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Abstract

To date, virtually no studies have examined toddlers'

non-response in developmental tasks. This study investi-

gates data from 3667 toddlers to address (1) whether two

aspects of non-response (completion and engagement) are

separable, (2) how stable these aspects are from ages two

to three, (3) how non-response relates to background char-

acteristics, and (4) whether non-response at ages two and

three predicts early academic skills at age six. Structural

equation modelling shows that completion and engagement

are separable constructs, relatively stable across age, and

related to several background characteristics. Especially

engagement predicts later academic performance. Results

show that non-response in behavioural tasks in toddlers is

not random, increasing the likelihood of sampling bias and

lack of generalizability in developmental studies.
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1 | INTRODUCTION

Representativity of study samples has been a topic of debate for decades, with one of the main conclusions being

that participant samples are often biased (Kruskal & Mosteller, 1979; Kukull & Ganguli, 2012). Sample bias is prob-

lematic, as it makes it difficult to determine whether research outcomes generalize to the population of interest,

which, in turn, can hamper theory construction (Andringa & Godfroid, 2020). Recently, this problem has received

renewed attention, as it surfaced that many samples in psychological research are WEIRD (i.e., Western, Educated,

Industrialized, Rich, and Democratic). In particular university students tend to be over-represented in the field of psy-

chology, making it difficult to assess whether theories hold for the population at large (Arnett, 2008; Henrich

et al., 2010; Nielsen et al., 2017).

An additional and related problem arises in research with young children, where a subset of the children investi-

gated typically does not comply with the tasks given to them. They do not complete the tasks, deliberately give

wrong answers, or do not respond at all. Since children who do not comply with a task are usually excluded from

analyses, conclusions in the field are based on children who are able to complete tasks at a young age. However, ear-

lier research on young children has shown that non-responders differ from responders in major ways (Bathurst &

Gottfried, 1987; Bell & Slater, 2002), which does not only make samples unrepresentative but also likely leads to

biased conclusions.

Most of the previous studies investigating non-response in young children have concentrated on infants

(Slaughter & Suddendorf, 2007; Stets et al., 2012; van der Velde & Junge, 2020). Hence, very little is known about

non-response in slightly older children, who are mature enough to carry out simple instructions in behavioural tasks,

but may have problems understanding instructions and sustain their attention. In the current study, we aimed to fill

this gap by investigating non-response on behavioural tasks in two- and three-year-old children. These children per-

formed a large battery of tasks measuring language and executive functions at toddler age (ages two and three).

Their scholastic achievements were tracked during primary school, as part of a large-scale longitudinal study on chil-

dren's linguistic, cognitive, and (pre-)academic abilities (Mulder et al., 2014, 2017). The overall aims of our study were

to investigate (1) which factors related to non-response in toddlers and (2) whether children's non-response in tod-

dlerhood would predict early academic skills 3 to 4 years later.

2 | NON-RESPONSE IN DEVELOPMENTAL STUDIES

Non-response is common in studies in which young children perform behavioural, visual or neuro-linguistic tasks

(Frank et al., 2017; ManyBabies Consortium, 2020; van der Velde & Junge, 2020). Reasons for uncooperative or

unresponsive behaviours are diverse and may relate to children's inability to sit still, follow up or understand instruc-

tions, or problems with selectively and continuously attending to the task. In infant studies, non-response is often

referred to as fussiness, which represents a broad concept that covers not responding to a task, low attention, crying,

as well as many other behaviours that do not enable optimal gathering of data. This problem is not trivial: it has been

estimated that, in visual paradigms, an average of 14% of the participating infants do not complete the experimental

procedure, due to fussiness (Slaughter & Suddendorf, 2007).

Several studies have examined which factors are associated with non-response (Slaughter & Suddendorf, 2007;

Stets et al., 2012). Although Slaughter and Suddendorf (2007) found no relation between differential exclusion rates

across visual paradigm studies and the researchers' chances of finding effects, they did observe that younger children

were more likely to become fussy during the experiment than older children. A meta-analysis by Stets et al. (2012)

on ERP studies with infants showed, furthermore, that experimental conditions might affect whether drop out is

likely, such that attrition rates were higher when children were exposed to visual stimuli as compared to auditory

stimuli. Klein-Radukic and Zmyj (2015) found a relationship between infants' temperament and drop-out rates in

looking time experiments, such that non-completers were more likely to fuss and cry in situations in which they were
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restricted (e.g., in an infant seat, during caretaking), slower to recover from distress or excitement, more rapid in

speed of approach and excitement towards certain stimuli and less likely to experience enjoyment when being held

by their caregiver than completers. These authors also observed that drop-out at 6 months predicted drop-out at

9 months, suggesting that the characteristics implicated in non-response are relatively stable over time, at least over

a three-month time span.

Further evidence for the idea that a multitude of factors relates to non-response comes from van der Velde and

Junge (2020). These authors investigated data from a longitudinal study (i.e., the YOUth study, Onland-Moret

et al., 2020), in which over 3000 children participated in two EEG-experiments over multiple sessions between the

ages of 5 months and 6 years. Using data from a subset of children who participated at 5, 10 months, and 3 years,

the authors found that both experiment-related factors (e.g., time of the day, research assistant, season of testing)

and child-related factors (e.g., gender, age) predicted data loss. More specifically, early morning testing and testing in

spring or summer was related to lower data loss. In addition, the oldest age group (3-year-olds) had much less data

loss than the 5- and 10-month-old children, and boys had slightly less data loss than girls. Like Klein-Radukic and

Zmyj (2015), moreover, they found that data loss was stable over time and could be predicted over multiple sessions:

children who had high data loss in one session, were more likely to have data loss at the later session(s) as well.

