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Message from the Editor-in-Chief 
 

Dear Colleagues, 
 
I am very pleased to publish v14i4, 2015 issue. As an editor of The Online Journal of Educational Technology, 
this issue is the success of the reviewers, editorial board and the researchers. In this respect, I would like to thank 
to all reviewers, researchers and the editorial board. 
 
The v14i4, 2015 issue covers different research scopes, approaches which subjects about new developments in 
education educational technology by valuable researchers.  The editorial team will be pleased to share various 
researches with this issue as it is the miracle of our journal. All authors can submit their manuscripts to 
tojet.editor@gmail.com for the next issues. 
 
TOJET, Governor State University, Sakarya University and Vienna University of Technology will organize 
International Educational Technology Conference-2016 (www.iet-c.net) between February 04-06, 2016 in Dubai, 
UAE. 
 
Call for Papers 
 
TOJET invites article contributions. Submitted articles should be about all aspects of educational technology and 
may address assessment, attitudes, beliefs, curriculum, equity, research, translating research into practice, learning 
theory, alternative conceptions, socio-cultural issues, special populations, and integration of subjects.  The articles 
should also discuss the perspectives of students, teachers, school administrators and communities.   
 
The articles should be original, unpublished, and not in consideration for publication elsewhere at the time of 
submission to TOJET. 
 
October 01, 2015 
Editor in Chief 
Prof. Dr. Aytekin ISMAN  
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The Comparison of Accuracy Scores on the Paper and Pencil Testing vs. Computer-
Based Testing 
 
 
Heri Retnawati 
Mathematics and Science Faculty, Yogyakarta State University, Indonesia 
heri_retnawati@uny.ac.id 
 
 
ABSTRACT 
This study aimed to compare the accuracy of the test scores as results of Test of English Proficiency (TOEP) 
based on paper and pencil test (PPT) versus computer-based test (CBT). Using the participants’ responses to the 
PPT documented from 2008-2010 and data of CBT TOEP documented in 2013-2014 on the sets of 1A, 2A, and 
3A for the Listening and Reading section, the researcher estimated the reliability estimation results using 
classical test theory and the value of information function and on the item response theory on PPT are then 
compared with CBT, which has the greater reliability and the value of information functions is said to be more 
accurate. The study shows that with the classical test theory approach, the reliability coefficients between the 
scores of the results of PPT and those of CBT are almost the same, and using the  item response theory, it was 
found that although the value of the information function on PPT and CBT relatively similar in several subtests, 
there is a tendency for participants with the moderate ability that CBT is more accurate than PPT, and for the low 
and high ability of  participants, PPT tends to be more accurate than CBT. 
Keywords: accuracy, reliability, value of information function (VIF, paper and pencil test (PPT), computer 
based test (CBT) 
 
INTRODUCTION 
Nowadays, the development of science and technology is advancing. This has  an impact on life, including on 
education. The presence of technology in education is used to assist and improve the quality of learning 
(Woolfolk, 2007). More specifically, this technology can be utilized in educational assessment, namely the 
implementation of the test. The utilization of technology in educational assessment is aimed at the effectiveness 
and efficiency of the implementation of the test (Chee and Wong, 2003; Towndrow & Vallence, 2004). 
 
At first, the test for assessment which is popular is paper and pencil test. Along with the development of the 
Internet and intranet networks, the access to information inside and outside the school becomes easier. This tool 
can also be used for other purposes, for example,  for the  examination based on computer and the Internet, for 
example, known as Computer Based Testing (CBT). However, the utilization of computers for CBT  has not 
been optimal yet in Indonesia in various tests. 
 
In 2007-2010, the association of Teachers of English as a Foreign Language in Indonesia (TEFLIN) in 
collaboration with the Directorate General of Senior High school developed a test to measure English 
competency, later called as the Test of English Proficiency (TOEP). TOEP was developed based on constructs 
should be measured in a language test that is often referred to as communicative competence (Bachman, 1990; 
Bachman & Palmer, 1996). The development of the items of TOEP is based on the taxonomy in language 
proficiency from Munby (1983) which has identified micro-language proficiency skills which include listening, 
speaking, reading and writing. From 2006 to 2010, eight sets were developed for PPT to TOEP which have 
proved equivalent (Retnawati, 2014a). Subsequently in 2012, funded by the Department of Higher Education, 
the CBT system of TOEP was pioneered in using the sets used in PPT, which was then implemented from 2013 
on Listening and Reading subtests. 
 
