Bayesian
probabilistic in the selection of random questions with
a weight of difficulties, the system can obtain optimal
results  from  participants  compared  to  sequential
questions.  The accuracy  of  the  system measured  on
the choice of questions at the maximum level  of the
examinee alleged ability  by the system, compared to
the correct answer from participants gives an average
accuracy of 75% compared to 33% sequentially. This
technique allows tests to be carried out in a shorter
time without repetition, which can affect the fatigue of
the test participants in answering questions.

Keywords  -  adaptive  computer  test;  Bayesian
probabilistic; selective weighted IRT; pattern behavior 

I. INTRODUCTION 

Presently, attention to the CAT exam model that is
better able to measure the level of understanding of test
participants  began  to  be  developed,  much like  in  [1]
applying NLP in compiling patterns of questions given
to examinees. A suggested model for the application of
a  virtual  agent  in  the  test  of  depression  management
through  the  CAT  interactive  system  was  tested  on
students  in  [2].  While  in  [3]  applying  automatic
assessment to complex work in the CAT system and in
[4]  making  comparisons  between  conventional  test
models and non-adaptive CAT test models.

Jeong [5] compared the scores of Korean students on
computer-based and paper-based test versions. Wan and
Henly  [6]  in  their  study  of  CAT  found  that  figural
response items are  similar  to multiple-choice items in
providing  information  and  efficiency.  Meanwhile,
response  items  made  offer  more  information  than
multiple-choice  items  but  tend  to  provide  less
information per minute. Beng et al. [7], using adaptive

item selection, Huebner et al. [8] discussed the factors
that  influence  the  accuracy  of  the  classification  of
computer test cognitive abilities, Buuren and Enggen [9]
using Latent-Class-Based for the selection of test items,
Brossman  and  Guille  [10]  comparing  the  multi-stage
model  with  the  linear  test  in  the  certification  exam,
Belov  [11]  and  Belov  [12]  applying  combinatorial
optimization  in  determining  the  Assembly  Test  (TA)
questions, Boonsathorn [13] merged the new format C-
Test,  S-Test,  as  part  of  the  Computer-Based  English
Language Competency Test (CB TEC). The reliability
coefficient, facility index, CB TEC discrimination index
are carried out on the test data. Pearson correlation and
regression  analysis  were  also  used.  The  results  show
that  both  forms  of  CB  TEC  have  high  reliability,
validity related to high criteria, and high face validity.

Hakami et  al. [14] discuss the determinants of the
success of CAT implementation facilitated by Adaptive
Structural  Theory  (AST)  to  assess  technology
acceptance  by  students.  The  conceptual  model  is
proposed along with theoretical discussion; leaving the
development  and  evaluation  of  a  practical  framework
for the future.

Jamaludin  et  al.  [15]  present  an  increase  in  the
valuation  model  using  RFID  (Radio  Frequency
Identification)  technology  that  is  implemented  in  a
Computer Based Test (CAT). Malek et al. [16] provides
CAT security considerations and proposes a Petri net-
based  framework  for  checking  parallel  models  with
Petri net separation procedures.  

However, MST could have long iterative and also in
a result, some student could have more questions than
the others.  In  this  paper,  we proposed  a technique  to
assess  student  competency  using  multiple-choice
questions  in  which  the  questions  would  be  randomly
selected and based on the temporary test  score of the
student. It uses Bayesian to select a question that more
likely  the  student  can  answer  correctly.  Each  of  the
questions has a weight that also is corrected each time
the student  successfully  answers  or  failed to  give the
correct  answer.  The student  competency  level  can  be
estimated in a shorter time, without exhausting student’s
stamina in a long hour exam.
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II. RESEARCH METHODS

