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Abstract

Gender differences in item nonresponse are well-documented in high-stakes achievement
tests, where female students are shown to omit more items than male students. These
gender differences in item nonresponse are often linked to differential risk-taking strate-
gies, with females being risk-averse and unwilling to guess on an item, even if it could
gain them credits. In low-stakes settings, similar trends should not apply, as the students
carry no consequence for their performance. Instead, test-taking motivation is argued to
be the pivoting factor, with female students seen as more motivated and omitting fewer
items than male students. In contrast to the high- and low-stakes achievement tests, less
is known about gender differences in item nonresponse in student background question-
naires. Using cross-classified mixed effects models, we examined gender differences in
item nonresponse on the Programme for International Student Assessment (PISA) 2018
student questionnaire across 80 countries and 71 scales. On average, the odds of male
students omitting a questionnaire item were double the odds of female students, con-
sistent with the expected trend in the low-stakes setting. However, we show that gender
differences in item nonresponse are not merely a function of the stakes involved for indi-
vidual students but a more complex phenomenon that is context-dependent and not nec-
essarily stable across countries, scales’ formats, and contents. We argue that examining
differences in item nonresponse patterns could serve as a source of additional informa-
tion about the students’ test-taking behaviour and the quality of the questionnaire.
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1 Introduction

Gender differences in item nonresponse — when the respondents of one gender are
more prone to not respond to the administered items than the respondents of the
opposite gender — are particularly well-documented in high-stakes achievement
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testing, where female students have been shown to omit more items than male stu-
dents (e.g., Ben-Shakhar & Sinai, 1991; Gafni & Melamed, 1994; Grandy, 1987).
These differences in item nonresponse propensities between female and male stu-
dents are often ascribed to performance differences in the face of competition (e.g.,
women tend to leave more items unanswered in high-pressure situations; Niederle
& Vesterlund, 2010) and attitudes towards risk-taking. In the high-stakes assess-
ments, dominated by multiple-choice items, the latter is commonly associated
with varied tendencies to guess, with male students being more willing to guess on
multiple-choice items. In contrast, female students are more likely to omit items to
which they do not have a definitively correct response (Ben-Shakhar & Sinai, 1991;
Gafni & Melamed, 1994).

The international large-scale assessments in education such as the Programme for
International Student Assessment (PISA; OECD, 2019), and the Trends in Interna-
tional Mathematics and Science Study (TIMSS; Mullis & Martin, 2017) are typi-
cally not high-stakes for individual students. Participation in such assessments is
voluntary, and the students bear little, if any, consequence for their performance.
Without risks and competitiveness associated with the consequences of individual
performance, students’ intrinsic motivation and test-taking effort decline (Wise &
DeMars, 2005), and the likelihood of item nonresponse increases (Jakwerth et al.,
1999). With male students generally believed to be less conscientious and more
work-avoidant (and by extension, exerting less test-taking effort) compared to
female students, it is reasonable to assert that in low-stakes settings, male students
omit more items than their female counterparts (for an overview of studies on gen-
der differences in test-taking motivation in low-stakes settings, see, e.g., DeMars
et al., 2013). For instance, in line with this theory, male students were found more
likely than female students not to respond to the low-stakes TIMSS 2015 science and
mathematics assessments in a selected subset of countries (Papanastasiou, 2020).

However, several studies have shown gender differences in item nonresponse pro-
pensity in both high- and low-stakes achievement settings to be a more complex issue,
subject to variation by country, item content, and item format. For instance, while
relatively stable gender differences in item nonresponse (with male students omitting
fewer items) were documented in the USA (on the Graduate Record Examinations
General Test; Grandy, 1987) and Israel (on the Psychometric Entrance Test and the
Hadassah battery of aptitude tests, respectively; Ben-Shakhar & Sinai, 1991; Gafni
& Melamed, 1994), Matters & Burnett (1999) found no support for differential item
nonresponse patterns by gender on multiple-choice items on the high-stakes Queens-
land Core Skills Test in Australia. Other studies suggest that gender differences in
item nonresponse vary across content areas. On the Iowa Tests of Basic Skills and
the Iowa Tests of Educational Development, Von Schrader & Ansley (2006) demon-
strated that female students had higher nonresponse rates on the high-stakes math-
ematics test, whereas males omitted more items on reading and vocabulary tests. On
the other hand, contrary to the expected pattern in the low-stakes situations, female
students were shown to have higher nonresponse rates than male students in the read-
ing literacy domain of the low-stakes PISA 2009 in Japan (Okumura, 2014), and the
mathematics domain of the low-stakes German National Educational Panel Study
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(while no support was found for gender differences in item nonresponse on the read-
ing domain; Kohler, Pohl, & Carstensen, 2017). Lastly, gender differences in item
nonresponse have been shown to be sensitive to different item formats, with male
students omitting more open-response items than female students in both high- and
low-stakes settings (see, e.g., Matters & Burnett, 1999; Okumura, 2014). This contra-
dicting evidence on gender differences in item nonresponse both within and between
high- and low-stakes achievement tests suggests that item nonresponse profiles are
not necessarily distinct merely due to the stakes involved for individual students.
Rather, the observed gender differences in item nonresponse profiles may additionally
be a function of various item response formats and contents, and the extent and direc-
tionality of the difference may not be stable across countries.

In contrast to the relatively extensive evidence base on gender differences in
item nonresponse in achievement tests, systematic research on such differences is
largely non-existent for student background questionnaires, a critical component
of most international large-scale assessments in education often used to contextu-
alise achievement scores in both primary and secondary research. Similarly to the
achievement component of these assessments, student background questionnaires
are low-stakes, but instead of assessing cognitive ability, the questionnaires gather
varied non-cognitive background information on students, students’ parents, school-
ing experiences, attitudes, and beliefs (OECD, 2019). Under these circumstances,
competitiveness and risk-taking behaviour are no longer applicable, as there is no
objectively correct answer to a typical survey item. Consequently, one cannot expect
the trends of gender differences in item nonresponse in the achievement tests to gen-
eralise to the questionnaire setting seamlessly.

However, what can be hypothesised based on the evidence from the achievement
tests is that item nonresponse in student questionnaires may also not occur com-
pletely at random (Rubin, 1976), but rather as a function of gender. If true, item non-
response may lead to biased parameter estimates, distorting the results and weaken-
ing the validity of inferences we draw from the student questionnaire scales (see,
e.g., Meinck, Cortes, & Tieck, 2017). Furthermore, we believe that systematically
examining differential item nonresponse between genders may advance our under-
standing of students’ response strategies and the quality of the questionnaire, its
scales, and items.

1.1 The present study

Given the lack of solid theory and scarce empirical evidence on gender differences
in item nonresponse in the low-stakes student questionnaires, the present study sets
out to investigate the issue using an exploratory quantitative approach based on
the empirical data from the most recent PISA 2018 student background question-
naire (OECD, 2019). The PISA 2018 student background questionnaire consisted
of a large and heterogeneous item set: 306 items clustered in 75 scales with a rich
variety of response formats and assessing a multitude of content areas. Furthermore,
PISA 2018 was administered to large representative samples of 15-year-old students
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from 80 countries and jurisdictions (henceforth, “countries”), amounting to a total
of over 612,000 students. The combined strength of the sample characteristics from
both the student and the scale perspectives offers a strategic opportunity to general-
ise across multiple countries and scales as well as identify unique item nonresponse
patterns pertaining to individual countries, scales, response formats, and content
areas.

The first research question we aim to address is

(RQ1) To what extent do female and male students differ in their average item
nonresponse propensity on the PISA 2018 student background questionnaire?

We further hypothesise that given the wide range of the PISA 2018 student back-
ground questionnaire scales, the potential gender gap in item nonresponse might be
wider on some scales and narrower on others, leading to our second research question

(RQ2) Do certain scales on the PISA 2018 student questionnaire elicit larger or
smaller gender differences than the average gender gap in item nonresponse pro-
pensity?

