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Abstract

Purpose: This study aimed to investigate the impact of sleep duration and gadget usage on visual
memory and also to explore the relationship between intelligence quotient and visual memory.
Methods: This cross-sectional observational study enrolled student volunteers from Dr
Agarwal’s Institute of Optometry. Rey Osterreith Complex Figure (ROCF) test, a nonverbal
neuropsychological tool was used to assess the participant’s visual memory (Copy, immediate,
and delayed recall in real time, 3 and 30 minutes respectively).

Screen time of the participants was noted for one month from “Digital Wellbeing, ” an Android
phone feature, that tracks screen time and app usage. Sleep quality was measured using the
Pittsburgh Sleep Quality Index (PSQI), a nineteen-item self-rated questionnaire Wonderlic
Personnel Test —Q (WPT-Q) was used to assess the intelligence quotient (1Q).

Results: A total of 96 students (67 females and 29 males) aged between 18-21 years participated
in the study. A chi-square test of independence revealed that there is no statistically significant
relationship between immediate and delayed recall of visual memory and screen time with y2
(4, N=96) = 5589, p = 0.232; y2 (4, N = 96) = 2.138, p = 0.710 respectively. There was no
statistically significant relationship between sleep and IQ with y2 (4, N = 96) = 1.57, p = 0.813
and 1Q, immediate and delayed recall with y2 (4, N = 96) = 5.423, p = 0.247 and y2 (4, N = 96)
= 7.94, p = 0.094 respectively. Multiple linear regression showed that the variables were
statistically significant with immediate recall, F (3, 92) = 3.578, p < .017, R2 = .104, and
delayed recall with F (3, 92) = 3.806, p < .013, R2 =.110.

Conclusion: The study concluded that visual memory is influenced by a combination of factors
including sleep quality, screen time, and 1Q. Therefore, it is essential to reduce screen time and

improve sleep quality to preserve visual memory.

Keywords: Visual memory, ROCF, 1Q, Sleep time, Screen time.
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Introduction

The ability to receive, recognize, analyze, and elaborate visual stimuli from objects and events is known as
visual perception. Visual processing is a complex process that includes visual recognition, visual memory,
visual-spatial orientation, and the perception of graphics. ™Visual memory encompasses memory
representations that maintain information about the perceptual properties of viewed stimuli, however, the
format in which the information is encoded can vary from low-level imagistic representations to higher-

level visual representations. 21

Visual memory helps with recognizing faces and objects, as well as remembering spatial layouts and scenes,
which are important for everyday tasks such as encoding, storing, and retrieving visual information. Visual
memory is characterized by its extraordinary capacity and is often more efficient than other forms of memory.
It can be stored as images or sequences of images, or recoded into verbal or categorical representations. The
processes of visual perception and visual memory are closely interconnected, as visual memory recruits many
of the brain areas involved in perception.®lVisual memory has been subdivided into three main subsystems

including visual sensory memory, visual short-term memory (VSTM), and long-term memory (LTM).14

Visual memory plays a crucial role in learning and memory retention. It has been observed that visual
memory is resilient to changes in emotional state and can store information for prolonged durations.
Training in visual learning paradigms can lead to persistent improvement in performance over consecutive
days.! Understanding how events are seen and remembered, and what visual information remains in memory
traces, is still an open question in the field of psychology and neuroscience.®Studies have found a positive
correlation between 1Q and visual memory. For example, Rakhmanov and Dane found a strong positive

correlation between 1Q and short- and long-term visual memory in university students.[®

A study on correlations among intelligence quotient (1Q), visual memory assessed by Rey Osterreith
Complex Figure test (ROCF), and Grade Point Average (GPA) in university students concluded that for
university students, short- and long-term visual memory is more predictive of GPA than full-scale 1Q. "Sleep
has been shown to improve memory consolidation, including visual memory. One study used the visualpaired
association learning paradigm to investigate the role of sleep in memory consolidation. They found that a

daytime nap improved the stability of recognition memory compared with wakefulness. €

A study on questionnaire-derived sleep habits and academic achievement in first-year university students by

