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Abstract

Background
The COVID-19 pandemic and the governmental regulations taken during the pandemic had a profound impact on the experienced anxiety of children.
However, there is a gap in research that explains how and which regulations had an impact. In this study we combine quantitative and qualitative data
through structural topic modelling (STM) and sentimental analysis.

Methods
Children and adolescents (N = 3,821, aged 8–18 years old) completed an open-ended question; “How are the corona-regulations for you?", and the PROMIS
Anxiety questionnaire, bi-annually from April 2020 until March 2023 (7 measurement occasions). This yielded 6,672 open-ended responses, with anxiety
classified as (sub)clinical for PROMIS T-scores > 50.6. We applied STM to the open-ended responses to identify relevant topics, using dichotomized Anxiety
as covariate. We used sentiment analysis to assess the affective state of responses and obtain polarity scores for each response (ranging from − 1
(negative) to + 1 (positive)). We identified the topics of importance to children during the pandemic and assessed the affective state of these responses per
topic in the whole sample and split by presence of (sub)clinical anxiety.

Results
Eight topics emerged: 1) Adaptation/Resilience, 2) Distress, 3) Adherence to social distancing, 4) Limited social and family contact 5) Restrictions in
activities/boredom, 6) Future perspectives, 7) Homebound (school closures), and 8) Lack of celebratory events. Compared to their peers, children with
(sub)clinical anxiety reported significantly more negative sentiment, particularly regarding adaptation/resilience (-0.19 vs. -0.10, Cohen’s D = 0.24) and
distress due to lockdown (-0.06 vs. 0.02, Cohen’s D = 0.20). They also expressed stronger emotional language when discussing these topics.

Conclusions
We successfully identified topics relating to the governmental regulations that are associated with (sub)clinical anxiety during the COVID-19 pandemic. This
study shows that children with (sub)clinical anxiety scores experienced the pandemic period more negatively, and may have more problems with coping and
adapting to lockdown measures.

Introduction
The COVID-19 pandemic has had a large impact on the life of children throughout the world. Fear of infection, uncertainties about the future, and social
isolation affected the social and mental health of children. Previous studies have shown that children reported increased internalizing problems, such as
anxiety and depressive symptoms throughout the pandemic [1–3]. A recent systematic review and meta-analysis summarized findings of a multitude of
studies and showed that the majority of studies reported deterioration in mental health during the pandemic. Moreover, during the pandemic a significant
number of children reported (sub)clinically relevant anxiety and depressive symptoms that affected their daily life significantly [1].

While many studies have investigated changes in mental health during the pandemic [4–6], only few studies provide insight into how or why the pandemic
has had such a large impact on the mental health of children and adolescents. It is hypothesized that governmental regulations during the pandemic had an
impact on the psychosocial development of children and adolescents, due to limited social contact during the pandemic. This may have hindered forming
relationships with peers, which are of vital importance to develop social skills and a social network at this age [7]. The presence of the virus, the uncertainty
of its development and the effects of the virus itself may also have played a role in developing anxiety and depressive symptomatology [7]. While there were
no specific explanations given for mental health problems, several factors have been identified that were related to worsened mental health in children during
the pandemic in quantitative studies. These are not just limited to characteristics of the child (age, gender) or regulations aimed at the child (school closures,
limited social contact)[2,3], but also changes within the family dynamic due to regulations, such as the loss of income and work of the parent(s) [8].

Qualitative studies can provide more background to the observed mental health deterioration of children during the pandemic. By asking children what they
experienced during the pandemic in interviews, focus groups, diaries or open-ended surveys, and subsequently performing thematic analyses, we can gain
insights into what themes were most important for children during the pandemic. The few qualitative studies so far [9] reported that the majority of children
experienced a negative impact on their life related to themes such as school, leisure time and family/social bonding. Although valuable, generalization of
results of this type of study is often difficult as sample sizes are usually small and selective, resulting in possible selection bias. In addition, the relation of
the qualitative results (e.g., themes), with specific mental health outcomes, such as anxiety and depression, remains unclear.

