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ABSTRACT 

eading comprehension is one of the most 
important sections of the international tests 
including IELTS or TOFEL. Also, reading 

comprehension tests employed at schools or university are 
attempting to determine the comprehension level of the test 
takers specifically inCorona virus emergence era. 
Metacognitive strategies are used by test takers in order to 
gain their intended marks in tests rather than 
comprehending the text. Thus, it is a tool for readers to 
increase their decoding skills. This study aimed at exploring 
the comprehension level of the test takers without the effects 
of Metacognitive strategies. While there seems to be a deep 
linkage between the brain and reading comprehension, 
Event-related potentials (ERPs) as one of the methods of 
brain activity measuring allows researchers to observe 
reading-related brain processes and can document neural 
patterns at the millisecond level. This study aimed at high-
lightening the role of computer-based testing through ERP. 
10 Iranian IELTS candidates holding the band scores from 6 
to 8 participated in this study. The reading comprehension 
items of a retired version of IELTS were given to the test 
takers as the paper-version test and as the stimuli in 
computer-version test format. In this research, mixed method 
was used. This study aimed at comparing the paper-version 
and computer-based tests. EEG signals of the participants 
were recorded during the computer-based version test and 
ERPs were extracted. Findings showed that computer-
version testing can examine the readers’ comprehension level 
directly. 
Keywords: Event-related potentials (ERPs), reading 
comprehension, computer-version testing, paper-
version testing, Metacognitive strategies 
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Introduction 

Among all the four skills in language, scholars pay 

particular attention to reading comprehension skill and they 

believe that it is a criterion for determining whether a 

person is academically literate or not (Kovalenko, 2018; 

Moore et al., 2012). Reading comprehension skill in 

comparison to the other language skills is considered as a 

key element for educationists, psychologists, and test 

designers (Lui,2010). Test designers of reading 

comprehension section in different widespread language 

tests such as  IELTS and TOEFLE have measured this skill 

by using paper based tests, questionnaires, self-reports, and 

subjective ratings. Thus, they should give more 

prominence to designing a comprehensive computer based 

test in order to make the results closer to the aims of the 

framework that is defined for each exam (Alderson, 2000; 

Urquhart & Weir, 2014, cited in Kovalenko, 

2018).Computer based tests by using the technology of 

Event-related potentials can be a powerful tool to directly 

measure the hidden processes underlying reading 

comprehension skill(Rastelli,2018).The brain is linked with 

every language skill, butthe researcher attempted to focus 

on reading comprehension skill in this study . Reading 

comprehension skill was chosen by the researcher due to 

two reasons including. There has been much research on 

reading comprehension and linguistics through integration 

of some fields such as neuroscience, cognition, and 

education (Aldahhan, 2017). Neuroscience is the study of 

the brain and the nervous system in human beings. The 

electrical activity of the brain is caused by billions of nerve 

cells or neurons. There have been much research on 

reading comprehension and linguistics through 



JRCIET        Vol. 8, No. 3 July  2022 
 

 
17 

 Journal of Research in Curriculum, Instruction and Educational Technology 

neuroscience)Aldahhan, 2017). Neurolinguistics is one of 

the subcategories of neuroscience. It is the branch of 

linguistics dealing with the relationship between language 

and functioning of the brain. Understanding the 

confidential points about how the brain functions when it 

deals with a text to read is an upward step in neuroscience 

(Qizi, 2020). Event-related potentials (ERPs) is one of the 

methods of brain activity measuring in neuroscience 

(Nidal&Malik, 2014), which has been used in this study in 

order to show how the brain functions when dealing with 

the reading comprehension section of the IELTS.(ERP) is 

an extraction of Electroencephalogram (EEG), but it is a 

task-related tool for measuring the electrical brain activities 

associated with a stimulus event (Bashashati , 2006; Ward, 

2015).  

