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ABSTRACT ARTICLE HISTORY
Early-literacy interventions might prevent reading problems in the  Received 17 May 2023
long term, but effects are rarely examined at scale. In this study, we Revised 24 June 2024
examined whether the large-scale implementation of the Dutch  Accepted 2 July 2024
early-literacy intervention Build! reduced the percentage of readers KEYWORDS

with difficulties and improved mean reading skills at the school level. Prevention; literacy
Transfer effects to spelling and reading comprehension were also difficulties; reading;
examined. Over the course of 6 years, schools not implementing  spelling; large-scale
Build! (61-126 schools, depending on the outcome measure) were

compared to 72 to 145 schools that introduced Build! during the proj-

ect. Per year, intervention schools were modeled as using or not

using the intervention. Using difference-in-difference models, we

examined changes in literacy skills from the moment the intervention

was introduced. Findings indicated that there was no immediate

effect of the intervention. However, after the intervention had been

used for 2 years, the percentage of children with difficulties in read-

ing, spelling, and reading comprehension started to decrease and the

mean reading and spelling ability increased. Results suggest that

large-scale evaluations of interventions should be continued for sev-

eral years, as effects might show several years after the implementa-

tion of the intervention.

In primary school, 3% to 10% of children experience severe reading difficulties (Fluss
et al., 2009; Snowling, 2013). Reading difficulties are associated with a negative aca-
demic self-concept (Bear et al., 2002; Zeleke, 2004), lower school achievement (Ferrer
et al., 2015; Mol & Bus, 2011), and school dropout in adolescence (Daniel et al., 2006).
In turn, school careers tend to affect children’s later employability (Annie E. Casey
Foundation, 2010). To prevent these negative outcomes for children and society at
large, there is a need for reading interventions that can improve reading skills and
reduce the number of children with reading difficulties.

Reading problems have been proven difficult to overcome once they have arisen,
especially when it concerns problems in reading fluency (Ferrer et al., 2015; Torgesen
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et al.,, 2001). Therefore, early-literacy interventions have been developed with a focus
on preventing reading difficulties. These interventions, often starting in kindergarten
or first grade, have generally been shown to be effective in reducing later reading
problems (Ehri et al., 2001a; Lovett et al., 2017; Wanzek & Vaughn, 2007). However,
most of the evidence for the effects of early-literacy interventions comes from relatively
small-scale studies. Moreover, in most studies, interventions were implemented under
the strict guidance of researchers. Researchers were involved in, for example, selecting
qualified teachers, providing training and support, and frequently visiting schools to
monitorand stimulate the implementation of the intervention (e.g., Mathes et al., 2005;
Zijlstra et al., 2021). Little is known about the effectiveness of these interventions
when implemented on a large scale by schools, without researchers involved. In the
current study, we examined whether the large-scale school-based implementation of
the early-literacy intervention Build! leads to an improvement in reading skills within
schools as well as a decrease in the number of children with reading difficulties.

Build! is a Dutch computer-assisted early-literacy intervention for children at risk
for reading difficulties. The intervention starts in kindergarten and continues for two
years. Children practice pre-literacy skills, including letter-sound correspondences and
phoneme blending, as well as decoding of monosyllabic words. As in many pre- and
early-literacy interventions (e.g., Suggate, 2016), Build! supports the acquisition of (pre)
literacy skills (Regtvoort & van der Leij, 2007). To avoid fade-out effects, the inter-
vention is continued in grades 1 and 2, with the start of formal reading instruction
(Bailey et al., 2017; Zijlstra et al., 2021). From grade 1 onward, the focus of the pro-
gram shifts from letters to letter clusters, from monosyllabic to bisyllabic words, from
consistent to inconsistent words, and from reading accuracy to reading fluency. The
intervention is meant to be provided in three to four sessions of 10 to 15 minutes per
week. The child is assisted by a tutor who reads aloud instructions from the screen
and stimulates the child to stay on task.

