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A B S T R A C T   

This study tested whether Bookstart – a program promoting book reading in infancy – continues to have an 
impact well into Kindergarten. We distinguished between children who were more or less challenging to read to 
in infancy (more or less temperamentally reactive). Eighty percent (n = 471) of a sample participating in a study 
when the children were one year old – about half involved in Bookstart – agreed to complete a home literacy 
survey when the children were, on average, 72.1 months. A smaller group (n = 318) also consented to collect 
tests concerning language and math at children's Kindergarten. The findings show that language development 
when they are about to start learning to read still profits from Bookstart. Especially the temperamentally most 
reactive 50 % shows benefits (d = 0.21). Bookstart also improved children's home literacy environment (longer 
book reading sessions), but this effect did not explain Bookstart's impact in Kindergarten.   

1. Introduction 

This study focuses on the long-term effects of families' participation 
in Bookstart. Bookstart aims to promote language and literacy skills — 
the best predictors of school achievement (e.g., Barnes & Puccioni, 
2017; Niklas, Cohrssen, & Tayler, 2016; Pace, Burchinal, Alper, Hirsh- 
Pasek, & Golinkoff, 2019). The program's primary mechanism is an 
early start with book reading, preferably in the first year of children's 
life. Shared book reading is considered one of the most potent stimuli for 
language and literacy skills (Dickinson & Morse, 2019; Golinkoff, Hoff, 
Rowe, Tamis-LeMonda, & Hirsh-Pasek, 2019). Compared to other daily 
activities involving verbal exchanges between parent and child, book 
reading is a strong incentive for language because parents use richer 
language than during other activities (e.g., Crain-Thoreson, Dahlin, & 
Powell, 2001; Sosa, 2016). In addition, picture books are “lexical res-
ervoirs” containing more scarcely used and more sophisticated words 
and grammar than parent-child dialogue (Debaryshe, 1993; Demir-Lira, 
Applebaum, Goldin-Meadow, & Levine, 2019; Dickinson, Griffith, 
Golinkoff, & Hirsh-Pasek, 2012; Majorano & Lavelli, 2014; Montag, 
2019; Montag, Jones, & Smith, 2015). Moreover, besides the language 
input through the narratives, book reading stimulates adults to converse 
on topics of interest to the children (e.g., Flack, Field, & Horst, 2018). 

To promote an early start with book reading, Bookstart parents in the 
Netherlands receive, apart from valuable tips for sharing books with 
babies, two baby books for free and (free) access to the local library with 
a vast collection of books for the very young. The books and folder are 
packed into a toy case with the Bookstart logo (a Dick Bruna drawing of 
a parent reading to a child), which presence in the home may remind 
parents of book reading. It may thus “nudge” parents to initiate and 
maintain book reading routines (De Bondt, Willenberg, & Bus, 2020). 
The effect studies in the last three decades in which the program is in use 
suggest that Bookstart children show a relatively high interest in books 
and score higher on vocabulary tests when they are around three years 
old (e.g., High et al., 2014; Jones et al., 2000). A meta-analysis (De 
Bondt et al., 2020) discusses Bookstart's effects on literacy-promoting 
aspects of the home environment and children's reading and language 
skills. The combined set of meta-analyzed studies, mainly focusing on 
children from zero to three years old and only one involving 5-year-olds 
(Wade & Moore, 1998), revealed significant effects on the home envi-
ronment (k = 10, d = 0.25) and children's reading and language skills (k 
= 5, d = 0.23). 

Many countries across various continents invest in Bookstart or 
similar programs. The long-term effects of such programs on children's 
language and literacy development are of interest to decide whether this 
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kind of light-touch parent support in early childhood – lacking, for 
instance, any personal coaching – is worth the material and financial 
investment. Aiming at an early start with book reading across the whole 
population is less worth the investment if there is no beneficial effect in 
the long run. For example, when parents find it hard to share books with 
infants (Lin, Reich, Kataoka, & Farkas, 2015), there may be an early 
vocabulary lag (e.g., High et al., 2014; Jones et al., 2000; van den Berg & 
Bus, 2014). However, due to regularly hearing stories between three and 
five years, the delay in language development due to less book reading 
in the first two years may disappear. In that case, there is no need to 
stimulate an early start with book reading. Unfortunately, we miss well- 
designed experiments testing that adverse effects of a late start are still 
present when children are five to six years (De Bondt et al., 2020). This 
study addressed this gap. 

1.1. Differential susceptibility 

In testing the effects of Bookstart, we need to consider that program 
effects may depend on the child's biological and psychological charac-
teristics and the parents' reactions to those (Bronfenbrenner, 1979). We 
may fail to find any program impact if we do not consider children's 
behavior that influences parental behavior and thus determines the 
program's role in the home environment. For instance, we conjecture 
Bookstart is less valuable when parents are inclined to start early with 
reading to young children. So, Bookstart might be particularly relevant if 
parents are not convinced that the youngest children need book reading, 
as may be the case in low-literate families (e.g., Dickinson & Morse, 
2019; Durham, Farkas, Hammer, & Tomblin, 2007). But also, literate 
parents may be hesitant to read to their children, as is known to occur 
with so-called temperamentally reactive children (Karrass, Van-
Deventer, & Braungart-Rieker, 2003; Machida, Taylor, & Kim, 2002; 
Vernon-Feagans et al., 2008). Temperamental traits manifest early in life 
and contribute to individual differences in regulating and modulating 
emotion, attention, behavior, and motor activity (Gartstein & Rothbart, 
2003; Rothbart, 1981). For example, proneness to sadness, anger, and 
frustration may make temperamentally reactive children's behavior 
challenging for their parents. As a result, parents may be less inclined to 
initiate verbal exchanges with the children (e.g., Dixon & Smith, 2000; 
Karrass, Braungart-Rieker, Mullins, & Lefever, 2002). Unintentionally, 
they may thus create a less optimal learning environment with no or less 
book-reading (e.g., Banerjee & Tamis-Lemonda, 2007; Garello, Viter-
bori, & Usai, 2012; Spinelli, Fasolo, Shah, Genovese, & Aureli, 2018; 
Usai, Garello, & Viterbori, 2009). As a result, their children are more at 
risk for language delays (e.g., Dixon & Smith, 2000; Karrass et al., 2002; 
Usai et al., 2009). 