On the preliminary study, there were some technical problems faced in the implementation of TOEP based CBT. 
The test participants were not familiar with the implementation of the CBT, and they often did the tests based on 
PPT. The difficulties in the implementation of CBT included the difficulty to log in, use a headset for listening, 
use the mouse to answer, and in some areas there was a problem about the availability of electricity and the 
access to Internet. These constraints led to the testees’ doubt of the accuracy of the results of the test, moreover, 
there were several sets of  TOEP being used in the administration of the test. Related to the above, the present 
study investigated the comparison the accuracy of TOEP scores of the PPT and CBT. 
 
There are many advantages and disadvantages of using computer assessment compared with paper based task 
(Noyes & Garland, 2008). The advantages of online assements  are (1) the richness of the interface, for example, 
the use of graphics allows a dynamic presentation of the test content, (2) the user population, computer-based 
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testing via the internet allows a more diverse sample to be located, (3) standardisation of test environment, that 
is, the test is presented in the same way and in the same format for a specified time, (4)  online scoring, this 
results in faster feedback and (5) greater accuracy, that is, reduction in human error. In the other hand, the  
disadvantages of using computer in assessment are (1) lack of a controlled environment with responses being 
made at various times and settings and perhaps not even by the designated individual, double submissions may 
also be a problem, (2) computer hardware and software, these may be subject to freezing and crashing; in the test 
setting, time can be wasted when computers have to be restarted or changed, (3) the computer screen, for longer 
tests, it may be more tiring to work on the computer than on paper, (4) serial presentation, it is difficult to attain 
equivalence with computer and paper presentation, (5) confidentiality.  
 
In its developmental process, TOEP considers the item difficulty by using both the classical test theory and the 
Rasch model of the modern test theory. Accordingly, the accuracy of CBT and PPT is determined by using two 
theoritical approaches, the classical test theory and item response theory. 
 
The accuracy in the classical test theory is determined by the value of the standard error of measurement (SEM). 
SEM is estimated in the following formula 

σE  = σx ,1
xx

ρ−       (1) 

where σx is standard deviation of total score and ρxx’ is the reliability coefficient  (Allen & Yen, 1979; Crocker & 
Algina, 1986). The formula shows that the higher the reliability coefficient, the smaller the SEM, and vice versa. 
The reliability coefficient can be estimated, by the formula such as Cronbach's alpha (Ebel and Frisbie, 1991; 
Reynolds, Livingstone, Willson, 2010). 
 
In the modern approach, a well-known formula in the measurement involving the level of difficulty commonly is 
called the Rasch model (Hambleton, Swaminathan, and Rogers, 1991). The model of the relationship between 
chance to answer correctly (P), ability scale (θ) and item difficulty to-i (bi), e natural number, and n items in the 
test is expressed in the following equation: 

Pi (θ) = 
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1 i

i

b

b

e

e
−

−

+ θ

θ
 , where i : 1,2,3, …,n     (2) 

 
The bi parameter is a point on a scale of abilities in order to the probability a testee respond properly is 50%. 
Suppose a test item has a parameter bi = 0.4. This means that the minimum ability required to have 50% 
probability to answer correctly is 0.4 on a ability scale. The greater the value of the parameter bi, the greater the 
ability needed to answer correctly with a 50% probability. In other words, the greater the value of the parameters 
bi, the more difficult the item is. 
 
In the item response theory, there is the value of information function. The information function item is a method 
to describe the strength of an item on the test, the selection of items, and the comparison of several sets of test. 
The item information function expresses the strength or contribution of test items in uncovering latent trait 
measured by those tests. If I is an information function, Pi (θ) is the probability to answer correctly for 
participants θ with the ability to answer correctly point I, Qi (θ) opportunities θ participants with the ability to 
answer one item I, mathematically, the item information function satisfies the following equation. 

Ii (θ) = 
[ ]

)()(
)( 2'

θθ
θ

ii

i

QP
P

       (3) 

 
The test information function is a function of the number of items contructing the test information (Hambleton 
and Swaminathan, 1985: 94). Associated with this statement, the function of test information will be high if the 
items of the test have information function which is also high. The test information function can mathematically 
be expressed as follows. 