Open-ended survey questions that are collected in large samples can solve these problems. However, the analysis of such large quantities of open text is
burdensome and identifying clear topics or themes can be challenging. Topic modeling is a text-mining technique that allows for assessing a thematic
structure within a large collection of unstructured texts. It has become increasingly popular to efficiently analyze large amounts of qualitative data, such as
notes from electronic health records [10] or (sub)clinical social work notes [11]. Structural topic modeling (STM) is a recently popularized topic model for
large scale open-ended survey data, that can outperform other topic models. In addition, it allows for the combination of qualitative data with quantitative
data [12–14].
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In this study we employed STM to combine qualitative data from an open-ended survey question on the impact of governmental COVID-19 regulations with
quantitative scores [15] of anxiety in a large sample of children and adolescents from the general population. In addition, we applied a lexicon-based
approach called sentiment analysis to assess the ‘affective state’ of the open-ended responses that shows whether a topic was negatively or positively
experienced.

By combining these methods, we specifically aimed to: 1) identify important topics related to the pandemic (measures) as experienced by children and
adolescents, 2) investigate the affective states of these topics 3) examine how the topics and the affective states differed between children with and without
self-reported (sub)clinical anxiety.

Methods

Participants and Measures
Children and adolescents (8–18 years old) were recruited through an online panel agency to attain a representative sample of the Dutch general population
(for more details see van Oers et al. [16]). Children completed online questionnaires including the open-ended question and the Patient-Reported Outcomes
Measurement Information System (PROMIS) Anxiety computerized adaptive test (CAT). We received approval for data collection from the appropriate ethics
committees and all children and their parents provided informed consent. The study was conducted in accordance with the ethical standards outlined in the
1964 Declaration of Helsinki and its later amendments.

Open-ended question
With a biannually assessed open-ended question during and after the COVID-19 pandemic (April 2020 – April 2023, seven times in total) we asked children
how the pandemic regulations affected their life. The question was formulated as: “How are the corona-regulations for you?". For post-pandemic measures
(November/December 2022/March/April 2023) we asked how they previously experienced the pandemic regulations: “How were the corona-regulations for
you?”.

PROMIS Anxiety
The PROMIS pediatric Anxiety v2.0 item bank contains 15 items that use a 7-day recall period and are scored on a five-point Likert scale; 1 (never), 2 (almost
never), 3 (sometimes), 4 (often), 5 (almost always). The instrument has been recommended in the DSM-V-TR [17] as an online cross-cutting assessment of
pediatric anxiety. The item bank results in a single T-score for each participant. The item bank has been previously validated for assessing anxiety in the
Netherlands [15] and Dutch cut-offs have been previously established, where T-scores > 50.6 were defined as scores within the (sub)clinical range (> 1SD) ) of
anxiety [15]. Based on this cut-off we divided the responses in a ‘no (sub)clinical anxiety’ and ‘(sub)clinical anxiety’ group.

Analyses

Open-ended data and text-preprocessing
In total there were 7605 open-ended responses from 3821 unique respondents. Prior to processing, the text was spellchecked manually, as children tend to
misspell words in a manner that cannot be corrected automatically. As exclusion criteria we removed open-ended answers below a minimum sentence
length of three words (e.g., “Stupid.”). For preprocessing we used stemming from the stm-package in R [13] and a list of Dutch stop words from the Snowball
stemmer [18]. Numbers and punctuations were removed and the minimum word length for words to be included in the analyses was set to at least three
letters. Furthermore, topics were only included if they occurred at least ten times. For the majority of the responses, accompanying PROMIS Anxiety scores
were available (N = 6672, 87.7%), which could thus be used as a covariate for the structural topic model.

Structural Topic Model
An important aspect of developing a suitable topic model is defining and testing hyper-parameters. The number of topics to be estimated is vital in this
regard. By testing topic models with a varying number of topics, the optimal number of topics is identified. To assess the effectiveness of the chosen K
number of topics, the multinomial dispersion of residuals of the model and held-out-likelihood were assessed, and semantic coherence and
similarity/exclusivity were taken into consideration. First, higher residuals indicate that a larger number of topics are required, therefore lower residuals are
preferred [19]. Second, held-out-likelihood is an estimation of the probability of topics occurring in data that was not used (set to 25%) to build the model (i.e.,
25% of the responses are withheld from the initial development of the model to check whether similar topics are found in the new data). A higher held-out
likelihood tells us that the model predicts topics in unused data better and is therefore more suitable. Third, semantic coherence and exclusivity tend to
decrease when allowing more topics. As structural topic models with covariates do not allow for computation of coherence and exclusivity, we focused on
the residuals and held-out likelihood and selected the number of topics where the residuals no longer showed signs of improvement, to maintain a
parsimonious and interpretable model.