One of the fundamental features of ERP components is 

that it allows us observe reading-related brain processes 

and it allows neural patterns to be documented at the 

millisecond level, at the same time that reading processes 

happens (Friederici, 2004; Steinhauer&Kasparian, 2020). 

Using ERP in language research helps to observe this 

hidden processing when there is no overt behavioral 

response ( Andreassi, 2013).  

As ERP can probe into the hidden processes involved in 

brain activity, the necessity of having paper-version tests is 

decreased (Steinhauer&Kasparian, 2020). Test takers in 

paper-version tests may use metacognitive strategies in 

order to pass the tests and not comprehensively 

comprehend the text (Qizi, 2020). 

Research shows that the paper-version tests “did not 

very carefully predict candidate’s proficiency level of 
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reading comprehension” (Hyatt & Brook, 2009, p.6), so 

revalidating it is an essential issue. For example, prior 

research on paper-version tests showed some distracter 

components such as “luck, guessing, anxiety levels, the 

speed of decision making and test taking capacity” 

(Kovaleno,2018, p.3) which offer a limitation for 

predicting and making differentiation amongtest takers’ 

levels of reading comprehension (Kane &Bejar, 2014, cited 

in Kovalenko, 2018).Also, in the Corona virus emergence 

era the importance of computer-version tests is more felt. 

Due to the school and institutes closure there should be a 

good and valid platform in order to assess or check the 

learner’s comprehension. 

There are several researches that measure item 

discrimination of reading exam by using traditional ways 

(paper-version tests). The main problem of the paper-

version tests is that they may not predict Meta cognitive 

strategies for answering reading comprehension questions 

(Kappenman& Luck,2011); thus, computer based tests 

based on ERP can be an alternative method to the existing 

method and One of the significance of using ERP method 

as a test during Corona virus era is that it is an economical 

and time saving method for studying the brain functions 

directly. Besides, this method has better time resolution 

(Abootalebi et al.,2006; Allent et.al,1992; Farewell& 

Donchin,1991; Rosenfeld, 2002). Since brain activities 

happen in millisecond, the ERP technique can show the 

moment-to-moment changes of the brain (Ortu, 2012). 

ERP components can directly show item discrimination 

of reading comprehension questions. Moreover, this study 

employed ERP as an under-researched interdisciplinary 

area in examining computer-based reading comprehension.  
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Tests have been used to show the proficiency levels of 

the test takers and at the same time they are criterion and 

standard for educational decisions (Phakiti&Roever , 2011 

, cited in  Danuwijaya, 2018). With the increasing demands 

ofonline or computer-based tests due to the emergence of 

corona virus and school closure, it is necessary to decode 

which type of testing would be a better way of assessing. 

This study aims at choosing the best way of testing reading 

comprehension by using ERP components which allow 

researchers to observe the hidden processes behind the 

action of comprehending and the challenges which test 

takers deal with while making decisions about answering 

reading comprehension question.  

Thus, tests should be a valid tool and predict each 

student’s reading competence very accurately and 

distinguish students fairly. In this study one null hypothesis 

was developed: RQ1: Is there any significant difference 

between the paper-based and computer-version (ERP) of a 

same test? 

Literature Review 

The Neuroscience theory was selected to form the 

theoretical framework of this study since it covered the 

objectives of this study. The modern neuroscience allows 

scholars to study functions and malfunctions of the nervous 

system and how it can be changed (Brouwer& Crocker, 

2017; Lorusso, et al., 2018; Small, et al., 2011). 

Neurobiology of language is one of the categories of 

neuroscience and it enables brain and language researchers 

to discover more about nerves system and its relationship 

with the language acquisition by combining different fields 

such as cognitive psychology, neurobiology, and 
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psycholinguistics (Schoffelen,et.al.,2019)The neurobiology 

of language reveals the neural activities underlying 

language processes (Small, et al., 2011, cited in 

(Bornkessel-Schlesewsky, I &Schlesewsky, M, 2019). 