  Ii (θ) = ∑
=

n

i
iI

1
)(θ             (4) 

The difficulty index of item parameter and ability parameter of participants are estimated. Because these are the 
result of estimation, the nature of true parameters is probability and it is not free from by measurement error. In 
the item response theory, the standard error of measurement (SEM) is closely related to the function information. 
SEM has an inverse quadratic relationship with information function, the greater the value of information 



 
TOJET: The Turkish Online Journal of Educational Technology – October 2015, volume 14 issue 4 

 

Copyright © The Turkish Online Journal of Educational Technology 
137 

function, the smaller SEM or otherwise (Hambleton, Swaminathan, and Rogers, 1991, 94; Retnawati, 2014b). If 
the value of the function information is represented by Ii (θ ) and the estimated value of SEM is revealed by 
SEM (θ ), then the relationship between the two, according to Hambleton, Swaminathan, and Rogers (1991: 94) 
is expressed by 

 SEM 
)(

1)(
^

θ
θ

I
=        (5) 

 
De Gruijter & Van der Camp (2005: 118) statet that the value of the function information item and also the value 
of the test information function, depend on the latent ability. The value of item information is invariant, so that 
the ratio of the value of the two items’ information functions is also invariant. The ratio of the information value 
of the two items is stated as follows: 

)(
)(

*)(
*)(

2

1

2

1

θ
θ

θ
θ

i

i

i

i

I
I

I
I

=        (6) 

 
for all the transformations of θ * of θ. The invariant properties of the ratio of the value information function is 
used to determine the relative efficiency of the test. The relative efficiency of the two tests is defined as the ratio 
of the variance mistakes or, equivalently, the ratio of the value of the information function (McDonald, 1999: 
279). This value can be compared when two tests measure the same attributes. The same thing is done by Lord 
(1980: 83) and also Stocking (1999), but it has a different symbol. Conventionally, the relative efficiency of test 
A and test B is written as: 

ER(f,A,B) = 
)(
)(

θ
θ

B

A

I
I

       (7) 

so if the ratio is less than one, then test A is said to be less efficient providing less information, or equivalently 
have a larger error in measurement compared with test B. The comparison of information value of both tests is 
used to compare the score of the PPT and CBT on TOEP. 
 
The comparison of the administration of PPT and CBT has been investigated by many researchers. Al-Amri 
(2007) explored the comparison of paper and computer-based testing in reading context and the impact of test 
takers’ characteristics. The results are there are no significant differences between paper and computer-based 
testing in reading context.  Jamil, Tariq, & Shami (2012) reported teachers’ perceptions of computer-based (CB) 
vs. paper-based (PB) examinations. The results showed that overall sampled teachers’ attitudes were positive 
towards CB examination systems but in some situations they preferred PB. Comparatively  for female 
participants had highly ranked, highly qualified, less experienced, teachers who have computer training 
certificate or degree, and teachers who have CB examination experiences were more positive towards CB 
examinations. 
 
The comparison of the administration of PPT-based and CBT has been studied by many experts. Al-Amri (2007) 
tapped the comparison of paper and computer-based testing in reading context and the impact of test takers' 
characteristics. The results are there are no significant differences between paper and computer-based testing in 
reading context. Jamil, Tariq, and Shami (2012) reported teachers' perceptions of computer-based (CB) v. paper-
based (PB) examinations. The results showed that overall the sampled teachers' attitudes were positive towards 
CB examination systems but in some situations they preferred the New Testament as well. Comparatively 
female, highly ranked, highly qualified, less experienced, teachers who have computer training certificate or 
degree, and teachers who have CB examination experiences were more positive towards CB examinations. 
 
Maguire, K.A., Smith, D.A., Brailler, S.A. (2010) examined the difference in test scores for students who 
engaged in proctored course assessments electronically via computer interface compared to students who took 
proctored assessments through a paper and pencil format in the classroom. The results indicated that students 
who completed all assessments electronically scored significantly higher than those students completing all 
assessments via pencil and paper. No interaction was present between test format and test number, suggesting 
that none of test format had a more severe learning curve. The findings of this study, taken into conjunction with 
those of previous studies, suggest that proctored CBT provides an accurate assessment of a student's abilities.  
 