In a sample with mainly middle to high educated parents, we expect 
that, in particular, this group of temperamentally reactive children may 
benefit from Bookstart stimulating parents to start early with book- 
reading despite their children's temperament style. The outcome may 
be that temperamentally reactive infants reach the same score on lan-
guage skills as less reactive peers (Zuckerman, 1999), which would align 
with the diathesis-stress model (e.g., Belsky, Bakermans-Kranenburg, & 
Van IJzendoorn, 2007). It predicts that vulnerable children catch up and 
perform at their peers' level due to an intervention. However, an alter-
native differential susceptibility model predicts partly different out-
comes (e.g., Belsky et al., 2007; Kegel, Bus, & van IJzendoorn, 2011; 
Plak, Merkelbach, Kegel, van IJzendoorn, & Bus, 2016). There is evi-
dence in the literature that the temperamentally reactive group, more 
dependent on an enriched environment, is at the same time more 
malleable (e.g., Blair, 2002; Poehlmann et al., 2012; Widaman et al., 
2012). They not only catch up due to an intervention, but these children 
may be able to acquire a higher achievement level under more optimal 
learning conditions and even outperform their temperamentally less 
reactive peers. In other words, the susceptible group is more sensitive to 
context, for better and for worse. 

A previous study mainly including middle to high-educated parents 

(van den Berg & Bus, 2014) testing the effect of Bookstart on infants' 
vocabulary at 15 months confirmed the hypothesis that temperamen-
tally reactive infants are more at risk for language delays. Without 
Bookstart, their parents appeared less inclined to read to the infants who 
lagged behind their less reactive peers in vocabulary when they were 15 
months old. However, in line with the differential susceptibility model, 
predicting that temperamentally reactive infants are more vulnerable 
and, at the same time, more malleable, their vocabulary outperformed 
the less reactive Bookstart peers. This finding confirms that Bookstart 
had a protective effect when children were at risk of a less stimulating 
environment and delayed vocabulary development due to their 
temperament. At the same time, these temperamentally more reactive 
children were more responsive, and Bookstart enabled them to outper-
form their peers. However, we could not entirely exclude that other 
conceivable samples might respond by the diathesis-stress model; 
temperamentally reactive children catch up due to Bookstart but do not 
outperform their less reactive peers. 

In the present study, we tested Bookstart's effects in the long run in 
the same sample as in the 2014 study, taking into account the differences 
in temperament in infancy. The control and Bookstart group gaps found 
at 15 months might have dissolved due to book-reading and other lan-
guage experiences since the assessment at 15 months. However, it is also 
possible that differences remain, perhaps because the early book reading 
experiences may impact later book reading habits and thus language 
development. More language proficiency at 15 months may increase 
children's interest in book-reading, and more print exposure may 
consolidate or even increase initial differences in language skills. We 
tested whether, just as at 15 months, scores at 5–6 years align with the 
differential susceptibility model. 

1.2. Book-reading habits explaining long-term effects of Bookstart 

As children experience more book reading in the first two years, they 
may, as a result of more language input, know more words and be more 
efficient in processing familiar words in real-time (e.g., Weisleder & 
Fernald, 2013). Knowing more words, they may enjoy stories more and 
be more eager to engage in book-reading after the first two years (e.g., 
Raikes et al., 2006). An initial advantage in language may bring children 
into a ‘flow,’ causing a continuous higher language input through book- 
reading, which may stimulate their language proficiency (Dawdall et al., 
2020). Even at first glance, minor discrepancies in the frequency of book 
reading between three and five may have enormous consequences for 
language input. For example, extrapolating from the average length of 
picture books, Logan, Justice, Yumus, and Chaparro-Moreno (2019) 
estimated that reading daily and a few times a week could reach an input 
difference of nearly a million words over four years. 

In this line of argumentation, any long-term Bookstart effects might 
be mediated by book-reading habits between three and five. Further-
more, in line with differential susceptibility, we expect, in particular, the 
more malleable, temperamentally reactive children to have the best 
chance to come in a flow, causing a continuous higher language input 
through book reading. Since these children are more susceptible to the 
environment, they may profit more from book-reading and, more than 
their peers, get into an upward spiral. To test this hypothesis, we 
questioned their parents about the home literacy environment when 
children were 5–6 years old and tested whether differences in book- 
reading habits mediate long-term Bookstart effects on language and 
literacy skills. 

1.3. The present study 

We carried out the present follow-up study to find evidence for the 
hypothesis that Bookstart continues to impact language and literacy 
skills well into Kindergarten. We sought to test the following hypotheses: 
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1. Bookstart has long-term effects but not in the whole group; the 
temperamentally highly reactive children show impact but not their 
less reactive peers. 

2. In line with the differential susceptibility model, the temperamen-
tally reactive group stays behind in the control condition but out-
performs the peers in the Bookstart condition.  

3. Besides uniquely impacting language and early literacy skills such as 
vocabulary, listening comprehension, and phonemic awareness, 
Bookstart may affect broader executive functions, which would also 
improve other skills such as math.  

4. Bookstart may lead to more frequent and more prolonged reading at 
5–6 years, and such differences in book-reading habits may 
(partially) explain any long-term effects of Bookstart. 

