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Abstract

The ubiquity of mobile technologies in education has brought concerns regarding
comparability between paper-based (PBT) and mobile-based testing (MBT) formats.
This study examined: (1) the effects of test mode on student performance and (2) the
score equivalence obtained via paper-based and mobile-based testing. Participants
(126) from a university in the south of Thailand completed two quantitative within-
subject counterbalanced tests administered via PBT and MBT through the
participants’  personal smartphones with a two-week interval between
administrations. Descriptive statistics, paired-samples t-tests, Pearson product-
moment correlation, and Spearman rank-order correlation were used to analyze the
data. Findings showed a statistically significant difference between modes favoring
mobile testing indicating a strong mode effect. Moreover, correlation analyses
revealed negligible relationships between the two modes, suggesting weak score
equivalence and limited rank-order consistency. This research contributes to the
growing literature on assessment formats by providing evidence on mode effect and
interchangeability. The study provides evidence that MBT may influence student
performance and score interpretation; and underscore the necessity for careful
validation.

Keywords: Mobile-based Testing (MBT), Mode of delivery, Paper-based
Testing (PBT), Score equivalence, English language assessment

1. INTRODUCTION

Post-COVID-19, online testing (frequently referred to as computer-based Test,
CBT) has become a widely, if not preferably, used form of assessment. Not surprisingly
so, as many have experienced its benefits including: the automated marking, the ease
of editing, the comfort of not having to walk to the printing shop and collate papers one
by one, and most importantly reduced testing cost. Or, if not all these, then just to
continue using the technology to get the most of what it’s paid for. In reality though,
mobile-based testing (also known as MBT) seems the most practical recourse
considering time constraints, insufficient school computers, and availability of mobile
devices with internet connections. According to a report made by Dr. KC Dipendra and
Dr. Mongkhonvanit Jomphong (2022) to the International Telecommunication Union,
there is a 1-to-17 computer to student ratio Thailand, and that 75% of households
depend on mobile broadband to access the internet. With the ubiquity of mobile
devices, using it for possible testing means increases. However, is it comparable to
paper-pen assessment?
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After the pandemic, periodic examinations were administered through online
testing - specifically mobile phones. This is done via the Learning Management System
(LMS) and Google Forms - the versions available did not include lockdown features
that could restrict access to browser menus, toolbar options, other applications, right-
click functions, keyboard shortcuts, or task switching. After some time, the testing
format was modified: midterm examinations continued to be conducted through
mobile-based testing, while final examinations were administered using the paper-and-
pen format or the paper-based testing (PBT, hereafter). Quizzes and unit tests were
oftentimes conducted via MBT.

Teachers, however, have observed that: students score substantially higher on
MBT. In fact, memes depicting students’ performance discrepancy had made rounds
on the internet. On the surface they seem funny but on a closer look, particularly on the
assessment level, many critical questions loom.

With this current trend, this study seeks to investigate if delivery mode affects
students’ academic performance, as well as determine if both assessment deliveries are
comparable in terms of equivalence and rank-order. Counterbalanced English
achievement tests were constructed to obtain the data. This research provides
theoretical and practical significance on mode effect and score equivalence across the
two types of assessment delivery.

2. RELATED LITERATURE

The vast advancements in mobile technologies have led to its adoption in
education as an alternative tool for testing. Mobile-based testing refers to assessments
completed using smartphones or other mobile devices, allowing learners to access tests
anytime and anywhere. With the growing popularity of MBT in educational assessment
practices, its effects on student performance and if the scores obtained from it are
comparable with the PBT in terms of equivalence are being investigated by researchers.
However, while there are numerous papers tackling comparability between PBT and
CBT, studies on the equivalence of PBT and MBT are scarce, especially for EFL and
English language learning contexts.

In alignment with the current study, two major themes will be examined on PBT
and MBT: (1) the effects of testing mode on student performance and (2) the
equivalence of scores across testing modes.

