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A B S T R A C T   

During the COVID-19 pandemic, exposure to COVID-related stimuli, has been enormous. Exposure to threat- 
related stimuli, can have a significant impact on people’s wellbeing particularly in relation to COVID-related 
anxiety. The present research comprises two empirical studies. In Study 1, a newly developed Emotional 
Stroop Task (EST) and an Image Rating Task (IRT) were used to assess, automatic and non-automatic affective 
responses to COVID-related words and images during the first wave of the pandemic in the UK general popu-
lation. In Study 2, the same tasks were used to evaluate the affective responses of University students during the 
second wave of the pandemic. Additionally, loneliness and pro-social behaviours were explored in relation 
COVID-related anxiety in the same population. Overall, the results showed that automatic affective responses as 
measured by interference effects on the EST, remained unaffected during the pandemic. However, non-automatic 
affective responses to COVID-related images measured by the IRT, indicated that participants rated these images 
as more fearful sadder and higher in anger, compared to non-COVID negative images matched for arousal and 
negativity and this was more evident in people with high COVID-anxiety. Trait anxiety was related to higher 
levels of loneliness, more prosocial behaviour and higher intentions to help others, while COVID-related anxiety 
mediated these effects, suggesting that for high levels of trait anxiety, participants were more likely to have 
helped someone in need during the pandemic when their COVID-anxiety levels were low.   

1. Introduction 

The COVID-19 pandemic has had an unprecedented effect on 
everyday life and functioning, across the world (Pǐsot et al., 2020). Since 
the first trimester of 2020 increasingly more countries implemented 
nation-wide lockdowns and other restrictive and social distancing 
measures in order to protect national health systems from being over-
whelmed by the increased need for medical care and treatment of 
COVID-19 patients (Davies et al., 2020). The pandemic has also had an 
unprecedented impact on mental health, manifested in increased prev-
alence of psychological distress, anxiety, and depressive symptoms 
(Vindegaard and Benros, 2020). A longitudinal study in Spain found that 
the prevalence of stress, anxiety, and depression symptoms were 
significantly increased between March and May 2020, with more than 
33% of participants reporting more frequent mental health symptoms. 
Traumatic stress, as measured by the Impact of Event Scale (IES; Hor-
owitz et al., 1979), was relatively stable between the two measures, but 
still relatively high with almost half of the participants (48.3%) 
self-reporting traumatic stress in response to the lockdown confinement 

(Planchuelo-Gómez et al., 2020). A meta-analysis of research in the 
general population further showed that the pooled prevalence of psy-
chological distress and post-traumatic stress was respectively 23.8% and 
24.8% (Cooke et al., 2020). Lastly, two independent meta-analyses re-
ported that the pooled prevalence of depression symptoms was between 
22% (Arora et al., 2020) and 25% in the general population (Bueno--
Notivol et al., 2021). The president of the Royal College of Psychiatrists 
in the UK further declared that the COVID-19 pandemic poses the 
greatest challenge to mental health since World War II, and the World 
Health Organisation (2020) has recognized that affective responses to 
COVID-19, as well as lack of physical contact and changes in work-life 
balance will further exacerbate the mental health fallout of the 
pandemic in the coming years. 

2. Affective responses to COVID-related stimuli 

Since the beginning of the first wave of the COVID-19 pandemic, 
exposure to COVID-19 stimuli has been enormous, with images and 
words appearing daily on printed and online news, and in social media 
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(Gao et al., 2020). Worldwide, people developed a new verbal vocabu-
lary around COVID-19 (neologism or "COVID-speak"), and phrases that 
were previously considered emotionally neutral, were given new 
meaning and sentiment (e.g., sanitising, social distancing). The negative 
connotations of COVID-related words and images mainly associated 
with fear of viral exposure and death, have become part of everyday 
communication. However, exposure to such stimuli can cause significant 
deterioration to mental health as they act as signals of threat and fear 
(Brooks et al., 2020). Indeed, related research has indicated that more 
frequent exposure to COVID-19-related information in the media was 
significantly associated with poor mental health outcomes (Petzold 
et al., 2020; Xiong et al., 2020). In the anxiety literature, threat-relevant 
stimuli become automatized and, therefore, are attended to faster than 
non-threatening information (Yiend and Matthews, 2001). This atten-
tional bias can cause the maintenance and relapse of anxiety, and lead to 
mental health difficulties over time. 

Emotional Stroop Tasks are used to determine attentional biases to 
emotionally salient information by identifying interference effects to 
threat-related information (Williams et al., 1996). Similarly to a stan-
dard Stroop task, participants who complete the Emotional Stroop are 
asked to name the ink colour of words presented to them in different 
colours (blue, red, yellow and green). The presented words that have 
negative valence tend to “slow” down response times in clinical and 
non-clinical populations compared to neutral words (Yiend, 2010). This 
interference effect is taken as indication for an attentional bias sug-
gesting a sensitivity towards environmental stimuli that are related to 
their concern (Williams et al., 1996; Yiend, 2010). Such hypervigilance 
to threatening stimuli that signal potential danger are central to many 
theoretical models explaining the cause of anxiety disorders (Bar-Haim 
et al., 2007) and depression (Epp et al., 2012; Nolen-Hoeksema et al., 
1993). Moreover, attentional bias to threatening stimuli is key to 
maintaining and increasing the symptomatology of these disorders, by 
creating a vicious cycle whereby hypervigilance increases attentional 
biases, which, in turn, feeds into increased hypervigilance. Therefore, it 
is theoretically plausible that people with COVID anxiety (compared to 
those without COVID anxiety) will show more interference to 
COVID-related words compared to negative and neutral words in an 
Emotional Stroop task. 

Image rating tasks have been widely used in understanding 
emotional experiences. Early theories suggested that emotional re-
sponses originate from discrete basic emotions (anger, fear, sadness, 
disgust, and happiness) that can be used as indicators of affective states 
(e.g., Tomkins, 1962; Ekman, 1992). Moreover, there are unique phys-
iological, neural and psychological outcomes that accompany each 
emotion including autonomic responses and facial expressions (Col-
ibazzi et al., 2010). Due to a number of notable limitations of discrete 
models of emotions (Mauss and Robinson, 2009), there has been a shift 
in attention to dimensional models of affect, which suggest that all 
emotions are a combination of at least two main dimensions: valence 
and arousal (e.g., Posner et al., 2005). Emotional experiences and 
emotional labelling are the result of a cognitive appraisal of valence and 
arousal both subserved by independent neural pathways (Colibazzi 
et al., 2010) Valence refers to the degree to which the elicited emotion is 
pleasant (or unpleasant) and arousal refers to the level of neurophysi-
ological activation (responsiveness) of a person to an emotional stimulus 
(e.g., Kandel et al., 2000). 

