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Abstract

Background Physical activity (PA) behaviours of adolescents were impacted by the stringent measures designed to prevent
the spread of COVID-19, but little is known about the long-term impact of the pandemic on PA.

Purpose This study examines the perceived impact of COVID-19 on PA, the factors associated with these perceptions, and
association with current PA behaviour.

Methods National representative sample from the island of Ireland completed the Children Sport Participation and Physical
Activity (CSPPA) study in spring 2022. Questions included the ‘perceived impact of COVID-19 restrictions’ dimensions of
PA and PA participation. Rasch analyses were used to determine item validity. Logistic regressions were used to determine
risk and protective factors in the perceived positive impact and associations between the impact of COVID-19 and PA.
Results The scale was deemed reliable (a=0.86, p <.001) among the final sample of 12-20 year olds (weighted n=2888).
Perceived positive impact was lowest in school sport as PA levels increased and impact on fitness were highest among
adolescents who were daily active (OR=3.8, Cl2.7-5.3).

Discussion The pandemic had long lasting effects on adolescents’ PA and health. Ways to overcome the lack of school sport
during the pandemic is needed at post-primary school level. Making changes to school sport may be protective over low
PA levels when considering the return from the pandemic.

Keywords Rasch analysis - Differential item functioning - School sport - Coronavirus - Children

1 Introduction

The COVID-19 pandemic affected the daily lives of people worldwide. Stringent measures, such as school closures and
social distancing, were put in place to reduce the spread of the pandemic [1, 2], impacting ways to be physically active.
At the height of the restrictions (Mar-Jun 2020), schools, leisure and fitness centres, and sport clubs were closed. In the
Republic of Ireland, restrictions limited individuals to go outside their homes within a 5 km radius for exercise [3], cou-
pled with a ban to have close in-person contact with other people. The restrictions in Northern Ireland were outlined by
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the United Kingdom (UK) government and differed from those in the Republic of Ireland with a “stay at home except for
accessing medical care, daily exercise, shopping for essentials, and essential work travel”[4]. The entire island was locked
down at this time.

Globally, in the first academic year (Sept 2020-June 2021) that followed, most schools reopened, although there were
social distancing recommendations in place for adolescents. Recommendations included the creation of interaction ‘bub-
bles’ or ‘pods’ within which students were expected to remain during classroom activities. In addition, the usual move-
ment of students, rather than teachers, between subject classes were not recommended (i.e. base classroom for student
pods during the school day). Furthermore, large spaces, such as sports halls, were used as classrooms to maximise social
distances between adolescents [5], reducing the available places to be physically active. Schools were given flexibility in
implementing social distancing practices to best suit their individual needs and environmental contexts to avoid inter-
mingling between classes during breaks. As vaccines were made available for school-aged children [6], the school term
from Sept 2021 gradually returned back to normality.

As the pandemic spread, so did the vast array of evidence in relation to physical activity (PA) and COVID-19 [7]. For the
majority of adolescents, the amount of PA reduced from pre-pandemic levels [8], although evidence is mixed. In a study
of Irish adolescents, 20% reported doing more PA during the restrictions than before [9]. Notably, females who were not
so physically active before the restrictions, reported new ways to be physically active, through home exercises and walk-
ing outdoors [10].

The majority of adolescents who took part in organised sports before the pandemic had these PA opportunities removed
during lockdown and this was often a reason for doing less PA than usual [11]. A mitigating strategy to maintain PA levels
came from the organised sport coaches, who set up remote sessions [12]. Other reported strategies was the rise of social
influencers or celebrities, such as Joe Wicks in the UK, who created a channel for followers to do daily PA with him [13].

These experiences are likely to influence the way adolescents perceive the way the pandemic had an impact on their
PA behaviours. Although these aforementioned initiatives may have stopped after the restrictions ended and schools
reopened, there is still a need to be aware of the perceptions of the impact of COVID-19 on adolescents’ PA. It has been
well recognised and tested that perceptions of past behaviour are strong predictors of current behaviours, rooted in its
influence towards individuals’ motivation to be physical active [14]. Yet, less is known about risk and protective factors
associated with these perceptions. As such, through an improved understanding of how adolescents perceived the impact
of COVID-19 on PA, it may be possible to unveil novel ways to address the physical inactive pandemic. Therefore, the
objectives of this study were to (i) examine the factor structure of items that measure the perceived impact of COVID-19
on PA, (ii) examine the risk and protective factors associated to the perceived impact of COVID-19 on PA, and (iii) examine
the association between perceived positive COVID-19 impact items and PA behaviour.