2.1 Effects of PBT and MBT on Student Performance

Researches on the effects of the employment of MBT as an assessment tool on
student performance have revealed mixed results. While some reported no significant
differences between PBT and MBT assessments, others suggest that MBT may enhance
student performance.

A research conducted by Whattanarong (2004) was one of the earliest studies
investigating MBT. He compared PBT with two forms of MBT: (1) students listened
to questions and answers were submitted via SMS, (2) students viewed questions on a
screen and responded through their mobile phones. This study found no significant
differences in scores obtained between PBT and MBT. Having no negative effects on
performance he proposed that MBT could be an alternative assessment instrument.
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In the same way, Gordon’s (2015) investigation on PBT and MBT among Korean
university students enrolled in English as a Foreign Language (EFL) courses revealed
no statistically significant differences, indicating that MBT garnered comparable levels
of achievement as PBT. In this study, students completed an equivalent multiple choice
test in both PBT and MBT. For the MBT, Socrative mobile application that students
can download to their smartphones was used. Gordon additionally reported that there
was a general preference for MBT among the participants and that they did not perceive
it as more difficult than PBT.

Contrarily, a positive influence between MBT and student performance was
found by Nikou and Economides (2013). In the study, 203 students at the Department
of Economic Sciences of a Greek university were randomly assigned a 30-item multiple
choice test to PBT, CBT, and MBT conditions. The participants took the test in only
one mode; and were not rotated through the different modes. The results revealed that
students scored significantly higher in MBT than in the PBT. This was accounted for
by familiarity with smartphones, reduced anxiety, and increased engagement which
may have contributed to the improved performance in the mobile testing condition.

Moreover, Nikou (2018) reviewed 43 studies on MBT, and has given additional
support for the potential benefits of MBT. From this review he concluded that MBT
often enhances learner motivation, engagement, and achievement. He further
mentioned that mobile devices provide flexible assessment practices and encourage
positive attitude toward testing. However, he noted that the effects of MBT may vary
with conditions like context, subjects, and assessment designs.

Abdillah (2016), similarly reported that students have positive perceptions
towards MBT. They found this mode convenient, efficient, and accessible. The study
mainly focused on student perceptions, the findings however show that increased
comfort and familiarity with this technology may have affected testing behavior and
potentially the performance outcomes.

On the whole, the data on MBT suggests that the mode may either be comparable
to or slightly higher than the achievement outcomes observed in PBT. But factors such
as test design, device characteristics, student familiarity with technology, and testing
conditions may greatly influence the magnitude and direction of these effects.

2.2 Equivalence Between PBT and MBT

Aside from the mean score, determining whether PBT and MBT are equivalent
measures of the same construct is another important aspect to look into. Equivalence
refers not only to similar average scores but also to the consistency of score
interpretations across modes. There are a number of studies supporting the equivalence
of PBT and MBT.

Whattananarong (2004) reported strong correlations between PBT and MBT,
with correlation coefficients ranging from .887 to .910. These indicate that students had
similar performance rankings regardless of the testing mode, suggesting a high degree
of score equivalence. This finding was corroborated by Gordon (2015) who further
suggested that PBT and MBT could be used interchangeably in EFL contexts. The lack
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of significant differences in the mean scores was interpreted as comparability between
PBT and MBT in measuring the underlying abilities.

Computer-based assessment has reached similar conclusions. Studies by
Bergstrom (1992), Boo and Vispoel (2012), Bugbee (1996), Chin and Donn (1991),
Choi and Tinkler (2002), and Evans, Tannehill, and Martin (1995) generally reported
minimal differences in scores obtained via PBT and MBT. These studies proposed that
mode of delivery to a large extent does not affect performance when conducted in
controlled settings.

On the other hand, researchers such as Dorans, Pommerich, and Holland (2007)
warned against assuming equivalence across modes. They argued that empirical
validation through linking, scaling, or equating procedures may be required as scores
from different testing modes are not inherently equivalent. For them, score equivalence
relies heavily on test design, administration conditions, and contextual factors. In the
same way, Yu and Iwashita (2021) underscore the significance of not assuming
comparability even when mean differences are minute. Seemingly insignificant
differences like screen presentation, navigation, and test-taker interaction may have a
slight impact on performance that affect the interpretation of scores.