2. Material and methods 

2.1. Design 

We invited the complete sample involved in a study starting when 
children were about eight months and with a final test at 15 months (van 
den Berg & Bus, 2014) to participate in this study aiming at testing long- 
term Bookstart effects when children were at the edge of beginning 
primary education. The original experimental group received a Book-
start package – a baby case with two baby books and information about 
the importance of starting early with book reading – and free library 
membership for their child. The researchers recruited the control group 
through 35 child health care centers in municipalities that had not yet 
introduced the Bookstart program. When their children were around 
eight months old, parents completed a questionnaire, including a Dutch 
version of the Infant Behavior Questionnaire — revised (IBQ-r) to assess 
their temperament (Gartstein & Rothbart, 2003). Approximately five 
years later, we invited the same participants to complete a questionnaire 
targeting the frequency of shared book reading and other literacy- 
promoting aspects of the home environment, like the number of chil-
dren's books and bedtime routines. Furthermore, we asked parents' 
permission to obtain language tests, early literacy tests, and math tests 
from the children's Kindergarten. 

2.2. Procedure 

We contacted parents via an email that included a personalized link 
to the digital survey, including the request to contact the children's 
Kindergarten for test results. Parents could receive the survey in print, 
but no participants wanted a print version. We sent a reminder up to 
three times if parents had not responded to the previous invitation. Data 
collection with the online survey took place from November 2017 until 
January 2018. We combined the data about children's group member-
ship (Bookstart versus control group) and their temperament in infancy 
with the recent survey about the home literacy environment and stan-
dardized tests in Kindergarten to answer the research questions. 

All procedures performed were per the institutional and national 
research committees' ethical standards and were acceptable according to 
the 1964 Helsinki declaration and later amendments or comparable 
ethical standards. The Institutional Review Board of the Vrije Uni-
versiteit Amsterdam approved the research protocol. 

2.3. Participants 

From the original sample (n = 584), 80 % agreed (n = 471) to 
complete the follow-up survey when the children were five to six years. 
The attrition partly explained by outdated email addresses was com-
parable with the attrition rate in other longitudinal studies (e.g., 
Sénéchal & LeFevre, 2002). Three hundred and eighteen parents 
completing the follow-up survey (67.5 %) gave informed consent to 
collect tests from children's Kindergarten. Parents who consented to 
request test results at school did not differ in parental education, age, 

and family composition from those who did not consent. However, boys' 
parents refused consent more often than girls (p = .037). The percentage 
giving consent (66.5 % and 69.1 %, respectively) did not differ between 
Bookstart and control group (p = .714). In some cases, we did not receive 
useful test data. The Kindergarten used no tests (n = 30) or another test 
than the Cito Language test taken in January of senior Kindergarten year 
(n = 22) or a similar test but taken earlier or later in children's school 
career (n = 28). Sometimes schools did not provide data after repeated 
requests (n = 11) or sent incomplete data insufficient for inclusion (n =
18). Four parents withdrew their initial consent realizing that retrieving 
the test results increased the teacher's burden. Children who completed 
the Cito Language Test for Kindergarten (n = 205) mostly also 
completed the Cito Math test in the same year (n = 198). Fig. 1 shows the 
flow diagram of the data collection and the reasons for attrition. 

Within the sample (n = 471), 62 % (n = 293) had participated in 
Bookstart and 38 % (n = 178) in the control group. As Table 1 shows, the 
two groups were equal in sex (p = .911), family composition (p = .447), 
and Dutch as primary language (p = .471). However, the control group 
children were slightly older (p = .031), and the education level of 
Bookstart mothers was higher than in the control group (p = .001). 
Concerning parental education, the sample did not reflect the Dutch 
population. The lowest education level was under-represented in our 
sample. Only a small group (0.8 %) reported that they only finished 
primary education, whereas this percentage is much higher (8.8 %) in 
the total Dutch population (CBS [Statistics in the Netherlands], 2021). 
However, there were no differences in children's age (p = .499) and the 
mothers' education level (p = .501) between the experimental and 
control groups for which the literacy tests were available. Almost all 
children completing the Cito Language Test completed the Cito Math 
Test (n = 198). Only seven children were missing. The top half of Table 1 
presents scores for the complete sample and the bottom half for this 
subsample. 

2.4. The Bookstart intervention 

The Bookstart intervention started thirty years ago in the UK and is 
implemented in about 30 countries in Europe, Asia, North America, 
Central and South America, and Oceania (see for a specification of af-
filiates: https://www.booktrust.org.uk/about-us/booktrust-affiliates). 
Their number is still growing. Families receive free books through health 
care centers, librarians, or Bookstart coordinators, and tips for parents 
on sharing books and finding resources for new books for the very 
young. The program is open to all families and not just disadvantaged 
families. For example, in the Netherlands, young parents are contacted 
through the municipality, sending families a letter to inform them about 
a present at their local library approximately three months after the 
youngest child's birth. The gift is an attractive small case containing two 
baby books- one soft cloth and a cardboard book. The package also in-
cludes a flyer promoting an early start with shared book reading and tips 
for sharing books with babies. When the parents collect the case at the 
library, the child becomes free of charge a member of the local library, 
providing access to an extensive collection of infant and children's books 
in an attractive room, offering parents and children the opportunity to 
play and share books. The program does not include coaching or other 
book gifts. 