Taken together, there is accumulating evidence that non-response in infants is not random, such that non-

responding infants share certain characteristics. This raises the question whether similar tendencies can be observed

in slightly older children of toddler age (i.e., aged 2 and 3 years), who typically perform tasks that are more demand-

ing in terms of understanding and responding to instructions. Although many studies in the field report attrition ana-

lyses examining the effects of data loss (Willoughby et al., 2010, 2012, Willoughby, Wirth, et al., 2012), to the best

of our knowledge, virtually no studies have targeted drop-out from experimental tasks in two- and 3-year-olds as

their main aim. Yet, non-response in toddlers is common: in earlier work in which 2- and 3-year-olds were adminis-

tered batteries of language and executive function tasks, percentages of children not completing any of the tasks

were 8% or 9% (Hughes & Ensor, 2005; Poulin-Dubois et al., 2011; Willoughby et al., 2012), 13% (Kuhn et al., 2014),

or even as high as 26% (Scott et al., 2012).

An exception to this is a study by Bathurst and Gottfried (1987), who did concentrate on non-response in tod-

dlers. Specifically, these authors studied 22 children who had been administered a task battery at three time points

during their preschool period (at 30, 36, and 42 months) but had not responded at two successive attempts of

administration at one of these time points. Comparing these children to 108 children who did perform the tasks at

each of the three time points, Bathurst and Gottfried found that, relative to the latter group, the group of

‘untestable’ children were less developmentally advanced across a wide range of abilities at all ages from 12 through

72 months. Specifically, untestable children were rated more poorly on a variety of intellectual and developmental

skills, academic performance, and social functioning, as based on parental reports. In addition, untestable children

were found to be less adaptive to testing situations, temperamentally less sociable, and to have a higher frequency

of problem behaviours on adjustment and behaviour checklists, as rated by their parents. However, as sample size

was relatively small in this study (N = 22 untestable children), it is not clear whether these results can be generalized.

Also, the study leaves unclear whether children who were classified as being untestable did not respond to just one

task, more than one task, or even all of the tasks administered at a given moment. Therefore, it is not immediately

clear how its results should be interpreted.

A further, more general issue that makes it difficult to interpret the results of Bathurst and Gottfried (1987) is

that the study did not specify how many items of a task children should fail to respond to in order to be classified as

‘untestable’. Across studies, different cut-offs have been applied such that, in some studies, children were excluded

if they did not complete a single item of a task, whereas in others, they were excluded if they completed less than

half of the items or even all items of a task. In Mulder et al. (2014, 2017), for example, scores of children were only

analysed if children had responded to at least half of the items of a task. In other studies, using similar language and

executive function tasks, however, less stringent criteria were applied or no information was provided as to whether

such ‘partial responders’ were excluded (Espy et al., 2011; Hughes & Ensor, 2005). Although such decisions can be
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well-motivated, for example to avoid drawing conclusions on the basis of very few responses per child, having differ-

ent cut-offs per study clearly compromises the comparability of results across studies, as well as the generalizability

of study results.

3 | THE CURRENT STUDY

As discussed above, non-response in young children is a rather common phenomenon that does not occur

completely randomly (Frank et al., 2017; ManyBabies Consortium, 2020; van der Velde & Junge, 2020). Yet, research

on the topic is scant, especially on children beyond infant age. The one study available that investigated non-

response in toddlers showed that non-responders differed from responders in many socio-cognitive domains

(Bathurst & Gottfried, 1987), but due to its small sample size, it is currently unknown whether non-responders form

a special group. In the present study, we investigate a large group of children who were administered in a series of

language and executive functions tasks at ages 2 and 3 years, and tests measuring early academic skills in grade

1. Furthermore, a set of background variables was recorded, including children's home language and their parents'

education level. This data allowed us to examine the characteristics of young children who do not respond optimally

in developmental tasks.

Using this longitudinal dataset, we tested whether non-response is stable over time, and whether there is a rela-

tion between non-response at toddler age and early academic skills when children are older. Early academic perfor-

mance is usually highly correlated with parental education, home language background, and executive functioning

(Mulder et al., 2017). That is, children who perform well on tasks assessing early academic skills typically have well-

developed abilities in language, good memory, and attention skills, and generally come from advantageous family

backgrounds. As discussed above, performing a task at all and being engaged with it entails a set of skills in young

children that are, themselves, very closely related to language and executive functioning, such as sitting still, listening

to instructions, following up on and remembering instructions, and inhibiting unwanted behaviour (such as walking

away). If tasks or task batteries are long, they also require persistence and sustained attention from the child. Hence,

it is conceivable that task completion in itself is predictive of children's later academic skills, in line with earlier find-

ings showing that non-response can be predictive of later task behaviour (Bathurst & Gottfried, 1987; van der

Velde & Junge, 2020).

Because the study sample that we investigated was older than the infants investigated in many previous studies,

we differentiated between non-completion and non-engagement. Non-completion refers to situations where chil-

dren did not respond to one or more items of a task, for example, by remaining silent or indicating they do not want

to answer. Non-completion thus leads to missing data. Non-engagement refers to situations where children are not

engaged with the items of a task: they may respond to them, but express verbally or nonverbally that they are not

interested. Multiple reasons for low levels of engagement may be at stake, including feelings of anxiety, shyness, but

also boredom or concentration problems. Whereas it is difficult to assess why infants do not respond to task stimuli,

studying older children allows to make a distinction between cases where children do not comply with a task in the

sense that they are not engaged with it, but still respond to its items (which might make their responses unreliable),

and cases where children do comply, in the sense that they are engaged with the task, but do not respond (for exam-

ple, if a task is too difficult). It is currently unclear whether non-completion and non-engagement are strongly related

or even overlapping constructs, or whether they can be treated as separate theoretical constructs.

All in all, we addressed a number of related research questions in our study. First, we focused on the issue of

non-response itself by assessing whether task completion and engagement represented two separate constructs in

our data or whether they should best be seen as a single construct. Second, we asked whether non-response at ages

2 and 3 years was predicted by factors like age, gender, parental education, home language background or test loca-

tion. Do these factors predict whether children completed or engaged with behavioural tasks? Finally, we asked

whether non-response was stable over time - from 2 to 3 years, and whether it predicted early academic skills in

4 of 18 SPIT ET AL.
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grade 1. To address these questions, we investigated the relations between children's background characteristics,

task completion and engagement at ages two and three, and early academic skills at age six through structural equa-

tion modelling (SEM), in a large sample of 3667 children in the Netherlands, which will be described in more detail

below.