Investigating affective experiences and responses to COVID-19 
stimuli can help in better understanding, and subsequently tackling, 
the mental health effects of the pandemic on the population. So far, only 
a handful of studies have examined affective responses and experiences 
to the pandemic. A Slovenian study found that more females than males 
self-reported greater anxiety and ruminative thinking over COVID-19, 
and both males and females expressed higher fear of contamination 
and perceived severity of COVID-19 after the first positive case was 
diagnosed in the country (Lep et al., 2020). A survey-based study that 
recorded emotional responses to the pandemic daily over 5 weeks, 

demonstrated that Serbian adults self-reported gradually less worry, fear 
of being contaminated, and anger, and that worry and fear were 
significantly associated with more time spent on attending to media 
news about the pandemic (Sadiković et al., 2020). Similarly, an exper-
imental study showed that participants self-reported more negative 
emotions after they were exposed to COVID-19 pandemic information, 
as compared to participants who attended to non-epidemic stimuli 
(Wang et al., 2021; Office for National Statistics, 2020a; Office for Na-
tional Statistics, 2020b). 

3. The present research 

So far, research on the emotional responses to COVID-related infor-
mation has used self-reported measures of emotions. Also, the stimuli 
used to elicit emotional responses varied from general questions about 
feelings of fear, anger, and worry during the day (Sadiković et al., 2020), 
to more focused questions that addressed fear of COVID-19 contami-
nation (e.g., Lep et al., 2020). The present research comprises two 
empirical studies. In Study 1, we used EST and IRT to assess, for the first 
time in the extant literature, automatic and non-automatic affective 
responses to COVID-related words and images. Study 1 was conducted in 
the general population in the UK during the first wave of the pandemic, 
between May and June 2020. According to the Office for National Sta-
tistics (report released on June 23rd 2020), by this time, there had been 
43.763 deaths registered with COVID-19 as the underlying cause of 
death - on of the highest death tolls in Europe. Our second study was 
concerned with replicating the findings from Study 1 to the University 
student population between October and November 2020. At that time, 
the second wave of COVID-19 had been recorded in the UK, and the 
Office for National Statistics (report released on December 9th 2020) had 
reported significant increase in mental health symptoms, and reduced 
psychological well-being among University students. 

For Study 1, it was hypothesized that people with COVID anxiety 
would show more interference on the Emotional Stroop Task, to COVID- 
related words, compared to neutral and negative words matched for 
valence and arousal, indicating greater attentional bias to COVID stimuli 
(Hypothesis 1). Our second hypothesis was that COVID-related images 
would be rated higher on negative emotions (fear, anger, sadness, and 
disgust), arousal and negativity, compared to neutral and negative im-
ages matched for arousal and valence (Hypothesis 2). Finally, we hy-
pothesized that individuals with COVID anxiety would rate COVID- 
related images higher on negative emotions (fear, anger, sadness, and 
disgust), arousal and negativity, compared to those without COVID 
anxiety (Hypothesis 3). 

4. Method 

4.1. Participants 

An initial sample of 107 participants living in the UK during the first 
wave of the pandemic (data collected in May-June 2020), were recruited 
through Prolific (www.prolific.co) and personal contacts. Six partici-
pants were rejected due missing values leaving a final sample of 101 
participants all of which were financially compensated for their partic-
ipation. The mean age of the participants was 29.1years (SD=9.25, 
Range 18-53 years), and 66 were females and 35 males. The only 
exclusion criteria were being ≥18 years old and not being colour blind, 
due to the Stroop task demands. 

4.2. Measures 

4.2.1. State anxiety inventory for adults - short form (STAIAD-Y1) 
Spielberger et al. (1968) 

State anxiety was measured using the STAIAD-Y1, which asks in-
dividuals to report how they were feeling at that moment, in response to 
each of 10 statements on the scale from 1 (not at all) to 4 (very much so). 
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Items are scored on a continuous scale, with higher scores indicating 
higher anxiety. Items 1, 3, 8 and 10 are reverse scored. 

4.2.2. Coronavirus anxiety scale (CAS) 
This 5-item scale was developed to identify cases of dysfunctional 

anxiety associated with the COVID-19 crisis (Lee, 2020). These five 
items assess whether someone has experienced COVID anxiety physical 
symptoms (such as, feeling dizzy, having trouble sleeping, feeling 
paralyzed, nauseous) over the past 2 weeks on a 5-point scale (0 = not at 
all, 4 = nearly every day over the last 2 weeks). For the purposes of 
subsequent analysis, we created two anxiety groups, based on their re-
sponses on the CAS. The non-anxious group (N=50) reported not having 
experienced any of these physical symptoms of CAS two weeks prior to 
data collection, while the COVID anxious group (N=51) had experi-
enced at least one of CAS symptoms, on at least one or two days, two 
weeks prior to data collection. 

4.2.3. Emotional Stroop task 
An initial sample of 27 words deemed to be COVID-19 related were 

generated by the experimenters from various sources (e.g., online news, 
websites etc.). The selected words were matched as closely as possible to 
a sample of 27 neutral words selected from the ANEW database (Bradley 
and Lang, 1999), identical in word length and syllable count to ensure 
similar processing speed (Kucera and Francis, 1967). 

A pilot study was carried out (n = 18) to determine the relatedness, 
arousal, negativity, and positivity scores of the COVID-related and 
neutral words using a sliding bar ranging from 0-100. A final set of 12 
COVID-related words were selected on the bases of scores being higher 
on relatedness, arousal, negativity. These were then matched with 12 
non-COVID negative words from ANEW database (Bradley and Lang, 
1999) with similar word length and syllable structure. All words except 
‘coronavirus’ had related matches in the ANEW database. Examples of 
the words are provided in the appendix A. Each of the 36 words were 
shown in red, blue, green and yellow font giving a total of 144 experi-
mental trials. Words were displayed at the centre of a black screen at 
10% height of the participant’s display for 1500ms. 

4.2.4. Image rating task 
Twenty-five COVID-related images were initially selected by the 

experimenters from various resources (e.g., news, online websites) that 
commonly appeared in the media in the UK. Before commencing the 
main study, we run a pilot study with 18 independent participants that 
were not included in the main study, who were asked to rate COVID- 
related images on COVID relatedness, arousal and negativity using 
sliding bars from 0 – 100 (low to high). Their ratings were put in rank 
order, to determine the 12 images that were rated highest on COVID 
relatedness, arousal, and negativity. These final set of COVID images, 
were matched for arousal and valence to a set of non-COVID negative 
images selected from the International Affective Picture System (IAPS) 
and a sample of neutral images (see Itkes et al., 2017). This yielded a 
final sample of 36 images with 12 in each category (COVID-related, 
non-COVID negative and neutral images). Images were either landscape 
or portrait in orientation and either 528 × 400 or 530 × 700 pixels, 
respectively. Images were hosted on Qualtrics, each on a separate page 
with 6 sliding bars under each image (arousal, negativity, fear, sadness, 
disgust, anger). Sample of these images are presented in appendix A. 

