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Objectives: During the second coronavirus disease 2019 (COVID-19) surge, cases increased sharply due to low awareness and compli-
ance with measures to limit disease spread. Health literacy (HL) is an important component of public health initiatives, and schools
are potential sources of health education to increase HL via the presentation of COVID-19 educational modules.

Methods: This cross-sectional study involved an online questionnaire administered to students from 5 high schools in Surabaya and
Sidoarjo, Indonesia, 6-7 weeks after the start of government-issued directives restricting public gatherings. We collected data on each
respondent’s age, gender, parental education, and socioeconomic variables. HL was determined by the Health Literacy Measure for
Adolescents. We additionally measured their attitudes and behaviors related to preventing the spread of COVID-19. The students were
asked if they watched the COVID-19 module at school, their feelings about vaccination, and preferred online sources of COVID-19-re-
lated information.

Results: Most of the 432 respondents had viewed COVID-19 modules at school. Module exposure was associated with significantly
higher total and domain-specific HL and more positive attitudes toward government-issued COVID-19 restrictions on travel and pub-
lic gatherings (p<0.05). However, behaviors to prevent COVID-19 spread and vaccine acceptance were not associated with module
exposure. Most students chose social media as their source of COVID-19-related information.

Conclusions: Schools can provide information to increase adolescents’ HL and the public’s support for health initiatives to prevent or
limit the spread of COVID-19.
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INTRODUCTION

In Indonesia, the second year of the COVID-19 pandemic
(June to August 2021) saw rocketing cases and deaths that
overwhelmed the nation’s healthcare system and exhausted
its healthcare personnel [1]. The government responded by is-
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be dangerous and distort the public’s understanding of how
to prevent or limit the spread of COVID-19 [3]. Additional hur-
dles included the public’s low education, disease awareness,
and compliance with preventive behaviors [4]. Poor health lit-
eracy (HL) likely hampered COVID-19 control efforts [5].

As defined by the European Health Literacy Consortium, HL
comprises people’s knowledge, motivation, and competency
to access, understand, appraise, and apply health information.
This information informs day-to-day decisions concerning health-
care, disease prevention, and health promotion that likely af-
fect the quality of life [6]. HL is associated with a reduced abili-
ty to understand, less awareness of health-related information
[7], and less pandemic preparation [8], HL reflects an individu-
al’s capability to understand and act on the information they
receive. Individuals with high HL can determine which sources
are trustworthy, potentially protecting against misinformation
[9,10]. HL may similarly increase acceptance of (and compli-
ance with) government-issued policies to prevent or limit the
spread of COVID-19.

Improving HL is important across the lifespan. Adolescents
attending high school transition into adulthood and must pre-
pare to participate as independent members of society. High
schoolers demonstrate greater autonomy, decision-making
capability, and responsibility for their health behaviors than
children [11]. Consequently, their acceptance of government-
issued policies and adherence to recommended disease-pre-
vention measures deserve greater attention and should be
foci of public health initiatives. One strategy for improving HL
and attitudes toward the COVID-19 pandemic and adherence
to preventive measures involves incorporating COVID-19 edu-
cational modules into high school curricula.

Numerous studies have examined HL in various populations
and established its association with health behaviors [12]; how-
ever, few studies have focused on adolescents [13]. More stud-
ies that examined HL in young adults and college students were
completed during the early period of the COVID-19 pandemic.
However, similar studies on high school students remain scarce.
A 2020 Norwegian study, conducted during the early months
of the COVID-19 pandemic, examined high school students'HL
and COVID-19 prevention behaviors and the potential associa-
tions of both variables [14,15]. To the best of the authors'knowl-
edge, no studies have attempted to examine how exposure to
a COVID-19 educational module affects adolescents’HL.

This study measured adolescents’HL, acceptance of govern-
ment policies, adherence to COVID-19 prevention behaviors,
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COVID-19 vaccine acceptance, and potential associations of
these factors with a COVID-19 educational module presented
to high school students during the pandemic’s second surge.
We also explored adolescents’ preferred online sources of CO-
VID-19-related information.