By answering these questions, we hoped to increase our understanding of the impact that non-response

might have on a study sample and the ways in which non-response would compromise the generalizability of

obtained results. Ideally, information about non-response is considered when designing new experiments, in

order to minimize bias a priori. In addition, it is important to establish which factors we could include in our sta-

tistical models to control for the portion of non-response that is inevitable in work with young children. Recent

research on causal inference suggests we should be careful when including control variables in statistical ana-

lyses, because they might amplify bias in particular cases or even lead to incorrect results (Hernán &

Robins, 2020; Imbens & Rubin, 2015; Pearl, 2009; Pearl et al., 2016). More insight into the factors relating to

non-response might help us minimize non-response in future studies both before setting them up, as well as

after carrying them out.

4 | METHOD

4.1 | Participants

Data were analysed from children who participated in the pre-COOL and COOL studies which took place in the

Netherlands. In these longitudinal studies, a large cohort of preschool and primary school children was followed to

gain insight into their cognitive, linguistic, and (pre-)academic development (Mulder et al., 2014, 2017; Verhagen

et al., 2017, 2019). Data from these studies has been used in policy reports concerning equality in young children

(Zumbuehl & Dillingh, 2020) and to develop a metric that is used by the Dutch government to allocate school funds

that should help decrease inequality in primary education (Posthumus et al., 2019). The full cohort study comprised

different waves, with various tasks being administered at these waves during children's preschool and primary school

trajectories. The first of these waves took place when children were 2 years old and the final one at the end of pri-

mary school, when children were 11 years old. Across these different waves, data were collected from 3667 children,

but not all children were tested at each wave during their (pre)school trajectory.

In this paper, we report on data collected at three waves of the pre-COOL and COOL studies: when children

were 2 years old, when they were 3 years old, and at the end of grade 1, when they were 6 years old. The first two

waves were included because we were interested in non-response at toddler age and because many children were

tested at these waves (i.e., around 2500 children). Data from ages four and five were not analysed because much

fewer children were tested at these ages (i.e, around 750 children), and also because most of the tasks at these ages

were very different from those at ages two and three.

Information about parental education level and linguistic status at home was obtained through parent question-

naires. Parental education was assessed on a four-point scale with (1) ‘primary school’, (2) ‘lower vocational training’,
(3) ‘secondary school and/or vocational training’, and (4) ‘higher education (i.e., college or university degree)’ as its

scale points, and averaged for both parents. When questionnaires were not filled out, school registry information on

parental education was used where available. Children's home language background was assessed through a ques-

tion asking whether children were only exposed to Dutch, or to (an)other language(s) in addition to or instead of

Dutch at home. In case information on home language background was missing, research assistants obtained infor-

mation about children's home language situation from parents or teachers.

The sample (N = 3667) included 1765 girls and 1848 boys (for 54 children, information about gender was miss-

ing). At test wave 1, mean age was 28 months (SD = 3, min-max = 20–37). At test wave 2, mean age was 42 months

(SD = 3, min-max = 34–52). In grade 1, mean age was 85 months (SD = 5, min-max = 68–108). Information about
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parental education was available for 2502 children (68%), with a mean score of 3.14 (SD = 0.81, min-max = 1–4).

Most children were from monolingual Dutch families (N = 2012/55%). The remaining children were from families

where other languages were spoken next to, or instead of Dutch (N = 866/23.5%), or data about their linguistic

background was missing (N = 789/21.5%). Most children were tested at their daycare (N = 2398/65.5%), but many

others were tested at home (N = 993/27%). For the remaining children we either did not have information about

location, or they were not tested at ages two or three. At each wave, about 30 assessors were involved. These asses-

sors were from various geographical areas in the Netherlands, often from areas that were close to where the children

lived. About a third of the assessors (N = 11) were involved in both waves. Thus, the majority of assessors were only

involved in wave 1 or 2. Assessors in grade 1 were primary school teachers, so there was no overlap in assessors

between waves 1 and 2 versus grade 1.

4.2 | Materials

Children were administered a series of tasks measuring executive functioning and language skills (see also: Mulder

et al., 2014, 2017; Verhagen et al., 2017, 2019). In the analyses presented here, we only included tasks that were

administered at ages two and three. We therefore excluded a memory for location task that was only administered

at age two, and an inhibition task and two early numeracy tasks that were only administered at age three. Two delay

of gratification tasks administered at ages two and three were excluded, since not responding was the targeted

behaviour on this task (i.e., suppressing the dominant response to reach for a reward). A working memory task,

administered at both ages, was not included in our analyses either, because children almost always gave responses

to all items at age three and completion rates for this task were thus at ceiling (see our supplementary materials for

descriptives). In grade 1, a widely-used test for language, literacy, and mathematical skills from the Dutch National

Institute for Educational Measurement (Cito) was administered (Engzell et al., 2021; Vlug, 1997). We describe each

of these tasks in more detail below.