4.3. Procedure 

Participants completed all tasks online using their own home com-
puters. A single URL web link was generated, that directed participants 
to each part of the study and the sole requirement was to have Google 
Chrome browser installed in their PCs. The information form, consent 
form, questionnaires, image rating task, and debrief were hosted online 
using Qualtrics (Qualtrics, Provo, UT). The Stroop task was created 
using PsychoPy v2020.1 (Peirce et al., 2019), and hosted online via 

Pavlovia. 
An introductory page contained the information sheet, explaining 

the nature of the study, the online consent form to be signed, spaces to 
provide participant I.D. and demographic information (age and gender). 
They were then directed to the emotional Stroop task hosted on Pavlo-
via. Once they completed the task, they were automatically redirected to 
Qualtrics to complete the image rating task. Participants could withdraw 
from the study at any point, in which case they were automatically 
redirected to a URL containing a debrief for the study. The study was 
approved by the University’s ethics committee (Ethics approval number 
ER24008402). 

4.3.1. COVID-19 emotional Stroop task 
The Stroop task began with a dialog box for entry of the participant’s 

identification code, followed by instructions for the task. Participants 
were told they would see words on the screen in either red, blue, green, 
or yellow ink and should identify the colour by responding with either 
the left, down, right, or up arrow keys, respectively. Before the first 
practice trial began, participants were reminded of how to answer and 
encouraged to respond as quickly as possible. The first practice trial 
block consisted of 8 trials, with 4 different words written in either red or 
blue ink, and a fixation cross presented before each word for 1000ms. A 
feedback command prompted if responses were correct or incorrect. The 
second practice block was identical to the first, however now words 
could now appear in green or yellow too for a total of 16 trials. The final 
practice block was identical to the second, however with the feedback 
prompt now removed. 

Before the experimental trials, participants were reminded again of 
how to respond and encouraged to respond as quickly as possible. The 
experimental block consisted of 144 trials of 36 words randomly pre-
sented in 4 different colours (red, blue, green and yellow) for 1500ms, or 
until the participant had responded. When the trial ended, the word 
disappeared and a random inter-trial iteration jitter of 300 – 600ms 
preceded the beginning of the next trial to reduce task adaptation 
(Compton et al., 2011). Participants could withdraw at any time by 
pressing an ‘X’ at the top of the screen or closing their browser. To avoid 
issues of participants forgetting instructions, a reminder appeared after 
the 48th and 96th trials. On completion of the final trial, participants 
were instructed to press the spacebar to move onto the image rating task. 

4.3.2. Image rating task 
Participants were required to provide their Prolific participant I.D. 

before beginning the task. Participants were provided instructions and 
were required to use sliding bars from 0 – 100 (low to high) to report 
their responses to each of the images on measures of arousal, valence 
(negativity), fear, disgust, sadness, and anger. There was no set time 
limit for this task, and participants were given the option to show/hide 
the image while they were rating it, in case they found it distressing. A 
total of 36 randomly presented images (12 COVID-related, 12 neutral 
and 12 non-COVID negative) were presented individually, with in-
structions at the top of the page to remind participants of how to rate 
them. Specifically, participants were given the following instructions for 
each rating dimension: 

Arousal - An image that is highly arousing would induce more intense 
emotions. 0 = calm (low arousal), 100 = intense emotion (high 
arousal) 

Negativity - How negative the image is. 0 = neutral (not at all 
negative), 100 = very negative 

Fear - How fearful the image makes you feel. 0 = not at all fearful, 
100 = extremely fearful 

Disgust - How disgusted the image makes you feel. 0 = not at all 
disgusted, 100 = extremely disgusted 
Sadness - How sad the image makes you feel. 0 = not at all sad, 100 =
extremely sad 
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Anger - How angry the image makes you feel. 0 = not at all angry, 
100 = extremely angry 

Participants used a right arrow to go to the next image. They could 
withdraw from the task at any point by clicking the withdraw button at 
the bottom of the screen. On completion of the image rating task, par-
ticipants were directed to a debrief form with information about the 
study. 

5. Results 

All data were analysed in SPSS v. 26 (IBM Corp., Armonk, NT, USA). 
We used generalized eta squared (η2

G) as an effect size indicator, 
commonly used for repeated measures designs, with the following 
conventions: small =.01, medium=.06 and large=.14 effect sizes 
(Olejnik and Algina, 2003). 

No significant gender differences were observed in any study vari-
ables, except for COVID-related anxiety (CAS) were females (M=2.50, 
SD=3.41) reported significantly higher CAS scores than males (M=0.91, 
SD=1.79), t(98)=2.53, p=.013). There was also a significant difference 
on state anxiety between the COVID anxious (M=20.24, SD=6.64) and 
the non-anxious (M=16.47, SD=5.68) group t(99)=3.065, p=.003. 
Pearson’s correlation coefficient between COVID-anxiety and state 
anxiety was r= .30, p=.003. Correlation coefficients between COVID- 
anxiety scores and outcome measures from both tasks are presented in 
Table 1. 

In addition to bivariate correlation we conducted partial correlation 
analysis with Variance Reduction Rate or VRR which is estimated by the 
formula: (zero-order correlation)2 – (partial correlation)2/(zero-order 
correlation)2. The VRR is an analytic method that allows us to examine 
how much of the variance shared between COVID-anxiety and scores in 
the Emotional Stroop and IRT can be attributed to state anxiety. The 
VRR has been widely used to assess such confounding or nuisance effects 
in previous research (e.g., Barkoukis et al., 2014; Chen and Spector, 
1991; Lazuras et al., 2009; Lazuras et al., 2010). 

In the present study we used VRR to assess the confounding effect of 
state anxiety on the significant associations between COVID-anxiety and 
IRT scores, but not between COVID-anxiety and Emotional Stroop 

scores, because they were non-significant. The observed zero-order 
correlations (r) ranged between .24 and .41 (see Table 1), and they 
did not change significantly after controlling for state anxiety, with 
observed partial correlations (r) ranging between .20 to .33. The VRR 
results further showed that state anxiety accounted for: 31.5% in the 
association between COVID-anxiety and fear ratings; 36% in the asso-
ciation between COVID-anxiety and disgust ratings; 27.5% in the asso-
ciation between COVID-anxiety and sadness ratings; and 37.1% in the 
association between COVID-anxiety and anger ratings. 

The first hypothesis was examined using two 2 × 3 repeated mea-
sures ANCOVAs to determine differences between COVID anxious and 
non-anxious participants on reaction times (RTs) and accuracy (% of 
correct responses) to COVID, negative, and neutral words after con-
trolling for the effects of state anxiety. There were no significant main 
effects or interactions for RTs and accuracy. Means and standard de-
viations are presented in Table 2. 