Two randomized controlled trials (RCTs) with children at risk for reading difficulties
have been conducted to evaluate the effects of this early-literacy intervention (Regtvoort
et al., 2013; Zijlstra et al., 2021). Regtvoort et al. (2013) examined the effect of the
second part of the intervention, the period from the middle of grade 1 to the middle
of grade 2. Unfortunately, treatment integrity in part of the intervention group was
low. Therefore, the intervention group was split in groups that did and did not com-
plete the intervention. These intervention groups did not differ in reading ability at
the start of the intervention. Regtvoort et al. (2013) found that the intervention group
displayed better word-reading and reading-comprehension abilities than the
no-intervention group at posttest and 1 year after the conclusion of the intervention.
The effect of the Build! intervention, from the second year of kindergarten through
the middle of grade 2, was tested in an RCT by Zijlstra et al. (2021, see also Zijlstra,
2015). The intervention and control groups were followed until the end of second
grade, half a year after the intervention had finished. Results showed that the inter-
vention was only effective in a subgroup of children. This subgroup comprised children
whose parents had provided information about the prevalence of dyslexia in the family,
termed the family risk information (FRinfo) intervention group. The subsample in
which the intervention was not effective consisted mostly of children from immigrant,
non-Dutch-speaking families with a low socioeconomic status. Children in the FRinfo
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intervention group were more fluent in word, pseudoword, and text reading than
children in the control group. Follow-up of the FRinfo subsample showed that these
effects were sustained until sixth grade—4 years after the intervention had finished.
In addition, the percentage of children with reading difficulties (defined as the
lowest-scoring 25% based on national norms) in grade 6 was substantially lower than
in the control group.

Because of these promising results, school districts and school boards in the
Netherlands have started to stimulate and facilitate the implementation of the inter-
vention, aiming for an overall decrease in the number of children with reading diffi-
culties in their schools. As a result, since 2014, the number of schools that have
implemented the intervention has gradually increased to about 80% of the primary
schools in the Netherlands (about 5,000 schools). However, unlike the researcher-guided
RCTs in which the implementation of the intervention is closely monitored by the
researchers, in these schools, the implementation of the intervention is the schools’
own responsibility. Effects of an intervention can be lower when used in natural school
settings (e.g., Sirinides et al., 2018). Therefore, it seems apt to examine whether this
policy has led to the desired outcomes. Accordingly, in the current study, the short-
and long-term effects of the early-literacy intervention Build! on literacy outcomes
were examined at the school level for schools who have autonomously implemented
the intervention.

Effects of Early-Literacy Interventions

Current evidence suggests that interventions for children with or at risk for reading
difficulties can be effective (Galuschka et al., 2014; Lovett et al., 2017; Suggate, 2016;
Wanzek & Vaughn, 2007). However, few studies have examined the long-term effects
of early-literacy interventions in preschool and kindergarten, that is, around 1 year
after the intervention concluded (Suggate, 2010). Such studies show that effects fade
out (Suggate, 2016). There is only little evidence that early-literacy interventions can
produce effects that are still visible after second grade (see Lovett et al. (2017) and
Zijlstra et al. (2021) as exceptions). Clearly, longer-lasting effects are needed, as reading
difficulties might continue or even emerge after second grade (Simmons et al., 2008;
Torppa et al., 2015).

It may take schools a couple of years to implement an intervention properly and
to reach intervention effects. Harn et al. (2013) argued that interventions should be
adapted to local circumstances. For example, in the case of the current intervention,
schools have to decide which tutors they prefer (adult volunteers, older peers, parents)
and how they will instruct and motivate them. Moreover, schools have to choose and
implement a procedure for the selection of children at risk for reading difficulties,
which often involves regular testing of preliteracy skills. There are also issues con-
cerning the planning and routine of the intervention sessions as well as integrating
these sessions into the ongoing processes and policies at the school (Prenger et al,
2022). Thus, for schools, it is no small feat to implement such an intervention. It
requires time, resources, and leadership (Durlak & DuPre, 2008), and it might take
more than 1 year to reach full treatment integrity, that is, to implement the interven-
tion as intended (Gresham et al., 2000).
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To our knowledge, there are very few studies that have considered the effects of a
literacy intervention over time, that is, in subsequent cohorts. One exception, a study
by Torgesen (2009), showed that in a large-scale implementation of the response to
intervention instructional model, intervention effects increased during 3 years of imple-
mentation. In the current large-scale study, we followed schools for multiple years to
evaluate the effects of the early-literacy intervention Build!.