Furthermore, we suspect the potential variation in gender gaps in item nonresponse
across scales (RQ2) to be related to scale characteristics. The evidence from the item
nonresponse literature highlights the scale response format and content as likely rel-
evant moderators of the gender difference in item nonresponse propensity. However, it
is less clear what to expect with respect to the directionality and strength of these asso-
ciations in the student questionnaires (i.e., which format and content may elicit more
item nonresponse for which gender). Hence, we extend our second research question
to examine whether certain scale response formats (RQ2a) and scale contents (RQ2b)
elicit a larger or smaller item nonresponse gender difference than the average item non-
response gender gap, and if so, for which gender?

To address our research questions, we adopt a mixed modelling framework where
we allow for individual differences in item nonresponse across students (accounting,
among others, for differences in baseline item nonresponse propensity and item nonre-
sponse trends throughout the questionnaire) and scales (mapping differential tendencies
in nonresponse to specific scale formats and contents). Meta-analytical tools such as
forest plots and confidence and prediction intervals for pooled estimates are used to
summarise our model-based results across 80 countries and 71 scales.

2 Method
2.1 PISA 2018

The overarching objective of PISA is to assess student learning outcomes, includ-
ing student achievement (measured by cognitive tests) and learning contexts (meas-
ured by questionnaires administered to students, parents, teachers, and principals).
The latest PISA 2018 student questionnaire was administered to each student
approximately two hours into the assessment after the students had completed the
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achievement tests. The administration mode (computer- or paper-based) did not vary
within individual countries and had no bearing on the items administered or the time
allocated to respond to the questionnaire (i.e., 35 min; OECD, 2020).

2.1.1 PISA 2018 participants

The study sample included more than 612,000 randomly sampled 15-year-old stu-
dents from 80 countries and jurisdictions. PISA uses a stratified two-stage sample
design, where schools are first sampled proportional to their size, then students are
sampled with equal probability within the school. For each country, PISA 2018 pre-
scribed, when feasible, to sample 5200-6300 students (OECD, 2020). The sample
sizes ranged from 2016 students in the Moscow Region (Russia) to 35,943 in Spain.
The country-specific sample sizes can be found in Fig. 1. Female and male students
were equally represented in the student samples of the participating countries.

2.1.2 PISA 2018 student questionnaire

The PISA 2018 student questionnaire included 75 scales totalling 306 items. In this
study, the term “scale” refers to item(s) that measure a unique variable or cover a
unique (sub)construct, including both multi-item scales (e.g., 6-item scale ST034
assessing sense of belonging to school, part of the General Schooling constructs)
and single-item scales (e.g., a 1-item scale ST175 inquiring about the time spent
on reading for enjoyment, part of Student Background Reading constructs; Table 1,
Appendix 5).

The questionnaire sought background information on the students, their families
and households, attitudes and beliefs, learning strategies, and in- and out-of-school
experiences (OECD, 2019). Several scales did not have cases of item nonresponse
as they were cross-referenced with the student tracking forms filled in by the PISA
or school officials (i.e., STO01 "Grade", STO03 "Date of Birth", ST004 "Gender",
country-specific part of STO11 "Household Possessions”, ST225 "Expected level
of completed education"; OECD, 2020). The items belonging to said scales were
excluded from further analyses.

Of the remaining 71 scales (293 items), 15 scales consisted of one item (e.g.,
STO005, STO07), 14 scales of 3 items (e.g., ST019, ST127), 15 scales of 4 items (e.g.,
ST006, ST008), ten scales of 5 items (e.g., ST023, ST097), eight scales of 6 items
(e.g., ST176, ST161), three scales of 7 items (e.g., ST158, ST197), two scales of 8
items (ST012, ST222), two scales of 9 items (ST152, ST186), one scale of 10 items
(ST221), and one scale of 13 items (ST011). The items within individual scales fol-
lowed the same response format and assessed the same content area. Several coun-
tries did not administer all the scales (e.g., in Lebanon, only a field-trial version
of the student background questionnaire was administered, resulting in substantial
deviations from the number of scales administered in other countries; OECD, 2020).
Figure 1 lists the number of scales administered in each country.
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2.1.3 Covariates

Gender A categorical variable for gender was defined based on the ST004 cross-
referenced “Gender” scale. Gender female was coded as 0 (i.e., the reference group),
and gender male was coded as 1.

Item position Item position within the questionnaire was considered an additional
covariate to account for the likely increase in item nonresponse incidence towards
the end of the questionnaire. For a country having administered all items, item
position ran from the value 1 to the value 306. Each item retained its original rank
position in the country-specific student background questionnaire, that is, before
exclusion of the aforementioned cross-referenced items that had cases of item non-
response but after exclusion of the items that were not administered in that country.
In further analyses, item position was centred and re-scaled such that one unit corre-
sponded to 50 items, and negative and positive values corresponded to items before
and after the middle of the questionnaire, respectively.

Scale response format The scale response format was defined as a categorical varia-
ble with five levels. The dichotomous format (8 scales) included scales that required
students to choose between two given response options. The multiple-choice for-
mat (7 scales) was represented by scales permitting the choice of one option out of
more than two unordered response options. Also coded as multiple-choice were the
items with multiple response options which followed a natural order but could not
be meaningfully interpreted as agreement or frequency (e.g., ST021Q01TA; OECD,
2019). The remaining scales with ordered response categories were coded as Lik-
ert agreement (31 scales) and Likert frequency (23 scales). Two scales that did not
provide response options were coded as open-response. Table 1 (Appendix 5) lists
response formats for each individual scale. All items within a scale share the same
response format.

Scale content The scale content was defined as a categorical variable with six lev-
els (six content areas) closely corresponding to the overarching PISA 2018 ques-
tionnaire framework (OECD, 2019). The PISA 2018 framework consisted of three
families of constructs covered by multiple modules comprised of multiple scales.
These construct families were (1) student background constructs where students
were asked about their family background, the education they have received, and
their out-of-school learning experiences; (2) schooling constructs where educational
processes were assessed at the school and classroom level; and (3) non-cognitive
and meta-cognitive constructs such as dispositions for global competence and over-
all strategy of awareness (OECD, 2019). Each of the three construct families was
further divided into two categories of scales: (a) those that covered general topics
and (b) those that contained reading-related topics (since reading literacy was the
major cognitive domain in the PISA 2018). The six category levels of scale con-
tent are formed by crossing construct family by category (e.g., student background:
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general, student background: reading; see Table 1 in Appendix 5). All items within a
scale address the same scale content area.

2.2 Statistical analysis
2.2.1 Preliminary descriptive analysis

Average item nonresponse rates were obtained to gauge the occurrence of item non-
response per country across scales and per scale across countries. From the country
perspective, this implied averaging individual students’ item nonresponse rates (i.e.,
the ratio of the number of items on the questionnaire to which the student did not
respond to the number of theoretically valid responses possible on the questionnaire
administered within a country) to the country level. From the scale perspective, indi-
vidual items’ nonresponse rates are first averaged by scale in each country and then
averaged across countries for each scale. The latter informed the formulation of the
working model, to which we return later.

2.2.2 Cross-classified mixed effects model

To relate gender and item nonresponse on the PISA 2018 student background ques-
tionnaire, a cross-classified logistic regression model was formulated within a mixed
modelling framework (De Boeck & Wilson, 2004; Van den Noortgate et al., 2003).
The binary outcome variable Y, took value 1 when student p did not provide a
response to item i of scale s (in case of a valid response, Y),,; = 0). To account for
the data dependence among nonresponses due to the cross-classified persons-by-
items-within-scales ~ study  design, the probability of  nonresponse
Ty = Pr(Y,g; = 1) on a given item of a given scale by a given person was mod-
elled as a logistic function of the sum of a general intercept f,, a person-specific
deviation 6, and a scale-specific deviation p,.! Whereas the general intercept is a
fixed effect, the two deviation coefficients were modelled as normally distributed

random effects with means of zero and variances a)g and U; , respectively. The devi-
P s

ation coefficients reflected that students varied in their nonresponse propensity (6,),
and scales varied in the extent to which they elicited nonresponse (f,).