For the second hypothesis one-way repeated measures ANOVAs were 
used to calculate differences in the ratings of COVID related, negative 
and neutral images on arousal [F(2,200)=73.70, p<.001, η2

G=.15], 
negativity [F(2,200) = 211.00, p < .001, η2

G = .46], fear [F(2,200) =
137.01, p < .001, η2

G = .34], disgust [F(2,200) = 220.01, p < .001, η2
G 

= .49], sadness [F(2,200) = 443.00, p < .001, η2
G = .65] and anger [F 

(2,200) = 129.00, p <.001, η2
G = .36]. Post-hoc analyses using Bon-

ferroni indicated significant differences on arousal between COVID and 
neutral t (200) = 10.92, p < .001, and between negative and neutral t 
(200) = 10.04, p <.001. There were no differences on arousal between 
COVID-related and negative images. Similarly, post-hoc analyses using 
Bonferroni corrections indicated significant differences on negativity 
between COVID and neutral t(200) = 16.83, p < .001, and between 
negative and neutral t(200) = 18.59, p < .001. There were no differences 
on negativity between COVID-related and negative images. Post hoc 
analyses for fear, disgust sadness and anger were all statistically sig-
nificant and are depicted in Table 3. 

To explore the third hypothesis 2 × 3 repeated measures ANCOVAs 
(group: COVID anxious vs non-anxious, image type: COVID, negative, 
neutral) with state anxiety as a covariate, were used to determine dif-
ferences between COVID anxious and non-anxious on arousal, nega-
tivity, fear, disgust, sadness, and anger (DVs). Means and SDs are 

Table 1 
Correlational analyses study 1.   

Stroop RT 
(COVID 
Words) 

Stroop 
accuracy % 
(COVID 
words) 

Arousal 
(COVID 
images) 

Negativity 
(COVID 
images) 

Fear 
(COVID 
images) 

Disgust 
(COVID 
images) 

Sadness 
(COVID 
images) 

Anger 
(COVID 
images) 

STAI State 
Anxiety 

COVID 
anxiety 
scale 

Stroop RT 
(COVID 
Words) 

—          

Stroop accuracy 
% (COVID 
words) 

-0.114 —         

Arousal (COVID 
images) 

-0.198* -0.058 —        

Negativity 
(COVID 
images) 

-0.142 0.035 0.541*** —       

Fear (COVID 
images) 

-0.093 0.003 0.320** 0.636*** —      

Disgust (COVID 
images) 

-0.034 -0.061 0.402*** 0.551*** 0.642*** —     

Sadness (COVID 
images) 

-0.017 0.014 0.276** 0.554*** 0.726*** 0.446*** —    

Anger (COVID 
images) 

-0.038 -0.004 0.342*** 0.512*** 0.695*** 0.790*** 0.582*** —   

STAI State 
Anxiety 

0.025 -0.080 0.103 0.236* 0.359*** 0.235* 0.162 0.286** —  

COVID anxiety 
scale 

0.129 -0.020 0.100 0.142 0.407*** 0.274** 0.242* 0.312** 0.297** — 

Note. * p < .05, ** p < .01, *** p < .001. 
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presented in Table 4. 
Results showed a significant main effect of image type on arousal [F 

(2,196) = 4.91, p < .01, η2
G = .08], and negativity, [F(2,196) = 15.32, p 

< .01, η2
G = .13] while controlling for the effects of state anxiety (p >

.05). Post hoc analyses for these main effects were previously reported in 
the analyses for the first hypothesis. There was no significant main effect 
of group or a significant interaction for arousal and negativity (Fig. 1). 

There was a significant main effect of image type on Fear [F(2,198) 
= 3.43, p < .05, η2

G = .03], a significant main effect of Group [F(1,98) =

5.92, p = .01, η2
G = .05] and a significant interaction [F(2,198) = 7.11, 

p< .01, η2
G = .06]. State anxiety was a significant covariate [F(1,98) =

7.93, p < .01, η2
G = .07]. Post hoc analyses using Bonferroni showed that 

COVID anxious participants rated COVID images as significantly more 
fearful compared to non-anxious individuals and more fearful than non- 
COVID negative images matched for arousal (Fig. 2). There was a sig-
nificant main effect of image type on Disgust [F(2,198) = 15.35, p <
.001, η2

G = .13] with non-COVID negative images being rated higher on 
disgust compared to COVID images and neutral images in both groups 
(Fig. 2). State anxiety was a significant covariate [F(1,98) = 4.92, p =
.02, η2

G = .04]. Our results showed a significant main effect of image 
type on Sadness [F(2,198) = 35.40, p < .001, η2

G = .26] while con-
trolling for the effects of state anxiety (p > .05). Post hoc analyses using 
Bonferroni indicated that COVID images were rated significantly higher 
in sadness compared to non-COVID images matched for negativity in 
both groups (Fig. 2). Finally, there was a significant main effect of image 
type on Anger [F(2,198) = 11.41, p < .001, η2

G = .10], a significant main 
effect of group [F(1,99) = 4.32, p < .05, η2

G = .04] and a significant 
interaction [F(2,198) = 3.13, p < .05, η2

G = .03]. State anxiety was a 
significant covariate [F(1,98) = 4.44, p < .05, η2

G = .04]. Post hoc an-
alyses indicated that COVID anxious participants rated COVID images 
significantly higher on anger compared to non-anxious participants 
(Fig. 2). 

6. Study 1 discussion 

The findings from Study 1 were not supportive of the first hypothesis, 
as we did not find greater interference (attentional bias) for COVID- 
related words compared to neutral and negative words in COVID 
anxious individuals. In accordance with the second hypothesis, partici-
pants displayed higher arousal and negativity, and gave higher ratings 
on sadness, fear, and anger when exposed to COVID-19 images, 
compared to neutral images and images that have been standardized for 
eliciting negative affect in previous research (see Itkes et al., 2017). 
Finally, the third hypothesis of the study was supported with partici-
pants classified in COVID anxiety group (i.e., who had experienced 
anxiety over COVID two weeks prior to the study) gave higher scores on 
negative affect (fear and anger) to COVID-related images compared to 
the non-anxious group. However, in state anxiety was a significant co-
variate in both of these emotional ratings, suggesting that this effect may 
be due to ongoing levels of anxiety rather than COVID-specific anxiety. 
Past research has indicated that greater negative emotional reactivity, as 
indicated by higher scores in IAPS ratings of valence and arousal, is a 
risk factor for anxiety disorders (Carthy et al., 2010; Claus et al., 2020; 
Fox et al., 2010). In the present study we did not control for pre-existing 
mental health conditions, so we cannot be certain if the observed effects 
could be attributed to anxiety disorders. However, we did control for the 
potential confounding (nuisance) effect of state anxiety scores and the 
VRR analysis indicated that between 27.5% to 37.1% of the variance in 
the observed bivariate associations between COVID-anxiety and IRT 
scores were attributed to state anxiety levels. This suggests that a large 
amount of the association between COVID-anxiety and scores in the IRT 
can be largely explained by individual differences in COVID-related 
anxiety and not by general state anxiety scores. Lastly, our results 
indicated that participants did not differ in their affective responses to 
visual stimuli with respect to disgust. Although disgust serves to protect 
the organism from potential exposure to pathogens, such as bacteria, 

Table 2 
Descriptive statistics displaying Means and SDs for Study 1 Stroop task separated by anxiety groups.  