METHODS

Study Design and Data Collection

This cross-sectional study recruited high school students liv-
ing in Surabaya and Sidoarjo, Indonesia. The sample size was
calculated (http://www.raosoft.com/samplesize.html) consid-
ering a 5% margin of error and 95% confidence interval; thus,
the minimum sample size was 377.

An online questionnaire was disseminated to the students
through instructors at 5 high schools (selected for convenience)
6-7 weeks after government-issued restrictions were imple-
mented to help slow the second COVID-19 surge. The ques-
tionnaire was developed and distributed following the Check-
list for Reporting Results of Internet E-Surveys (CHERRIES) prin-
ciples, using an online survey platform https://app.surveyplan-
et.com/. The socio-demographic variables collected include
age, gender, parental education, and socioeconomic levels. HL
was measured by the Health Literacy Measure for Adolescents
(HELMA), which comprised 44 items and 8 sections: access,
reading, understanding, appraisal, use, communication, self-
efficacy, and numeracy [16]. We modified an item within the
numeracy section regarding the reference used for body mass
index (BMI) classification. Asia-Pacific classification for BMI was
employed in the item, rather than the World Health Organiza-
tion (WHO) classification. The HELMA items were translated
into Indonesian by 3 physician researchers proficient in both
English and Indonesian and familiar with issues related to HL
in adolescents.

Attitudes were assessed by asking the students whether
they agreed, were neutral, or disagreed with the government-
issued policies that restricted travel and public gatherings. The
preventive behavior score assessed respondents’adherence to
recommendations regarding mask-wearing, handwashing,
physical distancing, crowd avoidance, and reducing mobility
by determining (via self-report) how each respondent adhered
to relevant health behavior recommendations. The items’ reli-
ability and the validity of the questionnaire have been deter-
mined previously [17].

The COVID-19 module was assigned by instructors of each
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school in an additional voluntary course during the COVID-19
pandemic. The module was constructed to contain informa-
tion about COVID-19, especially about its prevention and how
to get reliable information about COVID-19.

Statistical Analysis

We compared the groups’ binary baseline characteristics us-
ing the chi-square test. Numerical data were analyzed using
the independent t-test (normally distributed) or the Mann-
Whitney U test (not normally distributed). HELMA scores were
calculated using the formula reported in the study that re-
ported the tool’s development process and psychometric
properties [16].

Raw score—Minimum possible raw score

Score: X
Maximum possible raw score—Minimum possible raw score

100

Attitude scores were calculated by simply summing partici-
pants’answers to 6 statements (disagree = 1; neutral=2; agree =3;
maximum score=18). Preventive behavior scores were calcu-
lated by simply summing participants’ answers to 5 questions
(never =1; sometimes=2; usually=3; always=4; maximum
score=20). Binary logistic regression models were used to eval-
uate the effect of socio-demographic characteristics. Binary
logistic regression predicted the adjusted odds ratio (aORs) for
an adequate HELMA score (>66.0); favorable attitude score
(>12.0); favorable preventive behavior score (>15.0); and vac-
cine acceptance. A p<0.05 indicated a significant difference.
SPSS version 17.0 (SPSS Corp., Chicago, IL, USA ) was used for
all analyses.

Ethics Statement
This study was approved by the Ethics Committee, Faculty of

Medicine, Universitas Airlangga (No. 136/EC/KEPK/FKUA/2021).

RESULTS

In total, 432 students were recruited from 5 senior high schools,
as presented in Table 1. All completed the questionnaires, and
296 (69.0%) reported viewing the COVID-19 educational mod-
ule at their respective schools. The median age was 17 years
(interquartile range [IQR], 15-17). Most students were natural
science majors (=410, 94.9%). However, the proportion of
students’ school majors did not differ between students who
were and were not exposed to the COVID-19 module. At base-
line, there were no significant between-group differences in
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COVID-19 module

Characteristics With Without a,:;m
(n=296, 69.0%) (n=136, 31.0%)

Age ly) 0.005
=17 144 (48.6) 86 (63.2)
<17 152 (51.3) 50(36.8)