2 Methods
2.1 Study design

The Children’s Sport Participation and Physical Activity (CSPPA) study is a cross-sectional study based on a national rep-
resentative sample of 10-20-year-olds. The initial sample was based on a single-stage cluster sampling method, where
schools were stratified by school gender (boys only, girls only, mixed), socio-economic status (Republic of Ireland, dis-
advantaged or non-disadvantaged; Northern Ireland, percentage of free school meals), school location (urban or rural),
and size (small, medium, large number of adolescents). A school was chosen at random and a year group from the school
was put into the sampling frame, so that all adolescents in that year group were eligible to complete the online survey. A
target sample of 3000 adolescents was sought to account for design effects. The study received ethical approval from the
University of Limerick Education and Health Sciences’ research ethics committee (2017_11_19_EHS) and was conducted
in accordance with the Declaration of Helsinki. The adolescents voluntarily completed the online surveys during school
class time under the supervision of the teacher through a robust survey provider, approved by the data protection officer
at the University of Limerick. Teachers were given instructions on how to administer the survey. Informed consent was
obtained from the parents or legal guardians of the students under the age of 16 years old and informed consent was
obtained from the students over the age of 16 years old. Adolescents gave their assent prior to starting the survey and were
free to withdraw from participation at any time without consequences.

Post-primary schools were allocated a random assignment to complete either survey A (with COVID-19 impact scale)
or survey B (without COVID-19 impact scale). The primary school survey did not include items on COVID-19 impact,
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hence were not included in the analyses. Only participants in schools allocated to survey A were kept in the data file for
analyses. For the COVID-19 impact scale, 820 of the total participants (19%) were missing data. Those without responses
to the scale were checked for randomness against levels of PA and were deemed missing at random (p=0.765), hence
were removed from the data file.

Sample weights were applied to the data collected from the database from Republic of Ireland’s and Northern Ire-
land’s Department of Education. The weights were based on the proportion of male and females within each year group.
Population data for adolescents who identify as other or non-binary was not available, hence respondents who identified
themselves as other, non-binary, or did not want to say were weighted as 1.

2.2 Variables
2.2.1 COVID-19 impact scale

Questions were adapted from those used in the Health Behaviour in School-age Children (HBSC) 2022 study [15]. The
CSPPA study focused on dimensions of sport and PA [16], hence the adaptation of the HBSC items were based on the
behaviours and context of PA deemed suitable by the research team. Adolescents were asked to rate the impact from
COVID-19 on the following dimensions, (a) overall PA, (b) school sport and PA, (c) extra-curriculum sport, (d) community
sport or PA, (e) fitness, and (f) overall health. The question layout was in a matrix with a five-point scale with higher scores
on the scale indicating a more positive perception of the impact of COVID-19 on each dimension. The response options
included ‘very negative’ (1), ‘negative’ (2), ‘neither negative or positive’ (3), ‘positive’ (4), and ‘very positive’ (5). In order to
meet the aims of the study to investigate positive compared to other impacts (negative and neither), the items were
dichotomised to reflect perceived positive impact (1) and any other perceived impact (0). This method was chosen as it
has been used in studies conducted by the HBSC study [17].

2.2.2 Physical activity participation

At the beginning of the questions on PA behaviour, adolescents were given a definition of moderate to vigorous PA (MVPA)
intensity, including examples. The single item question has been used extensively in international monitoring studies
among school-age children [18, 19] originating from studies by Prochaska et al. [20]. In CSPPA, the two original questions
regarding PA were used; one item asked how many days they were physically active for a total of at least 60 min in the past
7 days and another asked the same question but during a typical week. The response scale was 0 to 7 days. The answers
to these items were averaged and a derived variable was created with the following recoding 1 =Low active (0-2 days),
2 =Somewhat active (3-4 days), 3=Active (5-6 days), and 4 =Daily active (7 days). These items have shown acceptable
validity through agreement against accelerometers [21] and were considered reliable [22] among same age adolescents.

