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SUMMARY
The paper aims to examine the relationship between three factors among
Generation Z members: time spent on SNSs (Social Network Sites) ac-
tivities, visual vs. linguistic emotional stimuli processing, and neural activa -
tion during the performance of visual vs. verbal tasks. Although gene ra tion
Z is described as having worse emotional linguistic competence than it
does a visual competence, there is a lack of experimental research doc-
umenting these dissimilarities. The study in volved a group of 57 adults
born between 1995-2000, i.e. representatives of Generation Z.
The experiment consisted of two parts: the first devoted to the testing of
emotion recognition from images (The Scale of Emotional Intelligence –
Faces), and the second performing linguistic emotional tasks (The Emo-
tion Understanding Test). During the tests a neuroimaging technique
(functional near-infrared spectroscopy) was applied to examine and regi -
ster neural cortical activity in the frontal, temporal, and occipital areas.
The Social Network Sites Scale was used to assess the level of social
network site use. 
Results showed that individuals representing Generation Z perform
better in visual emotional task than in linguistic tasks. There is an as-
sociation between SNSs use and brain activation.
Gen Z who overuse SNSs present greater activation of the brain regions
responsible for a greater cognitive effort such as frontal and prefrontal
areas. The activation differences in the frontal and temporal cortical re-
gions between high users of SNSs and low users document the impact
of SNSs utilization on brain functioning and confirm that SNSs overuse
can have a negative impact on linguistic emotional stimuli processing.  
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INTRODUCTION
The literature suggests that there are difficulties in emotional processing in

digital native 2.0 generation (Generation Z/Gen Z). It is indicated that the reasons

for these difficulties may result from growing up in the world of digital technolo-

gies. Digital natives 2.0 generation, otherwise known as generation Z, also known

as the iGeneration, iGenners, Gen-Z, and Generation Now, consists of those

born in the mid-1990s through the late 2010s. (Looper, 2011). According to some

research, upbringing in a digital environment contributed to the fact that gener-

ation Z is more focused on perceptual/visual data than linguistic data, e.g. they

have difficulty understanding the text (Liu et al., 2012). It has been suggested

that Generation Z processes visual data better than verbal data. This is due to

the frequent use of computer technologies, PCs, screens mobiles, and social

networking sites, and even constant presence on them. The constant digital tech-

nology use that influenced Generation Z in college has caused this cohort to

have different emotional competencies and visual attention. Statistics show that

two-thirds of United States teens own an iPhone and that teens check their

phones approximately 80 times per day (Twenge, 2017). Researchers believe

that this activity modifies the emotional functioning of Gen Z because excessive

contact with visual stimuli / online communication / indirect / and abuse of emoti-

cons contributes to the reduction of language-based emotional communication

and the impoverishment of emotional language (Krohn, 2004; Yuasa et al., 2011;

El Mansouri et al. 2023). Thus, generation Z is described as using more visual

perception than language/auditory perception and having some emotional prob-

lems associated with that (Prensky, 2001, 2005). The author of the generation

concept, i.e. Prensky (2005), suggests in his essay that people from the digital

generation have “different brains” than the older generations but he does not

verify this thesis empirically.

Growing up with digital technological advances can have strengths. For in-

stance, Gen Z is able to get news quickly and communicate efficiently with peo-

ple around the world (Seemiller and Grace, 2016). Gen Z representatives prefer

to communicate through social media (SNS, i.e. Social Network Sites) rather

than face-to-face (Törőcsik et al., 2014). Facebook and other social platforms/ap-

plications make it possible for an individual to construct a socially desirable iden-

tity (Zhao et al., 2008) by creating one’s own profile, or by identifying with a group

of persons described as friends (Boyd, Ellison, 2007). Meta-analyses indicate

that the size of someone’s virtual social network increases until he/she reaches

young adulthood; while afterward its gradual decrease can be observed (Wrzus

et al., 2013). Being an extravert helps one’s to get more friends (Amichai-Ham-

burger and Vinitzky, 2010). Narcissistic persons who use SNS often try to make

as many friends as possible. 

On the other hand, SNS or digital technology use can be disadvantageous,

when for example virtual replaces social interaction. Gen Z has a bond to digital

media causing them to become emotionally attached to the internet (Turner,
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2015). Facebook’s use can have many emotional consequences such as feel-

ings of loneliness and feelings of envy which can be detrimental to one achieving

life satisfaction (Freeman et al., 2014). Social media may be a replacement for

in-person contact. Having friends whom one does not know in person is related

to having lower self-esteem in comparison with one’s perception of others (Chou

and Edge, 2012). Gen Z significantly more frequently treated Facebook as an

inherent element of life and used Facebook to create virtual friends groups

(Sitko-Dominik, 2019). However, data on the relationships between digital tech-

nology use and emotional functioning are ambiguous. For instance, virtual em-

pathy has been found to positively correlate with live face-to-face empathy and

people can show empathetic responses to others online (Carrier et al., 2015).

Other research documented that being online, in general, had little negative in-

fluence on real-world and cognitive empathy (Carrier et al., 2015). Advanced

technology use is positively associated with cognitive empathy and understand-

ing of others’ feelings, which appears to be high in Gen Z (Carré et al., 2013). In

general, researchers believe that new technologies have become an inherent

element of life among young adults which has an impact on their behavior, their

expectations concerning education, and lifestyle (Arampazi et al., 2018; Howe and

Strauss, 2000; Oblinger et al., 2005). 

