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Abstract The current study aims to scrutinize the theta/beta-ratio (TBR) brain
oscillatory activities during T/F test of reading comprehension. The research
utilized a quasi-experimental design. Thirty intermediate EFL learners (15
males, 15 females) were selected to participate in the study. They completed
T/F-reading-test, while their brain oscillations were measured using
quantitative electroencephalography (QEEG). Results revealed significant
differences between the values indicating TBR before- and while-doing the test.
Similarly, the topographic findings showed decrease in TBR power on the Fz,
Pz and Cz regions of the brain under the task of reading and suggested the
promising role of the reading comprehension T/F test at the intermediate level
in modifying the TBR power and raising internally directed attention. The study
has implications for all scholars in the field of TEFL to apply interdisciplinary
approaches and to highlight the importance of reading comprehension tests to
enhance attention.
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1. Introduction
ttention is a requisite for reading fluency and comprehension (LaBerge &
Samuels, 1974). The ability to manage attention to a subject and concentrate
on a peculiar goal for a long period of time is identified as sustainable
attention. Sustainable attention is needed for skillful reading since it provides
an active process of preparation to persuade the reader to read the text completely. It
also improves cognitive text comprehension (Niazifar & Shakibaei, 2019).
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As a complicated cognitive process, reading comprehension requires several brain
activities (Liu et al., 2023). However, there is scant literature on the processes and
events in the brain during reading and how these brain activities can affect the
information retrieval process. With the progress in technology and the application of
brain imaging devices, such as electroencephalogram (EEG), the researchers are able
to gather brain waves in approximately real-time and examine whether they can be
used as objective feedback to facilitate information acquisition performance
(Thornton, 2002). During cognitive activities, each related area of the brain produces
signals which can be estimated by neuroimaging devices, such as EEG. Each brain
wave (signal) represents a special kind of behavior (Guyton & Hall, 2006). Given
that attentional control is the most important cognitive behavior in reading
comprehension, TBR power as a representative of the inattention state is an
appropriate brain wave for investigation. Putman et al. (2014) recorded EEG signals
of 77 participants and the results indicated that TBR pre-frontally is a biomarker of
anxiety-cognition interaction. The participants were assessed by attentional control
in addition to undergoing a stress induction procedure under controlled conditions.
Self-report visual analog scales were applied to measure anxiety. The analyzed EEG
data indicated that TBR defined 28% of the variance in the stress-induced decline of
self-reported-attentional control. In line with Putman et al. (2014), Angelidis et al.
(2018) found a negative correlation between attention-control and frontal TBR. In
their study, 39 healthy female participants aged 18 to 31 were tested for Spilberger’s
State-Trait Anxiety Inventory and the Attentional Scale (Derryberry & Reed, 2002).
Additionally, TBR EEG recordings from Fz, F3, and F4 were analyzed.

Recently, scholars have increasingly recognized brain oscillations as a
convenient tool to understand substrate neuronal mechanisms involved in memory
formation (Daube & Rubin, 2009). In the same fashion, this study examined the
alleged changes of TBR power—as an indicator of attention—during T/F test of
reading comprehension. Additionally, it aimed to assess and control for the influence
of gender as an intervening variable.

2. Method

A total of 53 Iranian EFL students aged between 20 to 30 volunteered to take the
pre-test (OPT, r=.76). From this group, 30 students (15 males, 15 females) were
selected as the homogenous sample of the study. Participants with a band score of
30 to 39 were classified as having an intermediate language level. All participants
were right-handed, non-native speakers, with no history of traumatic or
psychological disorders. They took Preliminary Reading Test (PET, r=.57) while
their brain signals were recorded by QEEG. The recorded waveforms reflect the
cortical electrical activity. This device featured a cap with electrodes, which
participants wear after adjusting to ensure proper electrode placement on their scalps.
The QEEG signals were recorded in a sound-attenuated and dimly lit environment.
In addition to brain waves, the device provided the researcher with color-coded brain
maps to show the activated regions of the brain during the recording processes.
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3. Results

The study used SPSS to analyze the data collected by the QEEG device. The Shapiro-
Wilk test indicated a normal distribution of the data. A dependent sample t-test
statistics revealed significant differences between TBR power ranges before and
during the reading test on Pz (p=0.00), Cz (p=0.026), and Fz (p=0.00). To compare
the scores of male and female language learners in different stages of TBR strength,
an independent sample t-test was used. The results showed that there was no
statistically significant difference (p>0.05) between the mean scores of the two
groups regarding TBR changes before and during the reading test.

The topographic comparison of brain maps indicated changes in TBR power,
particularly in frontal and parietal areas of the brain. Approximately 22 out of 30
participants showed lower activity of theta and higher activity of beta in frontal (F3,
F4, and Fz) and parietal (P3, P4, and Pz) regions of the brain, suggesting a reduction
in TBR during the task.

4. Discussion and Conclusion

The study’s findings suggested the promising role of the reading comprehension test
(T/F type) at the intermediate level in modifying the TBR power and raising
internally directed attention. The color-coded brain maps reported lower activity in
Fz, Pz, and Cz areas of the brain during the reading comprehension test, indicating
its positive effect on inattentional states caused by TBR oscillations. The Fz region,
associated with self-generated thought and internally directed attention, plays a
crucial role in focusing on internal processes rather than external stimuli (Benedek
et al., 2016). Additionally, the Pz region, located in the parietal lobe and includes
Brodmann areas 7, 5, and 19, involved in attentional shifting and self-awareness,
which are key to learning (Brodmann, 1909). These areas are known to support
memory, cognitive functions and attention (Brodmann, 1909; Guyton & Hall, 2006).

The findings of the study may assist policymakers and curriculum designers in
creating activities and tasks that enhance students’ reading comprehension. English
instructors may also benefit from these results by using noninvasive neuroimaging
devices to assess attention during reading tasks and tailor their teaching accordingly.
Future research is suggested to explore brain regions and oscillations involved in the
process of FL/SL learning and testing, as well as to examine whether the changes in
brain waves induced by tasks or teaching sessions are temporary or long-lasting.
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