This research is a time series  experimental,  which
was tested on Engineering Faculty students majoring in
Informatics  in  the  period of  the  academic  year  2017-
2018  even  semester  and  partial  in  odd  semester
academic  year  2018-2019  (Figure  1).  The  types  of
questions  used  in  the  CAT system developed  in  this
study  only  focus  on  the  types  of  multiple-choice
questions with only 1 correct  choice. Each question is
made in  3  different  difficulty  levels,  which  are  hard,
standard, and easy levels with weights of 4.5, 3 and 1.5
respectively.  Test  participants  will  not  be  informed
about the level of difficulty of the question, because it
can be used by the examinee to find out the answers
given  are  correct  or  not.  The  questions  have  been
through a review phase by colleagues or in a team to
ensure that they do not have a biased understanding nor
the complicated narrative. The questions were arranged
in the form of a study topics group so that the system
can provide a deeper analysis of the competency of the
examinees based on the ability of each topic. 

The questions were recorded in the database along
with choices and answers  and the weight level  of the
questions.  Validation  in  the  database  implemented  to
ensure  the  matching  of  questions  and  their  answer
choices  and  can  be  successfully  displayed  randomly.
The algorithm implemented to select the questions and
to  record  the  feedback  response  (answer)  of  the
examinee. The selection of questions was initially done
sequentially. In the sequential process, the problem was
displayed  sequentially  and  loaded  from  the  database.
The experiment implementation used random question
techniques where there was a better chance of predicting
the maximum ability of the examinee. 

The  selection  of  the  question  will  consider  the
weight of the question which can decrease or increase in
weight  depending  on  the  pattern  of  the  correct  and
wrong  answers  from  the  overall  performance  of  the
previous  participants.  The  weight  of  each  level  of
difficulty  of  the  question  consists  of  Hard  (4.5),
Standard  (3),  and  Easy  (1.5).  This  weight  was
reevaluated when the participant answers right or wrong
using Eq. 1 where i  is  the i-th of  the question, k the
difficulty level of the question (hard, standard and easy),
Bik the number  of  correct  answers  to  i-th  question of
level k, Sik the number of wrong answers to i-th question
of  level  k,  Nik the  total  number  of  answers  to  i-th
question  of  level  k,  ωk the  standard  weight  of  the
question level k, and weightik the weight value of the i-
th question of level k.

Weight
ik
=ω

k
−

Bik

N
ik

+
Sik

N
ik

   (1)

The weight of questions can increase or decrease at
a  maximum  of  1  point.  Thus,  it  is  not  possible  to
exchange  questions  with  different  weights  when  the
problem has  decreased  in  weight  to  lower  than  their

weight below the level, or the problem has increased the
weight to higher than their weight above the level.

By  reevaluating  the  weight  of  the  questions,  for
example, when the type of problems is difficult, but all
participants can answer this type, they experience a 1-
point decrease to 3.5, while the questions in the same
number with the standard type increase 1-point weight
after  none of  the participants  can answer  right.  Thus,
there is an original level change of the problem, that is
from difficult to a standard level and from standard to
difficult level (Figure 2).

In order to minimize the chance of students passing
by  selecting  the  easy  question,  the  minimum
performance score was implemented. The assessment of
the examinee is based on an assessment of performance
with the minimal score threshold in Eq. 2, where N is
the number of questions. For example with N = 10, then
the pass threshold is 18.

  P1 = (0.6*N*(Weighteasy1.5))+(0.3*N*(Weightstandard3))
  P2 = 0.6*N*(Weightstandard3)
 P3 = 0.4*N*(Weighthard4.5)                                        (2)

With  N  =  10,  the  pass  threshold  of  18  is  the
minimum number  to  prevent  cheating  participants  by
deliberately  choosing  the  wrong  answer,  so  that  the
easiest question is given for the entire exam, then revise
the answers  to all  the questions that  have been being
accepted.  Although a  participant  has  answered  all  10
exam questions on easy levels,  the performance score
received is at maximum of 15. For reaching the score of
18, the minimum correct  answer is at least 3 standard
questions and 6 easy  questions or  at  least  6  standard
questions. This threshold limit can be changed but must
consider the anticipation of the cheating by participants
and the fairness  of  the completion value.  The system
proposed in this study does not apply a penalty system
to wrong answers. To reduce the answers from the test

 

Figure 1. Experiment mechanism schema

Figure 2. Reevaluation of questions level
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participants,  the  answer  choices  are  made  up  to  6
variations  to  minimize  the  chance  of  guessing  the
correct answer.

