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Abstract. The worldwide COVID-19 pandemic has led to the development of stress disorders
and increased societal anxiety. The mass media is one of the most decisive factors leading to the
development of anxiety and stress in society during a pandemic. However, the mechanisms of mass
media's stressogenic effects remain unclear. This study aimed to evaluate age-specific
characteristics of gaze behavior related to the perception of anxiety-provoking information. One
hundred eighty-nine volunteers took part in the study (164 participants aged between 17 and
22 years old (students, control group), 25 people aged between 59 and 71 (experimental group)).
We surveyed participants to determine their level of stress, depression, and anxiety and analyzed
eye-tracking data during text perception by using the web eye-tracking technology EyePass. Results
showed significant age-related differences in gaze behavior while reading texts with negative
elements. Aged adults had shorter median fixation duration. There was no difference between
groups in the number of fixations. We can assume that except age factor, other variables might have
contributed to our result, namely the occupation of participants, professors at the Scientific and
Educational Institute of Journalism, with developed professional skills (reading pattern, method of
information perception) but from another side higher vulnerability to adverse COVID-19 outcomes
compared to younger adults.

Keywords: mass media, COVID-19 pandemic, gaze behavior, fixation, eye tracking.

IBackeBuu /lapuna, IlonoB AuntoH, Pisyn Bonomummup, I'aBpuienn IOpii, Ilerpenko-
JIncak Amnna, lunik FOuis, Tykaes Cepriid. BikoBi BinminHoCcTI B TpHBaJIOCTI (pikcauii morasxy
M1 Yac YUTAHHS HOBMH i3 HEeTAaTHUBHMMHU TEKCTOBUMHU eJIeMEHTAMH.

BceecBitHs manzpemiss COVID-19 mpusBena 10 pO3BUTKY CTPECOBUX PpO3JAAIB 1 3pOCTaHHS
CYCHUTBHOT TPUBOXKHOCTI. Mac-menia € OJHUM 13 HaUBHPIIIATBHIIMX (AKTOPIB, IO MPU3BOIATH JI0
PO3BUTKY TPHBOTH Ta CTPECY B CYCIUIBCTBI MmiJ 4ac maHjemii. [IpoTe MexaHi3MH CTPeCOreHHOTrO
BBy 3MI 3anmumiatoTeCs 0 KiHLS HE 3’SICOBaHUMHU. METOI0 LBOro JOCHIIKEHHS OyJ0 OLIHUTH
BIKOBI OCOOJMBOCTI TOBEIIHKM TOIISAY, TMOB’S3aHI 31 CHOPUMHATTAM iH(OpMAIi, M0 BUKIHKAE
TpUBOTY. Y JOCHIHKEHHI B3sUH y4dacTh 189 moOpoBosbiiiB (164 yyacHuku BikoM Bif 17 1o 22 pokiB
(cTyneHTH, KOHTpOJIbHA Tpyma), 25 ocid BikoM Bix 59 mo 71 poky (eKcrepuMeHTanbHa rpyna)). Mu
OIUTAJIM YYaCHUKIB, 100 BU3HAUUTH iXHIM piBeHb CTpecy, JeNpecii Ta TPUBOTH, Ta MpOoaHali3yBaln
JlaH1 aii-TPEKIHTY 1]l 9ac CHPUMHATTS TEKCTY 3a JJOMIOMOT'0I0 BeO-BiICTEKEHHS 04Yel — TEXHOJIOT1i BeO-
Tpekinry EyePass. Pe3ynpraTn moka3any 3Ha4H1 BIKOBI Bi]MIHHOCTI B JIMHAMIIIi 30pOBOT YBaru Iij 4ac
YUTAaHHS TEKCTIB 13 HEraTMBHUMH eneMeHTamMu. Crapimia Jopocia Tpyrma Maja MEHIIY CEpeIHIo
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Age-Related Differences in Fixation Gaze Length While Reading the News with Negative Text Elements

TpUBaTicTh (ikcarii. Pi3Huii Mk rpynamu 3a KilbKicTio ¢ikcariii He 0yino. Mo)KHa MPUITYCTUTH, IO
OKpIM BIKY YYaCHHKIB, Ha Hall Pe3yJbTaT MOIJIM BIUIMHYTH I 1HIII YMHHHUKH, a came mIpodecis
YYaCHMKIB, BMKJIaJa4yiB HaBuabHO-HAyKOBOrO  IHCTUTYTY JKYPHQJIICTUKM 3  PO3BHHEHHUMHU
npogeciiHIMM HaBUUKaMu (TIATEPH YUTAHHS Ta CMOCiO CIpUHHATTA iHpopMarlii), aje, 3 1HIIOro OoKy,
OuTbIIa BPa3NUBICTh /10 HectipuaTMBUX HaciakiB COVID-19 nmopiBHSHO 3 MOJIO UM JTFOIEMH.
Knrouosi cnoea: macmedia, nanoemis COVID-19, nogedinka noensady, gixcayis, ati-mpekxine.