To find the optimal number of topics a range from 3 to 12 topics were tested, based on the aforementioned criteria. The dichotomous variable for anxiety
was used as covariate in all analyses to investigate which terms (i.e. words) within a topic were primarily used by children with (sub)clinical anxiety scores
and how the choice of terms to describe the same topic differed between children with and without (sub)clinical anxiety. As topics may be dominated by a
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specific subgroup, the percentage of children with (sub)clinical anxiety occurring in the 200 most representative responses was calculated. A response in
this case is one open-ended survey answer. Analyses were performed in R [20], using the STM package [13].

Once topics are found they need to be interpreted. To reduce the subjectiveness of the topic descriptions, seven professionals (psychologists,
methodologists, and linguists) were asked to describe the topic in a short sentence based on a list of the terms associated with the topic and the 200
responses most associated with that specific topic. We defined sufficient consensus as over 50% of experts reaching a similar gist on topic content and two
authors (TJP & MAJL) summarized this into one topic description.

Sentiment analyses
Once the topics were defined, we assessed the affective states of responses in order to investigate whether topics were discussed positively or negatively.
With sentiment analysis, we calculated the polarity score of responses using a lexicon-based approach based on the pattern.nl module in Python [21].
Polarity scores of responses range from − 1 (most negative response) to + 1 (most positive response). First, we calculated polarity scores for all responses
and then split the responses and accompanying scores by the anxiety covariate. Next, we assessed the previously calculated polarity scores for each topic
separately (based on the top 200 responses), also split by anxiety covariate. We compared the polarity scores of children with (sub)clinical anxiety with the
scores of children without (sub)clinical anxiety by independent T-tests, where we considered a Cohen’s D ≥ 0.2 as a small effect. We assigned a positive (> 
0.01), negative (<-0.01) or neutral (-0.01 to 0.01) label to summarize the polarity of a response. These labels were used to calculate the percentage of
positive/negative responses of all data and per topic (of the top 200 responses), also split by covariate. The amount of positive or negative responses
provides information on how a topic is experienced.

Results

Structural Topic Model

Descriptives of responses
The 7,605 responses had an average number of words of 7.1 (range 1-395). After text preprocessing, 3,401 responses remained that contained three or more
words and had the accompanying dichotomized anxiety scores.

Number of topics
The number of topics were selected based on the residuals and held-out-likelihood (see Fig. 1). Residuals did not show any improvement after eight topics
and also the held-out-likelihood did not show any major improvement, therefore we selected eight topics as the optimal number of topics. Semantic
coherence and exclusion metrics tend to decrease at a larger number of topics, which was also taken into consideration when selecting eight topics.

Final Topic Model
The final terms belonging to each topic can be seen in Table 1. We specifically selected the FREX terms (FREX; frequent and exclusive) to identify and
interpret topics from terms, as they offer the most suitable (exclusive) descriptors of the emerging themes. Consensus was reached for all topics and the
terms were summarized into the following topics; 1) Adaptation/Resilience, 2) Distress due to lockdown, 3) Adherence to social distancing measures, 4)
Limited social and family contact (bonding), 5) Restrictions in activities/boredom, 6) Future perspectives, 7) Homebound (school closures) and 8) Lack of
celebratory events. To illustrate the content of different topics two quotes were selected from the top twenty most representative responses, one for children
with (sub)clinical anxiety and one for children without (sub)clinical anxiety.
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Table 1
Final topics, terms, associated quotes of the structural topic model and the associated polarity scores based on sentiment analysis.