Gender 0.515
Men 110(37.2) 55 (40.4)

\Women 186 (62.8) 81 (59.6)

School major 0.328
Natural sciences 283 (95.6) 127 (93.4)

Social sciences 13 (4.4) 9(6.6)

Economic status 0.699
Low 27 (9.1) 14(10.3)
Average-high 269(90.9) 122 (89.7)

Father education 0.445
Bachelor's degree or above 151 (51.0) 64 (47.1)

Senior high school or below 145 (49.0) 72(52.9)

Mother education 0.081
Bachelor's degree or above 142 (48.0) 53(39.0)

Senior high school or below 154 (52.0) 83(61.0)

Close relative as medical personnel 0.768
Yes 15(5.1) 6(4.4)

No 281(94.9) 130(95.6)

Having comorbidities 0.401
Yes 12 (4.1 8(5.9)

No 284 (95.9) 128 (94.1)

Having a COVID-19 infection history 0.118
Yes 96 (32.4) 34(25.0)

No 200 (67.6) 102 (75.0)

Values are presented as number (%).
COVID-19, coronavirus disease 2019.

parental education and socioeconomic status. Additionally, no
significant between-group differences were observed in co-
morbidities and COVID-19 infection histories (Table 1).

The HL subscores for reading, use, and communication were
considerably superior among students exposed to the COVID-
19 module (p<0.05), as were HELMA scores (median, 64.2;
IQR, 54.7-74.4) compared to those with no module exposure
(median, 59.9; IQR, 51.1-72.2; Table 2). Most students reported
using social media (=323, 74.8%) to obtain COVID-19-related
updates, including Instagram (n=296, 68.5%), Facebook (n=14,
3.2%), Twitter (n=92, 21.3%), YouTube (n=208, 48.1%), and
TikTok (n=191, 44.2%). Other reported information sources
were medical platforms (n=232, 53.7%), the WHO website
(n=195, 45.1%), blogs (n=175, 40.5%), government websites
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Table 2. HELMA assessments of students with and without exposure to a COVID-19 educational module at school

COVID-19 module

Domain All - . p-value
With Without
Access 65.0 (50.0-75.0) 65.0 (55.0-75.0) 60.0 (50.0-75.0) 0.059
Reading 65.0 (50.0-80.0) 65.0 (55.0-80.0) 60.0 (50.0-75.0) 0.038
Understanding 67.5(55.0-77.5) 70.0 (55.0-80.0) 65.0 (52.5-77.5) 0.234
Appraisal 60.0 (50.0-75.0) 60.0 (50.0-75.0) 60.0 (50.0-75.0) 0.225
Use 56.2 (43.8-68.8) 56.2 (43.8-75.0) 50.0 (37.5-68.8) 0.006
Communication 59.4 (46.8-71.9) 59.4 (50.0-75.0) 53.1(40.6-71.9) 0.018
Self-efficacy 62.5(56.2-75.0) 68.8 (56.2-75.0) 62.5 (56.2-75.0) 0.194
Numeracy 66.7 (33.3-0.0) 66.7 (33.3-100.0) 66.7 (33.3-100.0) 0.803
Total score 63.1(54.0-73.9) 64.2 (54.7-74.4) 59.9(51.1-72.2) 0.032

Values are presented as median (interquartile range).

HELMA, Health Literacy Measure for Adolescents; COVID-19, coronavirus disease 2019.
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Figure 1. Online sources of coronavirus disease 2019 (COVID-
19)-related information. WHO, World Health Organization.

(n=173, 40.0%), and scholarly platforms (n=169, 39.1%) (Fig-
ure 1). The HELMA results (Table 2) and the respondents’ pre-
ferred online sources of COVID-19-related information (Fig-
ure 1) are presented above.