All tasks measuring executive functioning and language skills were administered at both ages two and three. To

avoid floor or ceiling effects, the tasks had been constructed such that a subset of the items was held constant from

ages two to three and more difficult items replaced easier items at age three. This allowed to assess the difficulty of

all items and scale them on an underlying latent ability scale through Item Response Theory modelling (Grimm

et al., 2013; McArdle et al., 2009) in studies using this dataset, which looked at children's development of lan-

guage and executive functioning (e.g., Verhagen et al., 2019). Crucially, we do not report on children's perfor-

mance (i.e., accuracy) on the tasks in the current paper, but rather, on the degree to which children completed the

items of a task as well as on how engaged they were when performing the task. Task completion was

operationalized as the number of items per task completed by the child. Note that because of partly different

items for the tasks at ages two and three, completion rates cannot be directly compared across ages. Task engage-

ment was based on a rating scale filled out by the assessors. Specifically, assessors rated each child's level of

engagement immediately after each task had been completed or aborted, using a seven-point scale with 1 (‘not
engaged at all’), 4 (‘moderately engaged’), and 7 (‘very much engaged’) as its scale points. Engagement scores

were weakly to moderately correlated with accuracy scores for the tasks we report on at both age two

(0.209 < r < 0.568) and age three (0.037 < r < 0.349). These weak to moderate correlations signal that assessors'

ratings of engagement were at least in part independent of children's level of performance on the tasks. We did

not calculate such correlations between accuracy and completion scores, because these depend on one another:

Participants who complete fewer items are more likely to have lower accuracy scores than participants who com-

plete more items, or more extreme ones, in the case of proportions (a participant who only completed a single

item either has an accuracy of 0 or 100, if we only look at completed items; and only a possible accuracy of 0 or

1/total number of items, if we look at all possible items).

6 of 18 SPIT ET AL.
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4.2.1 | Selective attention

A visual search task was used to assess selective attention (Mulder et al., 2014, 2017). In this task, which was admin-

istered on a laptop, children were encouraged to search for targets (elephants) that were surrounded by distractors

(bears and donkeys) that were similar in colour and size. Children were allowed to search for the elephants for 40 s.

There were three task items, which were preceded by three training items in which children were instructed to point

at the elephants only and do so as quickly as they could. At age two, the stimuli were presented in a 6 � 8 grid which

showed 8 targets and 40 distractors on all three test items. At age three, the first two items were the same as at age

two. The last item at this age was slightly more difficult, showing a 9 � 8 grid with 8 targets and 64 distractors. A

completion score was calculated as the number of items for which children obtained a score. Children who did not

find any targets in an item, did not obtain a score and were classified as non-responders. Likewise, when a child did

not look at the screen at all during the 40 s search time, that item was set to missing for that child.

4.2.2 | Verbal short-term memory

A nonword repetition task was used to assess verbal short-term memory (Verhagen et al., 2017, 2019). In this task,

children were instructed to repeat novel words. Specifically, they watched short video clips in which a novel object

appeared, while they heard pre-recorded sentences labelling the novel object with its non-word name, as follows:

‘Look a hiemup! Say hiemup’. The task started with two training items, followed by 12 task items. Repetition

attempts were classified by the assessors as ‘correct’, ‘incorrect’, or ‘uncodable’ immediately after a child's response.

A completion score on this task represented the number of repetition attempts children made.

4.2.3 | Phoneme identification

Children's knowledge of Dutch phonemes was assessed using a phoneme identification task (Gerrits, 2003;

Kuijpers, 1996). In this task, children were shown two pictures on a laptop screen, of which the labels formed a mini-

mal pair in Dutch (i.e., pear and bear), and then heard the label of one of these two pictures (e.g., bear). The child was

then asked to point to the picture that corresponded to the auditorily presented word. The rationale behind the task

is that children can only distinguish between the two words if they can distinguish between the phonemes that differ

between the two words of the minimal pair (i.e., /p/ and /b/). Children were presented with two training items and

12 task items. Responses were classified as ‘correct’, ‘incorrect’, or ‘no response’. The completion score on this task

was calculated as the number of responses a participant gave, that is, the number of items for which children

selected a picture.

4.2.4 | Vocabulary

Vocabulary was assessed using a shortened version of the Dutch Peabody Picture Vocabulary Test (PPVT-III-NL,

Dunn & Dunn, 2005). In this task, children were instructed to select one out of four pictures after an orally presented

word. Two adaptations to the original task were made (see Verhagen et al., 2019). First, for administrative reasons,

the task was carried out on a laptop, rather than as a pencil and paper test. Second, items that were found to be

either too easy (accuracy >70%) or too difficult (accuracy <30%) in pilot studies with children of the relevant age

ranges were removed. This was done in order to avoid administering items that did not differentiate well across chil-

dren. A fixed number of 24 items was administered to all children. A completion score was computed by summing

the number of responses a participant gave, that is, the number of items for which children selected a picture.
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4.2.5 | Sentence comprehension

Children's sentence comprehension and early grammatical skills were measured using a picture selection task that

assessed children's knowledge of grammatical structures (Johnson et al., 2005; Sekerina et al., 2004). During this

task, children saw two pictures on a laptop screen, describing two events that differ in only one grammatical feature

(i.e., gender, number, tense, word order). Children then heard a sentence describing one of these two pictures and

were asked to point to the corresponding picture. For example, they would see a picture of a boy washing a pear

(‘He is washing a pear’) and a picture of a girl washing a pear (‘She is washing a pear’), and hear the sentence ‘She is

washing a pear’. The task contained three training items, followed by 12 task items. Responses were classified as

‘correct’, ‘incorrect’, or ‘no response’. A completion score on this task represented the number of responses a par-

ticipant gave, that is, the number of items for which children selected a picture.

4.2.6 | Working memory

Children's working memory was assessed using the Six Boxes task, adapted from Diamond et al. (1997). In this task,

six identical boxes were placed in front of the child. The assessor hid a toy in each box while the child was watching.

The child was then asked to search for the toys by lifting one box at a time, in six search trials. In between trials, chil-

dren were distracted for 6 s by the assessor (i.e., asked to look away at the assessor's hand, while they counted from

1 to 6 out loud). The task for the child thus was to remember which boxes they had already emptied and which still

contained a toy at each search trial, and hence, to update the information in their working memory at each trial. A

completion score on this task represented the number of responses a participant gave, that is, the number of items

for which children selected a box.