Neurobiology of language focuses on production, 

comprehension, and acquisition of language 

communication disorders from a cognitive neuroscience 

perspective (Bear et al., 2016). In this study neurobiology 

of language was chosen to fit the objectives of the 

study.Nuerobiologyof language offers many valuable 

methods of language acquisition and learning to the 

linguists, teachers, and test designers (Roberts et al., 2018). 

Emergence of the new brain imaging technologiessuch 

as Magnetic Resonance Imaging (MRI), Electroen 

cephalography technologies (EEG), and Event-related 

potentials (ERP) considerably helped the field 

(Nidal&Malik, 2014). EEG is a method in which electrical 

activities of the brain are recorded and measured 

(Budzynski t,& Evans, 2009).ERPs have central role in the 

field of neuroscience and language-related research 

(Bornkessel-Schlesewsky, I &Schlesewsky, M, 2019) and 

it led to the emergence of the neurobiology of language 

field (Small, 2008; Small, et al., 2011, cited in Bornkessel-

Schlesewsky, I &Schlesewsky, M, 2019). ERPs are elicited 

due to the post-synaptic neural activities in the brain 

(Brouwer& Crocker, 2017).         

Related Studies 

Various research studies have been done in order to 

investigate the concept of ERP components and their 

effects on testing.ERP components can show the reaction 

of the brain to the semantic/ syntactic violation in the 
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language (Steinhauer et.al,2020).There are two popular 

components correlate with language, including the P600 

andN400. 

The P600 reflects late syntactic reanalysis” which in this 

study is the issue to be considered. Although there have 

been many findings from P600 about semantic and 

pragmatic anomalies, P600reflects the syntactic 

information most of the time (Courteau et al.,2019).  Also, 

N400 is sensitive to the organization of semantic 

knowledge.   

For instance, Tabullo et al.(2020) investigated the 

association between ERP components and reading 

comprehension abilities. To conduct the research, 24 

students’ reading comprehension ability was assessed with 

a cloze task. The cloze task consisted of strongly and 

weakly constraining sentences ending with an expected or 

unexpected final word. The results showed that the brain 

waves of students with better comprehension had smaller 

N400 for expected words and larger posterior positivity for 

unexpected endings. The conclusion suggested that the 

reading comprehension scores of students correlated with 

their ERPs. It means students who were better 

comprehenders can take advantage of predicting post 

lexical untis in sentences. Thus, “The N400 components” 

amplitude is standardly reduced for predictable words” 

(Szewczyk&Schriefers, 2018, p.6). 

Bell, Angwin, Arnott, and Wilson (2019) in a research 

attempted to examine how children with hearing loss, using 

cochlear implants (CIS), process lexical-semantic 

incongruence. In order to conduct the research 12 children 

with CIS participated in the task while event-related 
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potentials were recorded. The task was spoken word-

picture matching. Also 30 children participated in the 

research as typically hearing (TH) group. The results 

suggested that an N400 effect was elicited in both CIS and 

TH groups. The conclusion was the significant ability of 

CIS children in processing lexical-semantic incongruence 

and CIS group did not differ significantly from the TH 

group. 

Recently, some scholars including Tromp (2018) have 

designed experiments in which mechanisms of 

comprehending the everyday language were under 

supervision completely controlled. In this research, 

participants were immersed in a virtual restaurant while 

they were equipped with EEG tools. During the presence of 

the participants in the restaurant some linguistic 

mismatches occurred intentionally by the guests who were 

present at the environment of the test. The researcher 

observed a reliable N400 effect due to the mismatch 

(Tromp et al.,&Hagoort, 2018). Thus, the N400 can predict 

semantic violations or mismatches. 

A recent study by Zygouris et al. (2018) suggested the 

usages of ERP components in strengthening the language 

learning ability in children with dyslexia. 