Logit (7)) = By + 6, + B,

Given the low-stakes assessment context, a general concern was that the items
positioned towards the end of the questionnaire would be more prone to nonre-
sponse due to potentially growing student fatigue and consequent decline in test-
taking effort. If not accounted for, such position trends could confound our gender-
related findings. Hence, the model incorporated an item-level predictor POSITION;
with a random slope ¢, that varied across students (to reflect potential individual

! Given that the items within each scale are of the same format and address the same content area, we
make abstraction of item-specific deviations.
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differences in position trends). The varying slope 6, is the sum of the fixed effect
0,, the average student’s item nonresponse propensity as a function of item posi-
tion, and the random effect épl, the individual students’ deviations from the aver-
age student’s item nonresponse propensity as a function of item position. Student’s
nonresponse propensity was then modelled as 6, = 6,,, + 6, POSITION,. Because
POSITION,; is centred, the person-specific intercept 6, reflected the expected item
nonresponse propensity (on the logit scale) of student p on an item from an average
scale located in the middle of the questionnaire. The person-varying intercept and
slope were allowed to correlate as

]~ e )

Preliminary descriptive analyses further indicated that the items belonging to
the ST006 and STO0S scales showed exceptionally high nonresponse rates resulting
in peaks in the overall position trends. The peaks in item nonresponse rates were
accounted for by including a covariate X, coded for the ST006 and ST008 scales as
I and zero otherwise, as an extra fixed effect 6, (see Eq. 1).

To operationalise our research questions, we included a person-level predictor
GENDER,, (coded as male=1, female=0) and allowed its coefficient f, to vary by
scale. Item nonresponse propensity was then modelled as g = B, + f,; GENDER ..
The coefficient f, corresponded to the scale-specific nonresponse propensity for the
female reference group, and f; corresponded to the scale-specific gender difference
in nonresponse propensity for items of scale s. The scale-varying intercept and slope
were allowed to correlate as

ARl

The mean f, of this scale-specific gender coefficient reflected the expected dif-
ference in item nonresponse propensity on the logit scale between male and female
students on an item of an average scale of the PISA 2018 student questionnaire
(henceforth, “average gender difference in item nonresponse propensity”). In addi-
tion to this average gender difference in item nonresponse propensity, the coefficient
0,1 = P, — P, represented the scale-specific incremental gender difference in item
nonresponse propensity. The 6, parameter reflected what is commonly known in the
item response theory framework as differential item functioning (e.g., De Boeck &
Cho, 2021), and indicated whether students with the same average item nonresponse
propensity but of different gender were more or less likely not to provide a valid
response on an item of a specific scale. Worded more colloquially, the overall gender
gap in item nonresponse would narrow or widen on a specific scale. Hence, large
values of the parameter 6,; would imply a differential item nonresponse gender bias
that could be potentially related to scale characteristics, such as response format or
content.

Assembled, the terms introduced in the previous paragraphs constitute the work-
ing model
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01 B
y \ ‘ \ (1)
Logit(7,) = By + 0,0 + (6, + 6,,) POSITION, + 6,X, + B, + (B, + 6,;) GENDER,,,

where item nonresponse is modelled as a function of an interaction between person
and scale characteristics with a person-level predictor GENDER , varying by scale s
and an item-level predictor POSITION,; varying by student p.

2.2.3 Estimation approach

The cross-classified mixed effects model defined in Eq. 1 was independently esti-
mated for each country, resulting in a total of 80 sets of model estimates. The analy-
sis was performed using the Ime4 package (Bates et al., 2015) in version 4.2.0 of the
R software environment (R Core Team, 2020). Full-information maximum likeli-
hood with bound optimisation by quadratic approximation was used for model esti-
mation, with the maximal number of iterations set to 200,000. The procedural steps
with an example model script are presented in Appendix 7.

2.2.4 Representation of results

The cross-classified mixed effects models’ parameter estimates for (i) the average
gender differences in item nonresponse propensity (i.e., the parameter f, in Eq. 1;
one for each country) and (ii) the scale-specific incremental gender differences in
item nonresponse propensity (i.e., the parameter 6, in Eq. 1; 40-71 estimates per
country) were extracted and summarised in forest plots on the basis of random
effects meta-analytical models (Borenstein et al., 2009) using the metafor package
(Viechtbauer, 2010).

To address (RQI), the 80 f, parameter estimates for the average gender differ-
ences in item nonresponse propensity were summarised across countries. Individual
countries were treated as independent studies or units of the analysis. One pooled
estimate f, across countries was obtained, accompanied by its confidence and pre-
diction intervals to reflect the precision of the estimated effect in the population and
the dispersion around the average in the population, respectively. To address (RQ2),
the parameter estimates for the scale-specific incremental gender differences in item
nonresponse propensity (,;) were summarised across countries for each individual
scale, resulting in 71 pooled estimates 6, (one for each scale s).

To address (RQ2a-2b), a series of subgroup meta-analyses were performed to
summarise the parameter estimates for the scale-specific incremental gender dif-
ferences in item nonresponse propensity (6,;) for each country as a function of
scale format and contents. For each level of the categorical covariates, an estimate
6;, was obtained in each country. In other words, per country, we obtained five
estimates for different scale response formats and six estimates for different scale
contents (5 response formats X 80 countries + 6 content areas X 80 countries = 880
estimates in total). Henceforth, we denote a parameter estimate with an asterisk
(e.g., 67,) when the parameter was obtained in the subgroup meta-analyses and
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pertains to the level of covariate that is being discussed (e.g., the incremental gen-
der differences in item nonresponse propensity on an open-response format scale).
The final meta-analyses combined the estimates for each level of both covariates
across 80 countries, resulting in one pooled estimate 5 for each level of each
covariate (i.e., 5 response formats X 1+ 6 content areas X 1 =11 pooled estimates).

The parameter estimates are presented on the original logit scale in all the figures.
For ease of interpretation as effect size measure, both country-wise parameters and
pooled parameter estimates were expressed as odds ratios (OR =exp(parameter))
with the variables to which they pertain between parentheses (e.g., OR(POSITION),
OR(GENDER)). Depending on the comparison made (male versus female or vice
versa), we used the shorthand OR(M) and OR(F) for OR(GENDER =M) and
OR(GENDER =F), respectively.

3 Results

In most countries that participated in the PISA 2018 student questionnaire, aver-
age item nonresponse rates were between 2 and 7% (Fig. 3, Appendix 1). Near-zero
average item nonresponse rates were observed in the Chinese provinces of Bei-
jing, Shanghai, Jiangsu, and Zhejiang (henceforth, “B-S-J-Z (China)”) and Macao,
whereas in the Dominican Republic, Morocco, and Baku (Azerbaijan), average item
nonresponse rates of 20% occurred. When averaging across countries and looking
at item nonresponse rates from the individual scales’ perspective (Fig. 4, Appendix
1), higher item nonresponse rates could be observed on the scales located towards
the end of the questionnaire (e.g., from average nonresponse rates of roughly 1-2%
at the beginning of the questionnaire to 10% at the end). However, notice that two
scales located at the very beginning of the questionnaire formed an exception to
the rule with item nonresponse rates over 13%. The scales in question, ST006 and
STO008, inquired about the level of students’ parents’ education.