Introduction
COVID-19 Pandemic Anxiety

The COVID-19 pandemic resulted in an increased prevalence of anxiety.
According to Petzold et al. (2020), people experience anxiety and psychological distress
despite being diagnosed with COVID-19 or knowing anyone with this diagnosis at the
beginning of the quarantine in Germany. Other studies reveal that generalized anxiety
disorder and depression are common effects of the COVID-19 pandemic (Hyland et al.,
2020). In addition, females are more prone to experiencing higher anxiety levels
(Petzold et al., 2020). There are several potential causes of this effect.

The first cause is lifestyle changes associated with the COVID-19 pandemic
(Bendau et al., 2021). The lack of surgical masks, potential issues with working from
home, and fear of contact with the disease were the leading causes of anxiety during the
first three months of the pandemic (Choi et al., 2020). This effect was moderated by the
intolerance of uncertainty (Bakioglu et al., 2021). The increased level of uncertainty in
society leads to intense and general distress, the development of mental disorders, and
mood deterioration (Pogorilska et al., 2021; Rettie & Daniels, 2021). In the face of
uncertainty, most people desire to avoid it and make decisions hastily (Pogorilska et al.,
2021). Intolerance of uncertainty contributes to the development of stress and burnout
(Kim & Lee, 2018), and the latter negatively contributes to the emotional perception of
information (Havrylets et al., 2019).

The second potential cause of heightened anxiety levels is increased mass media
consumption. Liu & Liu revealed that all kinds of media resulted in vicarious
traumatization, with commercial media having the full mediation effect in mainland
China (Liu & Liu, 2020). While new information is beneficial for uncertainty
management (Brashers et al., 2000), media consumption did not improve anxiety
symptoms at the beginning of the COVID-19 pandemic (Downs & Adrian, 2004).
Evidence shows that media consumption increases uncertainty, which correlates with
non-compliance with governmental regulations (Mevorach et al., 2021). On the other
hand, trust in the agency that produced the media message was associated with a higher
level of compliance in Israel in May 2020 (Mevorach et al., 2021). Overall, mass media
are associated with increased anxiety related to COVID-19. However, the mechanisms
of these processes are not completely clear.

The aim of this study was to evaluate age-specific characteristics of gaze behavior
related to the perception of anxiety-provoking information. The significance of this
investigation lies in its interdisciplinary nature and the need for further research
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involving news messages. At this point, no study has examined psycho-emotional states
during news perception based on eye-tracking behavior.

Previous Evidence About the Age-Related Differences in Eye Movements While
Reading

There is evidence of age-related differences in information processing while
reading. These age-related differences can be caused by the aging process in eyesight
(Rayner et al., 2014), attention processes (Gamboz et al., 2010), and cognitive control
mechanisms (Borges et al., 2020). It should be noted that text comprehension does not
decline in the same way due to the changes in time allocation during the reading (Stine-
Morrow et al., 2004). Older adults also differ from younger adults in the semantic
processing of the text by allocating fewer resources for detecting coherent anomalous
noun phrases and more time for incoherent ones (Daneman et al., 2006). In addition to
these changes that might affect text comprehension, there are age-related differences in
gaze behavior during reading.

Aging mechanisms alter saccades, fixations, their length, and the occurrence of
rereading. Aging is characterized by increased saccades' latency and the weakening
ability to suppress reflective saccades (Daneman et al., 2006). According to McGowan
et al. (2015), older adults have more fixations and longer duration. In addition, changes
in gaze behavior result in a lower chance of fixating on prescription warning labels in
older adults (Sundar et al., 2012). While the mechanism for the decrease in fixation time
is unclear, these changes, together with changes in attention and cognitive control
mechanisms, may change the perception of anxiety-provoking stimuli.

Considering the up-to-date information and changes in society during the COVID-
19 pandemic, this study sought answers to the following research question:

RQ1: Are there significant differences in age-related gaze behavior between
younger and older groups while reading the news texts about the COVID-19 pandemic?

Method

The study was conducted in April 2021. Participants started answering the
questionnaire before the experiment in March 2021. The questionnaire provided
informed consent for participants to participate in the experiment. The research team
received approval from the Research Ethics Committee of the Scientific and Educational
Institute of Journalism to conduct the experiment involving humans (permission dated
January 20, 2021).