The impact of sufficient HL after completing the COVID-19
module was documented according to self-reported attitudes,
adherence to recommended preventive behaviors, and vac-
cine acceptance. Students exposed to COVID-19 modules at
their schools had better attitudes related to COVID-19 (12.4*
2.6 vs. 11.71£3.0, p=0.026), including greater acceptance of
government-issued COVID-19 policies such as school closures
and restrictions on travel and public gatherings. Students ex-
posed to the COVID-19 module demonstrated better adher-
ence to preventive behaviors but lower vaccine acceptance;
however, these differences did not rise to statistical significance
(Table 3).
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Table 3. Attitudes toward government-issued COVID-19 con-
trol policies, adherence to recommended preventive behav-
iors, and vaccine acceptance

COVID-19 module P
Measurements . -
With Without  value
Attitude score, mean+ SD' 124+26 11.7£30 0.026

Preventive behavior score, 182+22 179+22 0299

mean = SD?
Vaccine acceptance, proportion (%) 278/296 (94.2) 130/136 (95.6) 0.562
COVID-19, coronavirus disease 2019; SD, standard deviation.

"The maximum score was 18.
The maximum score was 20.

We conducted an additional analysis to identify predictive
factors for adequate levels of total HELMA and its 8 domains,
favorable attitude and preventive behavior, and vaccine ac-
ceptance (Table 4). Exposure to COVID-19 modules tended to
be associated with adequate levels of the HELMA, measured
as a total score and subscores of all domains, but only the do-
main of use showed a statistically significant aOR value (aOR,
1.60, p<0.05). Several socio-demographic factors predicted
adequate HELMA. Students’ major in natural sciences was as-
sociated with adequate levels for total HELMA and the domains
of appraisal, communication, and numeracy, compared to so-
cial science majors (aORs, 3.08, 3.78, and 2.88, respectively;
p<0.05). Age =17 years predicted adequate HELMA levels for
the understanding, appraisal, and numeracy domains (aORs,
1.57,1.68, and 1.86, respectively; p<0.05). Nevertheless, it was
also associated with less vaccine acceptance than younger age
(aOR, 0.24, p<0.05). Having a mother with a higher education
degree also predicted adequate levels for the HELMA domains
of reading, understanding, and use (aOR, 1.82, 1.83, and 1.69,
respectively; p<0.05). On the contrary, high schoolers whose
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Table 4. Adequate HELMA score, favorable attitude score, favorable preventive behavior score, and vaccine acceptance adjusted
for socio-demographic characteristics of respondents