Coniam (2006) describes an English language listening test intended as computer-based testing material for 
secondary school students in Hong Kong, Test takers generally performed better on the computer-based test than 
on the paper-based test.  Interviews with test takers after taking both tests indicated an even split in terms of 
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preference, with boys opting for the computer-based test and girls the paper-based test. Choi (2003) verified the 
comparability of paper-based language test (PBLT) and computer-based language test (CBLT) on the basis of 
content analyses, correlational analyses, ANOVA, and construct-related validation studies. The content analyses 
revealed that the sample tests representing 316 Comparability of two types of language test PBLT and CBLT 
were highly comparable in terms of content and linguistic features. The dimensionality check also revealed that 
the results did not violate the strong assumption of unidimensionality required by IRT, thus ensuring the 
appropriate application of IRT. The overall results of construct-related validation studies indicate comparability 
of the subjects’ scores across CBLT and PBLT modes. The grammar test showed the strongest comparability, 
and the reading comprehension test the weakest comparability. The pattern of correlations among subtests, 
disattenuated correlations, and confirmatory factor analyses support to a certain extent that CBLT and PBLT 
subtests measure the same constructs. 
 
The results of the existing studies indicate that the test scores of PPT and CBT are comparable and the 
differences are not significant, neither is the construct validity. From the mean score of the acquisition of PPT 
and CBT, there is research that concludes that  the average scores f CBT results are higher, and also there is 
positive perception of the administration of CBT. These results are seem contradictory, and need to be 
strengthened by the results of other studies on the comparison of CBT and PPT. 
METHOD 
This study was conducted using the quantitative approach, by comparing the reliability and value of the test 
information function of CBT TOEP and PPT TOEP. The data are in the form of responses of TOEP test takers 
from all provinces in Indonesia, documented in 2008-2010 for PPT and documented in 2013-2014 for CBT, a  
sample of 600 test takers for each set of TOEP was established randomly. Three sets of TOEP, set 1A, 2A, and 
3A for Listening and Reading section were analyzed. 
 
The accuracy of PPT and CBT TOEP is known by comparing the reliability using the classical test theory 
approach and comparing the value of information function of both tests directly and through its relative 
efficiency. The reliabilities are estimated by calculating the reliability using Cronbach's alpha coefficient. On the 
item reponse theory, the item difficulty is estimated first before the value of the function information is. The 
estimation of item difficulties on Rasch model are done using the QUEST program  (Adams & Khoo,1993).  The 
value of test information function in every sets is estimated based on the difficulty index of the items on PPT and 
CBT. 
 
The results of the estimation of the reliability and the value of the information function on PPT and CBT  are 
then compared directly and by using the graphs. The administration of the test that has a greater value of 
information function is more accurate. The comparison of the value of the information function between PPT 
and CBT is also served as the relative efficiency of CBT to PPT, which is illustrated with graphs to be 
interpreted. If the relative efficiency is greater than 1, then CBT is more accurate than PPT. But on the contrary, 
if the relative efficiency is less than 1, then the PPT is more accurate than CBT. 

 
RESULT 
Using the participant's responses to TOEP set 1A, 2A, 3A both in  listening and reading subtests, based on PPT 
or CBT, the reliabilities’ estimation is done.  More results are presented in Table 1. The results show that the 
reliability of TOEP scores tend to be stable at a high category, all of which are not less than 0.90. On set 1A, the 
reliability score on CBT is lower than the PPT and  set 3A, both Listening and Reading-based PPT is slightly 
lower than in the CBT. 
 

Table 1. Reliabilities of Score on Listening dan Reading Subtests Based on PPT dan CBT 
Set Subset PPT CBT 
1A Listening 0.99 0.90 

Reading 0.99 0.99 
2A Listening 0.99 0.99 

Reading 0.99 0.99 
3A Listening 0.98 0.99 

Reading 0.98 0.99 
 

Based on the test takers’ response to the set tests, the difficulty index is estimated by using the Rasch model. 
Using  the parameters of these items, the value of information function (VIF) are estimated,  with the abilities 
ranging from -4 to +4, both on the Listening and Reading subtests, based PPT and CBT. The estimation results 
for each subtest are presented in Figure 1. 
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On Listening sets 1A and 2A, and Reading set 3A, there is a tendency which is almost the same. On the scale of 
the ability approach to the average (on a scale of 0), the value of information function on the CBT is higher than 
that on PPT. But on a low and high ability scale, the value of information function on PPT is higher than on 
CBT. This shows that in the ability scale approaching 0, CBT is more accurate than PPT, and on the low or high 
ability scale, PPT is more accurate than CBT. 
 