Topics Terms Quotes1 %
Anxiety2

Polarity scores3 % Positive % Negative

(polarity > 0.01) (polarity < -0.01)

        A B Effect
size
D

Total A B Total A B Tot

All All All 41.1% -0.12 -0.06 -0,14 -0.09 32% 28% 30% 51% 48% 49

1:
Adaptation/Resilience

with,
sometimes,
well,
difficulty,
especially,
difficult,
mother,
falls,
problems,
problem,
heavy,
lessons,
tricky,
understand,
learn

1A. "Sometimes it’s
difficult. Sometimes
suddenly a different
teacher. But
otherwise, it’s okay."

39.5% -0.19 -0.10 -0,24 -0.14 33% 30% 31% 59% 49% 53

1B. "It's okay now,
there are actually no
more rules. Home
schooling wasn't fun,
I did miss my
friends. But I didn't
have any further
problems with it."

2: Distress due to
lockdown

fortunately,
annoying,
sits, home,
over, notice,
easy,
follow,
hope,
afraid, to,
makes,
tricky, full,
goes

2A. "Very difficult,
I’m still afraid of a
new lockdown. And I
don't want to
become as gloomy
and sad as during
the last lockdown
when I really couldn't
cope at times.
Luckily, it's much
better now. But I'm
disappointed that
many things, like
school camp and the
Christmas
celebration in the
church with school,
can't go ahead. And
I’m annoyed that not
all my friends and
classmates get
vaccinated."

40.0% -0.06 0.02 -0,20 -0.02 37% 44% 42% 44% 40% 42

2B. "Home schooling
but started an
internship two
weeks ago. It was
difficult to find a
place, but now I can
thankfully go to my
internship and I’m no
longer stuck at
home all the time."

3: Adherence to
social distancing
measures

stupid, rule,
mask,
people,
distance,
keep,
understand,
other, wear,
hands,
meter,
wash,
come, sick,
inside

3A. "Keeping
distance, the idea
that some people
aren't being careful
and don't follow the
measures or don't
listen."

40.5% -0.10 -0.09 -0,03 -0.10 25% 19% 22% 49% 48% 49

3B. "It's an
adjustment, but at
some point, it
becomes routine,
like wearing a mask
in public transport,
keeping 1.5 meters
distance,
disinfecting/washing
hands."

4: Limited social and
family contact
(bonding)

meeting,
allowed,
soccer,
sport,
grandma,
miss,
grandpa,
see, see,

4A. "I miss my social
contacts… I even
miss not being able
to go to school. No
more sports, not
allowed to visit my
grandparents. Little
distraction. Not

39.0% -0.13 -0.15 0,07 -0.15 24% 20% 22% 47% 51% 50
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Topics Terms Quotes1 %
Anxiety2

Polarity scores3 % Positive % Negative

(polarity > 0.01) (polarity < -0.01)

        A B Effect
size
D

Total A B Total A B Tot

play, family,
can, alone,
to, not
anywhere

seeing my boyfriend.
I feel quite sad about
it."

4B. "Annoying. I have
fewer football
trainings and
matches. Many free
periods at school
due to cancellations.
And I see fewer
friends because
we're not allowed to
be in large groups
anymore."

5: Restrictions in
activities/boredom

burden,
very, find,
fine, had,
(not) very,
found,
clear, bit,
completely,
really, so
much,
almost,
corona,
mom

5A. "I miss school
and my teachers and
classmates very
much. I’m afraid to
go outside and am
worried that my
mom, dad, grandma,
and grandpa might
get sick. I cried a lot
during the Passion
because of
everything related to
corona. My mom
and dad were very
sweet and
comforted me."

43.5% -0.08 -0.03 -0,13 -0.05 41% 44% 43% 55% 52% 54

5B. "I don't think I
was really affected
by it much. Except
for the lack of
parties and new
encounters. But I
could continue doing
almost everything I
used to do."

6: Future perspectives things,
(not) happy,
(not) fun,
just,
normal, all,
gone, (not)
boring,
again,
nothing,
long,
necessary,
lasts, stay,
strict

6A. "I am fed up and
want my normal life
back. Just working
out, just going to
school, just being
able to hang out with
my friends and do
fun things outside."

36.5% 0.027 0.049 -0,07 0.041 41% 48% 46% 51% 45% 47

6B. "I don't like any
of this, it's been
going on for so long.
But everything else
is fine, hopefully,
everything will be
more fun again
soon."