Variables Ac:g;.’i;:gl?n p-value Variables Ad(g;;egl?l‘! p-value
HELMA total HELMA understanding
Age =17y 1.30(0.86,1.94)  0.202 Age =17y 1.57(1.04,2.37)  0.030
Men 0.81(0.54,1.22)  0.323 Men 0.87(0.58,1.31)  0.530
Natural sciences 3.79(1.24,11.6) 0.019 Natural sciences 1.80(0.72, 4.46) 0.204
Low economic status 0.77(0.38,1.59)  0.493 Low economic status 0.81(0.40,1.62)  0.556
Father with a bachelor's degree or higher ~ 1.00(0.62, 1.62) 0.968 Father with a bachelor's degree or higher ~ 1.29(0.80, 2.07) 0.284
Mother with a bachelor's degree or higher  1.55(0.95,2.52)  0.076 Mother with a bachelor's degree or higher  1.83(1.12,2.98)  0.015
Close relative who is medical personnel 0.86 (0.34, 2.17) 0.764 Close relative who is medical personnel 0.48(0.19, 1.21) 0.122
Having comorbidities 1.02 (0.40, 2.57) 0.954 Having comorbidities 1.563(0.58, 4.02) 0.385
COVID-19 history 0.88(0.56,1.37)  0.584 COVID-19 history 1.07(0.68,1.67)  0.747
COVID-19 module 1.23(0.80,1.88)  0.333 COVID-19 module 1.32(0.86,2.01)  0.200
HELMA access HELMA appraisal
Age =17y 0.97(0.64,1.47) 0913 Age =17y 1.68(1.10,2.55)  0.014
Men 0.67(0.44,1.02)  0.064 Men 1.05(0.69, 1.58)  0.811
Natural sciences 1.80(0.67, 4.81) 0.240 Natural sciences 3.08(1.00, 9.45) 0.049
Low economic status 059(0.28,1.24)  0.169 Low economic status 1.32(0.65,2.68)  0.430
Father with a bachelor's degree or higher ~ 1.05(0.65,1.70)  0.823 Father with a bachelor's degree or higher ~ 1.03(0.63,1.68)  0.888
Mother with a bachelor's degree or higher  0.98 (0.60, 1.60) 0.944 Mother with a bachelor's degree or higher  1.41(0.85, 2.32) 0.176
Close relative who is medical personnel 2.35(0.93,5.93)  0.068 Close relative who is medical personnel 0.98(0.38,2.49)  0.969
Having comorbidities 1.53(0.61, 3.82) 0.360 Having comorbidities 0.74(0.27, 2.01) 0.559
COVID-19 history 0.66(0.41,1.04)  0.074 COVID-19 history 1.07(0.68,1.68)  0.754
COVID-19 module 1.05(0.68,1.61)  0.819 COVID-19 module 1.36(0.87,2.12)  0.168
HELMA reading HELMA use
Age =17y 1.12(0.75,1.68)  0.570 Age =17y 1.00(0.66, 1.54)  0.963
Men 0.92(0.61,1.37)  0.686 Men 0.81(0.53,1.25)  0.358
Natural sciences 2.34(0.87,6.29)  0.089 Natural sciences 244(0.79,7.54)  0.118
Low economic status 1.48(0.74, 2.95) 0.257 Low economic status 0.56 (0.25, 1.23) 0.152
Father with a bachelor's degree or higher ~ 0.83(0.52,1.35)  0.471 Father with a bachelor’s degree or higher  0.54(0.32,0.89)  0.017
Mother with a bachelor's degree or higher  1.82(1.11, 2.97) 0.016 Mother with a bachelor’s degree or higher  1.69(1.01, 2.85) 0.044
Close relative who is medical personnel 0.78(0.31,1.96)  0.604 Close relative who is medical personnel 0.74(0.27,2.03)  0.567
Having comorbidities 245(0.94,6.40)  0.065 Having comorbidities 1.27(0.49,3.24)  0.616
COVID-19 history 0.89(0.57,1.39)  0.636 COVID-19 history 0.83(0.52,1.32)  0.443
COVID-19 module 1.45(0.94,2.22)  0.087 COVID-19 module 1.60(1.01,2.53)  0.042
HELMA communication Attitude
Age =17y 1.33(0.87,2.03) 0.174 Age =17y 0.92(0.61,1.39) 0713
Men 1.12(0.74,1.70) 0579 Men 0.43(0.28,0.65)  8.595
Natural sciences 378(1.07,13.3)  0.037 Natural sciences 1.24(0.49,3.14)  0.646
Low economic status 0.34(0.14, 0.81) 0.015 Low economic status 0.96 (0.47, 1.96) 0.925
Father with a bachelor's degree or higher ~ 0.92 (0.56, 1.51)  0.758 Father with a bachelor's degree or higher ~ 1.19(0.74,1.93)  0.460
Mother with a bachelor's degree or higher  1.00 (0.60, 1.65)  0.987 Mother with a bachelor's degree or higher  1.49(0.91,2.44)  0.107
Close relative who is medical personnel 1.61(0.64, 4.02) 0.303 Close relative who is medical personnel 0.94 (0.37, 2.40) 0.913
Having comorbidities 1.44(0.57,3.64) 0434 Having comorbidities 0.98(0.38,2.50)  0.977
COVID-19 history 0.97(0.62,153) 0927 COVID-19 history 1.06 (0.67,1.65)  0.794
COVID-19 module 1.45(0.92,2.27)  0.101 COVID-19 module 0.96(0.63,1.48)  0.886

(Continued to the next page)
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Variables A‘:g};}:gl?l‘ p-value