4.2.7 | Early academic skills

Children's early academic skills were assessed through the Cito test, which is a standardized national test that is con-

ducted twice a year during children's school trajectories, as part of a pupil monitoring system (Engzell et al., 2021;

Vlug, 1997). Here, we report on the test that is administered across multiple days at the end of grade 1 and that

covers four domains: general mathematical skills, vocabulary, decoding skills, and reading comprehension. All sub-

tests are carried out as paper and pencil tests. For mathematical skills, the teacher reads aloud exercises that test

number knowledge, mental arithmetic, and basic geometry. Children write down their answers. For vocabulary, the

teacher reads aloud a word, and children are asked to select which picture out of three pictures corresponds to this

word. For decoding, children are presented with three lists of words of increasing complexity, of which they have to

read as many as they can within 3 min. For reading comprehension, children read a text and answer questions along-

side the text assessing their understanding of the text. The National Institute for Educational Measurement (Cito) in

the Netherlands employs Item Response Theory to scale children's raw scores on different versions of the test on a

latent ability scale, considering the difficulty level of the items. For each of the early academic skills measures, the

score on this latent ability scale for that academic skill was used as the outcome measure.

4.3 | Procedure

At ages two and three, tasks were administered by trained research assistants in a quiet room at children's homes or

daycare centres. Children assessed at their daycare centre were tested in a quiet room, to minimize distraction by

other children and daycare staff. As for children assessed at home, we also attempted to minimize distraction as
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much as possible. That is, when assistants phoned children's parents to make an appointment, they asked parents to

refrain from intervening during the test session, and make sure that other children and pets would not be in the same

room as the child during the test session. At visit, these requests were repeated, if necessary. The five tasks here

reported on were intermixed with the tasks excluded from the current study that were described above (‘see under

Materials’) and administered in a fixed order: phoneme identification, vocabulary, selective attention, verbal

short-term memory, sentence comprehension. Teachers administered the Cito tasks at the end of grade 1 according

to a standardized protocol.

4.4 | Analyses

We used SEM, through the R package lavaan (Rosseel, 2012). Our analysis consisted of two steps. First, we used

confirmatory factor analysis (CFA) to test whether engagement and completion represented two separate factors at

age two and at age three in our data. To determine how early academic skills should be incorporated in our model,

we also assessed whether early academic skills could be represented as different manifest variables or as a single

latent construct. These CFAs showed that completion and engagement were best represented as separate latent var-

iables at both age two and age three, while early academic skills were best represented as four different manifest vari-

ables. In a second step, we ran a SEM with the latent variables completion, engagement, and the Cito manifest

variables, which also included the background variables home language background, parental education, and age, to see

how these background variables related to completion and engagement. In each of these steps, model fit was assessed

using the following cut-off criteria: RMSEA <0.08, with a preferred upper limit of the 90% CI < 0.10, CFI > 0.90,

SRMR < 0.08 (Kline, 2005). We did not use the chi-square index, because it is sensitive to sample size, and typically sig-

nificant in large samples (Brown, 2015; Little, 2013). In all analyses, we used full information maximum likelihood esti-

mation with robust (Huber-White) standard errors to handle missing data. Scripts and data that were used for our

analyses can be found on our OSF page: https://osf.io/7cwej

5 | RESULTS

5.1 | Descriptives

Descriptive statistics for completion and engagement rates per task are presented in Table 1; descriptives for perfor-

mance on the tests assessing early academic skills are given in Table 2. Recall that completion for each task refers to

the number of items a child completed, and engagement refers to assessor ratings on a seven-point scale assessing

children's engagement. As can be seen from Table 1, we also report the drop-out for each of the tasks. This is the

number of children that did not complete at least half of the items of a given particular task (i.e., 2/3; 6/12; 12/24),

which was used as an exclusion criterion in earlier studies using this test battery (Mulder et al., 2014, 2017;

Verhagen et al., 2017). Here, these children were included, because we were interested in seeing which background

factors would predict completion and engagement rates in the entire sample.

5.2 | Completion and engagement as two separate constructs?

In our CFA investigating whether completion and engagement at age two should be considered two separate latent var-

iables or a single latent variable, we compared a model in which completion and engagement scores of all five tasks

loaded on a single variable to a model in which engagement scores from all tasks loaded on one variable and completion

scores for all tasks on another variable. This comparison showed that the two-factor model fitted our data better than
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the one-factor model (Δχ2 (1) = 30.58, p < 0.001). Even though the two-factor model fitted the data better than the

one-factor model, this model still fitted the data poorly (RMSEA = 0.198, 90% CI [0.192 … 0.204], CFI = 0.756,

SRMR = 0.071, N = 2466). We therefore included covariances between the latent variables completion and engage-

ment, and between completion and engagement scores for each individual task. The model including these covariances

fitted the data well (RMSEA = 0.071, 90% CI [0.065 … 0.077], CFI = 0.973, SRMR= 0.032, N = 2466).

For completion and engagement at age three, we also compared two models: a model in which completion and

engagement scores of all five tasks loaded on a single variable and a model in which engagement scores from all

tasks loaded on one variable and completion scores for all tasks on another variable. This comparison showed that

the two-factor model fitted our data better than the one-factor model (Δχ2 (1) = 45.17, p < 0.001). As with the

latent variables at age two, however, the two-factor model did not have a good enough fit (RMSEA = 0.171, 90% CI

[0.166 … 0.177], CFI = 0.802, SRMR = 0.073, N = 2709). After adding covariances between the latent variables

TABLE 1 Descriptives for completion and engagement per task at ages two and three years

Engagement Completion

M SD Min-max N M SD Min-max N Drop-out

Age 2

Selective attention 5.29 1.96 1…7 2386 2.71 0.83 0…3 2386 216 (9.1%)

Verbal short- term

memory

4.92 2.02 1…7 2336 8.74 4.42 0…12 2339 553 (23.6%)

Phoneme

identification

5.75 1.64 1…7 2446 10.42 3.17 0…12 2449 228 (9.3%)

Vocabulary 5.54 1.70 1…7 2409 21.88 5.27 0…24 2409 147 (6.1%)