Image vs. language. Although Gen Z is described as performing better in vi-

sual perceptive than linguistic processing, the empirical evidence on these dif-

ferences is sparse. Comparison of generation Y and Z attention revealed that the

difference between text and image processing does not appear to be large. For

instance, researchers found that the average fixation duration is not dependent

on the age group (Gen Y and Gen Z). Furthermore, a higher fixation count within

Gen Y (compared to Gen Z) indicated a higher cognitive load in Gen Y. Gen Z

fixated on image stimuli fewer times on average than Gen Y, indicating their lower

interest in image stimuli (Krajina, 2018). Gen Y spent more time interpreting

image stimuli areas (Djamasbi et al., 2010). It is important to note that the re-

searchers found differences between the age groups in terms of interface and

design, however, not between generations but only of age. The important aspect

that has been evaluated was the use of an image vs. no image. Researchers

concluded that with a lower number of fixations on textual stimuli, Gen Z did pre-

fer images and that Gen Z who read the text needed higher cognitive effort to

process and interpret it, compared to Gen Y (Djamasbi et al., 2010; Krajina,

2018). Although some data confirm the differences between generation Z and

others, there are no studies in the literature documenting the differences between

the generations in the neural mechanisms of affective linguistic vs. visual infor-

mation processing. 

Therefore, we aim to examine putative differences in the neural mechanisms

underlying the visual and linguistic emotional stimuli processing in Gen Z repre-

sentatives. We focus on cortical activation in the frontal, temporal, and occipital

areas during the processing of these two information types based on general

data on brain correlates of processing emotional verbal, and visual information.
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We also refer to some findings on brain alternation in people addicted to SNS

(He et al., 2017). It has been found, for instance, that the grey matter volume in

the amygdala is lower in people addicted to SNSs, and negatively associated

with SNSs addiction scores. SNSs addiction seems to be associated with in-

creased grey matter in the anterior cingulate cortex (ACC) and the midcingulate

cortex (MCC) (He et al., 2017). Data on neural processing emotional linguistic

and visual stimuli in general indicate several cortical regions involved in this be-

cause it engages perception, attention, memory, and other cognitive processes.

First, occipital and temporal regions are highlighted. Emotional linguistic pro-

cessing involves the primary and secondary visual cortex and the fusiform gyrus

which are associated with explicit memory retrieval (Gabrieli et al., 1998; Gawda

and Szepietowska, 2016). The primary and secondary occipital areas and tem-

poral regions are activated during emotional information retrieval (Tabert et al.,

2001). Negative emotional information encoding involves perceptual processing

and engages occipital areas associated with the visual processing of emotional

information (Dolcos et al., 2012). The middle temporal gyrus (which is thought

to be responsible for semantic processing) (Birn et al., 2010) and the fusiform

gyrus are also involved in semantic processing (Ardila et al., 2006). The frontal

and prefrontal regions are also engaged in emotional linguistic and visual stimuli

processing because they are responsible for attention, working memory, and ex-

ecutive functions involved in emotional processing (Goldberg et al., 2013; Robin-

son and Tamir, 2005). The right prefrontal cortex, for instance, is associated with

episodic retrieval during tasks with emotional subjective evaluation (Schmitz et

al., 2004). Greater activation of the frontal regions during verbal fluency tasks

may reflect not-impaired attention, better working memory, and information pro-

cessing (Britton et al., 2011; Gawda and Szepietowska, 2016; Hartley, Phelps,

2012). It was also shown that the inferior frontal gyrus was involved in phono-

logical encoding, and evaluation of emotional meaning, and the bilateral or-

bitofrontal cortex was engaged in emotional language processing (Vuilleumier,

2005). Increased activity of the frontal regions suggests the use of more effective

monitoring, selection, and control of cognitive processes (Shimamura, 2002).

Furthermore, the superior medial frontal gyrus was found to be engaged in the

generation and processing of emotional semantic information (Ethofer et al., 2006).

Retrieval of words is also linked to the posterior areas such as the parietal and oc-

cipital regions associated with the visual-spatial processing of information, including

the processing of emotional information (Dolcos et al., 2012). In general, emotional

processing involves higher neural activity in the frontal regions as well as pari-

etotemporal regions (Gawda i in., 2017). The research documented that other re-

gions are also activated by emotional linguistic material: the putamen, nucleus

accumbens (Cato et al., 2004; Crosson et al., 2002; Vuilleumier, 2005).

Hypotheses

This project focuses on the comparison of visual vs. linguistic emotional sti -

muli processing and the examination of neural mechanisms underlying this pro-
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cessing in Gen Z representatives. Our purpose is the description of the possible

indication of different cortical activation in the frontal, temporal as well as occipital

areas during the processing of these two information types.

The study aims to test the neural correlates of emotional visual information

processing (recognizing the emotion expression in photos) and linguistic (iden-

tifying the appropriate emotion expressions based on verbal descriptions) in rep-

resentatives of the Z generation (i.e. born in 1995-2000). It is planned to explore

and describe these differences in the background of information processing as

they have not yet been presented in empirical research. The project is focused

on the processing of both types of affective information in the two groups of Gen

Z representatives: 1) used SNSs to a very large extent, and 2) those who use

SNSs to small extent. We aim to examine the relationship between three factors

among the University students who are Generation Z members: time spent on

SNSs activities, visual vs. linguistic emotional stimuli processing, and neural ac-

tivation during the visual vs. verbal task performance.