In addition, adolescents were asked “During the past 7 days, on how many days did you do exercises that may strengthen
your muscles, for example, as push-ups, sit-ups, weightlifting or heavy yard work?"There were eight responses from 0 to
7 days. The response categories were recoded into dichotomous outcomes, depending on if they met the WHO muscle
strengthening guidelines of at least 3 days a week [23].

2.3 Risk and protective factors

The adolescents were asked to identify their gender as female (1), male (2), and were given the option to identify as non-
binary, other, or rather not say. There were too few cases for those who identified as non-binary (n=53) or other (n=16)
to group, and as gender was treated as a risk or protective factor, those who reported “I'd rather not say” (n=>58) were also
removed from the analyses. The adolescents entered their age, and due to data protection regulations, this variable was
derived so that there were groups of 10-11y (1), 12-13y (2), 14-15y (3), and 16-20y (4). Although the last group appears to
be of 4 years, they consist of students on the island of Ireland in either the senior cycle (ROI) or‘A-levels’ (NI) stage of learn-
ing. As students who are over 18 years old may remain in school, it was deemed more suitable to broaden the age group
and include their responses, as opposed to exclude them. Due to the COVID-19 items being only available to adolescents
in post-primary schools, ages 10-11y were removed (n =24) as they were considered as outliers.

Self-reporting on the presence of disabilities was measured using the self-report version of the UNICEF/Washington
Group questions on functional difficulties [24]. There were 11 functions measured: seeing, hearing, walking, self-care,
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speaking, learning, remembering, concentration, behaviour control, accepting changes to routines, and making friends.
The response scale contained four options, no difficulty (1), some difficulty (2), a lot of difficulty (3), and cannot do (4). As
per international recommendations [25], individuals who ranked a lot of difficulty or cannot do for a particular function
were coded to have functional difficulties. Having at least one function with functional difficulties resulted in the individual
being coded as a person with disabilities, as recommended by the Washington Group/UNICEF for making internationally
comparable estimates of disabilities [26].

The Family Affluence Scale (FAS) was used to assess socioeconomic status (SES) and was measured using six items on
material wealth in the student’s family. Items included a) car ownership, b) own bedroom, c) number of computers in their
house, d) number of bathrooms in their house, ) if they have a dishwasher, and f) number of times they travelled outside
of Ireland for a holiday in the last year. The items were sum scored and then ranked for a relative FAS scale with lower 20%
as low FAS, highest 20% as high FAS, and the 60% in the middle as medium FAS. These items have been used extensively
for adolescent self-report studies as a proxy for social economic status [27].

Students were asked to describe their residence by the size of the jurisdiction where they live. The options included
‘village < 3,000 people ‘town < 20,000 people; ‘suburban < 70,000 people] and ‘city > 70,000 people’. The address of the
school was coded by the researchers to determine if the school was in an urban or rural environment.

2.3.1 Statistical methods

The analyses for the first aim (factor structure of the COVID-19 impact scale), was to use differential item functioning (DIF)
through a Rasch model run on Jamovi 2.4.11 using the snowIRT—Item Response Theory module [28]. All COVID-19 items
were tested through DIF to predict if the response scale was performing accurately. It was expected that items would hold
well through DIF. To determine the factor structure, principal component analyses, with a Promax rotation, were carried
out to reveal one factor was present from the 6 items. All factor loadings were between 0.78 and 0.84, with eigenvalue of
3.93.The Cronbach alpha was a=0.894 for the single factor.

The second aim of the study (risk and protective factors associated with the COVID-19 impact scale) was analysed by
multiple binary regression analyses for each item on the COVID-19 scale. The items in COVID-19 scale were dichotomised
so that negative and no impact were grouped together, as the reference category, and responses of positive impact as
the outcome. Risk and protective factors were gender, age, disability status and FAS, residential place of dwelling, school
location, and jurisdiction of Ireland. Reference categories were male, 12-13y olds, no disability, low FAS, living in a village,
rural schools, and data collected from the Republic of Ireland.

To answer the third research question (association between COVID-19 impact items and PA behaviour), the association
between PA behaviour and the impact score were analysed through a multinomial linear regression analysis for MVPA and
binary logistic for muscle strengthening as dependent variables, with other variables used as covariates.