The  test  participant's  score  performance  is  the
achievement score of the results of the test participant's
answers  with  the  weight  score  of  the  questions.  The
performance score of the examinee is calculated using
Eq. 3. Parameter i denotes the i-th of the question, k the
difficulty level of the question (hard, standard and easy),
Bik the number  of  correct  answers  to  i-th  question of
level  k,  N  the  total  number  of  questions  given,  and
Weightik denotes the weight value of the i-th question of
level.

score performance=∑
i

N

B
ik
∗Weight

ik           (3)

The selection of  questions by the system uses  the
adaptive model (Figure 3). The adaptive test modeling
used in this study involves the pattern of answers from
other participants before each question number and the
pattern  of  answers  from  the  target  participants  to
determine  the  highest  probability  of  answering  the
questions  correctly.  This  is  intended  to  be  able  to
measure  the  maximum  competency  of  the  examinee.
The probability of correctly answering the i-th question
of level k is obtained in Eq. 4. Y denotes the class with
the wrong or correct value, i the i-th of the question, k
the difficulty level of the question (hard, standard and
easy), and Bik is the number of correct answers to  i-th
question of level k.

P(Y ∨Question
ik
)=P(Y

ik
). B

ik∑
1

i

P(Y
i
)        (4)

The  test  begins  with  the  determination  of  the
standard problem as in Figure 4(a). The initial question
on the  sequential  model  is  problem number  1  of  the
sequence of questions, while in random questions it is
determined  at  random  results.  The  results  of  the
participants' answers, although they can still be revised,
determine the weight of the next question (Figure 4b).
In this case,  when the participant  chooses  the answer
and moves to the next question, in the random model,
the next question number is generated from the system
but the difficulty level of the question that is displayed
is  in  accordance  with  the  conditions  of  the  previous
answer.  Problems  with  the  highest  weight  with  the
highest  chance  of  being  answered  correctly  are  the
choice of questions. As for the difference in the results
of  the  answers  from  the  test  participants  with  the
suggested questions, the level of accuracy of the system
in  predicting  and  classifying  the  competencies  of  the
examinees.

The supporting tools used in this research are listed
in Table 1. It applied web plaftorm using PHP language
and  MySql  database.  We  uses  Apache  web  server.
Client can access the system using a browser supporting
HTML 5.0. 

Figure 3. General process  flow of adaptive test
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Figure 4. Test process: (a) Starting test with standard
weight (b) Selection probabilistic after starting test
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III. RESULT AND DISCUSSION

The  system,  namely  Selective  Weight  Bayesian
(SWB), implemented in the subject sample population
of Informatics  Engineering  majors,  either  sequentially
or  randomly  with  10  questions.  Figure  5 shows  the
experimental  results  on  the  sample  by  showing  the
accumulated  number  of  correct  answers  given  by  the
examinee  at  the  difficulty  level  of  each  number.  As
expected,  the  problem  with  difficulty  level  easily
dominates  the  number  of  correct  answers,  except  for
certain  numbers  as  in  question  number  6,  where  the
problem is  more  difficult  than the  standard  and  easy.
This  level  of  the  correct  answer  only  shows  the
tendency of the questions that appear and are answered
correctly and does not describe the level of difficulty of
the  problem.  This  is  due  to  the  possibility  of  the
problem rarely being chosen to display so that it has a
low  level  and  not  because  it  is  difficult  to  answer
correctly.

The  probability  of  answering  correctly  in  each
question with the level of difficulty has a relation to the
level of correct answers (Figure 6). This probability is
obtained from the comparison of the number of correct
answers to the number of occurrences of the question.
This level of probability provides a general description
of the level of difficulty of the question. As in number
6,  the probability  of  answering  a difficult  question is
higher than the easy one, while in problem number 3,
the  opportunity  to  answer  the  standard  problem
correctly is higher than the difficult one. A case occurs
in question number 5 of standard level which shows the
number  0.  This  requires  special  handling  where  the
difficulty level of the problem is changed or revising the
question.