7: Homebound
(school closures)

friend,
school,
contact,
(not) nice,
may, often,
teacher,
gladly,
exam,
work, hug,
homework,
bored, best,
lesson

7A. "I really want to
party with all my
friends, but that's not
possible now. I want
to go out, I would
have liked to do my
final exams, and I
would love to go on
vacation, but
unfortunately, that's
probably not going
to happen."

50.0% -0.13 -0.11 -0,06 -0.12 27% 27% 27% 47% 53% 50

7B. "I can't go to
school. And I can't
hang out with
friends. And I have
to do schoolwork at
home. I can't hug my
grandparents."
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Topics Terms Quotes1 %
Anxiety2

Polarity scores3 % Positive % Negative

(polarity > 0.01) (polarity < -0.01)

        A B Effect
size
D

Total A B Total A B Tot

8: Lack of celebratory
events

go, little,
outside,
together,
life, closed,
time, pity,
such as,
less,
birthday,
going out,
vacation,
confusing,
celebrate

8A. "It's a shame I
couldn't have a party
for my birthday, but I
do cough into my
elbow."

44.0% -0.16 -0.09 -0,18 -0.12 26% 32% 30% 54% 48% 51

8B. "Annoying,
because we couldn't
go on vacation and
missed out on
camp. And I couldn't
celebrate my
birthday in a big
way."

1 = Each topic contains two quotes – one of children with (sub)clinical anxiety (A) and one for children without (B). 2 = Percentage of children with
(sub)clinical anxiety in the top 200 most representative documents.

The majority of the topics focused on specific aspects brought forward by pandemic regulations, and were related to social aspects and social development
(e.g., participating in extracurricular activities, visiting family, playing with friends) and school (participation/performance). The topic “homebound”, which
has a focus on school performance, has a higher percentage of children with (sub)clinical anxiety (50.0%) than what would be expected based on the
percentage of (sub)clinical anxiety in the entire sample (41.1%). This indicates that children with (sub)clinical anxiety more often reported issues from being
homebound. Investigating the documents belonging to this topic shows that children missed their friends, schoolmates and their sports club, as well as
having difficulties with school closure, homeschooling and completing homework at home. Regarding online schooling, children mentioned both positive and
negative aspects. For some, online school was calming, for others it was distracting and demotivating. Generally, all topics shared positives and negative
terms.

Children with (sub)clinical anxiety more often used terms such as “difficult”, “hard”, whereas children without (sub)clinical anxiety more often used words
such as “stupid”, “annoying” and “too bad/disappointing”. Children with (sub)clinical anxiety also more often mentioned issues surrounding school (“school”,
“lessons”) and the regulations (“mask”, “hands”) in relationship to the difficulties they were experiencing regarding the governmental regulations. Specifically
in the topic on social distancing measures, children with (sub)clinical anxiety more often mentioned specific measures (“washing”, “distance”, “facemask”)
than children without (sub)clinical anxiety, who more often just mentioned “rules”.

Sentiment analysis
The sentiment analysis shows that overall children mainly had negative responses (polarity = -0.09, 49% of responses negative) to the pandemic regulations
(see Fig. 2). All topics, except Future Perspectives, were experienced primarily negatively (polarity range − 0.09 to -0.15) with higher proportions of negative
than positive responses (range positive; 27–46%, range negative; 42–54%). Overall, children with (sub)clinical anxiety scores were more negative in general
(-0.12 vs -0.06, Cohen’s D = -0.14) on all topics (in terms of polarity), however the proportion of positive and negative responses differed between topics.
Differences between children with (sub)clinical anxiety and children without (sub)clinical anxiety with a small effect size (D ≥ 0.20) were found on
Adaptation/Resilience (-0.19 vs -0.10 polarity; Cohen’s D = -0.24, 59% vs. 49% negative responses) and Distress due to lockdown (-0.06 vs 0.02 polarity;
Cohen’s D = -0.20). For the latter the direction of the average polarity scores (i.e., positive or negative) differed between groups.