Driller et al, reported that there was a significant inverse relationship between average grades and bedtime,
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with students who went to bed earlier having higher academic grades during the first semester of university

study, according to the research conducted on questionnaire-derived sleep habits and academic achievements
in first-year university students.®’The results of the meta-analysis performed to examine the memory
problems in obstructive sleep apnea reported that there are significant deficits in immediate and delayed
verbal and visuospatial memory as well as in immediate visual recall in individuals with obstructive sleep

apnea.[%

Sarah et al examined the effects of sleep restriction on visually guided force production and found that sleep
restriction impaired visually guided force production, suggesting that visual attention tasks are more affected
by sleep loss than memory-guided tasks 3 Another study showed that sleep enhances the reconsolidation-
based strengthening of episodic memories, including visual memory.?A study by Pratap V et al, to assess
the impact of digital addiction and cognitive offloading on the prospective memory of young adults showed
that the more the students were addicted to their digital devices and the more the students cognitively

offloaded, the higher the decline in their prospective memory.[*®l

A study on Malaysian young adults examines the relationship between digital technology overuse, digital
amnesia, and productivity. Findings indicate a significant association between digital overuse and amnesia
but not productivity. MIMcArthur et al investigated the association between screen time (<1 vs 2 vs
>3 hours/day) and child outcomes at 36 months. Compared to <1 hour/day, higher screen time is associated
with increased behavioral problems, delayed developmental milestones, and poorer vocabulary acquisition,
emphasizing the importance of adhering to screen time guidelines.**IThis study explored screen-time effects
on preschool behavior using data from the Canadian CHILD study. Higher screen time (>2 hours/day) at

ages three and five is linked to increased inattention and ADHD symptoms. [1¢]

A longitudinal study on screen time and working memory in adolescents by Pedro San Martin Soares et al.
reported that in men, television and video game time at 11 years and computer at ages 11 and 15 years
positively affected working memory. In addition, 1Q mediated these effects. Screen-time measurements at
ages 11, 15, and 18 in women did not significantly correlate with working memory. This study provides new
insights into the relationship between television, video games, and computer time with working memory in
adolescents, by exploring the paths of these associations and considering the important mediating role of 1Q.
[1IThere is increased screen time in the modern world with smartphones, tablets, and computers leading to
concerns about their potential impacts on mental health, cognitive development, and social relationships.

There has been an increase in screen time after the COVID-19 pandemic. 811291 [201 {21]
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Children and adolescents have shown higher screen times during the pandemic, with some experiencing

behavioral problems such as peer problems and externalizing behaviors. The increased exposure to digital
screens during the pandemic has had negative impacts on brain functions, sleep, physical activity, social
relationships, and the psychological well-being of children.’®! Canadian adults also reported higher
recreational screen time post-pandemic than pre-pandemic levels. 24 The use of digital devices and time spent
in front of screens have increased because of lockdown measures. In higher education, the shift to online

learning has led to excessive screen time for students and instructors. (2]

The aforementioned studies above did not collectively examine the combined influence of sleep duration and
gadget usage on visual memory. Our study aimed to investigate the impact of both sleep duration and gadget
usage on visual memory. In addition, we explored the relationship between intelligence quotient and visual

memory.

Materials and Methods

Participants:

This cross-sectional observational study was conducted at Dr Agarwal’s Institute of Optometry, Chennai,
India, between 2022 and 2023, after obtaining approval from the institutional review board. Ninety-six
students (67 females and 29 males) with 19.16 (£1.17) age years pursuing a bachelor's degree in optometry

participated in the study.

Participants with a best-corrected distance visual acuity of 6/9 or better and near visual acuity of N6 in each
eye, with no ocular or systemic diseases, were included in the study. Participants with neurological and
psychological disorders, a history of head injury, and multiple gadget users (more than two) were excluded.
All participants provided written informed consent to participate in this study.

Study design:

The independent variables were sleep quality, screen time, and intelligence quotient (1Q). Sleep quality was
measured using the Pittsburgh Sleep Quality Index (PSQI), a nineteen-item self-rated questionnaire designed
to measure sleep quality in clinical populations. It consists of items that generate seven component scores,

including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances,
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use of sleeping medication, and daytime dysfunction.[?!

Screen times of the participants were noted for one month from “Digital Wellbeing,” an Android phone
feature, that tracks screen time and app usage. 1Q was measured using the Wonderlic Personnel Test for
Intelligent Quotient (WPT-Q), the eight-minute quick test consists of 30 questions, each earning one point.
The scores ranged between 0 and 30. Number comparisons, serial studies of geometric forms, and logical

and mathematical issues were among the items. No time extensions were granted.[”!

Visual memory was the dependent variable measured using The Rey Osterreith Complex Figure (ROCF)
test. It is a non-verbal neuropsychological test used for the visual evaluation of visuospatial and visual
memory. It includes three conditions: Copy, Immediate Recall, and Delayed Recall. Subjects replicated a
complex figure, and recalled it immediately, and after a 30-minute delay. Scoring considers accuracy,

location, and organization. Each condition takes 10 minutes; the completion time is around 30 minutes.!?