Sentence

comprehension

4.87 1.99 1…7 2311 9.41 3.91 0…12 2311 407 (17.6%)

Working memory 5.97 1.50 1…7 2284 5.80 0.90 0…6 2256 59 (2.6%)

Age 3

Selective attention 6.54 0.94 1…7 2697 2.98 0.26 0…3 2697 19 (0.7%)

Verbal short- term

memory

6.14 1.27 1…7 2691 11.29 2.41 0…12 2691 122 (4.5%)

Phoneme

identification

6.71 0.85 1…7 2709 11.81 1.30 0…12 2709 32 (1.2%)

Vocabulary 6.51 0.95 1.0.7 2702 23.56 2.28 0…24 2702 25 (0.9%)

Sentence

comprehension

6.43 0.99 1…7 2688 11.84 1.12 0…12 2688 24 (0.9%)

Working memory 6.68 0.70 1…7 2596 5.98 0.21 0…6 2631 3 (0.1%)

Note: The selective attention task contained three items. The tasks measuring verbal short term memory, phoneme

identification and sentences comprehension contained 12 items. The vocabulary task contained 24 items.

TABLE 2 Descriptives for performance on early academic skills (Cito) in grade 1

M SD Min-max N

Mathematical skills 139.53 31.25 26.63…245.65 2205

Decoding 37.65 17.64 1…102 2160

Reading comprehension 114.81 28.22 8…198 1632

Vocabulary 51.76 21.21 �3…113 1554
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completion and engagement, and between completion and engagement scores for each individual task, the model

fitted the data well (RMSEA = 0.071, 90% CI [0.065 … 0.077], CFI = 0.971, SRMR = 0.031, N = 2709).

To test whether early academic skills could be represented as a single latent variable rather than as four separate

manifest variables, we ran a final CFA, in which all four Cito measures loaded onto a single latent variable. The one-

factor model showed good factor loadings for decoding (0.505), vocabulary (0.454), mathematics (0.563) and reading

comprehension (0.903), but did not fit the data well enough (RMSEA = 0.119, 90% CI [0.095 … 0.144], CFI = 0.947,

SRMR = 0.043, N = 2270). We therefore used the four variables as manifest variables in our subsequent analysis.

5.3 | Relations between engagement, completion, and early academic skills

To address our second and third research questions of (1) whether completion and engagement at ages two and

three were predicted by children's background variables age, gender, home language background, parental education,

and test location, and (2) how completion and engagement at ages two and three related to children's early academic

skills at age six, a SEM was run with the latent and manifest variables that we obtained in the CFA analyses pres-

ented above. This model thus included latent variables for completion at age two, engagement at age two, comple-

tion at age three and engagement at age three. It also included four different manifest variables representing

children's Cito scores. The model included all covariances between the tasks assessing early academic skills. We used

home language background, parental education, test location and gender as control variables. From these variables,

test location was only included as a control variable for the completion and engagement scores, but not for the Cito

scores, since all Cito scores were conducted at school. We also controlled for age (in months) by including a centred

value at ages two and three, which was calculated by subtracting the mean age of all participants at the particular

test moment from the age of each individual participant. This centred score was then used as a control variable for

the latent variable at that respective test wave.

The model furthermore included covariances between age at wave 1, and home language and parental educa-

tion. This was because children from higher socio-economic backgrounds tended to go to daycare at a younger age,

and were thus younger when tested at wave 1 than children from lower socio-economic backgrounds. The model

also included covariances between parental education, and home language and test location, as children with higher

educated parents were more often tested at home, and less often from families in which another language was spo-

ken alongside or instead of Dutch. Finally, the model included the earlier mentioned covariances between comple-

tion and engagement scores for each individual task at each age, but not across tasks and ages.

The model showed good data fit (RMSEA = 0.044, 90% CI [0.042 … 0.045], CFI = 0.926, SRMR = 0.040,

N = 3667). The results of the model can be found in Figures 1 and 2. Although one model was fitted, its results are

presented in separate figures for ease of visual presentation. Figure 1 presents all relations with the variables age,

gender, parental education, home language background and test location, shedding light on the characteristics of

non-responders. Figure 2 presents the relation between completion and engagement scores at ages two and three,

and early academic skills at age six, and thus informs us about the predictive component of non-response. For an

overview of how the different tasks loaded onto the latent factors completion and engagement, as well as the corre-

lations across the different early academic skills, see the Appendix (Figure A1).

As can be seen from Figure 1, age correlated weakly but significantly with completion and engagement at age

two. Thus, the older children were, the more items they completed (β = 0.228, p < 0.001) and the more engaged

they were (β = 0.253, p < 0.001). In addition, effects of home language background were found: children who did

not have Dutch as their (sole) home language generally completed fewer items (β = �0.231, p < 0.001) and obtained

lower engagement scores (β = �0.212, p < 0.001) than children from homes in which only Dutch was spoken. We

also found significant correlations between parental education and non-response: children with higher educated par-

ents completed more items (β = 0.162, p < 0.001) and were also more engaged (β = 0.222, p < 0.001) than children

with less highly educated parents. Furthermore, we saw significant relations between gender and non-response: girls
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completed slightly more items (β = 0.074, p < 0.001) and were somewhat more engaged (β = 0.063, p = 0.002) than

boys. Finally, we saw a significant relation between test location and engagement, with children being less engaged

when they were tested at daycare (β = �0.047, p = 0.027). Children also completed fewer items when tested at

their daycare, but this relation was not significant (β = �0.036, p = 0.103).

F IGURE 1 Structural equation model showing all relations with the background variables. Standardized estimates are
presented. Gray lines represent non-significant coefficients. * p < 0.05, ** p < 0.01, *** p < 0.001. Covariates between age
and the other background variables were only included for age 2 (see under ‘Analyses’ for an explanation).