Participants

Participants of the study were of two age groups. The first group of 164 people
included younger adults aged between 17 and 22 years old (mean age 17.53). This group
was recruited among students at the Scientific and Educational Institute of Journalism at
the Taras Shevchenko National University of Kyiv. The second group of older adults
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included 25 people between 59 and 71 years old, with a mean age of 64.5, who were
professors at the Scientific and Educational Institute of Journalism at the Taras
Shevchenko National University of Kyiv.

A total of 101 people agreed to participate in the second stage of the study. All of
them were randomly allocated to three groups. The first group perceived the positive text
elements of COVID-19. The second group was exposed to text with neutral text
elements about COVID-19. The third group was presented with negative elements
within the same text, covering the COVID-19 topic. Only the third group included both
younger and older adults. So only results for the third group will be presented in this
article.

The examples of the raw trajectories for participants reading different types of texts
are presented in Figures 1-3.

Figure 1
Example of Raw Eye Tracking Trajectories for Users Reading Negative Texts
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Figure 2
Example of Raw Eye Tracking Trajectories for Users Reading Neutral Texts
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Figure 3
Example of Raw Eye Tracking Trajectories for Users Reading Positive texts
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Both horizontal and vertical axes in Figures 1-3 are in pixels. Each user's pixel size
differs depending on the computer screen characteristics. Negative values of the
coordinates mean that the gaze was directed outside the computer screen area.

Instruments

All participants of the study provided informed consent before being involved in
the study. After that, all participants were invited to participate in the first stage of the
study, which consisted of filling out the questionnaires. The participants were asked
about their sex, age, experience with COVID-19, and/or vaccination. Participants were
also asked whether they had a laptop or personal computer with a web camera to
evaluate their eligibility for the second research stage, which required these devices to
collect eye-tracking data. Along with these questions, they were asked to fill out
Psychological Stress Measure (PSM-25), Patient Health Questionnaire (PHQ-9), and
Generalised Anxiety Disorder Assessment (GAD-7) questionnaires in order to determine
their levels of stress, depression, and anxiety.

The second research stage was an eye-tracking study of text perception. Again,
participants with a personal computer or a laptop with a web camera were invited to
participate in the study.

Stimuli

To select messages on COVID-19, we used the online monitoring service
LOOQME (https://loogme.io/uk). The search subject was COVID-19. First, we found
41674 media reports about COVID-19 in Ukrainian media during February — April
2021.
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From this selection of media reports, we selected 11 with a negative tone, 11 with a
neutral tone, and 11 with a positive tone based on the level of the reports’ media
visibility.

Fixation of a Gaze

In this work, dispersion-threshold identification algorithm (Salvucci & Goldberg,
2000) utilizes the fact that fixation points are grouped closely together for a certain
amount of time. Therefore, if the dispersion of the eye gaze trajectory points is lower
than a predefined threshold for a certain time, this region is considered as fixation. The
device used for recording the eye tracking trajectories provides the “calibration error” for
each recording, which is the noise level of the measured trajectory coordinates, the
algorithm was adapted for finding fixation in the presence of measurement errors. Let
X=[xpx o xn ] Y=[eyie o Yion-1] are the horizontal and vertical parts of
trajectory, where ¥~ is the i-th sample of the horizontal coordinate, »:- is the i-th sample
of vertical coordinate (in pixels), fori=0...~- 1, N is the duration of the observation
window in samples.

Horizontal dispersion 2. and vertical dispersion
defined as

D in the observation window are

D_tzmax( X) —min( X)

D =max('Y) —min(Y) (1)

If T and Ty are the calibration errors in pixels for horizontal and vertical axes,
respectively, then the fixation is identified for the current observation window if

D ST +Dy ang Py =1, Py, )

where P is the threshold.
In the current work, fixations were detected in non-overlapping sliding windows of 200
ms duration. If the trajectory deviates less than a calibration error plus a threshold within
the observation window, it is considered a fixation. The threshold 2 was empirically
selected at 100 pixels, as an estimate of a distance between lines on the screen where text
was presented. Afterwards, the total number of fixations was calculated as well as its
ratio with respect to the total duration of the recording for every study group.

Eye Tracking Method
Eye-tracking trajectory data were collected using Eyepass (Beehiveor, Ukraine) —a

library for gathering webcam eye-tracking data
[https://beehiveor.gitlab.io/gazefilter/recording.html].
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Results and Discussion
Data Preparation

First, data samples where more than 80% of the recording duration (“acceptable”
data) was available were selected and used for further analysis. The number of
recordings used as samples for each group is presented in Table 1.