2.5. Instruments 

2.5.1. Assessments at eight months 

2.5.1.1. Temperament. When children were eight months old, parents 
completed 22 items of the Dutch version of the Infant Behavior Ques-
tionnaire — revised (IBQ-r), a widely used questionnaire about infant 
temperament. The items describe child behavior in parent-child inter-
action (e.g., smiling, fussing, crying) on an 8-point scale (ranging from 
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‘always’ to ‘not applicable’). The questionnaire translated by M. Roest- 
de Zeeuw and K. van Doesumis was validated in a Dutch study (Klein 
Velderman, Bakermans-Kranenburg, Juffer, & van IJzendoorn, 2006). A 
Principal Component Analysis (PCA) was conducted on all items of the 
IBQ-r and resulted in two factors. The first component (compliant 
temperament) consisted of six items involving children's positive re-
actions to bathing, washing their faces and hair, laying on their backs, 
and playing together. Loadings ranged from 0.56 to 0.75. This factor 
considerably overlaps with Rothbart's smile and laughter scale (Gart-
stein & Rothbart, 2003; Rothbart, 1981). Cronbach's alpha reliability 
equaled 0.77. We summarized the scores resulting in a scale ranging 
from 0 to 42. The second component (reactive temperament) consisted of 
six items reflecting adverse reactions like whining, crying, fussing, 
squirming, kicking during feeding, washing, carrying the child on the 
arm, or putting the child to bed. Loadings ranged from 0.58 to 0.76. The 
Cronbach's alpha reliability equaled 0.67. Higher scores on this scale 
ranging from 0 to 42 indicated higher temperamental reactivity. Both 
scales, compliant temperament and reactive temperament, were used in 
the data analysis. 

2.5.2. Assessments at 5–6 year 

2.5.2.1. Survey of the home literacy environment. We created the digital 
survey in Qualtrics. The questionnaire included questions about the 
home literacy environment. We targeted the following features of the 
target child's home literacy environment: the start of book-sharing, the 
number of children's books in the household and their location 
(bedroom or living room), library membership, frequency of library 
visits (rarely, once per two months, once a month, weekly), participating 
in book-reading sessions at the library or the bookstore, occasional 
daytime book reading (one or multiple times a day, a few times per 
week, incidentally), daily bedtime book-reading sessions (yes/no), other 
bedtime routines (singing songs, playing games, watching TV or playing 
a game on tablet or smartphone), duration of reading sessions (1–15 
min, 15–30 min, 30–60 min, 60–120 min), and the child's interest in 
reading independently (one or multiple times a day, one or multiple 
times a week, incidentally). Parents completed the online survey of the 
home literacy environment from November 2017 until January 2018, 

when their children were five to six years old. 

2.5.2.2. The Cito Language Test for Kindergarten [Taal voor Kleuters]. 
The most frequently available test in the current sample's Kindergartens 
was the Cito Language Test for Kindergarten, the version applied in 
January in the second Kindergarten year (Lansink & Hemker, 2012). The 
Committee for Test Quality in the Netherlands [Commissie Testaange-
legenheden Nederland] rated the test adequately (Egberink, Leng, & 
Vermeulen, 2010). In the senior Kindergarten year, teachers can 
administer this standardized test twice a year (January and June) group- 
wise (whole class or smaller groups). It includes 60 multiple-choice 
items with three or four answer alternatives drawn in color, among 
which one best represents the answer to the question (see Figure 2). The 
test assesses receptive and expressive vocabulary, story comprehension, 
rhyming, identifying the first and last word in sentences, sound 
blending, writing conventions (e.g., reading from left to right), and 
predicting book content using the book cover. The test comprises two 
parts assigned on different days or with a long pause, each taking 
approximately 20 to 30 min. The teachers read aloud the text above the 
picture in Fig. 2, and the children have ample time to answer the 
questions. Then, after testing, the teacher marks the wrong answers and 
calculates the raw and standardized scores. We asked teachers to send us 
the raw score. Unfortunately, not all schools used this test, and it was, 
therefore, not available for all children whose parents consented to 
obtain test results at their school. Our attempts to convert the most 
common alternative tools' outcomes into a score comparable to the Cito 
test were unsuccessful. 

2.5.2.3. The Cito Mathematics Test for Kindergarten [Rekenen voor 
Kleuters]. To test whether the impact of Bookstart affects broader skills 
such as executive functions, which would improve other skills such as 
math, we also collected data about mathematics. The Cito Mathematics 
Test for Kindergartners (Koerhuis & Keuning, 2011) measures children's 
emerging numeracy ability. The test targets number comprehension (the 
number sequence, quantities, numbers), counting (height, volume, 
weight, and time), and geometry (orienting and locating, constructing, 
and operating with shapes and figures). The test consists of two parts of 
respectively 23 and 24 multiple-choice items with three or four answer 

Primary study when children
were eight months

(n = 584)

Found families willing to
par�cipate in follow up study
when children were 5 or 6 years
(n = 471)

Sample with informed consent
for data collec�on at school

(n = 318)

A final sample, including Cito
Language Tests, January second
kindergarten year

(n = 205)

Missing: n = 4

No consent: n = 149 (31.6%)

Consent: n = 318 (67.5%)

No tes�ng in Kindergarten: n = 30

Another test than Cito Language Test: n = 22

A Cito test taken much earlier or later: n = 28

Incomplete test data: n = 18

Parents withdrawing consent: n = 4

No data received: n = 11

Fig. 1. Flow diagram of data collection.  
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alternatives. The administration of each part takes about 20 to 30 min. 
Testing and coding are similar to the Cito Language Test for 
Kindergarten. 

2.6. Analyses 

To test the long-term effects of Bookstart and which children 
benefited, in particular (Hypothesis 1), we regressed the Cito Language 
Test for Kindergarten on the predictors: Bookstart (dummy coded), 
temperament (scores on compliant and reactive temperament), and in-
teractions between temperament and Bookstart. In the first step, we 
entered the two covariates (sex and the mothers' education level); in the 
next step, the two temperament scores and Bookstart; in the third step, 
the interactions between the two temperament scores and Bookstart. 
The two temperament scores, compliant and reactive, were mean- 
centered (Aiken, West, & Reno, 1991). 