“Developmental dyslexia is defined as an unexpected 

specific and persistent failure to acquire efficient reading 

skills despite conventional instruction, adequate 

intelligence and socio cultural opportunity”(Zygouris et al., 

2018, p.3).12 dyslexic children were asked tom participate 

in this research. They were divided into two groups; 

control and dyslexic group. The dyslexic group was under 

a 4-month instructional program which aimed at improving 
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the students’ visual discrimination ability and improving 

their text comprehension. After the instructional and 

remediation program, the dyslexic group did not differ 

significantly from the control group. The results evidenced 

that both groups had shown P600 in their ERPs during the 

time they were answering the 8 neuropsychological tests. 

The result of this research suggested that dyslexic children 

can empower their linguistic abilities through a 

remediation program. Also the results provided an insight 

into how teachers of remediation programs can predict and 

evaluate their dyslexic students who want to improve their 

comprehension level or linguistic skills over time, and this 

prediction/evaluation process require a tool (ERP) to 

investigate the learners learning or comprehension 

processes or progress. As a result, language related 

components are the best tools for determining the 

discrimination of different sentences with violations or 

without. 

There has been another effective research on the field of 

neurolinguistics. Martin et al.,(2016) investigated the 

difficulties experienced during sentence comprehension in 

a foreign language (L2). The participants were late learners 

of English and their first language was Spanish. The 

participants were exposed to three types of English 

sentences: 1.correct 2.semantic violation 3. Word 

knowledge violation. The sentences were semantically 

acceptable but factually untrue. While the participants were 

exposed to the tasks, their ERPs were recorded. The results 

showed that the N400 was elicited due to the semantic and 

mostly world knowledge violations. Thus, l2 readers were 

unable to have quick access to semantic violations than 

world knowledge violations (Martin et al., 2015). 
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A research by Weber-Fox and Neville (1996) 

investigated some evidence in order to support critical 

period (CP) in Chinese participants who had learned 

English. The researchers tested some Chinese participants 

with different levels of English proficiency because they 

had learned English at different ages. The researchers 

found some evidence for critical period (CP) in syntactic 

processing. Syntactic anomalies elicited P600 in 

participants’ ERPs. The study concluded that even short 

delays in age of exposure to English may cause learners to 

be unable to analyze the syntactic structures of a language 

in the same manner as its native speakers do (Weber-Fox 

&Neville, 1996, cited in Steinhauer& Connolly, 2008).  

Methodology 

Participants and Setting 

ERPs can shed light on the language teaching and testing 

fields specifically in the outbreak of Corona virus because 

in the Corona virus emergence era the importance of 

computer-version tests is more felt. Due to the school and 

institutes closure there should be a good and valid platform 

in order to assess or check the learner’s 

comprehension.These developments are likely to provide 

significant benefits for the educational society and have 

implications for a diverse range of education, test 

designing, further research on reading comprehension 

In order to collect the required data in this study, 10 

Iranian IELTS candidates with an average age of 29 to 35 

were selected. Participants included both genders (3 

female, 7 male). Entry criterion for the participants was 

having an IELTS band score of 6-8. Also,the participants’ 

agreement to participate in the study through a signed 
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written consent form was ensured. Furthermore, the 

participants filled out a written personal form in order to 

submit their normal and healthy neurological status. 

Participants were paid per session. The sampling procedure 

included purposive sampling. The setup of conducting this 

research was at the biomedical engineering laboratory of 

Islamic Azad University of Mashhad. Authorization from 

the ethics committee at biomedical engineering laboratory 

at Islamic Azad university of Mashhad to conduct this 

research was received. The following table demonstrates 

the demographic information of the participant’s age, 

gender, educational background, reading score and IELTS 

band score. The reading score of participants is ranked 

from 15 to 20 that shows the spectrum of intermediate to 

advance students. 