The cross-classified mixed effects models’ estimates further suggested that, on
average across 80 countries, when comparing students of the same gender and with
the same item nonresponse propensity, the odds of item nonresponse on the ST0O06
and ST008 scales’ items were 26 times greater than the odds of item nonresponse on
the other items with a similar position in the questionnaire (i.e., the median 6, = 3.26,
OR(X,) = exp(3.26) = 26.05 and the mean 6, = 3.80, OR(X,) = exp(3.80) = 44.70;
Fig. 6, Appendix 3). In most countries, the students were also more likely to omit
an item the further in the questionnaire said item was located. On average across 80
countries, the odds of item nonresponse for each subsequent 50 items of the PISA
student questionnaire close to doubled (i.e., the median 6, = 0.34, OR(POSITION)
= exp(0.34) = 1.40 and the mean 6, = 0.70, OR(POSITION)=exp(0.70) = 2.01;
Fig. 5, Appendix 2). All the results (i.e., model parameters and interpretations of
estimates) that we report henceforth were effectively adjusted for person-specific
item position trends.
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3.1 Average gender differences in item nonresponse propensity

Overwhelmingly, across 80 countries, male students had significantly greater odds of
not responding to an item of an average scale in the PISA 2018 student questionnaire
compared to female students (see a meta-analysis forest plot of the parameter estimates
p, from Eq. 1 in Fig. 1). On average across countries, the odds of male students not
responding were roughly double (f,; = 0.69[0.60,0.78], OR(M) = exp(0.69) = 1.99)
that of female students. The width of the prediction interval in Fig. 1 implied hetero-
geneity in effect size across countries (i.e., the wider the prediction interval, the larger
differences in effect size can be observed across countries).

In the Philippines, for instance, the odds of male students not respond-
ing to an average item were only slightly greater than that of female students
(B, = 0.17[0.06, 0.28], OR(M) = 1.18; Fig. 1). Naturally, small differences in the
odds of item nonresponse between genders were also found in countries with very
low average item nonresponse rates (e.g., f; = 0.25[0.13,0.36], OR(M) = 1.28 in
B-S-J-Z (China) with average item nonresponse rate of 0.3%; Fig. 3, Appendix 1).

Considerably more substantial gender gaps were found, for instance, in
Malta (f; =2.10[1.83,2.37], OR(M) =8.19) and Qatar (f, = 2.09[1.95,2.23],
OR(M) = 8.10), where the odds of item nonresponse on an item of the average
PISA 2018 questionnaire scale for male students were eight times greater than that
of the female students. Peru was the only of 80 countries where the odds of not
responding were reversed between genders, with the odds of item nonresponse
of female students being one and a half times greater than that of male students
(B = —0.44[-0.68, —0.20], OR(F) = 1/exp(—0.44) = 1.56; Fig. 1).

3.2 Scale-specificincremental gender differences in item nonresponse
propensity

Figure 7 (Appendix 4) presents the scale-specific incremental gender differences in item
nonresponse propensity across countries (8,;). Recall that, on average, male students had
roughly double the odds of female students not responding to an item from an average
scale on the PISA 2018 student questionnaire (f, in Fig. 1). If we consider the scale-spe-
cific incremental gender differences in item nonresponse propensity in conjunction with
the average gender difference in item nonresponse propensity, the overall gender gap in
item nonresponse was significantly narrower on 28 scales of the PISA 2018 question-
naire (ie., 6, < 0; Fig. 7). For instance, the gender gap on the scale STO08 inquiring
about students’ fathers’ qualifications nearly closed such that the odds of item nonre-
sponse on an average item of this scale for female and male students became nearly even
((E1 +3, )GENDER(M) —0.69 — 0.48 = 0.21; OR(M)=exp(0.21) = 1.23).

On the other hand, the overall gender gap was significantly wider on 26 scales
(i.e., 65, > 0; Fig. 7) such that male students had greater odds of not responding
to an average item of these scales than female students. For example, the odds of
male students not providing a response to an average item of the scale ST186
assessing subjective well-being were 2.5 times that of female students
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Gountry Students  Scales B [95% CI]
Pora 5051 70— — ~0.44 0,68, -0.20]
Lebanon 5614 40 e
Panama 6134 7 -

Colombia 7208 71 A
Philippines 7197 7 —a—
Costa Rica 7194 7 —a—
Malaysia 6043 69 —a—
B-S-J-Z (China) 11997 56 —a—
Mexico 6505 7 —a—
Macao 3774 69 —a—
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Fig. 1 Average gender differences in item nonresponse propensity (female students as the reference
group). Note. Countries’ parameter estimates f, (see Eq. 1) are presented on the logit scale and correspond
to the cross-classified mixed effects models’ estimates of the expected differences in item nonresponse
propensity on an item of an average scale of the PISA 2018 student background questionnaire for male
students, as compared to female students. Positive and negative parameter estimates correspond to greater
odds of item nonresponse on an item of an average scale on the PISA 2018 student questionnaire for male
and female students, respectively. At the grey dashed line at 0, neither gender has greater odds of item
nonresponse. The random effects meta-analytical model results are presented at the bottom of the graph.
The black diamond shape corresponds to the 95% confidence interval of f,, the pooled average across
countries, and the bars around it map the corresponding prediction interval as an indication of dispersion
around this average.
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((El +3, )GENDER(M) = 0.69 +0.21 = .90; OR(M) = exp(0.90) = 2.46). The

adjusted gender gaps for all scales can be derived analogously using the model esti-
mates 6, provided in Fig. 7 and cross-referencing the results with the scale contents
(Table 1, Appendix 5). In the following, we present the findings of the moderator
analyses, in which we systematically relate the aforementioned scale-specific incre-
mental gender differences in item nonresponse to the scale format and scale content.

3.2.1 Scale response format

Open-response format The PISA 2018 student background questionnaire included
two scales that followed open-response format. On average across 80 countries, male
students had significantly greater odds of item nonresponse on an open-response
scale, compared to female students with the same item nonresponse propensity
(5 =0.18[0.11,0.24], OR(M)* = 1.20; Fig. 2). A wide prediction interval rela-
tlve to the confidence interval around the open-response format estimate (i.e., the
bars extending from the diamond shape in Fig. 2) implied substantial differences in
effect size across countries. For instance, the odds of male students omitting an open-
response scale were double the odds of female students with the same item nonre-
sponse propensity in North Macedonia (5, = 0.84[0.42,1.27], OR(M)" = 2.32);

| | Student Background:
Open-Response General |—‘—|
(2 scales) [ > | (15 scales)

Schooling.
General |—’—-|
Dichotomous (8 scales)
(8 scales)
Non-/Meta-Cognitive:
- General |—-‘—|
c (23 scales)
Multiple-Choice 2
(7 scales) 5
O Student Background:
Reading |——‘—|
(4 scales)
Likert Agreement
(31 scales) Schooling:

Reading
(15 scales)

Likert Frequency Non-/Meta-Cognitive:
(23 scales) Reading |—0—|
(6 scales)

-0.25 0.00 0.25 0.50 0.75 -0.50 -0.25 0.00 0.25

3,

's1

Format

Fig.2 Scale-specific incremental gender differences in item nonresponse propensity as a function of the
scale response format and the scale content (female students as the reference group). Note. The results
are reported for five scale formats and six content areas. The estimates 5' are presented on the logit
scale and correspond to the results of the final meta-analyses that combmed the estimates for each level
of both covariates (i.e., format and content) across 80 countries, resulting in one pooled estimate 5 , for
each level of each covariate. The diamond shapes represent the confidence intervals around the pooled
estimate for each format and content. The bars around the diamond define the corresponding prediction
interval to indicate the dispersion around this average. When the estimate is significantly different from
zero, the diamond shape and bars are black, otherwise, grey. When comparing female and male students
with the same item nonresponse propensity, positive and negative estimates correspond to greater odds of
item nonresponse for male and female students, respectively. At the grey dashed line at 0, neither male
nor female students have greater odds of item nonresponse.
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nearly triple in Georgia (6;“1 =0.99[0.84, 1.15], OR(M)* = 2.69); and quadruple in
Lebanon (5;‘1 = 1.46[1.15;1.77], OR(M)* = 4.31; Fig. 8, Appendix 6). In Denmark,
on the other hand, the odds of not responding on an open-response scale were greater
for female students, compared to male students with the same item nonresponse pro-
pensity (67, = —0.22[-0.43,-0.02], OR(F)" = 1.25; Fig. 8, Appendix 6).