Difference-in-Difference (DiD) Design

Effectiveness studies with random assignment of participants to an intervention and a
control group are generally considered to have the best qualifications for assessing the
effect of an intervention (Thompson & Panacek, 2006). However, large-scale RCTs in
educational settings are often not feasible. In addition to the costs of large-scale RCTs
as a factor, schools are inclined to implement a promising intervention and do not want
students in a control group until long-term effects have been established. In the current
study, we used the next-best solution, an extended DiD design (Mascha & Sessler, 2019;
Wing et al., 2018). Using this design, we analyzed the effects of Build! at the school
level, rather than at the individual level, answering the question of whether schools
found an improvement in the mean reading ability and/or a decrease in the number of
students with reading difficulties from the moment Build! was implemented. The DiD
design is often used in applied econometrics and public health research to examine the
effects of large-scale interventions and policy decisions, when an RCT is not feasible
(Wing et al,, 2018). It has also been used to evaluate interventions in education (Sims
et al., 2022), but—to our knowledge—not yet in the field of reading research.

The DiD design in its simplest form is a pretest-posttest quasi-experimental design
with an intervention and a control group (Fredriksson & de Oliveira, 2019; Wing
et al., 2018). It is used to evaluate whether the gains are larger in the intervention
group than in the control group. These gains can be measured at the individual level
and also at the school level. The DiD is defined as the difference between pretest and
posttest in the intervention group minus the difference between pretest and posttest
in the control group. It is literally a “difference of differences” (Fredriksson & de
Oliveira, 2019). The design assumes that the gains in the control group and interven-
tion group are similar in the absence of the intervention.

The DiD design can be extended by the addition of multiple pretests and posttests,
resulting in a comparative interrupted time series (CITS) design (Jacob et al., 2016).
This CITS design controls for the potential threat that larger gains in the intervention
group are due to differences in pre-intervention growth between the groups. Therefore,
the main assumption in the CITS design is that the pre-intervention time trends in
schools that implemented the intervention are similar to the concurrent trends in
schools that did not implement the intervention (Jacob et al., 2016; Mascha & Sessler,
2019). An example of this design is displayed in Figure 1.

A potential threat to the CITS design is that the control and intervention group
are not sufficiently comparable, for example, when co-occurring events during the
period of the study, unrelated to the intervention, affect the intervention and control
group differently (Jacob et al., 2016). Some have advocated that schools in both groups
should be located in the same geographical region so that they are more or less
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Figure 1. Difference-in-difference design with multiple pretests and posttests. Note. A difference-in-dif-
ference model with multiple pretests and posttests controls for differences between the intervention
and control group at the intervention start (grey vs. light blue) and in pre-intervention time trend
(dark blue vs. blue). It determines a change immediately after the intervention is introduced (yellow)
and after the intervention is used for multiple years (red).

susceptible to the same regime (Cook et al., 2008; but see Jacob et al., 2016). It might
also be useful when clusters of schools start to implement the intervention in different
years (e.g., Mascha & Sessler, 2019; van de Werfhorst, 2019). When the start of the
intervention differs across schools, various clusters of schools are expected to show
changes in time trends (i.e., trends over cohorts) at different points in time. Thus,
schools are modeled as using or not using the intervention at a particular point in
time (Mascha & Sessler, 2019). This might provide some extra control for co-occurring
events that influence the intervention and control group differently.