HELMA self-efficacy
Age =17y 1.19(0.79,1.78)  0.384
Men 0.65(0.43,097)  0.038
Natural sciences 1.71(0.68,4.29)  0.252
Low economic status 0.54(0.26, 1.11) 0.097
Father with a bachelor's degree or higher ~ 1.01(0.63,1.61)  0.957
Mother with a bachelor's degree or higher  1.27 (0.78, 2.06) 0.322
Close relative who is medical personnel 2.06(0.79,5.38)  0.137
Having comorbidities 0.74(0.29, 1.87) 0.532
COVID-19 history 1.04(0.67,1.61)  0.859
COVID-19 module 1.33(0.87,2.02)  0.182

HELMA numeracy
Age =17y 1.86(1.19,2.90)  0.006
Men 0.52(0.33,0.80)  0.003
Natural sciences 2.88(1.16,7.15)  0.022
Low economic status 0.66(0.32, 1.33) 0.247
Father with a bachelor's degree or higher ~ 1.44(0.86, 2.41)  0.164
Mother with a bachelor's degree or higher  1.37 (0.80, 2.34) 0.244
Close relative who is medical personnel 1.17(0.42,3.25)  0.754
Having comorbidities 1.27(0.43,3.67)  0.658
COVID-19 history 0.75(0.47,1.22)  0.257
COVID-19 module 1.09(0.69, 1.73)  0.699

Public Health
Variables A‘:;?}f&?k p-value
Preventive behaviour
Age =17y 059(0.31,1.11)  0.106
Men 0.36(0.19,0.67)  0.001
Natural sciences 1.08(0.29,4.03)  0.899
Low economic status 0.83(0.31, 2.23) 0.717
Father with a bachelor's degree or higher ~ 1.07(0.52,2.23)  0.836
Mother with a bachelor's degree or higher ~ 1.28(0.60, 2.73) 0.508
Close relative who is medical personnel 1.26(0.27,5.93)  0.763
Having comorbidities 2.33(0.29,18.2) 0.419
COVID-19 history 0.78(0.40,151)  0.465
COVID-19 module 0.79(0.41,154) 0504
Vaccine acceptance
Age =17y 0.24(0.08,0.76)  0.015
Men 0.45(0.18,1.08)  0.076
Natural sciences 1.16(0.24,5.60)  0.851
Low economic status 0.59(0.17, 2.03) 0.407
Father with a bachelor's degree or higher ~ 1.50(0.49, 457)  0.473
Mother with a bachelor’s degree or higher  1.63(0.50, 5.25) 0.413
Close relative who is medical personnel N/A
Having comorbidities 0.34(0.06,1.73)  0.197
COVID-19 history 0.74(0.27,1.98)  0.552
COVID-19 module 0.60(0.22,1.64)  0.326

HELMA, Health Literacy Measure for Adolescents; OR, odds ratio; Cl, confidence interval; COVID-19, coronavirus disease 2019; N/A, not available.

fathers had higher education degrees were less likely to have
adequate HL in the use domain (aOR, 0.54, p<0.05). Surpris-
ingly, men were less likely to have adequate HELMA levels in
the self-efficacy and numeracy domains and adherence to
preventive behavior than women (aORs, 0.65, 0.52, and 0.36,
respectively; p<0.05). Low perceived economic status was also
associated with a lower likelihood of having an adequate HL
level in the communication domain (aOR, 0.34, p<0.05).

DISCUSSION

We compared HL, attitudes toward COVID-19 control poli-
cies, adherence to COVID-19 preventive behaviors, and vaccine
acceptance in high schoolers, some of whom were exposed to
a COVID-19 educational module at their schools during the
second COVID-19 surge. To our knowledge, this is the first cross-
sectional study to investigate COVID-19-related factors using
an online questionnaire and attempt to determine relation-
ships between these factors and exposure to a COVID-19 edu-
cational module at school. A previous study found a correlation

between HL levels and COVID-19 preventive behaviors [18]
and improvements in students’ attitudes toward COVID-19 af-
ter exposure to an E-service-learning module [19]. Our results
provide new evidence of the effectiveness of such modules for
promoting public health initiatives, improving HL, and encour-
aging acceptance of government-issued policies aimed at pre-
venting or limiting the spread of COVID-19.