Due to the restricting criterion for participating in this 

research (having the IELTS band score of 6 to 8) the 

number of participants was10 initially. However, due to the 

time consuming process (around 3 hours) of the present 

research the number of participants decreased reliable data 

from 10 to9- 5 in each section of the test due to the 

presence or absence of artifacts or noises.Also, There has 

been much research in ERP field which were conducted 

with few participants, for instance, a study by Shahsavar et 

al. (2018) was conducted with 7 participants, Ghoshuni et 

al. (2013) with 10 participants. Liu, et al.,(2019) with 8 

participants .Thus, it can be concluded that a few number 

of participants may not ruin the result of ERP based 

studies. Moreover, there was research by Hekmatmanesh, 

et al.,(2019) which was conducted by 9 participants. 

Another limitation is that gender of test takers could not be 

controlled.  The researcher also delimited the study in 
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different aspects. The age range of the participants was 

decided to be between 26 and 36 years old and participants 

had to be in healthy and normal neurological status. 

Another delimitation of this study was the participants’ 

band score of the IELTS exam. Participants with the band 

score of 6-8 were allowed to participate in this experiment, 

because ERP is better extracted from the average and upper 

intermediate candidates in order to show the item 

discrimination of reading comprehension items in the 

IELTS exam. Also, in the current study, the researcher only 

considered the stem and categories of the reading 

comprehension questions and the researcher did not 

investigate the format of the reading comprehension 

questions. 

Table 3.1 Demographic information of the participants 
PARTICIPANTS AGE    

Reading  
                  
score 

GENDER IELTS 
BANDSCORE       

1 31               17 Male 7.0 
2 33                

20 
Male 8.0 

3 30                
15 

Female 6.5 

4  32               
17.5 

Male 7.5 

5 32                
17 

Male 7.0 

6 29                
17.5 

Male 7.5 

7 35                 
17 

Female 7.0 

8 29                 
17 

Male 7.0 

9 32           17 Male 7.0 
10  31                 

16 
Female 6.0 
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Instrumentation 

This section includes the description of the instruments 

used in this study: 

The Retired Version of the IELTS Exam 

A retired version of the IELTS exam that was published 

in 2018 was used as stimuli. To conduct this, three 

academic reading passages were extracted from this retired 

version. Each included different number of reading 

comprehension questions. For instance, reading passage 

one had one section that contained 6 true-false items and , 

Reading passage two consisted of two parts; the first part 

contained 6 choosing the correct heading for each 

paragraph items and next part contained 4 matching names 

with ideas in the text. Reading passage three consisted of 

three sections. The first part contains 5 multiple choice that 

fit into “identify the underlying concept” part. The second 

part contained 6 open-ended items with possible fillers 

which fit into the “drawing logical inferences” part. The 

third part contained 3 true-false items which fit into the 

“following instruction” section. Some of the items in each 

category were omitted because more items could lead to 

fatigue which could have negatively affected the 

participants’ brainwaves. Fatigue causes malfunction on 

ERPs (Boksem et al., 2005). Thus, some items were 

removed because at the end of the analysis their single trial 

ERP average could be calculated as zero and their artifact 

which shows the noise was ten. Thus, the final number of 

the items was 19.  Eliminating the data with artifacts is 

used for filtering the ERPs (Mannan et al., 2016) and in 

order to have more reliable ERP results, data with high 

artifacts should be deleted (Salo et al., 2019).  
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ERP Recording Software 

ERP is considered as a proper method to assess the brain 

performance among the other biomarkers for examining 

the effects of non-invasive brain stimuli (Shahsavar et al., 

2018). This method is very suitable for this research based 

on the goal of the present study. By using EEG/ERP 

system, the participant’s mental activity during the reading 

comprehension task was recorded. To carry out this, 

Psytask software was employed for showing the stimuli. 

Psytask software enable the researchers to design various 

psychological tasks (Aleksandrov et.al, 2019). In this study 

reading comprehension questions were used as the stimuli. 