Next, we further inspected, if available, the condition-by- 
temperament interaction to test whether the data pattern aligns with 
the differential susceptibility model (Hypothesis 2). We expected the 
temperamentally high reactive group to benefit from Bookstart and the 
low reactive group not. Projecting the condition (Bookstart versus 
control) on the x-axis and the language test scores on the y-axis, the two 
lines for the high and low reactive groups should cross at some point 
within the range of x-values. Next, we regressed the language test on 
Bookstart separately for the high and low reactive groups. The slope for 
the susceptible subgroup (the high reactive group) should be signifi-
cantly different from zero and, at the same time, considerably steeper 
than the slope for the non-susceptible subgroup — the low reactive 
group (Belsky et al., 2007). Finally, we tested whether the crossing point 
and confidence intervals around the crossing point fell within the 0–1 
range on the x-axis. We used Widaman's Extra Material for SPSS 
(Widaman et al., 2012) to estimate the crossover point and confidence 
interval. 

Next, we repeated the analyses for the Cito Math Test to test Book-
start's effects on math skills (Hypothesis 3). 

Finally, we tested whether Bookstart and the control group differed 
in book reading habits and whether habits showing a difference medi-
ated the relationship between Bookstart and outcome measures in 
Kindergarten (Hypothesis 4). We conducted a series of regressions using 
the SPSS process macros (Baron & Kenny, 1986; MacKinnon, Fairchild, 
& Fritz, 2007; Preacher & Hayes, 2008). We followed the recommen-
dations from Rucker, Preacher, Tormala, and Petty (2011) and tested 
whether (a) the independent variable (Bookstart) related to the medi-
ator (book reading habit); and (b) the mediator (book reading habit) 
related to the dependent variable (outcome measures in Kindergarten). 
A resampling method was used to yield percentile confidence intervals 
of the total effect of indirect effects. We thus test whether mediator 
variables add significantly to the model and mediate the impact of in-
dependent variables on outcomes. 

Table 1 
Participant background characteristics and test scores for the total sample (top 
half) and the subsample for whom standardized test scores were available 
(bottom half).  

Total sample 
N = 471 

Bookstart 
n = 293 

Control 
n = 178 

Statistics 

Boys/girls (n) 153/140 92/86 Х2 (1) = 0.013, p =
.911 

Age in months (M, SD) 71.7 (3.0) 72.4 
(3.0) 

t (469) = 2.161, p =
.031 

Percentage two-parent families 93.9 95.5 Х2 (1) = 0.577, p =
.447 

Percentage speaking Dutch as 
primary language 

95.1 98.3 Х2 (1) = 3.547, p =
.471 

Education level of mothers1 (M, 
SD) 

3.7 (0.59) 3.5 
(0.63) 

t (460) = − 3.344, p 
= .001 

Positive reactivity (M, SD) 30.0 (6.1) 30.0 
(5.5) 

t (427) = − 0.006, p 
= .996 

Negative reactivity (M, SD) 28.2 (5.8) 28.1 
(6.4) 

t (434) = − 0.053, p 
= .958   

Cito Language test available 
n = 205 

Bookstart 
n = 122 

Control 
n = 83 

Statistics 

Boys/girls (n) 65/57 45/38 Х2 (1) = 0.017, p =
.859 

Age in months (M, SD) 71.8 (2.9) 72.0 
(2.7) 

t (203) = 0.678, p 
= .499 

Percentage two-parent families 93.4 96.4 Х2 (1) = 0.842, p =
.359 

Percentage speaking Dutch as 
primary language 

94.9 98.8 Х2 (3) = 2.624, p =
.453 

Education level of mothers1 (M, 
SD) 

3.8 (0.61) 3.6 
(0.64) 

t (199) = − 0.673, 
p = .501 

Positive reactivity (M, SD) 29.1 (5.9) 29.6 
(5.8) 

t (196) = 0.535, p 
= .593 

Negative reactivity (M, SD) 28.0 (5.7) 29.0 
(6.2) 

t (193) = 1.385, p 
= .168 

Cito Language Test (raw score) 
(M, SD) 

71.70 
(12.5) 

69.80 
(9.4) 

t (203) = − 1.25, p 
= .215 

Cito Mathematics (raw score)2 

(M, SD) 
90.8 (13.3) 90.3 

(12.7) 
t (196) = − 0.296, 
p = .768  

1 Scale ranged from 1 (only primary education) to 5 (university degree). 
2 n = 198. 

Fig. 2. One of the 60 Cito Language Test items. The teacher reads the text above the picture aloud: Where do you see pick up? Underline the picture.  
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3. Results 

3.1. Interaction effect between reactive temperament and Bookstart 

A Shapiro-Wilk's test and a visual inspection of histograms, normal 
Q-Q plots, and boxplots showed that the score on the Cito Language test 
for Kindergarten was approximately normally distributed. Skewness and 
kurtosis equaled 0.286 (SE = 0.219) and − 0.585 (SE = 0.4) for the 
Bookstart condition, and 0.165 (SE = 0.264) and 0.392 (SE = 0.523) for 
the control condition. For the mean-centered reactive temperament, 
skewness equaled − 0.246 (SE = 0.09) and kurtosis − 0.342 (SE = 0.179), 
and for the mean-centered compliant temperament, skewness equaled 
− 0.359 (SE = 0.09) and kurtosis − 0.279 (SE = 0.18). Cook's distance, 
tolerance, and VIF satisfied conditions for multiple regression on the 
Cito Language Test for Kindergarten. The scatterplot of standardized 
predicted values versus standardized residuals showed that the data met 
variance and linearity homogeneity assumptions, and the residuals were 
approximately normally distributed. 