An  example  of  participant  answer  data  in  SWB
operation listed in Table 2. Reevaluation of the problem
weight is shown in Figure 7. Weight value is used in the
prediction for the next question. The performance score
calculation of these participants is ∑ (2.22, 4.83, 5.1, 0,
2.08, 4.25, 4.41, 0, 2.67, 3.88) = 29.45. The process of

the question selection with example 5 initial questions
as follows:

Question #4, standard level, correct answer. P(True)
= 1, P(False) = 0

- Question #6, P(Hard) = 1.61, P(Standard) = 0.72,
P(Easy)  =  0.1.  Selected  questions  are  hard  level,
correct answer. P(True) = 1, P(False) = 0 

- Question #1, P(Hard) = 1.02, P(Standard) = 1.04,
P(Easy) = 0.77. Selected questions are hard level,
but  the  standard  level  has  the  highest  chance,
correct answer. P(True)=1, P(False)=0

- Question #7, P(Hard) = 3.24, P(Standard) = 0.61,
P(Easy) = 0.71. Selected questions are hard level,
wrong answer. P(True) = 0.75, P(False) = 0.25

Table 1. Supporting tools

No Description Tools
1 Application platform Web
2 Programming 

Language
PHP
Alternative: JavaWeb

3 Application Server Apache
Alternative: Tomcat or 
Glasfish (for Java)

4 DBMS MySql
5 System Architecture Multitier with thin client
6 App Server pack XAMPP
7 Database Editor MySQL Workbench 

Community Edition
8 Client A browser supporting 

HTML 5.0
9 License GPL (General Public 

Licence)
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Figure 5. Correct answer level based on a difficulty
level on each question
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Figure 6. Probability answer correctly in each difficulty
level of the question

Table 2. An example case of participant testing in SWB

#question Mode Answer
4 Standard Correct
6 Hard Correct
1 Hard Correct
7 Hard Wrong
10 Standard Correct
5 Hard Correct
2 Hard Correct
3 Hard Wrong
9 Standard Correct
8 Hard Correct
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- Question #10, P(Hard) = 0.18, P(Standard) = 1.48,
P(Easy) = 0.43. Selected standard level questions,
correct answer. P (True) = 0.8, P (False) = 0.2

- And so on until the number of correct answers is 6
out of 8 predicted questions that been executed (2
other  questions  do  not  follow  the  predicted
questions with a balanced distribution between right
and wrong answers).

The comparison with MST was conducted  from a
specific selected course for convenience reasons.   We
selected 24 students that have passed the course with A
and A- grade regardless of the year and split randomly,
12  took  MST  and  12  took  the  proposed  method
(Selective Weight Bayesian). Both tests using the same
questions material, multiple-choices and the time limit
for the test is 120 minutes. We assume that the students
could answer the questions because they already passed
the course with grade A or A- regardless of the year. We
also  record  the  time  taken  by  students  to  finish  the
exam. The deviation is based on the farthest score from
the average value. The result is stated in Table 3. The
proposed technique (SWB) has a better minimum time
for the student to finish the test with an acceptable score
than  sequential  one,  so  it  is  promising  to  be
implemented in CAT system as [1]-[13]. 

The accuracy was measured based on the choice of
questions at the maximum level of the examinee alleged
ability by the system, compared to the correct  answer
from participants.  It  obtained  an  average  accuracy  of
75%  compared  to  33%  sequentially.  In  this  random
model, the questions offered can be adjusted according
to the ability of the participants to answer so that  the
system can succeed in predicting the maximum ability
to answer from the examinee. 

IV. CONCLUSION

The  random  model  using  weighted  Bayesian  to
select a question that more likely the student can answer
correctly gives a shorter time for the student to finish
the exam compared to the sequential model. The system
has  the  ability  to  revise  the  position  of  the  problem
based on the evaluation of the pattern of answers from
all test participants. 
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