Psytask has some potentials such as visual and auditory 

stimuli presentation, and reaction time measurement using 

patient event bottons (Pavlov & Tracey, 2017). It works 

simultaneously with WinEEG software and provides a 

synchronous stimuli presentation with EEG recording 

(Markovska-Simoska et al., 2018). The recorded data is 

used for extracting event related potentials (ERPs). The 

first step was adding the new task to the Psytask software 

with pictures of stimuli and then organizing the 

presentation order of the stimuli. Finally, the stimuli were 

randomized. The stimulus was in the second section of 

reading passage two in the reading comprehension test 

(Sample Selected items are available in the appendix 

A).Each stimulus was presented 10 times with duration of 

2500ms by Psytask software. Additionally, stimuli were 

randomized. Finally, the researcher analyzed and 

interpreted the data by WINEEG and MATLAB software. 

WINEEG is a software that allows the researcher to 

record, edit, and analyze the participants’ brainwaves 

(www. Mitsar-medical.com).WINEEG recording is a 
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useful brain imaging technique and is a very economical 

and trustworthy way to record the brain activities 

(www.Mitsar-medical.com). 

MATLAB is a numerical computing system and it 

integrates computation, data analysis, engineering graphics, 

and algorithm developments (Cruz, 2016). It hasbeen used 

in different fields such as engineering, science, and 

economics (www. Mitsar-medical.com). 

Procedure 

Initially, the participant’s agreement to participate in this 

study was obtained through a signed written consent form. 

Participants’ IELTS band score reports were obtained(Two 

Sample report cards are in the Appendix B) through the 

paper-based IELTS reading test. The procedure of this 

research was divided into two phases: 

Phase One: Reading Comprehension 

At first, the stages of the research were explained to each 

participant separately. Second, three Academic Reading 

passages that were extracted from the retired version of 

IELTS exam were given to the participants as a paper-

based test and then they were asked to read the passages 

and answer the reading comprehension questions on a 

paper answer sheet. According to the IELTS exam 

standards, the time given to each passage was 20 minutes 

and each participant had to spend 20 minutes on each 

passage. The first reading passage consisted of 6 true-false 

and not given items, the second one included 6 items, 4 of 

which were omitted as they related to the choosing 

headline for each paragraph, also there were 4 questions of 

underlying concept in the format of matching names with 

headlines that one of which was omitted, and the third 
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passage consisted of 3 sections, the first section included 5 

multiple choice items,two of which were omitted. The next 

section of the third passage had 6 matching items that 4 of 

which were omitted, and the third part of the third passage 

had 3 true-false items. Totally, there were 6 sections with 

19 items. The participants’ reading comprehension scores 

were calculated. 

Phase Two: ERP Recording 

The answer sheets of the previous phase were taken 

from the participants, but reading passages were still 

available to them. In order to record the EEG signals, 19 

electrodes (O1, O2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T5, 

P3, Pz, P4, T6, Fp1, Fp2) were mounted in an elastic cap 

on the scalp of the participants according to the 

international 10-20 system (stimuli were presented in 

ODDBALL paradigm)Studies of cognition often use an 

oddball paradigm to study effects of stimulus novelty and 

significance on information processing (Pavlov & Tracey, 

2017).To conduct the experiment, the skin surface was 

cleaned using the gel and then the attachment of the 

electrodes was done. Electro-Gel was used for decreasing 

the impedance of the skin surface into 10ᾩ in order to 

increase the signals. The electrode impedances were also 

kept below 10 kᾨ. Initially, the EEG signal was recorded 

from 19 electrodes (O1, O2, F7, F3, Fz, F4, F8, T3, C3, Cz, 

C4, T5, P3, Pz, P4, T6, Fp1, Fp2) attached to the scalp of 

the participants and both earlobes were connected, but 

finally the researcher decided to just consider the Fz, Cz, 

and Pz positions according to the international 10-20 

system as some scholars including Shahsavar et al. (2018) 

conducted their experiment based on the Fz, Cz, and Pz 

positions. A 15-inch wide screen monitor was used for the 
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visual stimuli. To show the stimuli the Psytask software 

was employed. 19 reading comprehension questions were 

shown separately and their answers were shown randomly 

and the participants were allowed to choose just one 

answer for each reading comprehension question.The 

process of choosing the answers was different from the 

pen-paper process in the previous phase. The researcher 

requested the participants to left click as soon as they see 

the right answer. Each item was shown 10 times randomly 

according to the ODDBALL paradigm. While the 

participants were doing the tasks; simultaneously, their 

EEG signals were being recorded. Finally, ERP signals 

were analyzed by MATLAB and WINEEG software in 

order to identify the item discrimination of reading 

comprehension questions. 