We regressed the Cito Language Test for Kindergarten on the sex of 
the child and the mothers' education (first step), Bookstart (dummy- 
coded) and two mean-centered temperament scores (second step), and 
the interaction between Bookstart and two indicators of temperament 
(third step); see Table 2 for the results. The first step revealed a signifi-
cant effect (R2 = 0.067, F (2, 192) = 6.86, p = .001) to which both 
covariates contributed. Girls scored higher (β = 0.18, t (192) = 2.57, p =
.007) and children performed better as mothers were higher educated (β 
= 0.19, t (192) = 2.67, p = .018). After entering compliant temperament 
and reactive temperament and Bookstart, the model did not significantly 
improve, R2 change = 0.024, F (3, 189) = 1.67, p = .176. However, the 
interactions entered in the third step improved the model, R2 change =
0.031, F (2, 187) = 3.26, p = .040. The Bookstart X reactive tempera-
ment interaction was significant, β = 0.17, t (187) = 2.45, p = .015. The 
Bookstart X compliant temperament not, β = 0.04, t (187) = 0.497, p =
.62. 

3.2. Examining the condition-by-temperament interaction 

We used a median split of reactive temperament to check the 
condition-by-temperament interaction visually. The raw-score equation 
in Fig. 3 provided evidence for an ordinal interaction with a crossover 
point within the dummy coded condition (0 = control, 1 = Bookstart) on 
the x-axis as expected when the outcomes fit with differential suscep-
tibility. The scores suggest that the high reactive temperament group 
outperformed the low reactive temperament if children participated in 
Bookstart. But results were vice versa in the control condition, where the 
high reactive temperament group remained behind. 

Next, we performed simple regressions per temperament group to 
determine the steepness of the slopes for Bookstart, controlling for the 
two covariates (sex and mothers' education). We tested whether the 
slope for the susceptible subgroup was significantly different from zero 
and steeper than the non-susceptible subgroup's (Cohen, Cohen, West, & 
Aiken, 2013). There was no significant effect of Bookstart in the group 

scoring relatively low on reactive temperament, β = − 0.15, p = .439, d 
= − 0.08 (blue line in Fig. 3). However, Bookstart positively influenced 
the Cito Language Test for Kindergarten when children scored relatively 
high on reactive temperament (red line in Fig. 3), β = 0.43, p = .029, d =
0.21, explaining an additional 4 % of the variance. 

We used Widaman et al.'s (2012) Extra Material to test whether the 
crossover point may fall outside the boundaries of the dummy coded 
condition and whether alternative samples may not show the same 
pattern. Table 3 summarizing the results with Widaman et al.'s (2012) 
Extra Material indicates the crossover point fell within the 0–1 range of 
Bookstart, Ĉ = 0.28 (SE = 0.30), but the Confidence Interval fell partly 
outside the 0–1 range, 95 % CI [− 0.32, 0.87]. The upper limit (0.87) fell 
within Bookstart's range, but the lower limit (− 0.32) did not. So, we can 
expect the same pattern for the Bookstart condition in the population, 
but the control condition may differ. 

3.3. Effects of Bookstart on the mathematics test 

We tested whether the impact of Bookstart was broader than lan-
guage and early literacy skills and ran the same regression on the Cito 
Mathematics test for Kindergarten. This sample included 198 children, 
overlapping with the group that had a score on the Cito Language Test 
for Kindergarten. Bookstart had no main effect (p = .694), and the 
interaction between Bookstart and reactive temperament was nonsig-
nificant (p = .231). 

3.4. Book Reading habits as a mediator between Bookstart and long-term 
effects 

Concerning monthly library visits, the number of books in the home, 
and book reading routines, the home literacy environment was the same 
in the Bookstart and control condition (see the upper half of Table 4). 
However, five variables showed differences (an early start with book 
reading, library membership, taking part in reading sessions at the li-
brary and the bookstore, and length of reading sessions), all favoring the 
Bookstart group. The first three variables were corollaries of the Book-
start program and, therefore, no mediators. Possible mediators are 
attending reading sessions at the book store and the reading session 
duration. The difference in session duration – 15–30 min versus <15 min 
– seems slight. However, a difference of 5 min means one extra picture 
book each session, which will grow into a substantial amount of lan-
guage over a longer period. 

The only group eligible for mediation analysis was the tempera-
mentally highly reactive group, as they showed long-term effects. 
Therefore, in this sub-sample showing similar differences in the home 
literacy environment as the whole group except for taking part in 
reading sessions at the bookstore (see the lower half of Table 4), we 
tested whether session duration mediated the relationship between 
Bookstart and the Cito Language Test for Kindergarten. As we used 
bootstrapping and robust standard errors, there was no need to worry 
about normality and homoscedasticity. The scatterplots between each 
predictor and the dependent variables showed that the data met the 

Table 2 
Results of regressing the Cito Language Test for Kindergarten on predictor variables.   

B SE B β 95 % CI p 

LL UL 

Constant  57.15  9.69   38.04  76.26  <.001 
Mothers' education  3.11  1.32  0.19  0.50  5.71  .018 
Sex (0 = F, 1 = M)  4.01  1.58  0.18  0.91  7.12  .007 
Bookstart (0 = control, 1 = Bookstart)  − 16.90  10.82  − 0.74  − 38.24  4.44  .168 
Reactive temperament  − 0.10  0.20  − 0.05  − 0.50  0.29  .071 
Compliant temperament  0.07  0.22  0.04  − 0.37  0.51  .279 
BookstartXReactive  0.60  0.27  0.17  0.07  1.13  .015 
BookstartXCompliant  0.08  0.28  0.04  − 0.47  0.63  .620 

Note. LL = lower level. UL = upper level. 
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assumption of linearity. 
Bookstart was a significant predictor of the Cito Language Test for 

Kindergarten (c-path; point estimate = 5.11 (SE = 2.308), t(98) = 2.21, 
p = .029). The covariates sex of the child and the mother's education 
were nonsignificant (p's > .05) (sex of the child; point estimate = 3.84; t 
(95) = 1.80, p = .074; mother's education level; point estimate = 4.01, t 
(95) = 1.81, p = .073). The c-path remained significant if we entered 
Bookstart simultaneously with duration of reading sessions (c′-path; 
point estimate = 4.43 (SE = 2.19); t(96) = 2.03, p = .046), indicating 
that the latter variable was not a complete mediator. The a-path from 
participation in Bookstart to the duration of reading sessions was posi-
tive but only approached significance (a-path; point estimate = 0.20 (SE 
= 0.11); t(97) = 1.83, p = .070). The b-path from duration of reading to 
outcomes on the Cito Language Test for Kindergarten was also positive 
but not significant (b-path; point estimate = 2.67 (SE = 1.96); t(96) =
1.36, p = .176). In other words, there was no indirect effect (IE = 0.54) 
from Bookstart on the Cito Language Test for Kindergarten via duration 
of reading sessions (point estimate = 0.54, SE = 0.59, 95 % CI [− 0.23, 
2.02]). 