Groups Covid words 
(RTs) 

Covid words Accuracy 
(%) 

Negative words 
(RTs) 

Negative words Accuracy 
(%) 

Neutral words 
(RTs) 

Neutral words Accuracy 
(%) 

Covid- 
Anxious 

0.73 (0.08) 90.08 (8.67) 0.74 (0.08) 90.25 (9.16) 0.73 (0.08) 91.21 (8.30) 

Non-anxious 0.73 (0.08) 91.34 (7.36) 0.72 (0.07) 90.44 (7.57) 0.73 (0.06) 90.81 (8.94)  

Table 3 
Post-hoc analyses using the Bonferroni correction displaying mean differences 
between emotional ratings for each image category.   

Within Group Comparisons 

Emotion Rating Image Pairs Mean Difference SE t 

Fear Covid – Negative 9.50 2.16 4.40*  
Covid – Neutral 34.50 2.16 16.00*  
Negative – Neutral 25.00 2.16 11.60* 

Disgust Covid – Negative - 26.07 1.97 - 13.27*  
Covid – Neutral 14.59 1.97 7.43*  
Negative – Neutral 40.66 1.97 20.69* 

Sadness Covid – Negative 20.32 1.95 10.40*  
Covid – Neutral 57.39 1.95 29.36*  
Negative – Neutral 37.07 1.95 18.96* 

Anger Covid – Negative - 9.17 2.01 - 4.55*  
Covid – Neutral 22.25 2.01 11.05*  
Negative – Neutral 31.42 2.01 15.60* 

Note: t-statistics marked with * denote a significance level of 
pBonferroni=<0.001. 

Table 4 
Means and SDs for each image type (COVID, negative and neutral), on the 4 
negative emotions (fear, disgust, sadness and anger) for each anxiety group 
(COVID-anxious, Non-anxious).   

COVID-anxious  Non-anxious 

Emotion 
Rating 

Image 
Type 

Mean 
(SD) 

Emotion 
Rating 

Image 
Type 

Mean 
(SD) 

Fear Covid- 
related 

46.83 
(27.79) 

Fear Covid- 
related 

27.24 
(25.13)  

Negative 31.51 
(21.16)  

Negative 23.45 
(19.31)  

Neutral 3.55 
(4.41)  

Neutral 1.35 
(1.93) 

Disgust Covid- 
related 

20.59 
(24.15) 

Disgust Covid- 
related 

12.30 
(14.99)  

Negative 43.06 
(21.52)  

Negative 41.91 
(21.32)  

Neutral 2.55 
(3.80)  

Neutral 1.09 
(1.67) 

Sadness Covid- 
related 

65.71 
(24.40) 

Sadness Covid- 
related 

55.90 
(26.30)  

Negative 42.79 
(14.48)  

Negative 38.13 
(14.65)  

Neutral 4.20 
(4.07)  

Neutral 2.56 
(2.69) 

Anger Covid- 
related 

31.69 
(25.18) 

Anger Covid- 
related 

17.54 
(20.16)  

Negative 36.24 
(17.33)  

Negative 31.25 
(19.73)  

Neutral 3.26 
(4.74)  

Neutral 1.35 
(2.00)  
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viruses, and/or other pathogens (Curtis et al., 2004), our findings sug-
gest that participants evaluated COVID-related stimuli as more fearful, 
sad, and aggressive than disgusting. 

7. Study 2 

7.1. Affective responses to COVID-19 stimuli and loneliness in university 
students 

Social distancing measures, reduced mobility, social isolation when 
one is experiencing flu or COVID-19 symptoms, and lack of physical 
contact with family, friends, and meaningful others can help in reducing 
the spread of COVID-19 in the community, but also contributed to 
increased feelings of loneliness (Killgore et al., 2020; van Tilburg et al., 
2020; Shah et al., 2020) - a known risk factor for broad-based morbidity 
and mortality (Cacioppo and Cacioppo, 2018; Cacioppo and Hawkley, 
2003). Furthermore, within the context of the COVID-19 pandemic, 
loneliness has been associated with higher symptoms of both depression 
and anxiety during the first wave of the COVID-19 pandemic in the UK 
(Li and Wang, 2020), and other countries (e.g., Gaeta and Brydges, 
2020; Killgore et al., 2020; Palgi et al., 2020). Importantly, young adults 
are at higher risk for experiencing loneliness and associated mental 
health problems during the COVID-19 pandemic (Bu et al., 2020; Lee 
et al., 2020). 

University students are young adults, and research has shown that 
the levels of loneliness, mental health problems, and suicidality were 
higher in this group as compared to the general population in the pre- 

pandemic era (Akram et al., 2020; Ibrahim et al., 2013). Data from 
the UK Office for National Statistics also indicated that, as of November 
2020, University students in the UK reported higher anxiety scores than 
the general population, and more than half experienced mental health 
deterioration. Research in other countries has also shown that Univer-
sity students experienced higher levels of anxiety and stress in response 
to COVID-19 restriction measures (Husky et al., 2020); more sleep 
problems and insomnia symptoms than other social groups (Marelli 
et al., 2020); and that negative affect, such as fear, was significantly 
associated with PTSD symptoms and depression (Tang et al., 2020; 
Zolotov et al., 2020). 

Study 2 was conducted to replicate the findings of Study 1 and 
further extend research on the psychological responses of University 
students to the COVID-19 stimuli. In the absence of interference effects 
to COVID-related words on the Stroop task in Study 1, we examined if 
prolonged exposure to COVID-related words (during the second UK 
lockdown) established an attentional bias, which may be linked to 
COVID-related anxiety and/or Trait anxiety. Therefore, Study 2 exam-
ined if University students with higher COVID anxiety showed atten-
tional bias to COVID-related words, compared to negative words and 
neutral words in the Emotional Stroop Task, after controlling for the 
effects of Trait anxiety (Hypothesis 1). Also, we investigated if high and 
low COVID-anxiety groups, differentially rated the valence, arousal, and 
negative emotions (fear, disgust, sadness, and anger) in response to 
COVID-related images, after controlling for the effects of trait anxiety 
(Hypothesis 2). 

Lastly, we further extended the findings of Study 1 in two important 

Fig. 1. Differences on ratings of arousal and negativity between the two groups. 
Note: This figure illustrates estimated marginal means for arousal and negativity (DVs) in each group (COVID-anxious, non-anxious). 

Fig. 2. Differences on ratings of fear, disgust, sadness and anger between the two groups. 
Note: This figure illustrates estimated marginal means for fear, disgust, sadness and anger (DVs) in each group (COVID-anxious, non-anxious). 
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ways. Firstly, we examined if students with higher levels of COVID 
anxiety also displayed higher levels of loneliness (Hypothesis 3). This 
effect has been observed in the general population (e.g., Gaeta and 
Brydges, 2020; Killgore et al., 2020; Palgi et al., 2020) but not yet 
examined extensively among University students. Finally, we explored 
whether higher levels of COVID anxiety differentiated prosocial 
behaviour and willingness to engage in prosocial behaviours in Uni-
versity students (Hypothesis 4). Previous research has shown that pro-
social behaviour (e.g., helping people in need, following social welfare 
norms or regulations) can be motivated both by positive affect, as well as 
by the experience of negative affect, such as psychological distress 
(Bailey et al., 2019). This type of "pressure-based" prosocial motivation 
(and subsequent actual prosocial behaviour) serves as a buffer that al-
leviates the experienced distress (Gebauer et al., 2008). In addition to its 
theoretical relevance, Hypothesis 4 has an applied dimension because it 
will show whether COVID anxiety facilitates or hampers willingness to 
reach out to help others in need during the pandemic, and to follow 
social distancing rules and other safety measures. 