We hypothesize that people representing generation Z perform better in visual

emotional tasks than linguistic tasks. Their emotional competencies such as re -

cognizing emotions and naming affective events are high; however, those com-

petencies which are based on perceptive stimuli such as recognition of emotions

are better than linguistic emotional competencies such as naming emotions.

Then, based on the data on the association between SNSs use and brain acti-

vation as well as putative differences between linguistic emotional and visual

emotional processing in Gen Z, we expect that SNSs overuse can differentiate

emotional competencies and brain activation in persons from Gen Z. We expect

the differences in activation of frontal, occipital, and temporal cortical regions be-

tween the groups, i.e. frequently SNSs use vs. low SNSs use.     

MATERIAL AND METHODS1

Participants

The study aimed at adults born in 1995-2000, i.e. who can be classified as

Gen Z. A sample of 57 persons was examined (46 women and 11 men). The in-

vitation and study information was disseminated via social network sites and on-

line discussion groups. The basis for inclusion was the data from the provided

survey (i.e. the year of birth after 1995) and the participant’s consent to partici-

pate in the experiment. Mean age = 23.6 (SD = 2.5). A mean number of educa-

tion years was 13.8 (SD = 1.8). Another inclusion criterion was the lack of mental

and physical impairments and willingness to complete the tasks. Persons who

did not consent to the examination are excluded from the study as well as people

who provided extreme answers, missing data, and/or did not comply with the

1 All procedures performed in studies involving human participants were in accordance with the ethical stan-

dards of the institutional (University of Maria Curie-Sklodowska) and with the 1964 Helsinki declaration and its

later amendments or comparable ethical standards.
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commands contained in the instruction; people who reported taking medications

affecting cognitive functions, people who have declared brain trauma or neuro-

logical (e.g. epilepsy) or mental diseases (e.g. depression, PTSD), and people

declaring distraction and/or a particular lack of comfort. All included participants

signed informed consent forms and received a debriefing sheet after completing

the screening survey. The present study was approved by a local Ethics Com-

mittee of University of Maria Curie-Sklodowska (protocol no. 6/2021).

Procedure and Measures

Measures were obtained from three sources. First, participants were asked

to complete a survey that captured their SNS use levels, demographics and de-

scriptive variables, as well as inclusion-exclusion criteria. Second, participants

completed screening criteria forms for capturing medical issues that may put in-

dividuals at risk in the NIRS cap as well as specific mental conditions and sub-

stance addictions that would exclude them from this study. These data were used

for exclusion-inclusion decisions but not for hypothesis testing. 

The research procedure began with a clause informing the potential respon-

dent about the purpose, anonymity, and voluntary participation in the research. 

1.  The Social Network Sites (SNSs) Scale. The SNSs Usage questionnaire by

Shi, Luo, Yang, Liu, and Cai (2014) is a self-report measure. The SNSs are

defined as web-based services that allow individuals to construct a profile and

share connections with a certain list of other users. In SNSs, people can es-

tablish their own social networks, design their own homepages, and post per-

sonal news, photos, audio, videos, and so on (Shi et al., 2014). The questionnaire

includes two subscales, the SNSs Featured Usage Scale and the SNSs. In

this study, we used the SNSs Featured Usage Scale subscale which consists

of 13 questions on the frequency of the Internet and SNSs use. The respon-

dents answer on a 7-point Likert scale, in which the answers are as follows:

1 means “never”, 2 – “once a year”, 3 – “once a month”, 4 – “once a week”, 

5 – “several times a week”, 6 – “daily” and 7 – “several times a day”. The par-

ticipant has to recall to what extent he/she uses the selected social networking

sites. The SNSs Scale reliability is appropriate (Shi et al., 2014). Taking into

consideration the total score, we divided our group into three subgroups: high

scores i.e. frequently use SNSs; average scores, and with low scores. This

categorical variable (high SNSs use vs. low SNSs use) was used subsequently

in the statistical analyses.  

2.  The Emotion Understanding Test (TRE test). TRE is a Polish instrument de-

veloped by Matczak and Piekarska (2011). It measures the components of

know ledge about emotions. These can be knowledge of emotion words, rela-

tionships between emotions, changes occurring when emotions intensify, and

knowledge of emotion sources. They can  be related to situational factors as

well as one’s internal properties and states, which have a modifying effect on

external factors (Matczak and  Piekarska, 2011). All tasks were presented in

a linguistic form. The participants were asked to choose an appropriate emo-
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tional word i.e. label of emotion or feeling among the proposed answers. The

whole test consists of 30 closed-ended linguistic/verbal tasks that are grouped

into five parts. These tasks are scored on a scale from 0 to 1 – the maximum

score is 30 points. The test allows for determining the overall level of emotion

understanding. The reliability of the TRE is good; α = 0.80 (Matczak and

Piekarska, 2011). We selected three tasks from the TRE for our experiment:

order the emotional words in terms of the intensity, name the state opposite

to the given emotion name, and indicate the name of the emotion that is an

indispensable component of the described emotional event.

3.  The Scale of Emotional Intelligence – Faces (SIE-T) by Anna Matczak,

Joanna Piekarska and Elżbieta Studniarek (Matczak et al., 2005). The test

allows determining the recognition of emotions presented in perceptive/visual

form. Test material consists of 18 photographs of faces expressing eight pos-

itive emotional states (four of them are presented by a woman and four by 

a man) and 10 negative emotional states (five presented by a woman and 

a man). Every photograph is assigned a different set of six emotion names,

both positive and negative. The participant is to decide whether the face visible

in a given photograph is expressing mentioned emotions, and each time marks

one of three possible answers: expresses, does not express, and it is difficult to

say. The SIE-T total score is calculated by summing up the points obtained in

all tasks, a total number of 108 (18 photos x 6 names assigned to each photo).