F IGURE 2 Structural equation model showing all relations between completion and engagement and early
academic skills. Standardized estimates are presented. Gray lines represent non-significant coefficients. *p < 0.05,
**p < 0.01, ***p < 0.001.
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We observed fewer significant, and overall weaker, relations between these background variables and non-

response at age three: gender (β = 0.044, p = 0.028) and parental education (β = 0.090, p = 0.004) were related to

engagement in a similar way as at age two, but age (β = 0.041, p = 0.071), home language background and test loca-

tion (β = 0.020, p = 0.392) were not (β = �0.030, p = 0.202). There were no significant correlations between com-

pletion at age 3 and any of the background variables.

The results also indicated weak, but significant relations between parental education and each of the early

academic skills: mathematical skills (β = 0.253, p < 0.001), vocabulary (β = 0.207, p < 0.001), decoding

(β = 0.166, p < 0.001) and reading comprehension (β = 0.263, p < 0.001). Thus, children from families in which

parents were highly educated generally obtained higher scores than children from families in which parents

were less highly educated on all early academic skills. Moreover, significant relations with home language back-

ground were found for all tests except for the test measuring reading comprehension: children from families in

which Dutch was not the (sole) home language obtained lower scores on the tests measuring vocabulary

(β = �0.271, p < 0.001) and mathematics (β = �0.068, p = 0.005) than children from Dutch-only homes. How-

ever, children who heard another language than only Dutch at home scored slightly better on decoding than

children who heard only Dutch (β = 0.077, p = 0.002). Finally, we observed a couple of significant relations

between children's gender and performance on early academic skills: girls performed slightly better than boys

on vocabulary (β = 0.072, p = 0.001) and reading comprehension (β = 0.094, p < 0.001), whereas boys per-

formed slightly better on mathematics (β = �0.089, p < 0.001), and on decoding (β = �0.037, p = 0.080),

although this latter relation was not significant.

The results in Figure 2 show a number of significant relations between completion and engagement scores on

the one hand and early academic skills on the other hand, but these are generally weak. Specifically, we found weak

but significant relations between reading comprehension and engagement at both age two (β = 0.162, p = 0.009)

and age three (β = 0.119, p = 0.004). Engagement at age three was found to be positively related to decoding

(β = 0.134, p = 0.001), whereas completion at this age was negatively related to decoding (β = �0.151, p < 0.001).

Furthermore, there was a weak but significant relation between engagement at age two and vocabulary in grade

1 (β = 0.251, p < 0.001). Regarding the relations between completion and engagement between ages two and three,

the results in Figure 2 show that engagement at age two was negatively related to completion at age three

(β = �0.123, p = 0.018), but not to engagement at that same age (β = 0.040, p = 0.449). However, there was a mod-

erate significant relation between completion at age two and engagement at age three (β = 0.289, p < 0.001). There

was also a relation of comparable strength between completion at age two and completion at age three (β = 0.334,

p = 0.001). Furthermore, although our CFA indicated that completion and engagement should best not be consid-

ered a single factor, they were highly correlated at both age two (β = 0.819, p < 0.001) and age three (β = 0.632,

p = 0.026).

6 | DISCUSSION

In the present study we examined non-response in a sample of over 3000 two-and three-year olds who were admin-

istered a series of developmental tasks at ages two and three and tests of early academic skills in grade 1. The aim of

our study was to examine whether non-response at toddler age could be predicted by children's background charac-

teristics and whether it was predictive of early academic skills 3 to 4 years later. More specifically, we assessed

(1) whether two aspects associated with non-response - here labelled task completion and engagement - were sepa-

rate constructs, (2) which background characteristics (i.e., age, gender, parental education, home language and test

location) were predictive of non-response, (3) whether non-response was stable from age two to age three and

(4) whether non-response at ages two and three predicted early academic skills in grade 1.

Using SEM analyses, we found no evidence that task completion and engagement were represented by a single

latent construct. Rather, our analyses showed that, both at ages two and three, these two factors were better
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represented as separate variables, than as a single latent variable. However, in our final model the two were highly

correlated, especially at age two. These outcomes suggest that the various behaviours associated with data loss are

separable yet interrelated, such that children who do not respond are likely to be (perceived as) not engaged, and

vice versa. It is important to note, however, that non-response may reflect childrens' competences as measured by a

particular task, such that children do not respond to items they do not know the answer for. Yet, if this were the

case, it is still important to understand which children are likely not to give a response, even if this is merely an indi-

cation of their abilities to respond accurately in a task. Taking these children out of a data set could lead to the over-

estimation of a particular effect in the remaining sample, because it would be based on good performers. Likewise,

excluding the items to which children do not respond might lead to a slight overestimation of performance in chil-

dren with relatively many of such items. Hence, even if non-response reflects to some degree children's abilities to

perform a task, it is still crucial to see whether and when non-response is selective, so as to be able to minimize it in

studies with young children.

Earlier research (Slaughter & Suddendorf, 2007; van der Velde & Junge, 2020) has shown that several back-

ground characteristics are associated with non-response. Our results corroborate these findings, as we found that

age, gender, parental education, and home language background (i.e., being from a Dutch-only home or not)

predicted both completion and engagement at age two, and test location predicted engagement at age 2, although

this latter effect was rather small. At age three, gender and parental education predicted engagement. It is important

to point out that non-completion at age three was relatively low: seemingly, the tasks were less demanding for most

children at this age, with the exception of the nonword repetition task, which was the sole task requiring a verbal

response from the child. Our results suggest that when tasks are demanding for a particular age group, children who

do not speak the target language (well) or have lower educated parents are less likely to respond to the items of a

task than children who do speak the target language well and have higher educated parents. These findings highlight

the need to include children from various language and socio-economic backgrounds in study samples to obtain rep-

resentative samples, and, in fact, oversample children from these groups to compensate for higher degrees of

data loss.