8. Methods 

8.1. Participants 

An initial sample of 154 University students living in the UK during 
the second wave of the pandemic (data collected in October-November 
2020), were recruited. Twelve participants were not included in the 
analysis due to incomplete data sets, leaving a final sample of 142 
participants all of which were participated for course credits. The mean 
age of the participants was 20.7 years (SD=4.76), the majority of which 
were females (88%). The only exclusion criteria were being ≥18 years 
old and not being colour blind, due to the Stroop task demands. 

8.2. Measures 

The measures and tasks for Study 2 were identical to Study 1, with 
the addition of two new scales that investigated loneliness and prosocial 
motivation during the COVID-19 pandemic. In this study, we also 
included a measure of Trait Anxiety (rather than state anxiety). 

8.3. Trait anxiety inventory for adults - short form (STAIAD-Y1) 
Spielberger et al. (1968) 

Trait Anxiety was measured using a 10-item instrument which asks 
individuals to report how they feel in response to each of the 10 state-
ments on a scale of 1 (almost never) to 4 (almost always). The scale 
measures trait anxiety, so participants are asked to circle the appropriate 
number to indicate how they generally feel. Items are scored on a 
continuous scale, with higher scores indicating higher anxiety. Items 1, 
3, 8 and 10 are reverse scored. 

8.4. UCLA loneliness scale version 3 (UCLA-3) 

A 20-item scale intended to determine an individual’s feelings of 
social isolation and loneliness. Items are scored on a scale from 1 (never) 
to 4 (often), with higher scores indicating higher subjective loneliness 
(Russell, 1996). Items 1, 5, 6, 9, 10, 15, 16, 19 and 20 are reverse scored. 

8.5. COVID-19 pro-social behaviour questionnaire 

A 12-item checklist of pro-social behaviour during the pandemic was 
developed for the purposes of the present study, to investigate whether 
participants engaged in pro-social behaviours during the first lockdown 
and their willingness to engage in pro-social behaviours in the future, in 
the case of another national lockdown . The 12 prosocial behaviours 
were selected using the governmental guidelines in the UK, throughout 
the pandemic (Appendix 1). Participants were asked to read through the 

pro-social behaviour checklist and indicate, using a 5-point frequency 
rating scale how much they engaged in each behaviour in the first 
lockdown (1 = not at all, to 5 = very often); and how much they were 
willing to engage in pro-social behaviour in the future, should another 
lockdown occur, by completing a similar a 5-point Likert scale for 
behavioural willingness (1 = not at all willing, to 5 = very willing). 

9. Results 

All data were analysed in SPSS v. 26 (IBM Corp., Armonk, NT, USA). 
To replicate the findings from Study 1, we used the same method to 
determine COVID anxious and non-anxious groups. We used generalized 
eta squared (η2

G) as an effect size indicator for repeated measures de-
signs with the following conventions: small =.01, medium=.06 and 
large=.14 effect sizes (Olejnik and Algina, 2003). There were no sig-
nificant gender differences in any of the study variables, and no signif-
icant differences in state anxiety between the COVID anxious (M=21.38, 
SD=7.56) and the non-anxious (M=20.33, SD=7.20). However, there 
was a significant difference between the COVID anxious (N=60, 
M=26.93, SD=5.57) and the non-anxious (N=78, M=20.95, SD=9.67) 
groups on Trait Anxiety t(136)=4.27, p<.001. 

Person’s corelation analysis showed that COVID anxiety was signif-
icant significantly associated with trait (r=.38, p<.001) but not with 
state anxiety scores (r=.09, p > .05). Correlation coefficient between 
COVID-anxiety and outcome measures from both tasks are presented in 
Table 5. Like Study 1, in Study 2 we used partial correlation with 
Variance Reduction Rate (VRR) analysis to estimate the amount of 
variance attributed to trait anxiety, in the associations between COVID- 
anxiety and IRT scores. In Study 2, we also examined whether the as-
sociation between the continuous scores of COVID-anxiety, loneliness, 
and prosocial behaviour could be attributed to the effects of trait anxi-
ety. The observed zero-order correlations (r) between COVID-anxiety 
and IRT scores ranged between .22 and .50 (see Table 1), and they did 
not change significantly after controlling for state anxiety, with 
observed partial correlations (r) ranging between .21 to .44. The VRR 
results further showed that trait anxiety accounted for: 32% in the as-
sociation between COVID-anxiety and negativity; 22.4% in the associ-
ation between COVID-anxiety and fear ratings; 33% in the association 
between COVID-anxiety and sadness ratings; and 6.1% in the association 
between COVID-anxiety and anger ratings. 

The first hypothesis was examined using two 2 × 3 repeated mea-
sures ANCOVAs to determine differences between COVID anxious and 
non-anxious participants on reaction times (RTs) and accuracy (% cor-
rect responses) to COVID-related, negative, and neutral words, while 
controlling for the effects of Trait anxiety (covariate). There was a sig-
nificant main effect of group for RTs indicating that the COVID anxious 
group was overall slower, showing increased interference compared to 
the non-anxious group [F(1,140) = 4.16, p < .05, η2

G = .034], while 
controlling for the effects of Trait anxiety (p > .05). Similar effects were 
found when the covariate was removed from the analysis [F(1,140) =
7.42, p < .001, η2

G = .048] (Fig. 3). There were no significant differences 
between the groups for accuracy. 

Means and standard deviations for RTs and accuracy are presented in 
(Table 6). 

To explore the second hypothesis, 2 × 3 repeated measures ANCO-
VAs (group: COVID anxious vs. non-anxious, image type: COVID, 
negative, neutral) with trait anxiety as a covariate, were used to deter-
mine differences between COVID anxious and non-anxious on arousal, 
negativity, fear, disgust, sadness and anger (DVs). Means and SDs are 
presented in Table 7. 

Results showed a significant main effect of image type on arousal [F 
(2,272) = 16.27, p < .001, η2

G = .10] with COVID-related images and 
non-COVID negative images being rated as significantly more arousing 
than neutral images after controlling for the effects trait anxiety (p<.05). 
There were no differences in arousal between the COVID-related and 
non-COVID negative images (Fig. 4). 
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Similarly, there was a significant main effect of image type on 
negativity, [F(2,270) = 21.01, p < .001, η2

G = .13] and a significant 
interaction [F(2,270) = 3.51, p < .05, η2

G = .02] after controlling for the 
effects of trait anxiety (p>.05). Planned post-hoc comparisons using 
Bonferroni indicated that there were no significant differences on 
negativity between COVID-related and non-COVID negative images, but 

both were significantly less negative than neutral. In relation to Fear, the 
results showed that there was a significant a significant main effect of 
image type [F(2,270) = 5.809, p < .05, η2

G = .04], a significant main 
effect of group [F(1,135) = 10.74, p <.01, η2

G = .07], and a significant 
interaction [F(2,270) = 10.26, p < .001, η2

G = .07] after controlling for 
the effect of trait anxiety (p>.05). Follow-up comparisons indicated that 

Table 5 
Correlational analyses study 2.   