The reliability of the test estimated using Cronbach’s α was or exceeded the

value of 0.77. We choose our experiment with three tasks from the SIE-T.

4.  NIRS (functional near-infrared spectroscopy)

Cortical activity was measured using fNIRS with optodes located in the occipital,

temporal, and frontal regions.

Procedure: hardware and probe design
NIRS is a neuroimaging technique that has been increasingly used in the

study of cognitive functions based on the non-invasive measurement of hemo-

dynamic changes in the cortical brain surface, where activated areas of the brain

experience high metabolic demand, and increased oxygen absorption (Ferreri

et al., 2014). This oxygen consumption leads to an initial reduction in the amount

of oxygenated hemoglobin (HbO), followed by an increase in regional cerebral

blood flow, which consequently raises the HbO concentration (Fekete et al.,

2014). NIRS exploits the changing optical properties in cortical tissue by emitting

near-infrared light into the cerebral cortex whereby it is absorbed, scattered, or

reflected, and detecting the amount of light that is redirected back towards the

skull (Irani et al., 2007). The emitter optodes emit light to the cortical tissue while

the receiver optode detects the amount of light reflected. The level of oxygenation

determines the absorptive properties of hemoglobin, with activated areas of the

brain absorbing more light due to the higher O2Hb level (Fekete et al., 2014).

A 64-channel (32x32) fNIRScout system (NIRx Technology, Germany) was

used to measure the relative change in HbO, consisting of 26 emitters and 26
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detectors arranged in a standard 10x20 arrangement (diagram with description

in Fig. 1). A total of 84 channels were obtained. Beta values were calculated in

the bilateral prefrontal, temporal and occipital, and inferior parietal cortices at

two wavelengths (750 and 850 nm). The exact location with reference to brain

areas is shown in Table 1.

Procedure of examination
The brain activity recording protocol started with a 30-second recording, during

which the subject kept his eyes closed and was instructed not to think about any-

thing. The first task was to recognize emotions based on facial expression 

(3 tasks from the SIE-T Matczak, Piekarska, and Studniarek Test, 2005), and

the second – to identify the appropriate expressions of emotions (3 tasks from

the TRE Matczak and Piekarska test, 2011). While performing these tasks, the

respondent sees the instruction for the task with the model stimulus material,

then the board with picture 1, then the board with the answers to picture 1, then

the board with picture 2, and then the board with the answers to picture 2, then

the board with picture 3 and possible answers to this photo from the SIE-T test.

After completing task 1, the subject was asked to look at the “+” on the screen

for 20 seconds. (so-called REST in the study). Then, the subject sees a board

with an instruction regarding the performance of the second task, i.e. indicating

the opposite word naming emotions from the set (3 tasks of this type of task from

the TRE test). After completing the 2nd task, the subject is asked again to stare

at one point. After 20 seconds the subject is presented with the faces from task

Gawda et al., SNSs use in Generation Z
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1 again, but in a changed order, followed by REST, and then the subject per-

formed task 2 again, with stimuli presented in a different order. After 20 seconds

REST, the subject performed the modified tasks 1 and 2 again. The report ends

in 20 seconds, and a record during which the subject’s eyes are closed.
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RESULTS

Behavioral data analysis

First, two groups (i.e. high and low SNSs) use have been defined based on

the scores of the Social Network Sites Questionnaire. In the sample, we identified

11 persons who have low SNS scores (between 29.00 and 34.00) i.e. they de-

clared low use of SNSs and 29 who have high scores (between 53.00 and 66.00)

i.e. they declared high SNSs use. Maximum score in the SNSQ is 66.00 and

minimum score is 29.00. Then, these two groups have been compared in terms

of behavioral data (Table 2). We performed one-way variance analysis. These

statistical analyses showed there are no significant differences between High

vs. Low SNSs in the performance of the tasks from SIE-T and TRE tests, and

no difference in the number of hours spent daily on the Internet. It means that

people who spend a lot of time on SNSs do not differentiate in their recognition

of emotions through mimic expression and naming of emotional situations from

those who spend little time on SNS. Furthermore, these two groups do not differ

in the number of hours spent on SNSs. Additionally, sex does not differentiate

the scores in visual or linguistic emotional tasks.    

The next step of the analysis was to compare intragroup scores i.e. differ-

ences between the performance of linguistic (TRE) and visual (SIE-T) tasks. We

used t-test for one sample. This analysis revealed a significant difference be-

tween SIE-T and TRE performances. SIE-T is a measure of visual processing

while TRE is a measure of linguistic processing. Gen Z performs better in visual

tasks (SIE-T test) than in linguistic tasks (TRE test) (Table 3). The effect size for

this difference is large (see Table 4).

The correlation between processing visual and linguistic stimuli is negative 

(r = -.39) which means that higher scores in visual/perceptive emotional stimuli pro-

cessing are associated with lower scores in linguistic emotional stimuli processing.

NIRS data analysis
The next step of the analysis was to compare cortical activation between 

visual and linguistic emotional tasks and between the two groups i.e. high and

low SNSs use. We performed a one-way analysis of variance to perform be-
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tween-group comparisons and a t-test for dependent samples to calculate dif-

ferences in cortical activation during visual vs. linguistic tasks. 