Discussion
In this study we combined qualitative open-ended survey data with quantitative outcomes to assess differences in how children with (sub)clinical anxiety
experienced the COVID-19 pandemic compared to children who did not report (sub)clinical anxiety scores. Overall, for all children, social aspects and social
development were most impacted by the pandemic regulations, as shown by how often these were mentioned as topics and how negatively they were
experienced. Children were particularly affected by social distancing measures and school closures, which may have resulted in social isolation and the
accompanying emotional distress.

In the topics that emerged, children with (sub)clinical anxiety more often mentioned negative aspects of the pandemic. Children with (sub)clinical anxiety
also reported more (specific) problems with the pandemic regulations, such as washing hands, wearing masks can keeping 1.5m distance and more often
used heftier (sentimental) terms. This was also visible in the sentiment analysis, as polarity scores for children with (sub)clinical anxiety were more negative
than responses from children without (sub)clinical anxiety. All topics were primarily described with negative affect, except the topic future perspectives,
which was described more positively (e.g., “hopefully it will be better soon”). The largest differences between the two groups were found on the topics of
resilience/adaptation and distress due to lockdown, where children with (sub)clinical anxiety were more negative. This may indicate that children with
(sub)clinical anxiety had more difficulties with adaptation to the lockdown. These children also discussed future perspectives less often and the association
was more negative than for children without (sub)clinical anxiety. This could be indicative of difficulties with coping, which has been previously linked to
mental health problems during the pandemic [22,23]. Specifically, studies suggest that avoidance coping strategies resulted in higher anxiety and depressive
scores during the pandemic [23]. A systematic review reported the negative effects of avoidance coping strategies on mental health, and specifically
internalizing problems, of children and adolescents [24], which aligns with the topics and terms reported in our study.
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The themes that were found also align with a previous thematic analysis that our group performed on data collected in April 2020 on the initial lockdown
period [25]. All themes we identified during the initial lockdown are included in the topics from this study. Two of the current topics were not previously
mentioned by children: adaptation/resilience and future perspectives. This might be explained by the initial lack of knowledge about the virus and which
adaptations were needed, and the fact that these topics mainly apply to long-term situations while during our previous study it was unclear how long the
pandemic would last.

In the past, most STM papers have focused on using only qualitative data from open-ended surveys or open text fields [12–14]. By using STM with the
inclusion of a quantitative anxiety measure, we successfully identified themes that provide context for (sub)clinical anxiety scores of children during the
pandemic. It is important however, that the open-ended question posed relates to the measured domain of the PROM directly. If the quantitative measure
included in the topic model is not explanatory or does not relate to the open-ended questions, the terms assigned to the different levels of such a measure
will not contribute to a better interpretation.

This study is one of the first studies that has applied STM to open-ended survey data of children and adolescents in the context of mental health. Responses
from children and adolescents require additional preprocessing steps and the vocabulary of children has to be taken into account when deciding on minimal
word and sentence length. In addition, the lexicon-based sentiment analysis approach on the topics that were found provides a deeper insight into how the
emerged topics were experienced.

Due to the relatively small sample size for these specific types of analyses, we were unable to investigate the relationships with other covariates (or
interaction effects). For example, including sex in addition to the dichotomized anxiety measure may have provided additional insights into how both sexes
experienced the pandemic differently. Similarly, we were unable to investigate more extreme (low and high anxiety) groups. However, this may be a valuable
approach for future studies as it may lead to a clearer separation and interpretation of topics and terms used by children with severe anxiety. In addition,
future studies regarding the influence of the COVID-19 pandemic on mental health could expand upon the current study by including time in the analyses.
This provides insight into whether specific topics were of importance in certain periods of the pandemic. In combination with sentiment analysis changes in
polarity scores over time can be examined.

Conclusions
In this study we applied STM in anxiety data of children and adolescents. Important themes of the lockdown were identified, which showed that children with
(sub)clinical anxiety scores experienced the COVID regulations more negatively and possibly struggle with adaptation/resilience and distress during the
lockdown. We recommend combining PROMs with open-ended survey questions in future studies, as it provides unique information that may not be obtained
otherwise. It allows us to assess the association between topics extracted from open-ended survey responses to a quantitative, validated outcome.
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Figure 1

Held-out likelihood and residuals of K number of topics.

Figure 2

Percentages of positive, neutral and negative responses per topic of children with and without (sub)clinical anxiety scores.
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