Meyers et al. administered the Rey Osterreith Complex figure test in four different ways. According to his
results, all the administrative types had similar results. For our study, we have chosen the following
administrative procedures -copy, 3-minute recall, and 30-minute recall.”®'The accuracy of drawings is
measured using a variety of scoring systems, all of which are currently subjectively implemented by hand.
The order and accuracy in which the figure is copied and drawn from recall provide useful information

concerning the location and extent of any damage. %!

e

Figure 1: The Rey-Osterrieth Complex Figure

Image courtesy: Chamberlain, Rebecca. (2013). Drawing Conclusions: An Exploration of the

Cognitive and Neuroscientific Foundations of Representational Drawing.
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Procedure: A blank sheet of paper and an ROCF sheet were given to the participants, and they were

instructed to copy the image on the ROCF sheet onto the blank paper. The allotted time for the copy trial was
three minutes. Following the completion of the copy trial, the examiner collected the hand-drawn papers and
the ROCF sheets. Based on the instructions, a break of 3 minutes was provided. After a break of 3 minutes,
the participants were asked to recall the figure from their memory and draw it on a blank piece of paper. The
time limit for drawing was 3 minutes again, once drawn, all figures were collected by the examiner. These
drawings were used in the immediate recall (short-term visual memory) test. As suggested by Meyers et al.,
a break of 30 minutes was given after the immediate recall test. After a break of 30 minutes, the participants
were asked to recall the figure again from memory and draw it on a blank sheet. These drawings were used

as a delayed recall (long-term visual memory) test.

Scoring of ROCF test:

According to Rey’s scoring system, the ROCF stimulus consists of 18 sections each of which is scored based

on accuracy, distortions, recognition, and placement. The total test score ranges from 0.0 to 36.0.[27]

CORRECT DISTORTED OR ABSENT OR NOT
INCOMPLETE BUT RECOGNIZABLE
RECOGNIZABLE
Placed Placed Placed Placed poorly 0
properly poorly properly
2 Points 1 Point 1 point 1/2 point

Table 1: ROCF scoring. 2]

Additionally, the students' learning styles were assessed using the VARK Questionnaire. The VARK
questionnaire is a short multiple-choice test with 16 questions that detect preferred learning styles: Visual
(V), Auditory (A), Reading/Writing (R), and Kinaesthetic (K). In our study, the VARK questionnaire version

8.01 was used to assess the learning behavior of the students. [
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«Refraction

« lorch light examination

Preliminary examination

«Learning style was assessed by using Visual,
Learning style Auditory, Read/write and Kinesthetic (VARK)
Questionnaire

0 was measured with the Wonderlic Personnel Test
tar Intelligent Quotient (WPT-0)

Visual memory +Visual memory was measured with The Rey Osterreith
Complex Figure (ROCF) test

+Sleep quality was measured by the Pittsburgh Sleep

Sleep quality Quality Index (PSQI)

«5creen times of the participants were noted for one

month from “Digital Wellbeing setting in android
phone

Screen time

Figure 2: Trial sequence

Results

This study included 67 females and 29 males. The participants were divided into 3 groups based on the visual
memory scores calculated from ROCF. The visual memory was categorized as poor, moderate, and good
memory for the ROCF scores <70, 70 to 90, and >90 respectively. The screen time was divided into less,
moderate, and high for screen time <4 hours, 4 to 5.5 hours, and >5.5 hours respectively. The screen time
was noted from the smartphone settings. The sleeping level was divided into poor healthy and good sleep
levels <5, between 5 to 10, and greater than 10 sleep scores derived from the PSQI sleep questionnaire. The
IQ level was divided into less, moderate, and high for 1Q scores <80, 80 to 90, and >90 respectively.

A chi-square test of independence was performed to examine the relationship between visual memory with
screen time. We did not find a statistical significance with immediate recall ¥* (4, N =96) = 5.589, p = 0.232;
and delayed recall % (4, N = 96) = 2.138, p = 0.710. A chi-square test with sleep and IQ showed no statistical
significance with ¥* (4, N = 96) = 1.57, p = 0.813. IQ level and visual memory did not have a statistically
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significant relationship with y? (4, N = 96) = 5.423, p = 0.247 and y? (4, N = 96) = 7.94, p = 0.094 for

immediate and delayed recall respectively.

Multiple linear regression was conducted to investigate the influence of screen time, 1Q, and sleep on copy,

and immediate and delayed recall of visual memory.