Dichotomous format The PISA 2018 student background questionnaire included
eight scales that followed dichotomous response format. On average across 80 coun-
tries, female students had significantly greater odds of item nonresponse on a dichot-
omous scale, compared to male students with the same item nonresponse propensity
(6,, = —0.16[-0.19,-0.13], OR(F)* = 1.17; Fig. 2). The corresponding prediction
interval (Fig. 2) suggested there were fewer differences in effect size across coun-
tries, than those previously observed for the open-response format. The odds of item
nonresponse for female students, compared to male students with the same propen-
sity of item nonresponse, ranged from slightly over one in, for example, Australia
(5;“1 = —0.08[-0.15, —0.01], OR(F)* = 1.08) to roughly triple the odds of male stu-
dents in Qatar (6%, = —1.00[-1.58,—0.42], OR(F)" = 2.72; Fig. 8, Appendix 6).
The only country where male students had significantly greater odds of omitting a
dichotomous scale, compared to the female students with the same item nonresponse
propensity, was Peru (5;‘1 =0.18[0.12,0.24], OR(M)* = 1.19; Fig. 8, Appendix 6).

Multiple-choice format The PISA 2018 student background questionnaire included
seven scales that followed multiple-choice response format. On average across 80 coun-
tries, female students had significantly greater odds of item nonresponse on a multiple-
choice scale, compared to male students with the same item nonresponse propensity
(6, = —0.12[-0.16, -0.08], OR(F)* = 1.13; Fig. 2). A wide prediction interval (Fig. 2)
implied substantial differences in effect size across countries. For example, when com-
paring female and male students with the same item nonresponse propensity, the odds
of female students not responding to a multiple-choice scale were approximately dou-
ble that of male students in Qatar (5;‘1 = —0.75[-1.22,-0.28], OR(F)* = 2.12; Fig. 8,
Appendix 6). In contrast, male students were more likely to omit a multiple-choice scale,
compared to female students with the same item nonresponse propensity, in Morocco
(67, = 0.28[0.16, 0.40], OR(M)" = 1.32; Fig. 8, Appendix 6).

Likert agreement format The PISA 2018 student background questionnaire included
31 scales that followed Likert agreement response format. On average across 80 coun-
tries, male students had significantly greater odds of item nonresponse on a Likert
agreement scale, compared to female students with the same item nonresponse pro-
pensity (6., = 0.03[0.01,0.04], OR=1.03; Fig. 2). The prediction interval (Fig. 2)
implied heterogeneity in effect size across countries. For instance, the odds of male
students omitting a Likert agreement scale were roughly 1.2 times greater than that of
female students in Croatia (6;‘1 =0.22[0.13,0.30], OR(M)* = 1.24,; Fig. 8, Appen-
dix 6). In contrast, female students had greater odds of omitting a Likert agreement
scale, compared to male students with the same item nonresponse propensity (e.g.,
5;‘1 = —0.14[-0.22, —0.06], OR(F)* = 1.15 in Lithuania; Fig. 8, Appendix 6).
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Likert frequency format The PISA 2018 student background questionnaire included
23 scales that followed Likert frequency response format. On average across 80
countries, female students had significantly greater odds of item nonresponse on
a Likert frequency s_c*ale, compared to male students with the same item nonre-
sponse propensity (5., = —0.06[—0.08, —0.05], OR(F)* = 1.06; Fig. 2). The pre-
diction interval (Fig. 2) suggested that the odds of item nonresponse on Likert fre-
quency scales was greater for female students in most countries. In fact, compared
to female students with the same item nonresponse propensity, male students had
greater odds of omitting a Likert frequency scale only in 17 countries, and none
of these estimates was significant (Fig. 8, Appendix 6). In the remaining countries,
the significant odds of item nonresponse for female students, compared to male stu-
dents with the same item nonresponse propensity, ranged from, for example, just
over one in the Slovak Republic (5;‘1 = —0.09[-0.15, -0.02], OR(F)" = 1.09) to
roughly one and a half times the odds of male students in the United Arab Emirates
(67, = —0.38[-0.56, —0.19], OR(F)" = 1.46; Fig. 8, Appendix 6).

3.2.2 Scale content

Student background constructs The PISA 2018 student questionnaire included 15
scales gathering information on students’ general background (i.e., student background:
general; Fig. 2). These scales inquired about students’ families (e.g., students’ moth-
ers’ and fathers’ educational and professional lives), socioeconomic status (e.g., home
possessions, number of books in students’ households), the ethnic background of stu-
dents and their parents, and students’ early educational pathways. On average across 80
countries, when comparing female and male students with the same item nonresponse
propensity, female students had significantly greater odds of omitting a general back-
ground scale (5;1 = —0.22[-0.25,-0.18], OR(F)* = 1.5; Fig. 2). The prediction inter-
val (Fig. 2) implied that the odds of female students omitting general background scales
were greater than those of male students with the same item nonresponse propensity in
most countries (Fig. 2). For instance, the odds of item nonresponse for female students
were nearly triple the odds of male students with the same item nonresponse propensity
in Qatar (5;‘1 = —1.02[-1.32,-0.71], OR(F)* = 2.77; Fig. 9, Appendix 6). The only
country where male students had significantly greater odds of item nonresponse on the
general background scales, compared to female students with the same item nonresponse
propensity, was Peru (67, = 0.16[0.07,0.25], ORM)* = 1.18).

Student background constructs additionally covered several topics to assess
out-of-school reading experiences (i.e., student background: reading; Fig. 2).
The four scales dedicated to these reading-related topics inquired about the time
spent reading for enjoyment and students’ involvement in various online reading
activities (e.g., reading emails, news, and forums). On average across 80 coun-
tries, when comparing female and male students with the same item nonresponse
propensity, male students had signiﬁcgptly greater odds of item nonresponse on
reading-related background scales (6., = 0.10[0.05,0.14], OR=1.10; Fig. 2).
The corresponding prediction interval (Fig. 2) suggested substantial differences
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in effect size across countries. The odds of male students omitting scales on
reading-related background scales were double that of female students with the
same item nonresponse propensity in, for example, Iceland (67, = 0.68[0.49, 0.86],
ORM)* = 1.97; Fig. 9, Appendix 6). On the other hand, female students had
greater odds of item nonresponse on the reading-related background scales than
male students with the same overall item nonresponse propensity in Chinese Tai-
pei (67, = —0.18[-0.31, -0.05], OR(F)* = 1.19; Fig. 9, Appendix 6).

Schooling constructs The PISA 2018 student questionnaire included eight
scales assessing general schooling constructs (i.e., Schooling: General; Fig. 2).
These scales covered the topics of perceived school climate (e.g., scales inquir-
ing about shared school values and norms, students’ sense of belonging, and
their experiences with bullying), parental involvement (e.g., parents emotional
support), and assessment, evaluation, and accountability (e.g., teacher adapt-
ability of instruction to student’s needs, and teacher feedback). On average
across 80 countries, when comparing female and male students with the same
item nonresponse propensity, female students had significantly greater odds
of item nonresponse on general schooling scales (6., = —0.07[-0.09, -0.05],
OR(F)* = 1.07; Fig. 2). The prediction interval (Fig. 2) implied that the odds
of item nonresponse on these scales were greater for female students, com-
pared to male students with the same item nonresponse propensity, in most
countries. Compared to female students with the same item nonresponse
propensity, male students had greater odds of item nonresponse on a school-
ing scale only in 15 countries, with two significant effects observed in Geor-
gia (5:1 = 0.28[0.00,0.56], OR(M)* = 1.32) and Moscow Region (Russia)
(5:1 = 0.23[0.00,0.41], OR(M)* = 1.25; Fig. 9, Appendix 6). On the other hand,
female students had greater odds of item nonresponse on schooling scales than
male students with the same item nonresponse propensity in the remaining
countries. For instance, female students had significantly greater odds of item
nonresponse on a general schooling scale in Ukraine (67, = —0.43[-0.62, —0.25],
OR(F)* = 1.54; Fig. 9, Appendix 6).