Analyses for aims two and three were carried out on IBM SPSS 29.0. The study has been registered on the OSF as a sec-
ondary data preregistration (https://osf.io/gufc9). During the production of the study, we chose to carry out one analytical
deviation from the protocol. This was in relation to the third research question, where multinomial regression was used, as
MVPA was the dependent variable, and the different items of perceived impact of COVID-19 were treated as independent
variables. The main reason for this was to reduce the number of statistical tests as well as have more detailed results based
on the category variables of independent and dependent variables. We did carry out the multiple linear regression tests
as outlined in the protocol, and the direction of results hardly changed, but we felt the categorical approach provided
more informative results than using the normally distributed variables.

3 Results

3.1 Participants

The final weighted data set consisted of 2888 participants (male =50.4%, female =49.6%) who completed the items on
COVID-19.There were subtle differences in the sample between adolescents in Northern Ireland and the Republic of Ire-

land (Table 1). Most notably, the sample in the Republic of Ireland compared to those in Northern Ireland were generally
older, more affluent, from rural locations, and more physically active.
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Table 1 Distribution of

. Northern Republic of Total P-value
sample gf adolescepts in the2 Ireland Ireland
study, with comparison by x
Test of Independence Total (n) 757 2131 2888
Gender 0.729
Female 49.0% 49.7% 49.6%
Male 51.0% 50.3% 50.4%
Age Group <0.001
12-13y 33.3% 19.3% 23.0%
14-15y 39.6% 38.2% 38.6%
16-20y 27.1% 42.5% 38.5%
Person with functional difficulties 0.093
Without Disabilities 69.0% 72.2% 71.3%
With Disabilities 31.0% 27.8% 28.7%
Family affluence categories <0.001
Low family affluence 30.5% 20.1% 22.8%
Medium family affluence 50.4% 57.5% 55.6%
High family affluence 19.0% 22.4% 21.5%
School location <0.001
Rural 24.2% 77.5% 63.6%
Urban 75.8% 22.5% 36.5%
Moderate-to-vigorous physical activity 0.028
Low active (0-2 days) 19.0% 14.9% 16.0%
Somewhat active (3-4 days)  36.7% 37.4% 37.2%
Active (5-6 days) 32.0% 36.1% 35.0%
Daily active (7 days) 12.3% 11.5% 11.7%
Muscle strengthening activity 0.323
Not meeting muscle guide- 60.9% 58.9% 59.4%
lines (< 3 days a week)
Meeting muscle guidelines 39.1% 41.1% 40.6%

(at least 3 days a week)

3.2 Outcomes data

Approximately half the respondents reported a positive impact of COVID-19 on overall PA, their fitness levels and overall
health. A third reported positive impact on school sport and extracurricular activities. More males than females reported
a positive impact on school sport (p <0.001), extra-curriculum (p <0.001) and community sport (p=0.009) (Table 2).

3.3 Rigorousness of perceived COVID-19 impact scale

Based on the ltem Response Theory’s Polytomous Rasch analyses, the person reliability score was 0.863 (p <0.001), implying
that the results of the perceived COVID-19 impact can be estimated with a precision of 86%. The Cronbach a was equally
high (a=0.894) across all items for a single factor with correlations between items ranging from 0.45 (Overall health x
Extra curriculum sport) to 0.73 (Overall health x Fitness level). For each of the items, there were slightly higher infit scores
than outfit scores, suggesting that information were closer fit than the outliers against the expected scores. The lowest
outfit score was 0.87 for the item of impact on Fitness level, and the highest of infit score was 1.08 for the item on impact
on Overall PA (Appendix Table 1). Overall, the distribution was acceptable to be used as a five-point scale for all the items
(Appendix Fig. 1).
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3.4 Factors associated with PA COVID-19 impact scale

Perceptions of a positive impact of COVID-19 on the PA items were remarkably lower among adolescents with disabilities,
particularly in the impact on Fitness levels (OR=0.67, C10.57-0.80) compared to adolescents without disabilities (Table 3).
Similarly, the odds ratio for adolescents living in cities was the lowest in the perceived impact on School sport (OR=0.61,
C10.44-0.84) and Overall health (OR=0.61, C10.45-0.81). There were more females than males who reported positive
impact of COVID-19 on School sport (OR=1.36, Cl 1.16-1.60), Extra curriculum sport (OR=1.82, CI1.55-2.15) and Com-
munity sport (OR=1.18, CI 1.01-1.38). The opposite was true for older adolescents, since the odds ratios reduced as age
groups increased from the reference group of 12-13-year-olds. In addition, the odds ratios for adolescents in high family
affluence groups to report perceived positive impact on all areas of PA were generally higher, compared to low family
affluence groups. There was only one difference in relation to which jurisdiction the adolescent students were located,
where more perceived positive impact on Extra-curriculum sport was reported by those in the Republic of Ireland than
those in Northern Ireland (OR=1.26, C11.01-1.57).