Most students in this study were exposed to the COVID-19
educational module at their high schools. These students dem-
onstrated higher HL than those without module exposure for
reading, use, and communication. These results agree with a
Chinese study that showed a three-hour HL training interven-
tion improved HL in adolescents compared to controls. Students
who received HL training also had higher progress scores. This
study concluded that the intervention effectively improved
HL-related knowledge, attitudes, and skills. Importantly, the
authors speculated that the application of student-focused and
innovative teaching methods likely contributed to the substan-
tial improvements in HL [20]. A quasi-experimental study from
Indonesia found that HL improved from “inadequate” (60% of
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participants) to “excellent” (90% of participants) after exposure
to a COVID-19 health education training intervention [21]. Thus,
module-based training can increase HL. Such learning mod-
ules should be well-developed and delivered effectively. Dis-
semination of accurate public health information is particular-
ly important for the COVID-19 pandemic (and resultant info-
demic). Aside from their obvious applicability to future epi-
demics or pandemics, module-based educational applications
could disseminate information about various health issues, in-
cluding reproductive and mental health.

Most students used social media—particularly Instagram—
as their main source of COVID-19-related information. Other
studies found similar results in adults [22]. Few studies have
examined adolescents’ use of social media as a health informa-
tion source. Esmaeilzadeh et al. [15] reported that the Internet
and social media comprised the top 2 sources of health infor-
mation related to high-risk behaviors in adolescents aged 15-
18. Social media boosted misinformation during the COVID-19
pandemic and hindered the implementation of public health
initiatives worldwide. For example, circulating conspiracy the-
ories related to vaccine safety created undue anxiety and pan-
ic as the pandemic progressed [23,24].

The use of social media as a stand-alone source of health in-
formation risks exposure to misinformation, particularly among
those with low HL. Rosario et al. [25] found that university stu-
dents who frequently used social media experienced more
difficulty searching for information online and evaluating the
validity and reliability of online information sources. However,
these drawbacks should not negate the potential usefulness
of social media for health education, including COVID-19 is-
sues. Koenig et al. [26] found that Instagram had high accep-
tance among medical students and increased engagement in
online teaching modules. A Chinese study used TikTok as a
source for educational “micro-videos” that communicated
health information to members of the younger generation
[27]. Considering adolescents’ increasing use of social media,
ensuring access and exposure to accurate health information
is critically important [28].