Stroop RT 
(COVID 
words) 

Stroop 
accuracy % 
(COVID 
words) 

Arousal 
(COVID 
images) 

Negativity 
(COVID 
images) 

Fear 
(COVID 
images) 

Disgust 
(COVID 
images) 

Sadness 
(COVID 
images) 

Anger 
(COVID 
images) 

STAI 
State 
Anxiety 

STAI Trait 
Anxiety 

COVID 
anxiety 
scale 

Stroop RT 
(COVID 
words) 

—           

Stroop 
accuracy % 
(COVID 
words) 

-0.076 —          

Arousal 
(COVID 
images) 

0.098 0.199* —         

Negativity 
(COVID 
images) 

0.069 0.050 0.440*** —        

Fear (COVID 
images) 

0.123 -0.120 0.421*** 0.660*** —       

Disgust 
(COVID 
images) 

0.112 -0.069 0.223** 0.424*** 0.372*** —      

Sadness 
(COVID 
images) 

0.177* 0.021 0.520*** 0.706*** 0.681*** 0.363*** —     

Anger (COVID 
images) 

0.059 -0.052 0.424*** 0.457*** 0.529*** 0.640*** 0.559*** —    

STAI State 
Anxiety 

-0.216** -0.018 -0.062 -0.014 0.081 -0.002 -0.023 0.006 —   

STAI Trait 
Anxiety 

0.142 0.089 0.011 0.186* 0.290*** 0.040 0.217* 0.061 0.129 —  

COVID 
anxiety 
scale 

0.297*** -0.161 0.166 0.285*** 0.499*** 0.140 0.317*** 0.223** 0.094 0.378*** — 

Note. * p < .05, ** p < .01, *** p < .001 

Fig. 3. Differences on RTs and accuracy for the two groups on EST. 
Note: This figure illustrates estimated marginal means for reaction times (RTs) and % correct responses (DVs) on the EST in each group (COVID-anxious, 
non-anxious). 

Table 6 
Descriptive statistics displaying Means and SDs for Study 2 Stroop task separated by anxiety groups.  

Groups Covid words 
(RTs) 

Covid words Accuracy (%) Negative words 
(RTs) 

Negative words Accuracy 
(%) 

Neutral words 
(RTs) 

Neutral words Accuracy 
(%) 

Covid- 
anxious 

0.75 (0.09) 90.18 (9.58) 0.75 (0.09) 89.52 (9.35) 0.74 (0.09) 91.13 (8.31) 

Non-anxious 0.71 (0.10) 91.01 (10.81) 0.71 (0.10) 90.95 (11.80 0.70 (0.10) 91.64 (10.64)  
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COVID anxious individuals exhibited significantly higher fear for 
COVID-related images compared to non-COVID negative images 
matched for arousal and negativity an effect that was not observed in the 
non-anxious group. There was a significant main effect of image type on 
disgust ratings [F(2,270) = 36.01, p < .001, η2

G = .21], with non-COVID 
negative images being rated as more disgusting compared to COVID- 
related images and neutral images by both groups. 

We also found a significant main effect of image type on Sadness [F 
(2,270) = 30.92, p < .001, η2

G = .19], a significant main effect of group 
[F(1,135) = 7.44, p < .01, η2

G = .05], and a significant interaction 
(Huynh-Feldt correction was applied) [F(1.58, 213.11) = 3.78, p = .034, 
η2

G = .03] after controlling for the effects of trat anxiety (p>.05). Post- 
hoc comparisons indicated that both groups rated COVID-related images 
as sadder than non-COVID negative images and neutral images, but the 
COVID anxious group showed higher ratings compared to the non- 
anxious group. 

Finally, there was a significant main effect of image type on Anger [F 
(2,270) = 7.84, p < .001, η2

G = .06], a significant main effect of group [F 
(1,135) = 6.59, p < .05, η2

G = .05], and a significant interaction [F 
(2,270) = 4.09, p < .05, η2

G = .03] after controlling for the effects of trait 

anxiety (p>.05). Planned comparisons indicated that COVID-anxious 
individuals rated COVID-related images higher in anger than non- 
anxious individuals but lower than non-COVID negative images a 
pattern that was similar in both groups (Fig. 5). 

To examine Hypotheses 3 and 4 we conducted moderated regression 
analyses to assess whether COVID-anxiety scores are associated with 
self-reported loneliness (Model 1), self-reported past prosocial behav-
iour (Model 2) and willingness to engage in prosocial behaviour in the 
future (Model 3), and whether this association was moderated by levels 
of trait anxiety. For this reason, and following the recommendations of 
Cohen et al. (2013) the scores in COVID-anxiety and trait anxiety were 
standardised and their interaction term (COVID-anxiety × trait anxiety) 
was computed. Each moderated regression model was completed in two 
steps, and the first step included the main effects of the COVID and trait 
anxiety, and the second step included their interaction term. Unstan-
dardized beta weights (B) and 95% confidence intervals (CIs) were used. 
The analyses indicated that the multivariate association of 
COVID-anxiety with the three outcome variables (i.e., loneliness, past 
prosocial behaviour, and willingness to engage in prosocial behaviour in 
the future) was non-significant, and only trait anxiety was significantly 
associated with all three outcomes (Model 1: R2 = 73.1%, F = 121.47, p 
< .001, B trait anxiety = .865, p < .001; Model 2: R2 = 22.7%, F = 13.08, p 
< .001, B trait anxiety = .357, p < .001; Model 3: R2 = 49.2%, F = 45.18, p 
< .001, B trait anxiety = .670, p < .001). Only in Model 2, the association 
between trait anxiety and self-reported past prosocial behaviour was 
significantly moderated by the levels of COVID anxiety (B COVID-anxiety ×

trait anxiety = -.264, p = .025), suggesting that for high levels of trait 
anxiety, participants were more likely to have helped someone in need 
during the pandemic when their COVID-anxiety levels were low. 

10. Study 2 discussion 

The aim of Study 2 was to replicate and extend the findings of Study 
1 to a population of University students, in the UK during the second 
lockdown. To do so, University students completed the same Emotional 
Stroop Task (EST) and an Image Rating Task as in Study 1, and also 
completed a loneliness questionnaire, and a measure assessing past pro- 
social behaviour during the first national lockdown, and willingness to 
engage in pro-social behaviour in the future, in the prospect of another 
lockdown. Overall, Study 2 results replicated the findings of Study 1 and 
largely supported the respective hypotheses. 