As for longitudinal relations between non-response and early academic skills, we observed that completion

and engagement predicted early academic skills at least to a certain extent. Specifically, engagement at age two

predicted both reading comprehension and vocabulary in grade 1. Engagement at age three predicted reading

comprehension and decoding in grade 1. A final, somewhat unexpected finding was the negative relation

between completion at age three and decoding in grade 1. It is important to note that completion scores at age

three were high overall, and non-completion was largely due to the nonword repetition task. Perhaps, children

at this age rather did not repeat a non-word at all than repeat it incorrectly, in which case non-completion at

age three would be indicative of children's inhibition of wrong answers or self-awareness, which might, in turn,

be related to decoding in grade 1. All other relations between non-response and early academic skill were in

line with the idea that children who are engaged with tasks when they were toddlers constitute a special group

that does well at early academic tests at school when they are 6 years old, at least on tests measuring language

(�related) skills.

Non-response turned out to be somewhat stable across ages two and three: completion at age two was signifi-

cantly related to completion and engagement at age three. Yet, we also observed that engagement at age two was

negatively related to completion at age three. Again, a speculative interpretation of this result is that non-completion

on the non-word repetition task reflected children's inhibition of wrong answers or metalinguistic awareness, along

the lines of the ideas sketched above. Taken together, our findings suggest that children who do not complete tasks

at age two tend to be the same children that will not respond at age three. The overall picture that emerged from

our results then is that non-response rates in developmental tasks at 2 years of age are subject to effects of child

characteristics (home language background, parental education) and have some predictive value for non-response at

age three and for early academic skills at age six.
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6.1 | General discussion

All in all, our results support earlier work that non-response in children can be predicted by several background char-

acteristics (Bathurst & Gottfried, 1987; van der Velde & Junge, 2020) and that this is not only the case for infants, but

also for slightly older children aged two and 3 years. Moreover, our CFAs showed that task completion and engagement

are two separable, but related, constructs, which are related to child characteristics such as age and home language.

Yet, our results indicate that especially the linguistic competences that are required to participate might form a hin-

drance: children from non Dutch-monolingual homes were more likely to be non-responders, and non-response was

related to linguistic skills in grade 1. The idea that linguistics competence plays a role in task completion and engage-

ment is also supported by the fact that, in general, non-response was low at age three, whereas we did observe quite

some non-response at age two. Taken together, there seems to be a fine line between the complexity of the task proce-

dure, and linguistic competence necessary for the task, on the one hand, and non-response on the other hand. The tasks

in this test battery were quite difficult for a subset of the two-year-olds, but did not seem too difficult anymore for

three-year-olds. Older children likely will not show non-response on the tasks as they were administered here, but they

might show non-response if the tasks become more complex, for example, in terms of their linguistic demands or

response requirements. In this respect, it is also important to note that different non-response patterns might exist: chil-

dren could respond less towards the end of a task, or rather respond less in the beginning, and there are likely many

other possible non-response patterns. Because of the wide variety of patterns that could occur, which might differ

across tasks as well, and the fact that we were not interested in the mechanics of a particular task, we did not investi-

gate such non-response patterns further in this study. However, future studies that delve deeper into the mechanics of

a particular task, could take non-response patterns into account when looking at task complexity.

Another factor that might have accounted, at least in part, for the non-response in our study is that it contained five

computerized tasks that were presented successively. The highest rates of non-response were found for the fifth task

(at age two) and the fourth task (at age three) in the sequence, which suggests that fatigue may have played a role. Future

work could examine effects of task duration (and task order) on non-response. In addition, it would be worth exploring

which properties of tasks induce minimal non-response in toddlers, and see how these properties may be incorporated in

other tasks. In our study, for example, we noticed that the working memory task (i.e., Six Boxes task, Diamond et al., 1997)

was performed by virtually all children at age 3. While this might be partly due to the fact that guessing was not penalized

(unlike, for example, in the visual search task where negative feedback was given), this could also be due to the fact that

children performed a fun task that fitted their developmental stage (i.e., look for toys). Perhaps, looking for tangible toys in

boxes seduced even the least responsive children in the sample to perform the trials, suggesting that it may be worthwhile

to see which characteristics of tasks eliciting high response rates can be incorporated in other tasks as well. Our study has

a number of limitations. First, we cannot exclude that non-response effects are partially caused by the high number of lan-

guage tasks (four out of five) in our study. Nevertheless, we used a wide variety of tasks that required various types of

stimuli (visual, auditory, laptop, tangible objects) and various types of responses (pointing, grasping objects, producing lan-

guage). We also tried to keep verbal demands to participate low by using scripted language involving a small number of

very short sentences containing only high-frequency words, supported with gestures. Future research could address to

what extent our outcomes generalize to tasks in other domains. A second limitation is that home language background

information was missing for a considerable number of children (21%). In addition, children from families with highly-

educated parents were overrepresented in our sample. Since effects were still found, this might indicate that we are actu-

ally underestimating the observed effects. Finally, children's engagement was based on an assessor rating scale that was

not very specific. In future work, clear protocols, coding systems, and interrater reliability checks should be included to

make measurements more reliable, and as such, allow for a more thorough investigation of how engagement relates to

completion as well as other factors associated with non-response.

Despite its limitations, our study constitutes a first step towards understanding to what extent non-response in

developmental research can be predicted by children's background and whether it is predictive of later scholastic

achievement. In developmental studies, low completion rates often lead to exclusion of children, but low
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engagement typically does not, except in younger children where it is subsumed under the general notion of ‘fussi-
ness’. Since these two constructs are not necessarily the same, studies should be clear about which criteria they use

for excluding children. In fact, as non-response appears not to be random, researchers should be careful to exclude

children and ideally use analytical techniques in which non-complete data can be included, such as mixed effects

modelling or Item Response Theory, in which scores at the item level can be analysed. It is also recommended to

include attrition analyses and fine-tune conclusions towards the sample being looked at, to avoid overgeneralizing or

overstating results. At the very least, consistent use of such analyses and sample descriptions will help give us some

idea of sampling bias in our field, and of the consequences of such biases for theory construction.
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