Current Study

The main question in this study was whether the early-literacy intervention Build! led
to an improvement in reading skills and a reduction of children with reading diffi-
culties following implementation. We examined short-term effects in first and second
grade, that is, during the intervention (the middle of grade 1 and the end of grade
1) and at the planned end of the intervention (the middle of grade 2). In addition,
we investigated follow-up effects half a year and 1 year after the planned end of the
intervention (the end of grade 2 and the middle of grade 3, respectively). Furthermore,
the study investigated whether the effects were visible after schools had been using
the program for 1 year and whether intervention effects increased with the number
of years that schools had been using the program. More experience with the program
could result in larger intervention effects (Harn et al., 2013; Torgesen, 2009).

Two additional research questions were addressed. The first was whether the effects
of the intervention would transfer to spelling, as the trained skills also contribute to
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spelling (Ehri et al., 2001a; Suggate, 2016), and to reading comprehension, as reading
fluency is an important prerequisite for reading comprehension (Florit & Cain, 2011).
Effects of Build! on spelling were previously found in Zijlstra et al. (2021), and effects
on reading comprehension were reported in Regtvoort et al. (2013). The second addi-
tional research questions pertained to effects on an unrelated skill: mathematics. If no
effects on mathematics were found, this would increase the likelihood that the effects
on literacy skills were due to the introduction of Build! and not to other concurrent
events that led to an overall improvement in school achievement.

Method
Design

The study had a CITS design with a no-intervention control group and an intervention
group in which the intervention was implemented in different school years. The units
of analysis were the cohorts within schools during the time period from 2014-2015
to 2019-2020, with six cohorts per school. School achievement was assessed in first
and second grade, in the middle and at the end of each school year, and in third
grade in the middle of the school year. For each of these measurement occasions, a
separate CITS model was tested.

Participants

Three hundred eighteen schools, clustered in 26 school boards and 4 geographical
locations, were asked to participate in the study. Schools were located in 5 (out of
12) provinces in the west and middle parts of the Netherlands. Half of the schools
were located in villages, and half of the schools were in cities (mostly large cities, e.g.,
Amsterdam, Rotterdam, Utrecht).

Of the 318 schools, 55 schools from two school boards participated in a larger
research project on the intervention Build! (van der Weijden et al., 2024). The 318
schools had a student population that was representative of the national population
according to the school weight of the schools, a composite measure of the socioeco-
nomic status and ethnic composition of the children of a school determined by the
educational level, ethnicity, and financial means of the parents. A higher school weight
implies a more complex student population. School weights range from 20 to 40.
Schools with a higher school weight are allotted extra funds by the government. The
average school weight of the 318 schools was 29.48 (SD=4.92), which was similar to
that of the national population (M=29.84, SD=3.91), t (6568) = 1.51, p = .131, and
the 55 schools that participated in the larger research project (M=28.76, SD=2.72),
t (337) = 1.02, p = .301. The average school size of the 318 schools (M=249.52 stu-
dents, SD=139.28) was somewhat larger than the average school size of the 55 schools
(M=198.23 students, SD=104.19), ¢ (359) = 2.56, p = .011.

Permission was obtained from 233 schools to retrieve the test scores of reading
fluency, spelling, and reading comprehension from ParnasSys, a student information
system in which Dutch schools can register scores on the various measures of school
achievement. There were 199 schools that also gave permission to retrieve test scores
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of mathematics. Data came from the cohorts of children who were in grades 1 to
3 from 2014-2015 to 2019-2020. Thus, per school and grade, the data of six suc-
cessive cohorts were retrieved. Data were obtained and treated in accordance with
the guidelines of the Ethics Review Board of the Faculty Social and Behavioral
Sciences of the University of Amsterdam (approval obtained with project number
2021-CDE-12989).

Schools were asked to indicate whether they had implemented the intervention
Build! and, if so, when they had started, to determine the cohorts for which Build!
had or had not been implemented. Twelve schools did not provide this information.
Working with Build! was coded at the cohort level. We do not know which specific
children did or did not work with the program. A number of schools had not regis-
tered all school achievement measures in the ParnasSys system. As a result, the number
of schools per outcome measure varied slightly, that is, 213 schools were included for
reading, 214 for spelling, 215 for reading comprehension, and 184 for mathematics.
The average school weights of the final samples varied from 29.70 to 29.80 (SDs varied
from 4.65 to 4.67), which were similar to the average school weight of the 318
approached schools (M=29.48, SD=4.92). The average school sizes of the final samples,
varying from 253.60 to 259.59 (SDs varied from 142.62 to 145.71), were also similar
to the average school size of the 318 approached schools (M =249.52, SD=139.28).