Raw fNIRS data were recorded using NIRStar14.2 acquisition software (NIRx,

Germany) and then processed using Homer3 analysis software. First, those par-

ticipants with an incomplete record (e.g. not all conditions marked) were elimi-

nated. Unrelated time intervals and motion-induced artifacts were eliminated

during data pre-processing. In order to eliminate noisy signal, the qt-nirs algo-

rithm in the Matlab R2019b environment was used (Montero-Hernandez, S., 

& Pollonini, L. QT-NIRS (Quality Testing of Near Infrared Scans) [Computer soft-

ware]. https://github.com /lpollonini/qt-nirs), to remove channels with a signal-to-

noise threshold below 73% (SCI=0.80, PSP=0.10). Therefore, the canals from

the occipital area were not included in the statistical analyses. In the next step,

people with a number of good channels below 35% (18 people) were eliminated.

Light intensities were converted to optical densities and blood oxygen con-

centrations using the modified Beer-Lambert law. The signal was also band-pass

filtered, ranging from 0.01 to 0.5 Hz with hmrBandpassFiltr, to remove both noise

and interfering signals (heart rate, respiratory rate, and Mayer waves). The initial

hemodynamic response function (HRF) time was set to -2 s (i.e., baseline) and

the end time to 20 s (i.e., single block task state). The data prepared in this way

were exported in the .xlsx format to the SPSS 28 software.

Several Regions of Interest (ROI) have been taken into account such as pre-

frontal and frontal areas including the frontal eye area, BA 9, BA 10, and BA 11 of

both hemispheres, occipital regions including primary visual cortex, secondary 

visual cortex, and BA 19. Then, temporal areas include the inferior temporal gyrus,

middle temporal gyrus, superior temporal gyrus, fusiform and temporopolar gyrus,

as well Wernicke’s area and Broca’s area. All regions are presented in Table 1. 

The comparison between the two groups was performed with the U-Mann-

Whitney test for independent samples as the data were not normally distributed.
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The comparisons of high and low SNSs use revealed that there is a significant

difference in cortical activation during image task performance in the right pre-

frontal (orbitofrontal and frontopolar) areas, left fusiform gyrus, and left tem-

poropolar areas (see Table 5). People who frequently use SNSs present higher

activation in the prefrontal areas which means that the emotional image is more

difficult for them than those who use SNSs less frequently. Recognition of emo-

tions from images was associated with greater activation in the prefrontal and

temporal area among those using SNSs often. Also, two groups were compared

in terms of activation during linguistic emotional task performance (Table 5). Only

two significant differences in cortical activation have been observed: in the right

inferior temporal gyrus and left temporopolar area (BA 38). Other regions were

similarly activated in people with high and low SNSs use.

The next step of NIRS data analysis was to compare cortical activation be-

tween image and linguistic emotional tasks. A Wilcoxon test for one dependent

sample was applied (distribution of the data was not normal). The results of this

comparison showed that for Gen Z linguistic tasks were more demanding than

image tasks. They presented greater activation in many areas such as left and

right frontopolar regions and right orbitofrontal areas than during the image task

performance. Linguistic tasks also involved a greater activation in temporal

areas, particularly in the superior temporal gyrus of the left and right hemi-

spheres. Additionally, these tasks involved Broca’s area, which is the site for lin-
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guistic production. Significant greater activation in several cortical areas indicates

that linguistic emotional tasks require Gen Z higher cognitive effort.

DISCUSSION
The results of our research showed that emotional competencies such as

emotion recognition from the picture and naming affective events are at a good

level in Gen Z. However, emotion recognition from images was performed better

than linguistic tasks such as ordering emotional words in terms of their emotional

intensity, naming the state opposite to a given emotion name, indicating emotion

name that is an indispensable component of a described emotional event. All

linguistic tasks were performed worse than visual tasks. The next important result

refers to the differences between Gen Z who use SNSs to a large degree and

those who use SNSs to a small extent. We found that frequent SNSs users do

not differ in their performance in emotional tests, but they differ in cortical acti-

vation during test performance. Gens Z of high SNSs use had greater activation

during image tasks performance in right prefrontal (orbitofrontal and frontopolar)

areas, left fusiform gyrus, and left temporopolar areas and during linguistic tasks

performance greater activation in right inferior temporal gyrus and left tem-

poropolar area was observed. Our third important result refers to comparisons

of cortical activation between image and linguistic performance in Gen Z. We

showed that there are significant differences in left and right frontopolar regions,

right orbitofrontal areas, temporal areas (superior temporal gyrus of left and right

hemispheres) and Broca’s area. 
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Our results are consistent with findings indicating that Gen Z is better in per-

forming visual tasks than linguistic ones (Djamasbi et al., 2010; Krajina, 2018).

They recognize images presenting emotional states better than a linguistic de-

scription of affective states/events. They performed the linguistic emotional tasks

worse. This difference can be related to the frequent use of computer technolo-

gies, PC, screens or mobiles and so on. This is in line with findings showing that

Gen Z presented a lower number of fixations on textual stimuli, and while reading

the text they need higher cognitive effort to process and interpret it (Djamasbi et

al., 2010; Krajina, 2018). Worse performance in linguistic emotional tasks can

be associated with the frequent use of virtual technology which replaces social

interactions. Gens Z is connected to digital media, they are emotionally attached

to the SNSs which presents dominance of image over language (Turner, 2015).

Social media may replace in-person contact and thus, can have an impact on

worse emotional language development (Liu et al., 2012). Gens Z more fre-

quently treated Facebook and other SNSs and an inherent element of their life,

a decrease in face-to-face communication and relationships can influence lin-

guistic emotional skills such as naming emotions, ranging emotion words, com-

paring emotion labels (Carier et al., 2015; Gawda et al., 2020).  