3.5 Associations between PA COVID-19 impact scale and PA

Perceived positive COVID-19 impact scale scores were associated with increased days of MVPA and muscle strengthen-
ing (Fig. 1). When compared to those who reported 0-2 days (low active), there were positive associations between PA
COVID-19 impact and those who reported 3-4 days (somewhat active; OR=1.72, CI 1.51-1.95), 5-6 days (active; OR=2.23,
Cl11.96-2.55), and daily MVPA (daily active; OR=2.50, Cl12.11-2.94). There was also a positive association with reporting
3-7 days of muscle strengthening in a week (meeting WHO guidelines; OR=1.37, Cl 1.26-1.49) when compared to those
who reported 0-2 days (not meeting WHO guidelines). There was a positive association between males and high family
affluence adolescents with muscle strengthening at least 3 times a week (meeting WHO guidelines), compared to the
respective reference categories. The odds ratios can be seen in Fig. 1.

4 Discussion

Findings from the current study suggest the scale on the perceived impact of COVID on adolescents’ PA and health is
a robust measure in its original format. In line with the study objectives, gender was a risk and protective factor on the
perceived impact of COVID-19 on PA, and finally, there were positive associations between the impact of COVID-19 on
extra-curriculum, community sport, and fitness levels with daily MVPA. With these main findings, we found the scale to be
a suitable composite of different PA contexts, as well as with overall health. Such a finding helps to verify the psychometric
properties of the measure, particularly when exploring associations with other factors. COVID-19 affected the lives of all
people, with reports of increased negative PA behaviours and being unable to rebound back to normal PA levels [15, 29].
Survey measures are helpful to assess perceptions of individuals through quantitative research methods, and can be used
to supplement interview data, particularly in relation to the wellbeing of individuals during the COVID-19 pandemic [30].

Our findings about the differences between males and females’ perceptions provide insight to expand the current
understanding of known gender differences in sport participation and PA and how the COVID-19 pandemic restrictions

Table 2 The impact of COVID-19 (%) on various items on PA by gender

Females (n=1431) Males (n=1457) Total (n=2888) p-value

Negative ~ Neutral  Positive  Negative  Neutral  Positive ~ Negative  Neutral  Positive

Overall PA 25.1 244 50.6 27.3 2338 48.9 26.2 24.1 49.7 0.393

School sport 38.0 313 30.7 32.1 30.1 37.8 35.0 30.7 343 <0.001

Extra-curricu- 37.2 373 255 27.4 341 385 32.2 357 321 <0.001
lum sport

Community sport 329 27.6 394 279 28.2 439 304 279 41.7 0.009

Fitness level 229 274 49.7 22.2 258 52.0 225 26.6 50.9 0.458

Overall health 18.1 29.7 522 16.3 303 533 17.2 30.0 527 0.454
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Fig. 1 Odds ratios from multinomial (MVPA) and binary (muscle dtrengthening) logistic regressions and the association with PA impact of
COVID-19 with 0-2 days as reference categories

may have impacted on existing gender differences in PA. Evidence from around the globe consistently shows that males
participate in more PA than females [18]. Data from Ireland supports this global trend, with more males than females report-
ing to engage in regular PA and sport [31]. In Ireland, targeted programmes have been shown to be effective to promote
PA among female adolescents [32]. Despite these small wins, these female focused programmes often face challenges
such as dealing with competitive sport drop out [33], increased homework, other maladaptive patterns of behaviour
that take time away from being physically active [34], as well as lower social support to participate in PA and sport when
compared to their male counterparts [31].

Irish adolescents had reported that time spent at home during the COVID-19 pandemic had mixed effects on PA behav-
iour, with females reported to do more PA and males reported difficulties to stay active [11]. Perceptions of the impact
were likely to be influenced by prior experiences in PA [14], which was also shown in a study by Arundel et al. [35], where
prior PA levels were deemed as a predictor for the way COVID-19 impacted PA levels. Further evidence of pre-pandemic
behaviours were discussed from earlier reports of Irish adolescents’ behaviours, where, on average, 13-16% more males
than females participated in school sports [16]. In Ireland, extra-curriculum time takes place during school breaks and
afterschool. It was one lost opportunity to be physically active during lockdown and during the immediate return to school
[11]. Ridgers et al. [36] reported females participated in less PA during recess time than their male counterparts, thus it is
logical that fewer males than females had reported a positive impact on PA during school sports.