The findings of Nikou and Economides (2013) also cast doubts on the
equivalence of PBT and MBT. Even though the mean scores of the participants were
significantly higher in MBT but by reason of lack of rank-order consistency
examination across modes; it remains unclear if the scores were reflection of students’
improved learning outcomes or mode-related factors unrelated to the construct being
measured.

Nowadays, as the adoption of digital assessment in education is rapidly growing,
it is essential to examine not only the mean score differences but also the score
comparability and validity across delivery modes. Mobile devices are becoming a
ubiquitous aid in learning, thus establishing equivalence between PBT and MBT is
critical if we are to extend its usefulness to educational assessments.

3. METHODOLOGY
3.1. Research Questions

1. Does test mode significantly affect students’ English test performance?
2. Are paper-based and mobile-based online test scores comparable in terms of
rank-order consistency and score equivalence?

3.2. Research Participants

One hundred twenty-six non-English majors from Business Administration and
Industrial Education were this study’s research participants. They were enrolled in the
course Communication Skills in English, thus making this population a convenient
participant for the study. They first completed a paper-pen test and after a two-week
interval, they completed a counterbalanced parallel form via online delivery.

https://so18.tci-thaijo.org/index.php/laassij/about LAASSD) | 4



Liberal Arts and Social Studies International Journal (LAASSIJ) Volume 2 No. 2
3.3. Research Instruments

The instrument consisted of two counterbalanced tests (version A, paper-pen and
version B, online test). Each test comprised 4 sections: Vocabulary in context,
Agreement structures, Present perfect vs. past tense usage, and Reading
comprehension. Originally a 20-item test was later cut down to 14 to achieve an
acceptable internal consistency, Cronbach’s a=.71.

To maintain construct comparability, the tests were designed to measure similar
constructs and contained identical item structure. Although they differ in item and
lexical contents, the cognitive demands were equivalent.

Version A was administered in the classroom via paper-pen mode while VVersion
B via Google Forms and conducted in the classroom through participants’ mobile
phones. Both tests were supervised by the teacher and had the same time limit,
instructions, and classroom conditions. It should be noted that during the online
delivery, no technical, technological, or log-in detail problems were encountered.

3.4 Data Analysis

Descriptive statistics like mean and standard deviation were used for both modes
to identify the mean difference. A paired-samples t-test was conducted to examine
whether the difference between PPT and mobile-based test scores was statistically
significant. And to examine the consistency across modes the Pearson’s r and
Spearman’s rtho were employed.

4. FINDINGS

4.1. RQ 1: Is there a statistically significant difference in students’ English test
performance between paper-based and mobile-based online modes of delivery?

Table 1: Paper-pen and Mobile-Based Testing means and standard deviations

Mode Mean (M) Standard Deviation (SD)
Paper-pen 6.5 2.9
Online 13.2 2.8
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Table 2: Delivery Modes Paired-samples t-Test Results

Parameter Value
P-value 0
182256
Sample size (n) 126
Average of differences (Xg4) B6.6587
SD of differences (S4) 4101
NMormality p-value 0.002454
A priori power 0.9998
Post hoc power 1
Skewness -0.4205

Skewness Shape . Potentially Symmetrical (pval=0.051)
Excess kurtosis -0.4794

s Shape . Potentially Mesokurtic, normal like tails (pwval=0.263)

Table 1 shows the mean and standard deviation of PPT (M=6.5, SD=2.9) and
mobile-based test (M=13.5, SD=2.8), while Table 2 presents the results of the paired
t- test. It indicated that there is a significant large difference between participants’ PPT
and mobile-based test scores, t(125) = 18.2, p <.001.

At a closer look, the magnitude of the difference (Mean difference = 6.7 points,

Pooled SD = 2.85), an approximate Cohen’s d = 2.3 suggests an extremely large mode-
of-delivery effect.

4.2. RQ 2: Are paper-based and mobile-based online test scores comparable in
terms of rank-order consistency and score equivalence?