4. Discussion 

4.1. Bookstart effects 

Bookstart has no long-term impact on language and literacy skills in 
the complete sample. However, in the 50 % with a relatively reactive 
temperament in infancy, we find long-term Bookstart effects, explaining 
4 % of language and literacy skills variation at 5–6 years (Hypothesis 1). 

Despite Bookstart being a light-touch intervention in the first two years 
of life, the 50 % showing relatively challenging behavior in infancy in 
interactions with their caregivers benefits from Bookstart well into 
Kindergarten. 

The data pattern at 15 months aligning with differential suscepti-
bility (van den Berg & Bus, 2014) is replicated five years later — at the 
edge of learning to read (Hypothesis 2). We find the temperamentally 
highly reactive group to benefit from Bookstart (d = 0.21) but not the 
low reactive group (d = − 0.08). The pattern corroborates differential 
susceptibility (Belsky et al., 2007; Kegel et al., 2011; Plak et al., 2016): 
the temperamentally more reactive children exhibit poorer outcomes in 
the control condition without incentives to start reading early. However, 
when parents receive incentives to begin early with book reading 
(Bookstart), the more reactive children show outcomes that are superior 
to the less reactive. 

Even though the pattern reported at 15 months aligns with the 
findings five years later, there are also some shifts in the outcomes. In 
the control group, the gap between high and low reactive children 
decreased, maybe because learning conditions for the two groups 
became more similar between two and five. During that period, most 
children growing up in the middle to high-educated families are 
involved in verbal interactions and hear stories if not at home in school. 
The more malleable group – the temperamentally reactive children – 
thus have a chance to catch up. In the Bookstart group, by contrast, the 
gap widens. At 15 months, the temperamentally reactive Bookstart 
children scored higher but not significantly. Five years later, they score 
considerably higher than their less reactive peers on language and lit-
eracy skills. As the early start with book-reading and early language 
skills raise reactive children's interest in book-reading, this more pliable 
group may come in a ‘flow,’ causing a continuous higher language input 
through book reading. 

We found a long-term impact of Bookstart but only for language and 
literacy skills, not math, even though we assessed both at about the same 
age for about the same group of children. This finding corroborates the 
theory that Bookstart uniquely influences language-related skills (Hy-
pothesis 3). There is no evidence for more general effects of Bookstart due 
to the parent being more involved in children's activities and providing 
more guidance leading to more knowledge or better executive functions. 

Fig. 3. Plots of the regression lines and their 95 % confidence intervals when we regressed the Cito Language Test on condition (0 = control versus 1 = Bookstart) 
with reactive temperament as the grouping variable (high versus low); we controlled sex and education (covariates). 

Table 3 
Results for standard and re-parameterized regression models for language skills.  

Standard parameterization Re-parameterized model 

Parameter Raw scores Parameter Crossover centered 95 % CI 

B0 60.93(6.60) A0 70.18(1.04) 68.13, 72.23 
B1 − 0.11(0.18) B1 4.41(2.02) 0.43, 8.40 
B2 − 14.62(7.11) C 0.28(0.30) − 0.32, 0.87 
B3 0.59(0.24) B2 − 1.37(2.20) − 5.72, 2.97  
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4.2. Mediating role of book reading habits 

We also tested whether Bookstart improves book reading habits at 
5–6 years and whether those explain the long-term effect of Bookstart in 
the temperamentally highly reactive 50 % (Hypothesis 4). Control and 
Bookstart groups report the availability of books and ample access to 
children's books in the homes. Furthermore, it seems typical for that age 
to regularly read to children — >85 % report reading daily bedtime 
stories to their children, and >70 % occasional daytime book reading. 
However, in the Bookstart group, the duration of reading sessions is 
longer. It may look slightly different — Bookstart parents mostly read 15 
to 30 min/session and control families <15 min. However, it is, in fact, a 
difference that may considerably impact children's experiences. A daily 
five-minute difference would mean one extra picture book per day, 
adding more than a thousand books over three years, which can have 
enormous consequences for the language input (Logan et al., 2019). 

The hypothesis that the highly reactive group's long-term effects on 
language and literacy result from longer book-reading sessions (Hy-
pothesis 4) is not confirmed. We failed to prove that longer book-reading 
sessions “snowball” temperamentally reactive children's language 
development. Instead, we argue that early emerging language skills 

increase children's interest in linguistic activities such as book reading 
between three and five and may result in more reading and a faster in-
crease in language skills. A survey completed by the parents when the 
children were 5–6 years old showed differences in session duration, 
indicating that children display more interest in book-reading and may 
read more books. However, we could not prove that the longer duration 
of book-reading sessions has a mediating role and partly or wholly ex-
plains the long-term effects of Bookstart in this group. 

We probably need more specific information about book-reading and 
children's responses to it to learn which qualities mediate between 
Bookstart and language and literacy skills at the edge of learning to read. 
Apart from the book-reading sessions' duration, other variations may 
contribute to the steeper growth curve in the temperamentally reactive 
group. For instance, children may be more enthusiastic about book 
reading and, because of that, more attentive. Alternative measures for 
assessing the home literacy environment, such as young children 
reflecting on literacy practices in their homes (Evans & Hulak, 2019), 
may give insights into the book-reading qualities that are more telling 
than surveys completed by parents. 