Study Design and Analysis 

The method of this study is quantitative. In this model 

the researcher collected data in two phases in which 

qualitative data was collected first; then, qualitative data 

(polarity and brain waves) were changed to quantitative 

data by employing independent T-test. The qualitative data 

changed to quantitative because the data should have been 

more tangible and touchable research (Creswell &Clark 

,2017). Finally, data was interpreted. In the present study, 

in the first phase, participants were supposed to read and 

answer the reading comprehension section of IELTS exam 

on a paper answer sheet. In the second phase of the study, 

researcher recorded the brain waves of each participant by 

using PSYTASK software for showing the stimuli and 

WINEEG software for recording the participant’s brain 

waves. Using the PSYTASK and WINEEG software were 
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simultaneous. By using WINEEG , the researcher extracted 

ERP graphs from brain waves. Then, the researcher 

changed the quantitative data (ERP graphs) to qualitative 

data (numbers). For analyzing and interpreting the data, 

MATLAB software was used. Also, One-Way ANOVA 

statistical test was employed in order to compare the mean 

scores and to find the potential difference between Paper-

Based tests and computer-Based tests. 

Preliminary Analysis 

In order to collect the data, participants participated in 

an EEG recording session through which their brain waves 

were recorded. The electrode impedances were also kept 

below 10 kᾨ. Figure 4.1 displays one of the participant’s 

EEG signals which were recorded during the presentation 

of the stimuli. Although EEG signals contain rich 

information, they are very challenging and cannot present 

the meaningful information clearly. Thus, ERPs should be 

extracted from EEG signals in order to illustrate more 

exact interpretations (Scheffler&Senturk, 2019). Thus, in 

this study recorded EEG signals were filtered through 

analysis and computing ERPs by WINEEG software. In 

order to extract ERPs from EEG signals, the parameters for 

ERP computation including artifact processing level, 

thresholds for channels, and synchronization type were 

determined in the WINEEG software. 

Then, the reliable data format was changed to txt files and 

renamed in order to import to MATLAB software. The 

reliable data was imported to the work space of MATLAB 

software and matrixes (size=250) were made for each 

participant. 
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Figure 4.1 one of the participant’s EEG signals 

 
The size of each matrix should be the same in order to 

have homogenous data analysis. In the next level, ERP 

graphs for each item in each section of reading 

comprehension part were extracted from MATLAB 

software. The ERP analysis focused on two time windows: 

the N400 component (300-500 m.s) and the P600 

component (500-800 m.s).  The ERPs from Fz, Cz, and Pz 

channels are elicited from each item of the second section 

of reading comprehension passage two. Four ERPs that 

related to 4 items of the reading section 2 are illustrated in 

three channels and the amplitude of A20 is different from 

other items in different channels. . The sum and difference 

of target items from non target items in each section was 

also calculated for N400 and P600 components. Moreover, 

an Anova test was run to investigate the significant 

differences between reading comprehension sections 

regarding N400 and P600 components. Finally, bar graphs 

for each two sections were extracted.  

Results 

In order to check the reliability of the both paper and 

computer-based tests, the internal consistency of the tests 

was calculated and high-reliability coefficients (for PBT, 

α= 94 & for CBT, α= 95) were achieved. Results showed 
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that the highest mean score was found in CBT, with a 

relatively higher mean score by .53 points. Test takers’ 

mean score on CBT (M = 46.54, SD=17.63) was a little bit 

higher than their mean score on the PBT (M=46.11, 

SD=13.3). Also, the standard deviation in CBT was higher 

than in PBT. It meant that the dispersion of scores from the 

mean score in CBT was higher than in PBT; consequently, 

it was concluded that Standard Error of Measurement 

(SEM) in CBT was lower than in PBT. 