Schooling constructs additionally covered several topics on students’ reading
experiences (i.e., schooling: reading; Fig. 2) that addressed teaching practices and
school environment for reading as well as students’ learning time and curriculum
(15 scales in total). On average across 80 countries, no support was found for the
effect of this content area on the overall gender gap in item nonresponse (i.e., con-
fidence interval containing zero; Fig. 2). However, the prediction interval (Fig. 2)
suggested heterogeneity in effect size across countries, such that the countries were
almost evenly divided into those where the odds of item nonresponse on these scales
were greater for female students and those where the odds were greater for male
students. For instance, when comparing female and male students with the same
item nonresponse propensity, male students had significantly greater odds of item
nonresponse on a reading-related schooling scale in Jordan (47, = 0.16[0.01, 0.32],
ORM)" = 1.18; Fig. 9, Appendix 6). In contrast, compared to male students
with the same item nonresponse propensity, female students had significantly
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greater odds omitting the scales on their school-reading experiences in Ukraine
(67, = —0.37[-0.47,-0.27], OR(F)" = 1.45; Fig. 9, Appendix 6).

Non-cognitive and meta-cognitive constructs The PISA 2018 student question-
naire included 23 general scales covering non-cognitive and meta-cognitive con-
structs (i.e., non-/meta-cognitive: general; Fig. 2). These scales gathered informa-
tion on dispositional and school-focused variables (e.g., students’ attitudes towards
learning, competitiveness, resilience, and fear of failure) and dispositions for
global competence (e.g., students’ awareness of global issues and their self-effi-
cacy in discussing said issues, students’ attitudes towards immigrants, and inter-
ests in other cultures). On average across 80 countries, when comparing female
and male students with the same item nonresponse propensity, male students had
significantly greater odds of item nonresponse on general non- and meta-cogni-
tive scales (6 , = 0.04[0.02,0.06], OR(M)* = 1.04; Fig. 2). The prediction interval
(Fig. 2) suggested heterogeneity in effect size across countries. For instance, com-
pared to female students with the same item nonresponse propensity, male stu-
dents had significantly greater odds of omitting general non- and meta-cognitive
in Qatar (6":1 = 0.39[0.30,0.47], OR(M)* = 1.47; Fig. 9, Appendix 6). In contrast,
female students had greater odds of item nonresponse, compared to male students
with the same item nonresponse propensity, in Latvia (67, = —0.16[-0.25, —0.06],
OR(F)* = 1.17; Fig. 9, Appendix 6).

Non-cognitive and meta-cognitive constructs additionally included six scales
inquiring about students’ reading attitudes (i.e., non-/meta-cognitive: read-
ing; Fig. 2). These scales assessed students’ enjoyment and self-concept of
reading, as well as students’ perception of the difficulty of the PISA test. On
average across 80 countries, when comparing female and male students with
the same item nonresponse propensity, male students had significantly greater
odds of item nonresponse on the reading-related non- and meta-cognitive scales
(6, = 0.05[0.01, 0.09], ORMM)* = 1.05; Fig. 2). The prediction interval (Fig. 2)
pointed to substantial differences in effect size across countries. For example,
greater odds of item nonresponse for male students, compared to female stu-
dents with the same item nonresponse propensity, were observed in Morocco
(6;"1 = 0.49[0.34,0.63], OR(M)* = 1.63; Fig. 9, Appendix 6). On the other hand,
female students had greater odds of omitting a reading-related non- and meta-
cognitive scales, compared to male students with the same item nonresponse
propensity, in Vietnam (5:1 = —0.42[-0.56,—0.29], OR(F)" =1.52; Fig. 9,
Appendix 6).

4 Discussion
Gender differences in item nonresponse — when the respondents of one gender

are more prone to not respond to specific items than the respondents of the oppo-
site gender — are problematic as they can hinder the quality of the data, reduce
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representativeness of the sample, and most importantly, bias the results and infer-
ences drawn from the questionnaire scales (see, e.g., Meinck et al., 2017). Educa-
tional research on high-stakes achievement testing has generated a large body of
empirical evidence showing higher item nonresponse rates in these testing situa-
tions for female students compared to their male counterparts (Gafni & Melamed,
1994; Grandy, 1987; Matters & Burnett, 1999). In contrast, compared to male stu-
dents, female students have been found to omit fewer items in low-stakes achieve-
ment settings, due to their generally higher motivation and test-taking effort (Costa
et al., 2001; DeMars et al., 2013). However, our knowledge of gender differences in
item nonresponse is lacking when it comes to the low-stakes student questionnaires,
often used in primary and secondary research to contextualise achievement scores
obtained in international large-scale assessments.

The present study examined gender differences in item nonresponse propensity
on the latest PISA 2018 student questionnaire across 80 countries and 71 scales,
encompassing 612,000 students and 293 items, respectively. For each country, we
used a cross-classified mixed effects model to quantify (i) the average gender differ-
ences in item nonresponse propensity and (ii) the scale-specific incremental gender
differences in item nonresponse propensity, potentially narrowing or widening the
overall gender gaps on specific scales. To account for student effort and persistence
differences throughout the questionnaire, the model included item position as a pre-
dictor. Meta-analytical models were applied to the resulting models’ estimates to
summarise the abundance of results across countries and scales and further relate
the scale-specific incremental gender differences in item nonresponse to two scale
characteristics, scale response format and scale content.

Our preliminary descriptive analyses found item nonresponse rates to range
from 0.3% in B-S-J-Z (China) to 22% in Baku (Azerbaijan), with a relatively
low average across countries of 5%. Average item nonresponse rates on specific
scales ranged from 0.4% on scale ST022 (i.e., the language most often spoken at
home) to 16.5% on scale ST008 (i.e., father’s education), with an average across
scales of 5%. Regarding our RQ! (i.e., to what extent do female and male stu-
dents differ in their average item nonresponse propensity on the PISA 2018 stu-
dent background questionnaire?), our findings further suggest that, on average
across countries, the odds of male students not responding to an item on an aver-
age PISA 2018 student questionnaire scale were double the odds of female stu-
dents. The higher propensity of item nonresponse for male students is consist-
ent with the expected trend in the low-stakes setting where gender differences
are viewed in connection with test-taking motivation. Test-taking motivation has
been commonly related to non-cognitive traits, such as conscientiousness and
agreeableness, where the examinees with higher levels of both are expected to
put greater effort into responding in low-stakes settings (see, e.g., DeMars et al.,
2013). Given that male students are generally believed to be less conscientious
and agreeable, as well as more work-avoidant (Costa et al., 2001; DeMars et al.,
2013), they might be less motivated to respond and consequently produce higher
item nonresponse rates.
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Regarding our RQ?2 (i.e., do certain scales on the PISA 2018 student question-
naire elicit larger or smaller gender differences than the average gender gap in
item nonresponse propensity?), our findings suggest that, when comparing female
and male students with the same item nonresponse propensity, male students had
greater odds of omitting open-response scales, whereas female students omitted
more dichotomous and multiple-choice scales. We had no explicit hypothesis as to
which scale format would elicit more item nonresponse for which gender. However,
we did not anticipate our findings in the low-stakes questionnaire to mimic those
of the high-stakes achievement tests. In high- and low-stakes achievement settings,
female examinees have been shown to omit more multiple-choice items while male
examinees omit more open-response items (Gafni & Melamed, 1994; Grandy, 1987;
Matters & Burnett, 1999; Okumura, 2014). In high-stakes literature, these trends
have been widely linked to differential risk-taking tendencies in competitive testing
situations, with males believed to be more likely to take the risk and guess on a mul-
tiple-choice item and females being more likely to avoid that risk and omit (provided
they do not have a definitively correct answer; Ben-Shakhar & Sinai, 1991; Gafni &
Melamed, 1994). Implicitly, we assumed that with guessing no longer being benefi-
cial to the score received by a questionnaire participant, the trends in omitting scales
of these formats might shift between genders (here, we treat dichotomous scales as a
special case of multiple-choice, where only two options are given and one has to be
selected). Instead, our findings suggested that the propensities of item nonresponse
on the multiple-choice and the open-response scales may be similar between high-
and low-stakes as well as between achievement tests and questionnaires.