On Reading 1A and 2A, and Listening 3A, the results show different things. On this set, the value of information 
function on the PPT and CBT is almost the same. This shows that in the three sets, namely Reading 1A, Reading 
2A, and Listening 3A, there is the same accuracy scores obtained by TOEP takers between PPT and CBT. 
 
These results are supported by the comparison between value of the information function obtained on PPT and 
that on CBT. On the Listening subtest 3A, the relative efficiency is relatively stable to the value close to 1, so it 
can be said the accuracy of the scores on Listening set 3A on PPT and CBT is almost the same. On the Listening 
sets 1A and 2A, on the ability around 0, the relative efficiency values of more than 1 indicates that CBT is more 
accurate than PPT. But on the contrary, on a scale approaching abilities approaching -4 and +4, the value of 
relative efficiency is less than 1. This indicates that the PPT is more accurate than the CBT. More results are 
presented in Figure 2. 

 
Listening 1A 

 
 

Reading 1A 

Listening 2A 

 
 

Reading 2A 

Listening 3A Reading 3A
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Figure 1. Value of Information Function (VIF) on Subtest Listening and 
Reading of TOEP based on PPT and CBT 

 
Similar result occurs to Reading subtest. On Reading set 1A, the relative efficiency is around  1, except for high 
abilities. This shows that the accuracy of PPT and CBT is almost the same, except for the high abilities, in which 
reading ability is measured more accurately using PPT compared with CBT. On set 2A and 3A, there is a 
tendency that on the medium ability, the relative efficiency is more than 1, which shows that CBT is more 
accurate than the PPT. As for the low and high abilities, there is a tendency that PPT is more accurate than CBT. 
More results are presented in Figure 3. 
 

 
Figure 2. Relative Efficiency on Listening Subtest between CBT to PPT 

 
The results of the analysis based on the classical test theory shows that the reliability scores on TOEP based on 
PPT and CBT are almost the same. This shows that, the accuracy of the score on PPT and CBT can be compared 
and the value is close to 1. With the high reliability, fewer measurement errors and higher accuracy of a test set 
will be obtained. 
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Figure 3. Relative Efficiency on Reading Subtest between CBT to PPT 

 
In the estimation of the reliability and value of information function, the concern is the acquisition of scores, 
which does not overly affect the accuracy of measurement of the listening and reading abilities of the test takers 
of TOEP on PPTand CBT. This is in line with the finding of the research by Al-Amri (2007), which states there 
is no significant difference in scores of PPT and CBT and by Choi (2003), which proved that there is no 
difference between the construct validity of PPT and CBT. But the results of this study are different from the 
results of the study by Maguire, KA, Smith, DA, Brailler, SA (2010) which shows that students who completed 
all assessments electronically scored significantly higher than those students completing all assessments via 
pencil and paper.  
 
The research finding from observing the comparative value of the information function,  shows that though the 
value of function information on CBT and PPT is relatively similar in several subtests, there is a tendency that 
for test takers with moderate ability, CBT is more accurate than  PPT, but for test takers in the low and high 
ability, PPT tends more accurate than CBT. 
 
On the implementation of CBT, there are many obstacles that could hinder the test takers to do the tests. These 
constraints include test takers’ unfamiliarity with the implementation of the CBT, the difficulty to log in, the 
difficulty using a headset for listening, using the mouse to answer, essentially related to the ability of the test 
takers using the information technology. Besides the obstacles, in some areas the availability of electricity and 
the slow internet network is a constraint in the implementation of CBT. The constraints in the administration of 
CBT in this study are in line with the opinion Noyes & Garland (2008). 
 
CONCLUSIONS 
The study shows that with the classical test theory approach, the reliability coefficients between the resulting 
scores of PPT and CBT almost the same, and using the item response theory, the researcher was found that 
although the value of the information function of PPT and CBT is relatively similar in several subtests, there is a 
tendency for testees with the moderate ability that, CBT is more accurate than PPT, and for those with the low 
and high ability, PPT tends to be more accurate than CBT. 
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