Table 3: Delivery Modes Correlation Results

Parameter Value Parameter Value

Pearson correlation coefficient (r) -0.002636 Spearman's rank correlation coefficient (r.) -0.03892

3

r 0000006949 0.001515
P-value 0.9766 P-value 0.6653
Covariance 0.0221 Covariance -50.916
Sample size (n) 126 Sample size (n) 126
Statistic 0.02935 Ctatistic 04337

Table 3 presents the results of the Pearson’s correlation (r (124) = .00264, p =
.977) and the Spearman’s rank correlation (r(124) = .0389, p = .665). Both indicated
that there is a non-significant, very small negative relationship between Paper-pen and
online.
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5. DISCUSSION

5.1. RQ1: Does test mode significantly affect students’ English test performance?

The participants’ mean scores in MBT is by far higher than the PBT.
Considering that this research design has the same construct (English communication
skills), same students, different modes (paper vs online), counterbalanced content, and
a 2-week interval that minimizes memory effects, the large increase in scores implies
that mode delivery exerts a strong influence on the test performance. This finding aligns
with Nikou and Economides (2013) where participants modestly scored higher in MBT
(1.827 points mean difference) than in PBT and CBT (1.19 points mean difference).
Similar to the current study, the whole test was completed using a mobile phone, but
Nikou’s and Economides’ MBT was conducted via a dedicated Android Quiz
Application which had a highly controlled interface, questions were presented one at a
time, limited distractions, and most likely prevented easy switching among resources.

Although many researches suggest that CBT and PPT yield equivalent results
such as early studies made by Mead and Drasgow (1993) - comparable results between
CBT and PBT with minimal differences overall in participants’ cognitive ability test;
and corroborative studies made by Bergstrom, 1992; Boo & Vispoel, 2012; Bugbee,
1996; Chin & Donn, 1991; Choi & Tinkler, 2002; Evans, Tannehill, & Martin, 1995,
Wang et al., 2008 supporting score equivalence between CBT and PBT citing similarity
in mean scores, and small and statistically insignificant differences. On a closer look
though, the interpretations indicate that such equivalence is conditional - that is under
a strictly controlled environment.

On the other hand, other studies observe the two modes are not always directly
interchangeable (Godwin and Godwin, 1999; Pommerich & Burden, 2000). The
significant mean difference observed in this study provides strong empirical support
for this position, indicating that online testing may systematically raise scores or alter
performance conditions. This is backed up by Bachman and Adrian (2010, cited by
Clark-Gareca, 2010), who argued that test performance is influenced not only by
language ability but also by test method facets. In this case, the online mode may have
brought in additional variables like the device used, testing environment, students
digital skills, or possible external access.

In a real-world testing scenario (real classroom + mobile phone) as in this
present study’s case such equivalence may not hold. MBT and CBT are both digital
technologies, and although many studies found comparability between PBT and CBT
in a well-controlled environment, not the same can be said about PBT and MBT. The
differences in size, interface, user experience, and other technological distinctness may
affect performance. So, the impact of these differences need to be examined since
mobile devices are fast becoming a ubiquitous tool in education.

5.2. RQ2: Are paper-based and mobile-based online test scores comparable in
terms of rank-order consistency and score equivalence?

The present study shows lack of significant correlation and low rank-order
stability between modes which raise concerns regarding score comparability. This
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suggests that students who performed well in one mode may not necessarily perform
well in the other.

Contrarily, Whattananarong (2004) reported a strong correlation between PBT
and MBT. The likely explanation for this contrasting finding is the considerably
different implementation of the MBT. Whattananarong’s study used the SMS feature
of the phone to submit answers. Questions were either read from a projector screen or
played from an audio recorder. The current study, on the other hand, employed
smartphones as a complete testing platform where questions and answers were
presented; and students had to read, navigate, and respond directly to it. This may have
presented mode-related factors such as screen reading, navigation, interface interaction,
and potential access to online resources that could have influenced the large mode
effect and the lack of score equivalence between PBT and MBT. Further, differences
in the research design could have also influenced the equivalence result.
Whattananarong employed a control and experimental design, whereas the current
study used within-subject counterbalanced design and the same group of participants
took both the PBT and MBT, which may keep individual differences under control.