Table 1
Data Samples for Each Group Used for the Analysis

Group Total # Acceptable #
Negative, older 20 16
Negative, younger 20 17
Positive 26 23
Neutral 35 33
Negative 40 33

After removing recordings with the noise level exceeding the established threshold,
16 older adults and 17 younger adults remained eligible for the analysis. Older and
younger groups were compared by the number of total fixations and median duration of
the fixation (median data are presented in Table 2, and boxplots for fixations duration
and numbers are shown in Figures 2 and 3, respectively). Since the number and duration
of fixations were not distributed normally, we used non-parametric statistical tests to
determine the difference between the two groups. We used Mann-Whitney U-test in
search of statistical significance between the two groups. The results revealed that older
adults had a shorter median fixation duration (p-value < .001). However, there was no
difference between groups regarding the fixation number (p-value = .1).

Table 2
Median Fixation Duration and Fixation Number

Group Fixation Fixation Fixation Fixation Fixation Fixation
duration, duration, duration, number, number, number,

lower median  upper lower median  upper
quartile quartile  quartile quartile
Younger A3 37 93 70.55 74.23 80.31
adults
Older 1 23 .63 51.02 64.14 77.82
adults
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Boxplots for duration of gaze fixations in older and younger adults are presented in
Figure 4.

Figure 4

Duration of Gaze Fixations for Professors / Duration of Fixations for Students
(p = 2.3588531632421013e-74)
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Boxplots for the number of gaze fixations in older and younger adults, see Fig. 5.

Figure 5
Number of Gaze Fixations in Professors / Number of Gaze Fixations in Students
(p =.3593191418097559)

Number of fixations

2000 4
1500 +

1000 +

1
| o m

T v
1 2
['Negative texts_old', "Megative texts_young']

A number of all fixations, Negative texts_senior: [296. 486. 560.5]
A number of all fixations, Negative texts _younger: [264. 463. 516.]

The results of this research directly contrast with earlier findings about age
differences in gaze fixation duration. For instance, McGowan et al. (2014) showed that
older adults have a longer fixation time. However, those authors did not use media
content in their research design. Moreover, there are very few, if any, such studies that

43



Daryna Ivaskevych, Anton Popov, Volodymyr Rizun, Yurii Havrylets, Alla Petrenko-Lysak, Yuliia Yachnik

use news content. Regarding possible explanations, further research should address this
problem using various research designs.

Nevertheless, our findings appear crucial in adapting the eye-tracking method to
examine news effects. As Geise admitted, the process of visual perception — is a
multidimensional phenomenon to which justice can be done only through a multifaceted
theoretical foundation (Geise, 2014).

Many eye-tracking studies in media effects research were performed within Lang's
Limited Capacity Model of Motivated Mediated Message Processing, LCAMP (Lang,
2006). In developing this model, Avery and Park (2018) noted that visual attention is
measured by dwell time on visual stimuli to identify how they affect message
effectiveness. By tracking how people visually move through messages with different
motivations, the effects of visual stimuli are isolated in a more sophisticated and valid
way than self-reports allow.

Limitations of the Study

Gaze behavior may differ from person to person. According to the media-
dependence theory (Ball-Rokeach & DeFleur, 1976), one of the crucial variables that
psycho-physiological media effects research should consider is the importance of certain
media for an individual. From such attitude derives media trust, an even more important
indicator. Therefore, one critical limitation of this paper is paying little attention to
media importance and trust. Besides, researchers need to involve many more participants
to show systematic trends in media effects using the eye-tracking methodology.
However, in our situation, it was primarily challenging to conduct an experiment during
the COVID-19 lockdown without harm to the participants' and researchers’ health. Thus,
we chose the web eye-tracking method when all the participants read the experimental
content using their computers.

Conclusions

While these results are statistically significant, other factors besides age might have
contributed to these findings. First, the occupation of the study participants should be
taken into consideration. As professors at the Scientific and Educational Institute of
Journalism, older adults participating in the study may have different reading patterns
due to their professional skills. Second, older adults are more vulnerable to adverse
COVID-19 outcomes than younger adults (Nidadavolu & Walston, 2021). This may
leverage some changes in text processing due to the text's high importance for satisfying
basic safety needs. Finally, older adults' higher vulnerability than younger adults may
result in differences in attention processes while reading text with negative text
elements.

Therefore, there are significant age-related differences in gaze behavior while
reading the news with negative text elements. While the origin of these variations
between older and younger adults remains unknown, further research should provide
more evidence about this effect’s origin..
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