Our findings showed that although there were no significant differences in be-

havioral data between high and low SNSs users, there were differences in the

NIRS data, i.e. cortical activation. It suggests that different neural mechanisms

may be involved in emotional processes, yielding similar behavioral effects.

These results indicate a relationship between the task difficulty and the differ-

ences in brain activity in the high SNSs and low SNS users: the easier the task,

the lower the differences in activation between the groups. People who use SNSs

frequently present higher activation in prefrontal and temporal areas during

image processing which means that emotional image processing is more difficult

for them than for low SNSs users. Greater activation of prefrontal and temporal

areas is linked to a greater cognitive effort among high SNSs users. Particularly

difficult for them are linguistic tasks. It was confirmed by greater involvement of

the inferior temporal gyrus and temporopolar areas during the performance. This

is consistent with the data on the association between SNSs use and brain ac-

tivation indicating that SNSs overutilization can differentiate brain activation (He

et al., 2017). It also supports the thesis that high SNS users differ in information

processing between more complex and less complex tasks, and these diffe -

rences are reflected in neural mechanisms (Ralph, 2014). SNSs overuse results

in some difficulties in emotional competencies, and thus, the performance of

such tasks became more difficult for these persons from Gen Z. It shows that

high SNSs use can have a negative impact on emotional stimuli processing.  

Our results confirmed that linguistic emotional tasks were more difficult for

Gen Z than image tasks. Many significant differences in cortical activation have

been observed. Regions more involved in the linguistic task are typically related

to language processing and associated cognitive effort. The prefrontal cortex is

thought to be associated with episodic retrieval during tasks with emotional sub-
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jective evaluation (Schmitz et al., 2004). The orbitofrontal cortex was engaged

in emotional language processing (Vuilleumier, 2005). Greater activation of the

frontal regions during linguistic emotional tasks performance can reflect greater

cognitive effort in Gen Z, i.e., involvement of attention, working memory, and in-

formation processing (Hartley and Phelps, 2012). These can be associated with

increased processes of monitoring, selection, and control (Shimamura, 2002).

Temporal regions were also more active during linguistic task performance which

is typical for language processing.  

The superior temporal gyrus involves complex language and auditory pro-

cessing. Broca’s area is responsible for binding elements of language, selecting

information, sequencing, cognitive control mechanisms for the syntactic process-

ing of sentences, and construction of complex sentences and speech patterns

(Cato et al., 2004). Other differences have been found in the activation of the

occi pitotemporal area, i.e., fusiform gyrus which is largely involved in semantic

processing, facial and body as well as word and number recognition (Dolcos et

al., 2012). All these regions were greatly activated during linguistic tasks per-

formance in Gen Z confirming that linguistic emotional tasks were more chal-

lenging for them. It shows that linguistic tasks are less familiar to them. To sum

up, we can conclude that for Gen Z all linguistic emotional tasks were more dif-

ficult than image tasks and that it supports opinions about emotional language

impoverishment in Gen Z (Krohn, 2004).

LIMITATIONS
Our study is not free of limitations. The limitation of this study was a potential

factor influencing the sex differences. We included 46 women and 11 men in our

study. The examination is time-consuming and a total sample is not of small size,

however, an unequal number of women and men can have an impact on the

findings. The results should be, however, interpreted with caution because of po-

tential not-included factors.

CONCLUSIONS
The study examined the relation between three factors among Gen Z mem-

bers: time spent on SNSs activities, processing of the visual vs. linguistic emo-

tional stimuli, and neural activation during the visual vs. verbal task performance.

We confirmed almost all our hypotheses. We found that Gen Z performs better

in visual emotional tasks than in linguistic tasks. Emotional competencies such

as recognition of emotions from pictures and naming affective events differ in

Gen Z. They present better competencies based on visual stimuli processing

than on linguistic emotional stimuli such as naming emotions. We confirm that

there is an association between SNSs use and brain activation. Gen Z who over-

use SNSs present greater activation in brain regions responsible for cognitive

effort such as frontal and prefrontal areas. Gen Z can display problems in lin-

guistic emotional processing which is in line with opinions that Gen Z displays
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worse emotional language development. We confirmed that SNSs overuse can

differentiate emotional competencies and brain activation. The differences in 

activation of frontal and temporal cortical regions between high and low SNSs

users document the impact of SNSs utilization on brain functioning.

Acknowledgement

The authors wish to thank Paweł Augustynowicz Ph.D. for his support in coding

the experiment. 

REFERENCES
Amichai-Hamburger, Y., Vinitzky, G., 2010. Social network use and personality. Comput. Hum. Be hav.

26, 1289–1295.

Arampatzi, E., Burger, M. J., Novik, N., 2018. Social network sites, individual social capital and

happiness. J. Happiness Stud. 19(1), 99-122. doi: 10.1007/s10902-016-9808-z.

Ardila, A., Ostrosky-Solis, F., Bernd, B., 2006. Cognitive testing toward the future: the 13 example

of semantic verbal fluency (Animals). Int. J. Psychol. 41 (5), 324-332. doi: 14 10.1080/0020759

00500345542.

Birn, R., Kenworthy, L., Case, L., Caravella, R., Jones, T., Bandettini, P. et al. 2010. Neural systems

sup porting lexical search guided by letter and semantic category cues: a self-paced overt response

fMRI study of verbal fluency. Neuroimage 49, 1099–1107. doi:10.1016/j.neuroimage.2009. 07.036.