The variables statistically significantly did not predict the copy recall of visual memory with F (3, 92) =

1.150, p < .33, R?=0.036. However, it was statistically significant with an immediate recall of visual memory
with F (3, 92) = 3.578, p < .017, R? = .104 and delayed recall of visual memory with F (3, 92) = 3.806, p <

.013, R? = .110.

Copy Immediate Delayed
Sleep scores less 35.36 28.11 27.50
than 5
Sleep scores 35.41 28.01 27.05
between 5 and
10
Sleep scores 35.33 29.16 29.33
above 10

Table 2: Average visual memory scores in participants with different scores of PSQI

Copy Immediate Delayed
Visual learners 35.36 27.75 27.09
Auditory 35 28.97 28.75
learners
Kinesthetic 35.69 27.44 26.48
learners

Table 3: Average visual memory scores of visual, auditory and kinesthetic learners
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DISTRIBUTION OF LEARNING STYLE OF THE
PARTICIPANTS (N=96)

B Vizual

B Auditory

B Kinesthetic
m Read/Write
B Multimodal

Figure 3: Figure representing the distribution of learning styles among the participants
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(Poor — 0-5, healthy — 5 -10, good- 10-21)

Figure 4: Figure representing the sleep time of the participants assessed by PSQI
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SCREEN TIME OF THE PARTICIPANTS (N=96)
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5 More
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Moderate=between 4 to 5.5 hours, More= more than 5.5 hours, Less=less than 4 hours
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Figure 5: Figure representing the screen time of the participants
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Figure 6: Figure representing the distribution of WPT score of the participants
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Discussion

This is the first study, to our knowledge, to examine the influence of both screen time and sleep time on
visual memory. Concerning the association between sleep quality and visual memory, in our study we found
that there is no significant difference in longterm (delayed recall), short-term (Immediate recall), and copy
memory when compared with the sleep quality. Our study result suggests that sleep quality, screen time, and
1Q, all these multiple factors together had an impact on visual memory but when considered as individual
factors screen time, sleep quality, and 1Q were not found to show a statistically significant difference in visual

memory.

Research evidence reveals that chronic sensory stimulation through excessive exposure to screen time may
affect brain development in negative ways increasing the risk of cognitive, behavioral, and emotional
disorders in adolescents and young adults and also potentially increasing the risk of early-onset dementia in
late adulthood. !

A study on mental imagery and visual working memory suggests that individuals with strong mental imagery
may utilize it to aid performance in visual working memory tasks.[* The findings of a study to measure
children's mental imagery and screen time revealed that children who spent greater amounts of time using
screen media showed a statistically significant lower performance on mental imagery accuracy. B The
findings of these studies show the importance of mental imagery while performing visual memory tasks and
also suggest that the decline in mental imagery with increased screen time may serve as a factor contributing
to the decline in visual memory. Previous research works suggest that visual cues help an individual to

retrieve better and remember information.3%

The research outcomes on visual learning style make complete sense considering that the human brain is
mainly an image processor and not a word processor. Also, only a small region of the brain is utilized to
process words compared to the region of the brain that processes visual images. Many studies have also
confirmed the power of visual imagery in learning. Visuals are also proven to engage students in the learning
process stimulating creative thinking.[*? Based on the current study we may also suggest that visual learners
can perform and learn better and retain more information by utilizing their visual memory capacity and

remember better if a target is presented visually which can help in their academic and overall performance.

A study by Ochilbek Rakhmanov et.al reported that 1Q is an influential factor in visual memory when

considering academic performance.[’] But in the current study, we found that there is no correlation between
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visual memory and 1Q. The strengths of this study are the prospective design and the use of a validated

neuropsychological tool like ROCF to assess visual memory. Limitations include the subjective assessment
of sleep quality. We also measured the screen time with the ‘digital well-being' setting on the Android phone.
Further studies using a more objective measure of recording sleep quality and a more accurate device or
software to measure screen time and a larger sample size involving students from various academic
disciplines are required to assess the prolonged effects of screen time and sleep time on visual memory and

also to offer more consistent results.

Conclusion

Multiple factors including screen duration, sleep time, 1Q, and learning style were found to influence visual
memory. It is essential to ensure that every individual gets enough sleep. Parents should also monitor their
children's screen time to control and limit their gadget usage. Additionally, individuals of all ages should be
made aware of the influence of screen time and sleep deprivation on memory and its role in the activities of
daily living. The demands of modern living necessitate the use of gadgets, but minimizing screen time and

taking breaks while using gadgets can help preserve visual memory.
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