For unknown reasons, the data of the first 2 to 3 years (2014-2015 to 2016-2017)
could no longer be retrieved for a number of schools. As a result, the number of
schools also varied across school years: between 142 and 207 for reading fluency,
between 150 and 203 for spelling, and between 115 to 206 for reading comprehension.
The low number of 115 referred to reading comprehension at the end of grade 1:
Around half of the schools started to test reading comprehension from grade 2 onward.
On all other occasions, the number of schools for reading comprehension varied
between 143 and 206. Data on mathematics were almost complete. The number of
schools varied between 169 and 177 across school years.

Schools started to implement the intervention at different points in time from the
school year 2014-2015 until school year 2019-2020. The percentage of schools that
had implemented the intervention over these years is displayed in Figure 2.

For each measurement occasion and for each outcome measure, groups of inter-
vention and control schools were determined. The intervention schools had at least
one cohort that had been involved in the intervention, whereas the control schools
did not have any cohort that had worked with the intervention. As a result, the number
of schools that were included in the intervention and control group differed across
measurement occasions. For example, a school that started to use the intervention in
2019 would only have cohorts of the middle and end of grade 1 who had worked
with the intervention and would thus be included in the control group for the mea-
surement occasions in second and third grade. Therefore, at later measurement occa-
sions, control groups were somewhat larger and intervention groups somewhat smaller
compared to the earlier measurement occasions.

Depending on the outcome and measurement occasion, the intervention group
consisted of 72 to 145 schools (reading fluency: 72-144; spelling: 89-145; reading
comprehension: 83-113; mathematics: 75-123) and the control group of 61 to 126
schools (reading fluency: 62-118; spelling: 63-120; reading comprehension: 85-126;
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Figure 2. Percentage of schools implementing Build! over time.

mathematics: 61-107). In the control group, there were always 48 to 58 schools that
did not implement the intervention at all. All schools of this part of the control
group and the majority of schools in the intervention group came from the same
three geographical regions. This similarity in geographical location across groups
increases the comparability of control and intervention groups (Cook et al., 2008),
being subject to the same district policies, demographic shifts, and contextual factors.
Comparability of the control and intervention group supports the likelihood that in
the absence of the intervention, the treatment group would have made the same
average gains (or losses) as the comparison group (parallel trends assumption; Jacob
et al., 2016).

In principle, data from six cohorts of children should have been available for each
school on each measurement occasion. However, this was not the case. Assessments
at the end of school year 2019-2020 could not be used, because they were conducted
right after the first COVID-19 pandemic school closure. Thus, there were six cohorts
for assessments in the middle of each grade and five cohorts for assessments at the
end of each grade.

Intervention

The intervention program Build! consists of 526 digital lessons, divided in 12 program
parts. In parts 1 to 5, children learn the sounds of 14 letters and digraphs in the
Dutch language (e.g., /o/ in sok [sock] and /oo/ in boot [boat]). Children also learn
to decode regular one-syllable words with these letters. In parts 6 to 9, children are
introduced to words including regular consonant clusters (e.g., glas [glass] and warm
[warm]) and common irregular consonant clusters (e.g., /sch/ in schoen [shoe] and /
ng/ in zing [sing]). Part 10 continues with compound words (e.g., maandag [Monday]
and zeezout [sea salt]). In parts 11 and 12, children learn to read two-syllable words
with open syllables (e.g., letter [letter] and rozen [roses]) and closed syllables (e.g.,
winter [winter]). From part 2 onward, there are reading exercises with and without
time limits.
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The instruction is characterized by (a) direct instruction (Stockard et al., 2018), (b)
direct feedback (Wisniewski et al., 2019), and (c) the minimal pairing technique
(McCandliss et al., 2003). This technique requires children to start with a word, change
one letter at a time, and read the resulting words. Intervention sessions were guided
by a tutor. The tutor could be a professional (e.g., a teacher) or a nonprofessional
(e.g., a parent, volunteer, or older student). Previous research has shown that the
majority of professional and nonprofessional tutors provided sufficient support (Zijlstra
et al., 2014). More information on the program is provided by Regtvoort et al. (2007,
2013) and Zijlstra et al. (2014, 2021).