Specifically, COVID-anxious participants reported significantly 
higher levels of negativity, fear, sadness and anger when exposed to 
COVID-related images, compared to non-anxious participants. The VRR 
analysis also showed that the associations between the continuous 
scores of COVID anxiety and IRT scores remained statistically signifi-
cant, after controlling for trait anxiety scores, suggesting a small 
nuisance effect of trait anxiety. Moreover, fear and sadness were 
particularly prevalent in COVID-anxious participants, when rating 

Table 7 
Means and SDs for each image type (COVID, negative and neutral), on the 4 
negative emotions (fear, disgust, sadness and anger) for each anxiety group 
(COVID-anxious, Non-anxious).   

COVID-anxious  Non-anxious 

Emotion 
Rating 

Image 
Type 

Mean 
(SD) 

Emotion 
Rating 

Image 
Type 

Mean 
(SD) 

Fear Covid- 
related 

45.45 
(28.12) 

Fear Covid- 
related 

23.10 
(24.70)  

Negative 33.43 
(22.66)  

Negative 24.45 
(21.52)  

Neutral 3.40 
(5.01)  

Neutral 3.10 
(7.33) 

Disgust Covid- 
related 

16.55 
(16.75) 

Disgust Covid- 
related 

10.29 
(15.43)  

Negative 47.65 
(21.16)  

Negative 43.78 
(23.05)  

Neutral 2.24 
(3.71)  

Neutral 2.26 
(4.32) 

Sadness Covid- 
related 

70.27 
(22.67) 

Sadness Covid- 
related 

55.06 
(28.33)  

Negative 47.02 
(16.92)  

Negative 38.57 
(16.43)  

Neutral 6.04 
(9.27)  

Neutral 4.74 
(11.13) 

Anger Covid- 
related 

28.02 
(28.15) 

Anger Covid- 
related 

15.42 
(21.21)  

Negative 37.75 
(20.12)  

Negative 31.14 
(20.49)  

Neutral 4.35 
(10.54)  

Neutral 2.33 
(4.28)  

Fig. 4. Differences on ratings of arousal and negativity between the two groups. 
Note: This figure illustrates estimated marginal means for arousal and negativity (DVs) in each group (COVID-anxious, non-anxious). 
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COVID-related images compared to non-COVID negative images 
matched for arousal and negativity. Also, in accordance with the find-
ings in Study 1, our results indicated that both anxious and non-anxious 
participants rated COVID-related images as less disgusting than non- 
COVID negative images. A possible explanation for this finding is that 
COVID-related images did not contain elements of core disgust (such as 
bodily fluids) that evoke disgust responses (e.g., Olatunji et al., 2008), 
while some of the non-COVID negative images involved core disgust 
elements (e.g., rats). The results of Study 2 also demonstrated that 
COVID-anxious participants were generally slower than non-anxious 
individuals on the Emotional Stroop Task without, however, showing 
any particular interference for COVID-related words, compared to 
non-COVID negative and neutral words, and this was not influenced by 
scores on trait anxiety. 

Finally, participants with higher levels of trait anxiety, but not 
COVID-anxiety, also tended to report higher levels of loneliness, more 
engagement in prosocial behaviour during the first lockdown, and 
stronger willingness to help others should a need a rise in the future. 
Nevertheless, COVID-anxiety moderated this latter association, so that 
higher levels of trait anxiety were associated more strongly with will-
ingness to be prosocial, when COVID-anxiety levels were low. This effect 
is in line with previous research on pressure-based prosocial behaviour 
and suggests that people may be willing to help others to alleviate their 
general anxiety levels, only to the extend their COVID-related anxiety is 
kept at low levels. 

11. General discussion 

The world is currently faced with a global pandemic that has an 
unprecedented effect on mental health outcomes, and on risk factors 
that contribute to poor mental health, such as loneliness. Consuming 
more news and information about COVID plays a role in this process 
(Petzold et al., 2020; Xiong et al., 2020). The present research examined, 
for the first time in the extant literature, emotional responses to 
COVID-related stimuli by using methods designed to capture both 
automatic and controlled responses, such as Emotional Stroop Task 
(EST) and Image Rating Tasks (IRT) respectively. Study 1 findings 
indicated that, compared to negative and neutral pictures, 
COVID-related pictures elicited significantly higher levels of arousal, 
negativity, fear, sadness, and anger. Furthermore, our findings from 

both studies showed that there were no differences between 
COVID-anxious and non-anxious people on automatic affective re-
sponses to COVID-related words in the Stroop Task, compared to 
negative and neutral words (i.e., no interference effect). On the other 
hand, both studies showed that, compared to non-anxious participants, 
those in the COVID-anxious group rated COVID-related images higher, 
than non-COVID negative images, in fear and anger. Taken together, 
these results imply that there may be a dissociation between automatic 
and controlled processes in affective responses to COVID-related stimuli. 
This dissociation could not be easily attributed to stimulus type (e.g., 
words vs images, because previous research has indicated that amygdala 
responses to emotionally salient negative stimuli were independent of 
stimulus type (Kensinger and Schacter, 2006). However, this dissocia-
tion could be explained by that the EST is designed to capture attentional 
biases to emotionally salient threatening stimuli that involve more 
automatic processes, whereas the IRT involves higher-order evaluative 
processes. 

Certain limitations should be mentioned. First of all, we did not 
control for previous experiences with COVID (e.g., having been 
contaminated, or having been severely affected by COVID). It is possible 
that having experienced adverse COVID-related outcomes could have 
influenced the results, especially with regards to more automatic re-
sponses to COVID stimuli. Secondly, we did not control for pre-existing 
anxiety or mood disorders that may have confounded the observed ef-
fects. However, we controlled for the effects of general anxiety levels 
(state and trait) and, via VRR analysis, we identified the amount of 
variance (or nuisance effect) attributed to either state or trait anxiety in 
each study. The present study also had several important strengths. First 
of all, we developed novel COVID-specific tasks that can be readily used 
by future research on the emotional impact of COVID in the general 
population, or in clinical populations (e.g., COVID survivors, long 
COVID patients, people with mental health difficulties). Secondly, our 
research advances the extant literature on the affective responses to 
COVID, which is scarce and largely based on self-reported measures. 
Thirdly, and related to the measurement methodology we used, our 
study allowed for the distinction between controlled (IRT) and auto-
matic (EST) affective responses to COVID-related stimuli. Lastly, our 
research indicated that higher trait anxiety was associated with greater 
loneliness and more willingness to engage in prosocial behaviour. In the 
case of previous prosocial behaviour, the association with trait anxiety 

Fig. 5. Differences on ratings of fear, disgust, sadness and anger between the two groups. 
Note: This figure illustrates estimated marginal means for fear, disgust, sadness and anger (DVs) in each group (COVID-anxious, non-anxious). 
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was moderated by levels of COVID-related anxiety (Study 2). 
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Ströhle, A., 2020. Risk, resilience, psychological distress, and anxiety at the 
beginning of the COVID-19 pandemic in Germany. Brain Behav. 10 (9), 1–10. 
https://doi.org/10.1002/brb3.1745. 
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