Similar trends observed in future research could suggest that the directionality
of various format effects on item nonresponse is a multifaceted feature not unique
to competitive settings and not fully accounted for by students’ propensity to guess,
warranting a further investigation into its driving factors. Most multiple-choice and
dichotomous scales on the PISA 2018 student questionnaire, for instance, gather fac-
tual information about students’ backgrounds instead of their attitudes (e.g., scales
on parents’ education, original places of birth, and availability of home resources).
Hence, we cautiously speculate that such items could evoke test-taking strategies
similar to those in the high-stakes assessments. For example, when female students
have no definitive (factually “correct”) answer to whether their father holds a post-
graduate degree, they might omit an item, whereas male students might likely guess.
Arguably, the same logic might apply to the Likert frequency scales (e.g., primarily
factual scales such as the number of classes per week and frequency of teacher feed-
back). In most countries, when comparing female and male students with the same
item nonresponse propensity, we found female students to have greater odds of item
nonresponse on Likert frequency scales, whereas male students omitted more Likert
agreement scales (e.g., generally attitudinal scales such as perceived emotional sup-
port from parents and attitudes towards bullying).

Our results further show that the item nonresponse gender gaps also fluctu-
ate (i.e., narrow or widen) depending on the scale content. When comparing
female and male students with the same item nonresponse propensity, female
students had greater odds of not responding to scales asking them to provide
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their background information (e.g., students’ parents’ educational and profes-
sional history, socioeconomic status, and ethnic background). The incremen-
tal differences in item nonresponse propensity that we observed on these back-
ground scales effectively closed the overall gender gap in item nonresponse in
many countries such that female and male students were equally likely not to
respond.

We illustrate this finding on two scales, ST006 and ST008, inquiring about the
education of students’ mothers and fathers, respectively. When comparing stu-
dents of the same gender and with the same item nonresponse propensity, the
odds of item nonresponse on the items of these scales were estimated to be 26
times greater than the odds of item nonresponse on the other items in a simi-
lar position within the questionnaire. Our findings suggest that the average gen-
der gap on these scales nearly closed such that the odds of item nonresponse for
female and male students became nearly even. We see several issues with these
particular scales that could lead to higher than desired nonresponse rates. First,
one can assert that the response format is sub-optimal. Per instructions, students
had to respond to each item asking whether their parent had a certain level of edu-
cation (e.g., scale ST006 — Does your mother have any of the following qualifi-
cations?; STO06QO02TA — “post-graduate degree”; response options — yes/no).
With less attention to spare after two hours of cognitive tests, some students may
overlook this instruction and proceed with a more intuitive strategy of choosing
“all that apply” and leaving the rest blank. Second and perhaps, a more marring
issue arises for students without a present mother or father but in the permanent
care of their other immediate, extended, or non-biological family. Such students
are left face to face with scale(s) to which they can neither relate nor provide
a valid response. A routing option (e.g., a filter item) to identify students’ pri-
mary caregivers could help combat the high nonresponse rates on these scales.
Finally, we believe that it could sometimes be unrealistic to expect a 15-year-
old to know their parents’ education. Hopfenbeck & Kjaernsli (2016) report an
isolated incident showcasing this point in the example of Norway. When asked
about the PISA test experience, one female student reported that “she did not
quite know what to answer about her parents’ education, since she did not know
about it” (Hopfenbeck & Kjernsli, 2016, p. 417). As Hopfenbeck & Kjarnsli (
2016) conclude, the common thread in many of the conducted interviews was
students’ perception of the background questionnaire as problematic, be it due to
them not knowing the answer to the items or feeling apprehensive about uncover-
ing their private lives.

In most countries, when comparing female and male students with the same
item nonresponse propensity, female students have also been found to have
greater odds of item nonresponse on scales covering various schooling con-
structs such as, for example, students’ sense of belonging, experiences with bul-
lying, perceived teacher feedback, and adaptability of instruction. On the other
hand, male students were more likely to omit dispositional scales than female
students with the same item nonresponse propensity. Dispositional scales gath-
ered information on various non-cognitive and meta-cognitive constructs, such
as students’ attitudes towards learning, competitiveness, resilience, fear of
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failure, and dispositions for global competence. In-depth exploration of gen-
der differences in item nonresponse on the schooling and non-/meta-cognitive
scales, but at a finer-grained level of topic differentiation, could present a
promising area for inquiry and nuance our understanding of the students’ test-
taking behaviours. For instance, future research could explore gender differ-
ences in item nonresponse against the backdrop of intercultural sensitive top-
ics (e.g., attitudes towards immigrants, respect for other cultures, awareness of
global issues).

We make three additional remarks regarding the effects of the scale response
format and content on gender differences in item nonresponse. The first one
relates to the substantial differences in effect size across countries. Although
some gender differences might be relatively small or non-existent, when aver-
aged across countries, they can be more pronounced in certain countries or
regions with similar cultural or linguistic backgrounds. For example, com-
pared to male students with the same item nonresponse propensity, the odds
of item nonresponse of female students (when averaged across countries) were
just slightly over one on the multiple-choice, dichotomous, and student back-
ground scales. However, high differential format and content bias (for the same
sequence of the multiple-choice, dichotomous, and student background scales)
was found in Qatar and the United Arab Emirates (where the odds of item non-
response for female students were double or triple the odds of male students
with the same item nonresponse propensity).

The second note relates to some content and format overlap across scales. For
example, most non-/meta-cognitive scales followed the Likert agreement or fre-
quency response format. Given our quasi-experimental study design, we could not
experimentally manipulate the questionnaire, and consequently, we could not fully
disentangle the scale format or content. The third remark concerns the opportunities
for further advancement and cross-validation of our findings regarding gender differ-
ences in item nonresponse on the student questionnaire scales that were additionally
administered as parts of the PISA 2018 parent or teacher questionnaires (OECD,
2019). The response data on the scales identical to the student questionnaire but
gathered from parents and teachers and linked back to the respective students could
help identify complementary trends in student nonresponse behaviour. For example,
one might be interested in determining if students who omit the items on their par-
ents’ education predominantly have parents without higher or completed secondary
education.

Lastly, this study aimed to identify the presence of gender gaps in item non-
response on the PISA 2018 student questionnaire and we linked those gaps to
potential covariates such as scale format and scale content. However, there are
a number of potential topics for future research on item nonresponse that could
build on the present study to ultimately enhance our knowledge of the nature,
the extent, and the consequences of the item nonresponse phenomenon. For
instance, other factors that may contribute to the width of gender gaps in item
nonresponse may warrant further investigation. Future research could explore,
among many other factors, the association between students’ reading abilities
and item nonresponse at the individual response level (e.g., at the country level,
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there was a strong positive association between the gender gaps in reading
achievement and item nonresponse; r=0.77). Furthermore, the impact of item
nonresponse on scale construction and its potential to lead to biased parameter
estimates was not addressed in this study and could present promising opportu-
nities for future inquiry.