Boyd, D.M., Ellison, N.B., 2007. Social network sites: Definition, history, and scholarship. J. Com-

put-Mediat. Comm. 13 (1), 210–230.

Britton, J.C., Lissek, S., Grillon, Ch., Norcross, M.A., Pine, D.S., 2011. Development of anxiety: the

role of threat appraisal and fear learning. Depress. Anxiety. 28(1), 5-17. doi: 10.1002/da. 20733.

Carré, A., Stefaniak, N., D’Ambrosio, F., Bensalah, L., Besche-Richard, C., 2013. The Basic Em-

pathy Scale in adults (BES-A): Factor structure of a revised form. Psychol. Assess. 25(3), 679–

691. https://doi.org/10.1037/a0032297.

Carrier, L. M., Spradlin, A., Bunce, J. P., Rosen, L. D., 2015. Virtual empathy: Positive and negative

impacts of going online upon empathy in young adults. Comput. Hum. Behav. 52, 39–48.

https://doi.org/10.1016/j.chb.2015.05.026.

Cato, M.A., Crosson, B., Gökcay, D., Soltysik, D., Wierenga, C., Gopinath, K.,  … Briggs, R.W.,

2004. Processing words with emotional connotation: an FMRI study of time course and laterality

in rostral frontal and retrosplenial cortices. J. Cogn. Neurosci. 16, 167-77.

Chou HT, Edge N., 2012. “They are happier and having better lives than I am”: the impact of using

Facebook on perceptions of others’ lives. Cyber. Behav. Soc. Netw. 15(2), 117-21. doi: 10.1089/

cyber.2011.0324. 

Crosson, B., Cato, M.A., Sadek, J.R., Gökcay, D, Bauer, R.M., Fischler, I.S., … Briggs, R.W., 2002.

Semantic monitoring of word with emotional connotation fMRI: contribution of anterior left frontal

cortex. J. Inter. Neuropsychol. Soc. 8, 607-22.

Djamasbi, S., Siegel, M., Tullis, T., 2010. Generation Y, web design, and eye tracking. Int. J. Hum.

Comput. Stud. 68(5), 307–323. https://doi.org/10.1016/j.ijhcs.2009.12.006.

Dolcos, F., Denkova, E., Dolcos, S., 2012. Neural correlates of emotional memories: a review of

evidence from brain imaging studies. Psychologia. 55, 80-111. doi: org/10.2117/psysoc.2012.80.

El Mansouri, A., El Hessni, A., Aboussaleh Y., et al. (2023). Smartphone overuse as habit of plea-

sure seeking in Moroccan adults. Acta Neuropsychologica, 21(2), 139-146. https://doi.org/10.

5604/01.3001.0053.4736.

Ethofer, T., Pourtois, G., Widgruber, D., 2006. Investigating audiovisual integration of emotional

signals in the human brain. Prog. Brain Res. 156, 345-61.

Fekete T., Beacher F.D., Cha J., Rubin D., Mujica-Parodi L.R., 2014. Small-world network proper-

ties in prefrontal cortex correlate with predictors of psychopathology risk in young children: 

a NIRS study. NeuroImage, 85, 345–53.

Gawda et al., SNSs use in Generation Z

52



Ferreri L., Bigand E., Perrey S., Bugaiska A., 2014. The promise of near-infrared spectroscopy (NIRS)

for psychological research: a brief review. L’Année Psychologique, 114(3), 537–69.

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H.,  Wenderoth, M. P.,

2014. Active learning boosts performance in STEM courses. Natl. Acad. Sci. 111(23), 8410–

8415. https://doi.org/10.1073/pnas.1319030111.

Gabrieli, J.D.E., Poldrack, R.A. Desmond, J.E., 1998. The role of left prefrontal cortex in language

and memory. Proc. Natl. Acad. Sci. U.S.A. 95, 906–913.

Gawda B., Szepietowska E., Soluch P., Wolak, T., 2017. Valence of affective verbal fluency. fMRI

studies on neural organization of emotional concepts Joy and Fear. J. Psycholing. Res. 46 (3),

731-746. doi: 10.1007/s10936-016-9462-y.

Gawda, B., Kosacka, K., Banaszkiewicz, P., 2020. Psychologia emocji digital natives [Psychology

of emotions of digital natives].  Wydawnictwo Uniwersytetu Marii Curie-Skłodowskiej, Lublin.

Gawda, B., Szepietowska, E., 2016. Trait anxiety modulates brain activity during performance of

verbal fluency tasks. Front. Behav. Neurosci. 10, 10. doi: 10.3389/fnbeh.2016.00010.

Goldberg, E., Roediger, D., Kucukboyaci, N.E., Carlson, C., Devinsky, O., Kuzniecky, R., et  al., 2013.

Hemispheric asymmetries of cortical volume of human brain. Cortex. 49, 200, 210.  doi: 10.1016/

j.cortex.2011.11.002.

Hartley C.A., Phelps, E.A., 2012. Anxiety and decision making. Biol. Psychiatr.72, 113-118. Doi:

10. 1016/j.biopsych.2011.12.027.

He, Q. et al., 2017. Brain anatomy alterations associated with Social Networking Site (SNS) ad-

diction. Sci. Rep. 7, 45064; doi: 10.1038/srep45064 (2017).

Howe, N., Strauss, W., 2000. Millennials rising: The next great generation. Vintage Books, New York

Irani F., Platek S.M., Bunce S., Ruocco A.C., Chute D., 2007. Functional near infrared spectroscopy

(fNIRS): an emerging neuroimaging technology with important applications for the study of

brain disorders. The Clin. Neuropsychol. 21(1), 9–37.