4.3. Limitations 

As always, this study has limitations that complicate interpreting the 
results. First, participation in Bookstart implies self-selection. Bookstart 
parents indeed lived in municipalities where the program was opera-
tional, but they had a choice to participate or not (Sharif, Rieber, Ozuah, 
& Reiber, 2002). So, assuming that only parents with some interest in 
book reading agreed to join Bookstart, self-selection may have reduced 
the natural variation in book reading. 

Furthermore, the mother's educational level was higher in the 
Bookstart than in the control group. Despite a statistical correction, this 
difference may have favored the Bookstart group, thus interfering with a 
critical test of Bookstart. 

Bookstart is free, but the lowest-educated families seem less inclined 
to join. Consequently, families in need of interventions like Bookstart do 
not participate, thus reducing the variance that Bookstart explained in 
the reported study. On the other hand, the program might have shown a 
more substantial effect when less educated families joined. 

The outcome pattern for more and less reactive children seems 
robust in the Bookstart group but not in the control group. So, for 
replication studies, we can expect that in the Bookstart group, the 
temperamentally highly reactive children outperform less reactive 
children, but in the control group, children may not differ (Widaman 
et al., 2012). In that case, findings indicate that Bookstart does not 
prevent a language proficiency lag but does help temperamentally 
reactive children to achieve optimally. 

We relied on the parental report about the home literacy environ-
ment. Parents might have given social-desirable responses about book- 
reading habits, possibly reducing variation and thus correlations. 
Other ways of assessing the home literacy environment, for instance, 
interviewing the children (Evans & Hulak, 2019), might shed a different 
light on whether Bookstart enhances the book reading routines in the 
long run and if those routines are mediators. 

4.4. Practical implications 

The findings align with the hypothesis that an early start with book 
reading is essential for language and literacy skills (cf. Dickinson & 
Morse, 2019; Raikes et al., 2006) and will improve children's academic 
success and success in life (Golinkoff et al., 2019). We find evidence for 
the relevance of a light-touch intervention like Bookstart, stimulating 
caregivers to promote language development by actively sharing stories 
starting early. So, it is a necessary policy to remind young parents of the 
relevance of book reading and the need to keep trying to begin early, 
even if their child often responds negatively to their attempts. 

Another interesting finding is that an intervention targeting 

Table 4 
Characteristics of the home literacy environment in the Bookstart and control 
group in the whole group (upper half) and the sub-sample of highly reactive 
children (lower half).  

Activity 
N = 471 

Bookstart 
n = 293 

Control 
n = 178  

An early start of book reading  55.0 %  40.1 % χ2 (1) = 9.247, p =
.002 

Child membership library  95.2 %  79.2 % χ2 (1) = 29.389, p =
.001 

Reading sessions at the library  54.6 %  38.8 % χ2 (1) = 11.126, p =
.001 

Reading sessions at the bookstore  15.7 %  7.3 % χ2 (1) = 7.124, p =
.008 

Monthly library visits  31.1 %  33.7 % χ2 (4) = 9.244, p =
.055 

26–50 children's books at home  47.4 %  50.0 % χ2 (3) = 1.780, p =
.619 

Children's books in the bedroom  96.2 %  92.7 % χ2 (1) = 2.884, p =
.089 

Bedtime book reading routine  83.3 %  83.1 % χ2 (1) = 0.001, p =
.971 

Occasional daytime book reading  79.9 %  76.4 % χ2 (2) = 3.435, p =
.180 

Usually lengthy reading sessions 
(15–30 min)  

51.5 %  32.0 % χ2 (4) = 21.314, p =
.001   

n = 116 Bookstart 
n = 68 

Control 
n = 48  

An early start of book reading  58.2 %  39.5 % χ2 (1) = 7.31, p =
.007 

Child membership library  95.1 %  80.2 % χ2 (1) = 12.77, p =
.001 

Reading sessions at the library  57.7 %  42.9 % χ2 (1) = 4.93, p =
.026 

Reading sessions at the bookstore  16.9 %  12.1 % χ2 (1) = 1.01, p =
.316 

Monthly library visits  35.2 %  35.2 % χ2 (4) = 6.12, p =
.190 

26–50 children's books at home  47.2 %  48.4 % χ2 (3) = 4.35, p =
.226 

Children's books in the bedroom  97.9 %  93.4 % χ2 (1) = 3.00, p =
.083 

Bedtime book reading routine  85.2 %  90.1 % χ2 (1) = 1.19, p =
.276 

Occasional daytime book reading  84.5 %  75.8 % χ2 (2) = 2.91, p =
.234 

Usually lengthy reading sessions 
(15–30 min)  

51.4 %  33.0 % χ2 (4) = 9.73, p =
.021  
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language development is valuable in a sample that mainly includes 
middle- to high-educated families, thus supporting the Bookstart policy 
to invite all young parents to participate. The downside of this all- 
inclusive policy is that the typical Bookstart approach may not allude 
to the needs of all parents. The method is somewhat distal, not involving 
personal contact with caregivers, which may not work well for less 
literate parents. As they may feel discomfort with reading to very young 
children or not know how to read with an infant (Justice, Logan, & 
Damschroder, 2015; Lin et al., 2015), personal contact and direct help 
might be indispensable. A recent meta-analysis (De Bondt et al., 2020) 
indicates the possible benefits of multiple personal contacts of a 
particular kind with a health care professional. 

The current findings highlight how essential the differential sus-
ceptibility concept is to evaluate intervention programs. We would not 
have included children's temperaments in the final model if we had not 
been aware of this model, and we would not have found any long-term 
effects of Bookstart. Targeting the temperamentally more reactive 
children enabled us to make visible that Bookstart is indispensable to 
prevent unnecessary lags in many young children's language and liter-
acy development. 
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