Government and public health agencies should look to so-
cial media as a potential source of valid and reliable health in-
formation presented in an understandable format [29]. Very
few students used WHO or government websites as their pri-
mary source of online health information. A previous study
discovered that university students who searched more fre-
quently on public institution websites and health portals were
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more likely to be able to assess the reliability of health infor-
mation than those who did not [25]. Thus, interventions should
address specific competencies needed to acquire relevant and
reliable health information. These learning modules could be
incorporated into schools’ curricula to instruct students on
these competencies, which become increasingly important
over the lifespan. For example, COVID-19 modules could pro-
vide explicit education on identifying valid sources, applying
scientific information to make everyday health decisions, and
utilizing trustworthy sources such as official government web-
sites to acquire COVID-19-related information. These factors
are important for engaging adolescents in the public’s fight
against this (and future) pandemic and infodemics [19].
Adolescent students exposed to COVID-19 modules at their
school had significantly higher attitude scores, meaning they
agreed with government policies related to COVID-19 control,
including restrictions on travel and public gatherings and school
closures. However, the COVID-19 module was not associated
with demonstrating actual preventive behaviors or with vaccine
acceptance. Several studies showed a relationship between
HL and attitudes and behaviors related to preventing COVID-19
[30,31]. A study of Jordanian adolescents found that most par-
ticipants demonstrated basic COVID-19-related knowledge, a
good attitude toward COVID-19 governmental policies, and
good preventive behaviors. Similarly, a general population
found that better COVID-19-related knowledge was associated
with more consistent mask-wearing [32]. A study involving
1631 Taiwanese adolescents reported that good HL was corre-
lated with good well-being during the COVID-19 pandemic
[33]. Moreover, the results of our study are also in line with a
survey in Norway (n=2205) that adolescents were more likely
to have COVID-19 preventive behavior knowledge and prac-
tice, including social distancing. They were more likely to re-
duce their socialization with friends [14]. Thus, interventions
that improve knowledge are crucial for adolescents. The COVID-
19 educational module increased adolescents'HL and attitudes.
This approach has potential applicability to other health issues
and could be delivered in an engaging and attractive format,
such as forming online peer groups for high schoolers [34].
Our study showed no significant difference between stu-
dents with and without the COVID-19 module in certain do-
mains of HL, including access, understanding, appraisal, self-
efficacy, and numeracy, as well as preventive behavior and
vaccine acceptance. We propose that our respondents living in
urban areas had no difficulties accessing health information
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that was mostly disseminated through online platforms; there-
fore, COVID-19 module exposure would not have considerable
influence on this domain [15]. Improving understanding, ap-
praisal, self-efficacy, and numeracy would require a more in-
tensive directive learning module. We believe that improving
attitudes and behavior requires sufficient time and repeated
interventions [35]. A brief exposure can lead to changes in at-
titudes, but not behavior [36]. In addition, during the COVID-19
period, preventive behavior or vaccination was not only a re-
flection of attitudes but also a form of compliance with social
obligations and responsibility to the surrounding environment
[37,38]. Students’ obedience to health protocols in Indonesia
was impacted by a culture of adherence and responsibility to
protect each other. Due to cultural norms, Asian students close-
ly adhere to social obligations [39].

We identified several socio-demographic factors that pre-
dicted adequate HL in certain domains. Age =17 years, which
is perceived by most Indonesian people as an adult since those
of this age are given elective rights, was associated with ade-
quate levels of understanding, appraisal, and numeracy do-
mains, despite lower vaccine acceptance. This could be related
to their greater body of knowledge, as well as a greater sense
of autonomy to take responsibility for the decision-making
process, including in health-related matters, than those of
younger age who often rely on their parents [11]. The mother
having a higher education degree was a predictive factor for
adequate levels of HELMA in the reading, understanding, and
use domains. It was expected that the mothers would readily
transfer their capabilities for processing the health information
to their children [13]. It was not surprising that students ma-
joring in natural sciences would predict adequate HL both for
total HELMA and the HELMA domains of appraisal, communi-
cation, and numeracy since those students are exposed to
more learning hours in human biology, which is closely related
to health matters.

Surprisingly our man respondents showed a lower likeli-
hood for adequate HL levels in the self-efficacy and numeracy
domains, as well as for adherence to preventive behavior. Our
finding in young men is unique since many previous studies
have reported that adult men were more likely than women
to perceive COVID-19 as a less serious health problem and to
be opposed to restrictive public policy measures. These ten-
dencies partly account for higher COVID-19-related morbidity
and mortality rates in men [40]. Lower HL in the self-efficacy
domains could be related to less adherence to preventive be-
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havior in this regard. Thus, any health initiative should be de-
signed based on this gender difference and can be introduced
earlier for man adolescents.

There are some limitations to this study. Due to the second
surge of COVID-19 in Indonesia, which mandated school clo-
sures, we used an online questionnaire platform. We could not
use random sampling due to mobility restrictions and could
only reach out to schools in urban areas. Future, well-powered
studies on other, more representative samples are required.

The COVID-19 pandemic and subsequent infodemic have
complicated efforts to identify trustworthy and reliable online
information sources, especially among adolescents. Therefore,
an adequate level of HL is particularly important in helping
them to collect and verify health information, and also improve
their knowledge, attitude, and behavior toward COVID-19 con-
trol. Adolescents’HL can be improved by incorporating a COV-
ID-19 educational module into schools’ curricula. Schools should
use similarly structured education programs, delivered innova-
tively and attractively, to improve HL over the lifespan. COVID-
19 modules at school could also be used to promote other health
initiatives and combat future pandemics and infodemics.
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