Krajina, A., 2018. Generation Y and Generation Z visual attention in the online environment: evi-

dence from eye tracking and laddering. In 2018 NeuroPsychoEconomics Conference. 2018.

Consumer Behaviour Research in Digital Environment.

Krohn, F. B., 2004. A generational approach to using emoticons as nonverbal communication. J. Tech.

Writ. Commun. 34(4), 321–328.

Liu, W., Pasman, G., Stappers, P. J., Taal-Fokker, J., 2012. Making the office catch up: comparing

generation Y interactions at home and work. Proceedings of the Designing Interactive Systems

Conference, 697–700. 

Looper, L., 2011. How Generation Z Works. How Stuff Works. Retrieved from https://people.how-

stuffworks.com/culture-traditions/generation-gaps/generation-z.htm

Matczak, A., Piekarska, J., 2011. Test Rozumienia Emocji TRE. Podręcznik [TRE. Emotion Un-

derstanding Test]. Pracownia Testów Psychologicznych, Warszawa.

Matczak, A., Piekarska, J., Studniarek, E., 2005. Skala inteligencji emocjonalnej – Twarze. SIE-T.

Podręcznik [Emotional Intelligence Scale – Faces. SIĘ-T. Manual]. Pracownia Testów Psycho-

logicznych Polskiego Towarzystwa Psychologicznego, Warszawa.

Montero-Hernandez, S., & Pollonini, L. QT-NIRS (Quality Testing of Near Infrared Scans) [Com-

puter software]. https://github.com/lpollonini/qt-nirs)

Oblinger, D., Oblinger, J.L., Lippincott, J.K., 2005. Educating the net generation. Educause, Boulder.

Prensky, M., 2001. Digital Natives, Digital Immigrants. On the Horizon, 9(5), 6.

Prensky, M., 2005. Listen to the natives. Educ. Leadership, 63(4), 8-13.

Ralph, M., 2014. Neurocognitive insights on conceptual knowledge and its breakdown. Phil. Trans.

R. Soc. B 369: 20120392. doi: 10.1098/rstb.2012.0392

Robinson M.D., Tamir, M., 2005. Neuroticism as mental noise: relation between neuroticism and

reaction time standard deviations. J. Pers. Soc. Psychol. 89, 107-114. doi: 10.1037/0022.35.14.

89.1.107.

Schmitz, T.W., Kawahara-Baccus, T.N., Johnson, S.C., 2004. Metacognitive evaluation, self-relevan -

ce, and the right prefrontal cortex. NeuroImage 22, 941-947. doi:6 10.1016/j.neuroimage.2004.

02.018.

Gawda et al., SNSs use in Generation Z

53



Seemiller, C., Grace, M., 2016. Generation Z goes to college. Jossey-Bass, San Francisco.

Shi, Y., Luo, Y. L. L., Yang, Z., Liu, Y., Cai, H., 2014. The development and validation of the Social Net-

work Sites (SNSs) Usage Questionnaire. In International Conference on Social Computing and So-

cial Media (pp. 113–124). Cham, Switzerland: Springer. doi:10.1007/978-3-319-07632-4_11.

Shimamura, P.A., 2002. Memory retrieval and executive control processes, in: Struss, D.T., Knight,

R.T. (Eds.), Principles of frontal lobe function, Oxford University Press, New York, pp. 210-220.

Sitko-Dominik, M., 2019. Generational membership and the intensity of Social Media use among

young adults. New Educ. Rev. 58, (4), 122-132.

Tabert, M.H., Peery, S., Borod, J.C., Schmidt, M., Grunwald, I., Sliwinski, M., 2001. Lexical emo-

tional expression across the life span: quantitative and qualitative analyses of word list gener-

ation tasks. The Clin. Neuropsychol. 15(4), 531–550.

Törőcsik, M., Szűcs, K., Kehl, D., 2014. How generations think: research on Generation Z. Acta

Uni versitatis Sapientiae, Communicatio, 1 (2014), 23–45.

Turner, A., 2015. Generation Z: Technology and social interest. J. Individ. Psychol. 71(2). https://doi.

org/doi:10.1353/jip.2015.002.

Twenge, J. M., 2017. iGen: Why today’s super-connected kids are growing up less rebellious,

more tolerant, less happy and completely unprepared for adulthood and what that means for

the rest of us. Atria Books, New York.

Vuilleumier, P., 2005. How brains beware: neural mechanisms of emotional attention. Trends Cogn.

Sci. 9, 585-94.  

Wrzus, C., Hänel, M., Wagner, J., Neyer, F.J., 2013. Social network changes and life events across

the life span: a meta-analysis. Psychol. Bull. 139 (1), 53.

Yuasa, M., Saito, K., Mukawa, N., 2011. Brain activity when reading sentences and emoticons: An fMRI

study of verbal and nonverbal communication. Electronics and Commun. Japan. 94, 17–24.

Zhao, S., Grasmuck, S., Martin, J., 2008. Identity construction on Facebook: Digital empowerment

in anchored relationships. Comput. Hum. Behav. 24 (5), 1816–1836.

Corresponding author

Barbara Gawda

Institute of Psychology, University of Maria Curie–Skłodowska, 

ul. Głęboka 45, 20-612 Lublin, Poland 

e-mail:  bgawda@wp.pl

Gawda et al., SNSs use in Generation Z

54