In this study, schools implemented the intervention. If they wanted, they could be
supported by a 2-day training provided by the publisher of Build!. In this training,
schools were informed how Build! is intended to be used, how to find tutors, how to
organize intervention sessions at school, and how to monitor children’s practice. It
was recommended to start the intervention in the middle of the second kindergarten
year (in the Netherlands children go to school when they are 4 years old and follow
2 years of kindergarten before entering grade 1) and to finish the intervention in the
middle of second grade. It was also recommended to provide children with three to
four intervention sessions a week lasting 10 to 15minutes each.

Measures

Within schools, we assessed per cohort whether Build! was used and, if so, for how
long. We also determined the performance of each cohort on a range of outcomes
(word reading fluency, spelling, reading comprehension, and mathematics).

Information on the Use of Build!

We asked schools whether they (had) used the intervention and, if so, to fill out a
table to indicate in which school years (between 2014-2015 and 2019-2020) and in
which grades (from kindergarten through grade 3). Based on this information, we
created one variable at the school level and two variables at the cohort level. At the
school level, we coded whether the school had ever used Build! in this period in a
particular grade. At the cohort level, we distinguished (a) whether the intervention
was used in the particular cohort and (b) the number of years the school had already
been using the intervention.

Implementation of the Intervention. Cohorts in which Build! was implemented from
kindergarten or grade 1 onward were coded “1” All other cohorts were coded “0.” Note
that we had no information on which children did or did not participate in the
intervention but only on whether the school offered Build! to this cohort or not.

Number of Years That Build! Is Used. Within schools, we determined per cohort how
many previous cohorts at the school had worked with Build!. Cohorts in which Build!
was implemented by the school for the first time were coded as “0” The score increased
if the school had used Build! in additional previous years.
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Outcome Measures

Within schools, we determined per cohort, outcome, and measurement occasion (a)
the percentage of children with difficulties (i.e., children scoring below the 25th per-
centile based on national norms) and (b) the mean ability. Both the percentage of
children with difficulties and the mean ability were based on the individual test scores
of the children in a cohort.

In the Netherlands, primary schools are obliged to monitor children’s school per-
formance with (national) standardized tests. As most schools in the Netherlands (85%)
use the tests of Central Institute for Test Development (Cito), those tests were used
in this study. Cito had designed the tests in such a way that all school staff members
could administer the test by following the instructions. The tests are specifically
designed to be able to measure children’s growth. Items on different tests within a
certain domain (e.g., the items of the spelling tests in grade 1, grade 2, and grade 3)
are all positioned on the same underlying scale so that raw scores could be converted
to an ability score, a measure of the child’s ability across grades. Tests were evaluated
by the Dutch Committee on Tests and Testing: Reliability and validity were sufficient
for all tests (Egberink et al., 2009-2023). Schools administered the tests twice a year:
between mid-January and mid-February and between mid-May and the end of June.
Reading comprehension was measured from the end of grade 1 onward. Thus, we
obtained test scores of word reading fluency, spelling, and mathematics from school
years 2014-2015 to 2019-2020 from children in grades 1 through 3 at the middle and
end of the school year.

Word Reading Fluency. This ability was measured with the Three-Minute Test (Cito,
2017; Krom et al., 2010). The test consisted of three cards of 150 words each. Word
difficulty increased per card, from one-syllable words with a CVC structure (card 1; e.g.,
kat [cat]) to one-syllable words with consonant clusters (Card 2; e.g., melk [milk]), and
words with two to four syllables (Card 3; e.g., mentaliteit [mentality]). The test was
administered individually. Per card, children were asked to read aloud as many words
as possible within 1 minute, without making errors.