Dorans, Pommerich, and Holland (2007) revealed that scores from tests
administered through different modes are not inherently comparable. The lack of
correlation in the present study indicates that: the test scores were affected by delivery
modes and it changes the relative ranking of students. Thus, PBT and MBT are not
comparable in terms of rank-order stability and score equivalence.

5.3 Construct-irrelevant Variance

The combination of large mean difference and non-significant correlation,
despite the counterbalanced construct, is a strong indication that factors unrelated to
language ability may have influenced test performance. According to Messick (1989)
construct validity is compromised when unrelated variables affect the test scores.
Looking at the present study, the MBT and the PBT may not measure the construct of
English Communication in the same way. This is further supported by Kane (2006, as
cited by Chapelle 2022), who reported that for test scores to be valid they must be
supported by evidence across testing conditions. A generalized interpretation of the
scores obtained across the modes may not be possible, thereby weakening the validity
argument. Hence, in a blended assessment it can be said that scores obtained may not
measure the intended construct in absolute sense unless careful validations have been
done prior.

5.4 Practical Implications

In the classroom the reality is, employing MBT is an easy and convenient go-
to especially if faced with heavy workload, time and deadline constraints. Another
reality is that not all schools and universities are equipped with facilities that can handle
a strictly controlled CBT environment, thus most resort to classroom and mobile phone
set up. Looking at the current situation, it would seem that this multi-dollar technology
is a fixture that is shaping the present’s and future’s educational arena.

In light of this, the decision by educational institutions and its stakeholders to
use digital technologies in terms of what, when, and in what manner is critical. The
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notion that it is there for the taking should be re-thought as its impacts on educational
settings are not straight-forward.

The findings of this current study are relevant considerations for educators and
educational institutions employing mix-method assessment or for those who are
thinking of transitioning to pure CBT or MBT. Careful preparations and validation are
needed; and in doing so will aid in weighing options that ensure fair and appropriate
assessment.

Classrooms that lack facilities for a stricter CBT controlled setting and utilize
students’ mobile phones instead may have to think twice of using this assessment mode.
Switching between tabs and apps during exams, browser search, and peer collaboration
(Huynh Thi Trang, et, 2022) are some forms of dishonesty during online tests. Through
an online survey, a little over 60% of this current study’s participants revealed that they
perceived it easier to cheat during online tests. This may be the case if the conditions
for a conducive CBT/ MBT are not met: one invigilator, classroom setting, and using
students’ personal mobile phones.

Thus, the decision to employ MBT or mixed methods should come with
intensive prior preparations of test constructions, test validity and reliability for both
modes of delivery. Furthermore, the following can also be done to ensure fair
assessment: (1) adapting test items and layout for mobile-based testing rather than
copying PBT into online format and (2) consider a separate benchmark for each mode.

6. CONCLUSION, LIMITATION, RECOMMENDATION

Assessment is an essential part in education, thus choosing the appropriate
mode of delivery is critical. In the classroom, it is easy to opt for MBT over PBT for
both convenience and practical reasons. This study shows that the scores obtained
through MBT and PBT are not equivalent, thus they are not interchangeable. Therefore;
prior preparations in terms of test construction, test reliability and validity are needed.

This study has three major limitations. One is limited generalizability. The
number and representation of participants - 126 and EFL context, non-English majors,
university students - are minimal in quantity and scope to draw generalization. Two,
the two-week interval between tests may be too close to address memory effects.
Lastly, the test, although counterbalanced may be limited in length and reliability.
Results of future research that addresses the mentioned limitations would be significant
contributions to the limited literature on PBT and MBT equivalence.

Further, it is recommended that factors impacting mode effects, mitigating
factors, MBT dishonesty preventions, and elements that may contribute to MBT
reliability and validity be considered for future research.
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