According to the findings of the One-Way ANOVA test 

(Table 4.1), there was not any statistically significant 

difference in scores between PBT and CBT at a .05 level. 

Based on the results of the score analysis of two testing 

sessions, the Sig. value was .896 at P≤0.05. This amount of 

significance value at 119 (N-1) degree of freedom in a .05 

level revealed that there was no significant difference 

between two sets of scores obtained from both paper-based 

and computer-based tests and the test scores of participants 

were not different in paper-based and computer-based 

versions of the test (Sig=.896, P>0.05). 

Table 4.1 One-way ANOVA comparing scores of participants in 

paper and computer- based tests 

 

ANOVA 

 Sum of SquaresD.F.     Mean SquareFSig. 

Between Groups            4.269                1              4.269       0.17     

.896 

Within Groups         14236.123            235        247.306      

Total                        14240.392            236 

The present study aimed at showing thedifference 

between paper-based and computer-based tests in the 

Corona virus era and it revealed the significance of using 
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direct methods such as ERP rather than indirect testing 

methods such as paper based tests. Findings showed that 

although participants may use Metacognitive strategies to 

answer the tests in paper-based test, they have the same 

results in computer-based tests. This study have many 

implications for teachers, institutes, and specifically 

researchers. 

The first groups who can benefit the results of this study 

are book writers, material designers, and generally test 

designers who attempt to provide more valid tests. By 

using the results of the current study, the test designers can 

design placement tests or other types of tests which are 

categorized from easy to difficult.  

Moreover, the second group who can directly benefit the 

results of the current research is the IELTS designers’ 

team. Test designers,policy makers in educational systems, 

and teachers who attempt to provide more validtest 

specifically reading comprehension items with determined 

difficulty level can take advantage of the results of this 

research. Thus, IELTS designers can use the results of this 

study to have well designed items and to promote the 

validity of the test. Well-designed items are used to 

improve an understanding of a test. 

As for language teachers, they are recommended to 

check the item discrimination of the tests through 

neuroscience to have better understanding of the 

questionsdifficulty level. They can adjust the difficulty 

level of the items in tests with the proficiency level of their 

students. For instance, when the teachers have to take 

testsfrom the advanced level students. Also, they can 

accord theirtesting with the comprehension level of their 
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students. They can set their tests based on ERP evidence in 

order to test effectively. The results of this study are used 

to suggest possible enhancements to the teachers and the 

students. 

The results of this research also have implications for 

teachers specially ones who test IELTS reading 

comprehension section. Teachers can plan their 

instructional activity involved in teaching reading 

comprehension skill based on the results of the current 

study. They can benefit using ERP recording technology 

results to know their students’ reading comprehension level 

better and make lesson plans accordingly to divide their 

students into homogeneous groups. Richard and Trowler 

(2018) suggests that students can learn better if they are in 

homogeneous groups with the same level of proficiency so 

teachers based on the result of the current research can use 

ERP components and distinguish their students’ level of 

proficiency in reading directly. Moreover, Ding ,Chen, and 

Huo (2019) believe that there is no doubt that using new 

technologies in language teaching field has a central role 

and teachers can be researchers of their own classes. 

Suggestion for Further Research 

This study, as an interdisciplinary study, it can open new 

visions for other studies. There might be some possible 

gaps or limitations in the current study. Thus, the following 

suggestion is provided for further research. Due to the 

limited sample size in this study, replication of the current 

study can be done in order to increase the generalizability 

of the study findings. In other words, replication of this 

study with a larger sample size can provide findings that 

can be generalized to a bigger target population. 
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