The oldest age group (16-20y) were also more likely to report a positive impact of COVID-19 on overall PA, despite
having the lowest levels of PA, and fewer were likely to report a negative impact on PA in the school. The low frequency
of a perceived negative impact could be due to the overall positive responses to the scale seen from the Rasch analyses,
coupled with low amounts of students of this age who participate in school sport [16]. Time and costs are consistently
cited barriers to sport participation in children and adolescents [31], particularly for older adolescents where time would
be spent on preparing for end of school exams, such as leaving certs and A-levels. With schools closed, and many other
socialising options restricted, older adolescents might have had more time available than usual to engage in PA[11].

In the Republic of Ireland, examinable Leaving Certificate Physical Education (LCPE) was piloted in 2018, and has
been rolled out nationally since September 2020, with approximately half of all post-primary schools in Ireland now

@ Discover



Research Discover Public Health (2024) 21:233 | https://doi.org/10.1186/512982-024-00351-2

Table 3 Factors associated with a perceived positive impact from COVID-19

Overall PA School sport Extra-curriculum  Community sport  Fitness Health

B LCl ud B LCl  ud B LCl udl B L[a uda B La uda B LClud

Gender

Female REF REF REF REF REF REF

Male 088 0.76 1.03 1.36 1.16 1.60 1.82 1.55 2.15 1.18 1.01 1.37 1.04 0.89 121 1.01 087 1.17
Age Group

12-13y REF REF REF REF REF REF

14-15y 095 0.78 1.16 0.76 0.62 0.93 0.72 0.58 0.88 0.82 067 1.00 1.00 0.82 122 093 076 1.14
16-20y 1.14 093 139 0.60 0.49 0.75 0.54 0.44 0.68 0.75 0.61 0.92 091 0.75 1.11 0.75 0.61 0.92
Disabiities

No Disabilities REF REF REF REF REF REF

Disabilities 0.73 0.62 0.87 0.77 0.64 0.92 0.75 0.63 0.90 0.77 0.65 0.92 0.67 0.57 0.80 0.72 0.61 0.85
Family affluence

Low REF REF REF REF REF REF

Medium 111 092 134 095 078 1.16 095 0.78 1.17 1.14 094 139 124 1.03 149 1.19 099 1.44
High 1.79 1.43 225 1.58 1.25 2.00 1.56 1.23 1.98 1.88 1.49 2.36 1.89 1.51 2.37 1.74 1.39 2.19
Home location

Village REF REF REF REF REF REF

Towns 0.73 0.61 0.87 086 0.71 1.04 0.78 0.64 095 0.83 0.69 0.99 0.71 0.60 0.85 0.83 0.69 0.99
Suburban 0.83 066 1.05 085 066 1.09 083 065 107 094 074 119 084 0.66 1.06 0.76 0.60 0.96
City 0.71 0.53 0.95 0.61 0.44 0.84 0.58 0.42 0.81 0.62 0.45 0.84 0.69 0.52 0.93 0.61 0.45 0.81
School Location

Rural REF REF REF REF REF REF

Urban 0.78 0.64 0.95 089 0.72 1.10 095 0.77 118 085 070 1.05 086 0.70 1.05 0.82 0.67 1.00
Jurisdiction

Northern Ireland REF REF REF REF REF REF

Republic of Ireland 0.94 0.77 1.15 1.12 090 139 1.26 1.01 1.57 109 088 133 107 087 131 093 076 1.14

Bold text; p<0.05

offering LCPE (~ 330 schools) to their 5th and 6th year students (aged approximately 16-20 years). Such a curricular
change may have equipped some older students in the ROl with skills and knowledge to overcome barriers that
occurred from the pandemic restrictions. Students and teachers’ competencies in digital technology increased during
this period [37], and this increase may have led to improved understanding of ways to be physically active amongst
these adolescents, especially given the compulsory student component of physical activity related assessment in
LCPE. It should be noted however that only a small proportion of Leaving Certificate students in those schools offering
LCPE elect to take this subject. The rise of social media use during lockdown and online role models may have also
been another viable source of inspiration [13]. Other students often experienced the struggles of physical educators
to produce high quality physical education over digital platforms during the pandemic [38, 391.