5 Conclusion

The current study identified systematic gender differences in item nonresponse
propensities on the PISA 2018 student background questionnaire. Therefore, we
argue that in order to arrive at valid inferences based on the PISA 2018 question-
naire data, the presence of such differences should be considered in future studies
when modelling the missing data mechanism (Rubin, 1976). On average across
countries, male students had greater odds of item nonresponse than female stu-
dents, consistent with the expected trend in the low-stakes setting, where male
students are believed to be less motivated and exert less test-taking effort than
female students (DeMars et al., 2013). However, we show that gender differences
in item nonresponse are not merely a function of the stakes involved for indi-
vidual students. Our results suggest that gender differences in item nonresponse
may be a more complex phenomenon that is context-dependent and not neces-
sarily stable across countries and scales’ formats and contents. To that end, we
argue that differences in item nonresponse patterns are a source of additional
information about the test-taking behaviours of students as well as the quality of
the items and the questionnaire as a whole.
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Appendix 1. Country- and scale-wise item nonresponse rates
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Fig.3 Country-wise average item nonresponse rates. Note. Each country’s average item nonresponse rate
is calculated by averaging individual students’ item nonresponse rates (i.e., the ratio of the number of
items on the questionnaire to which the student did not provide a response to the number of theoretically
valid responses possible on the questionnaire administered within a country) to the country level.
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Appendix 2. Item nonresponse propensity as a function of item position
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Fig.5 Odds of item nonresponse propensity as a function of item position. Note. The parameter esti-
mates are presented on the logit scale and correspond to the 8, parameter estimates of the cross-classified
mixed effects models (Eq. 1). One unit on the item position predictor corresponds to 50 items. For stu-
dents of the same gender and with the same item nonresponse propensity, positive and negative param-
eter values correspond to higher and lower odds of item nonresponse as they progress through the ques-
tionnaire, respectively. At the grey dashed line, neither outcome (nonresponse or response) is more likely

than the other (6, = 0).
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Appendix 3. Item nonresponse propensity on scales ST006 and ST008
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Fig.6 Odds of item nonresponse propensity on scales ST006 and ST008. Note. The parameter estimates are presented
on the logit scale and correspond to the 6, parameter estimates of the cross-classified mixed effects models (Eq. 1).
The scales ST006 and ST008 consisted of four items each and inquired about students’ parents’ qualifications (i.e.,
scale ST006: Does your mother have any of the following qualifications? STO06Q01TA <ISCED level 6 > (doctorate),
ST006Q02TA <ISCED  level 5A>(post-graduate), STO06QO03TA <ISCED level 5B > (vocational tertiary),
ST006QO4TA <ISCED level 4> (non-tertiary post-secondary)). A yes/no response had to be selected for each item.
For students of the same gender and with the same item nonresponse propensity, positive and negative parameter
estimates correspond to higher and lower odds of item nonresponse on an average item of the ST006 and ST008 scales,
respectively, as compared to the odds of item nonresponse on the other items with a similar position on the questionnaire.
At the grey dashed line, neither outcome (nonresponse or response) is more likely than the other (6, = 0).
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Appendix 4. Scale-specific incremental gender differences in item
nonresponse propensity
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Fig.7 Scale-specific incremental gender differences in item nonresponse propensity (female students
as the reference group). Note. The estimates 6, are presented on the logit scale and correspond to the
results of the meta-analyses that summarised the parameter estimates for the scale-specific incremental
gender differences in item nonresponse propensity (6, Eq. 1) across countries for each individual scale,
resulting in 71 pooled estimates 6, (one for each scale s). Positive and negative estimates correspond
to greater odds of item nonresponse on the corresponding PISA 2018 student background questionnaire

scale for male and female students, respectively. At the grey dashed line at 0, neither gender has greater
odds of item nonresponse.
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Appendix 6. Scale-specific incremental gender differences in item
nonresponse propensity as a function of the scale response format
and the scale content by country
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Fig. 8 Scale-specific incremental gender differences in item nonresponse propensity as a function of the
scale response format (female students as the reference group). Note. The results are reported for five
response formats. The estimates 67, are presented on the logit scale and correspond to the results of the
subgroup meta-analyses that summarised the parameter estimates for the scale-specific incremental gen-
der differences in item nonresponse propensity (é,; in Eq. 1) for each country as a function of scale for-
mat. The diamond shapes represent the confidence intervals around the estimate for each format within
each country, and the bars around the diamond define the corresponding prediction interval for a ran-
domly sampled scale from all scales of the same format. When the estimate is significantly different from
zero, the diamond shape and bars are black; otherwise, grey. When comparing female and male students
with the same item nonresponse propensity, positive and negative estimates correspond to greater odds of
item nonresponse for male and female students, respectively. At the grey dashed line at 0, neither male
nor female students have greater odds of item nonresponse.
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Fig. 9 Scale-specific incremental gender differences as a function of the scale content (female students
as the reference group). Note. The results are reported for six content areas. The estimates &7, are pre-
sented on the logit scale and correspond to the results of the subgroup meta-analyses that summarised
the parameter estimates for the scale-specific incremental gender differences in item nonresponse pro-
pensity (6, in Eq. 1) for each country as a function of scale content. The diamond shapes represent the
confidence intervals around the estimate for each format within each country, and the bars around the
diamond define the corresponding prediction interval for a randomly sampled scale from all scales cover-
ing the same content. When the estimate is significantly different from zero, the diamond shape and bars
are black; otherwise, grey. When comparing female and male students with the same item nonresponse
propensity, positive and negative estimates correspond to greater odds of item nonresponse for male and
female students, respectively. At the grey dashed line at 0, neither male nor female students have greater
odds of item nonresponse.

Appendix 7. Procedural steps of the analysis

The procedure for conducting the present study is as follows.

Step 1. Data management. The data for the student questionnaire is available
at https://www.oecd.org/pisa/data/2018database/. The steps undertaken in this
study are:

1. Re-code “No Response” PISA missing values into 1, “Valid Response” into O,
the rest into NA;

2. Split the main dataset into 80 separate datasets (by country);

3. For each dataset, perform the following operations:

(a) Subset the dataset to the items that the country administered;

(b) Transform data into long format;

(c) Create a continuous variable POSITION counting from 1 to n-th item the
country administered; the variable is then re-scaled to count 50 items per

. POSITION—1
unit and start at O as — and centred;
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(d) Remove items that were cross-referenced by the school officials with excep-
tion of the GENDER item which is retained to be used as a predictor in the
cross-classified mixed effects model;

(e) Create SCALE, FORMAT, and CONTENT variables to denote to which
scale each item belongs, which format the scale follows, and which content
the scale covers, respectively (Table 1, Appendix 5);

(f) Create a binary X variable such that X=1 if SCALE = =“ST006” or
SCALE = =“ST008”, 0 otherwise.

Step 2. Cross-classified mixed effects model. The cross-classified mixed
effects model is fitted using /me4 package to each country’s dataset separately (a
total of 80 models; Bates et al., 2015):

library(Ime4)
mres < —glmer(NONRESPONSE ~ 1 + (1 + POSITION|STUDENTID))+
(1 + GENDER|SCALE) + POSITION + X + GENDER,
family = binomial, data = dat,
control = glmerControl (optimizer = "bobyqa’’, optCtrl = list(maxfun = 2e5)))

The following parameter estimates are extracted from the fitted models for each
country:

1. Fixed effect parameter estimates with their respective standard errors: general
intercept (f,), POSITION slope (6,), GENDER slope (8,), X slope (6,; Eq. 1);

2. Random effect parameter estimates: random slopes of GENDER by SCALE (5,;;
Eq. 1).

Step 3. Representation of results. The effect parameters of interest are com-
bined across countries using random effects meta-analytical models in the meta-
for package (Viechtbauer, 2010):

library(metafor)

meta <— rma(yi, vi, data = dat)

#yi’ — the parameter estimates

#vi’ — their respective standard error squared
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