A consistent result, of more positive impact from COVID-19 across all items, appeared among adolescents without
disabilities or from high family affluence, when compared to those with disabilities or from low affluence families,
respectively. Adolescents with disabilities were affected negatively by the pandemic, with family supporting attitudes
towards PA had played a role in activity behaviours [40]. During the restrictions, increases of PA were reported by
those who had access to ways to be physically active, such as equipment at home and more computers and phones
to connect to the internet [41], of which these items are considered to be more readily available among higher afflu-
ent families compared to lower affluent families. These disparities still exist, and the pandemic may have highlighted
inequities that need to be addressed in future health promotion work.

Not surprisingly, more active adolescents (MVPA levels increased compared to low active adolescents) were increas-
ingly likely to report a perceived positive impact of COVID-19 on each item related to PA, particularly on the impact
on community sports. These patterns could be related to the concept of physical literacy [42, 43]. Researchers have
found adolescents with higher levels of physical literacy domains, such as confidence, motivation and enjoyment of
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PA, are more likely to engage in PA and may have been more likely to seek opportunities for PA during the restric-
tions than those who are less physically active and have lower physical literacy [44, 45]. More insights are needed to
confirm these reasons.

The pattern associated with muscle strengthening exercises for at least three days a week was not so clear. In most
cases, there were positive associations. Yet, there were no associations with school related PA, and this could be due
to the low levels of muscle strengthening activities in the schools [46], or that muscle strengthening has, in the past,
been reported by the amount of out-of-school exercise [47]. Adolescents made use of social media channels during
the pandemic, with celebrities such as Joe Wicks providing physical fitness exercises and activities to do [13]. These
results have demonstrated potential lasting effects of around two years after from living through the pandemic [29].
Researchers who have conducted one-year follow up studies have reported a decline on fitness levels of children and
these could have detrimental effects if not intervened [48, 49]. The perceived impact of COVID-19 on PA provided by
these adolescents may shed light into programmes that bring back PA and fitness levels among adolescents.

4.1 Strengths and limitations

This study was conducted from self-report measures on items related to COVID-19, approximately two years after the
initial school closures. Some recall bias of the actual impact on the different areas and settings for PA may be present
in the instrument. The data were cross-sectional, therefore causality between variables cannot be truly established. All
individuals were treated the same in the Rasch analyses, and there is likely to be variation in responses. Investigating
different profiles of how the impact of COVID-19 was for different people on the current PA levels is beyond the scope
of this study and it could be the direction for future studies on this area. The analysis was only on the positive compared
to other responses (neutral and negative) and could have used other regrouping, such as negative compared to other
responses to answer other research questions. There could have been more potential and residual confounders, other
than the sociodemographic variables used in this study, although, as this is the first time we have data on the impact
of COVID-19 on PA, we decided to not include further confounders.

This study was based on a national representative sample of adolescents in post-primary schools on the island of
Ireland. The scale was used for the first time, without the normal procedures to test and validate the measures given
the changing landscape of the pandemic we were living through during data design and collection. The resulting items
demonstrated suitable use and may be useful in other contexts to assess the perceptions of adolescents’ experience
and impact from COVID-19. With more confidence that the measures used have acceptable psychometric testing, the
examination of the risk and protective factors on these associations shed light into the differences in the way ado-
lescents considered how COVID-19 had an impact on their PA behaviour. Furthermore, the positive associations with
PA and perceived positive impact are informative to developing theory-based programmes to promote PA for health
among adolescents as life returns from COVID-19 era.
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Appendix 1

Item functioning

Item statistics of the rating scale model

Measure S.E Infit Outfit
Overall physical activity —2.58 0.0233 1.074 1.045
School sport -2.01 0.0230 0.945 0.948
Extra curriculum —-2.02 0.0230 1.056 1.052
Community Sport -235 0.0231 1.088 1.034
Fitness Level —-2.71 0.0235 0.900 0.884
Overall health -2.90 0.0237 1.005 1.003
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Infit=Information-weighted mean square statistic; Outfit=Outlier-sensitive means square statistic
See Fig. 2 here.
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