In the middle of grade 1, only cards 1 and 2 were administered. At the end of
grade 1 and in grade 2, all three cards were used. From grade 3 onward, card 1 is
skipped for high-performing children. The score per card was the number of words
read correctly. The scores on the administered cards were summed and converted into
an ability score (Cito, 2017; Krom et al.,2010). All ability scores are on the same scale.
Depending on the administered cards and grade, Cronbach’s alpha varied between .92
and .97 (Krom et al, 2010) and test-retest reliability between .90 and .97 (van Til
et al., 2018). National norms are available for the ability scores per grade and mea-
surement occasion. The levels vary from A (>75th percentile), B (51-75th percentile),
C (26-50th percentile), D (11-25th percentile), to E (<10th percentile). We recoded
levels D and E as “difficulties in reading fluency” and levels A, B, and C as “no dif-
ficulties in reading fluency”

Between 2015 and 2021, two different versions of this test were in use: version
2010 (Krom et al., 2010) and version 2017 (Cito, 2017). The words presented on
the cards differed between versions. A dummy was created to account for test
version.
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Spelling. Spelling was measured with Cito Spelling (Cito, 2014b; de Wijs, 2010). This
consisted of two parts, administered at the same day, with a break or activity in
between. In each task, children had to spell 20 to 30 words. Target words differed
across age groups, corresponding to the national learning goals, varying from consistent
one-syllable words (e.g., man [man]) to inconsistent four-syllable words (e.g., informatie
[information]). The test was administered by the teacher in a classroom setting. Teachers
read aloud a sentence containing the target word and asked children to spell the target
word on an answer sheet. There was no time limit. The teacher continued to the next
sentence when all children had finished spelling the word. The score was the number
of words that were spelled correctly. Depending on the grade, test-retest reliability
varied between .86 and .93 (Tomesen et al., 2015a, 2015b, 2016b). Similarly to word
reading fluency, the raw scores in all grades were converted to an ability score. Based
on national norms, these scores were recoded into “difficulties in spelling” and “no
difficulties in spelling”

Between 2015 and 2021, two different versions of this test were in use: version
LOVS (de Wijs, 2010) and version 3.0 (Cito, 2014b). In the 3.0 version, the second
part was similar for all children, whereas in the LOVS version, children receive an
easier or more difficult part 2 depending on the child’s performance on the first part.
In grades 2 and 3, the more difficult version of the second part did not involve spelling
words, but included multiple-choice items in which children had to select the one
word (out of four) that was spelled incorrectly. A dummy was created to account for
test version.

Reading Comprehension. Reading comprehension was measured with Cito Begrijpend
Lezen (Cito, 2014a; Feenstra et al., 2010). The test consisted of two parts, administered
at the same day, with a break or activity in between. Each part consisted of a booklet
containing around eight texts and 20 to 25 multiple-choice questions, displayed right
after the corresponding text. Texts were stories, news items, articles, reviews,
advertisements, announcements, poems, requests, game manuals, recommendations,
recipes, songs, reports, instructions, or letters. In the higher grades, texts were longer
and more formal than in the lower grades. The questions tested children’s understanding
and interpretation of the texts, that is, whether they could process information that was
explicitly mentioned in the texts (e.g., questions on a number, fact, or opinion in the
text; questions on the relations between sentences) and whether they could make
connections between the texts and their own knowledge (e.g., questions on the meaning
of a word, questions on the main idea of the text). The test was administered by the
teacher in a classroom setting. Children received their own booklet and had to read the
texts and answer the corresponding questions by circling their answers in the booklet.
The score was the number of questions answered correctly. Depending on the grade,
test-retest reliability varied between .86 and .93 (Jolink et al., 2015; Tomesen et al,
2016a). Similarly to word reading fluency, the raw scores in all grades were converted
to an ability score. Based on national norms, these scores were recoded into “difficulties
in reading comprehension” and “no difficulties in reading comprehension”

Between 2015 and 2021, two different versions of this test were in use: version
LOVS (Feenstra et al.,, 2010) and version 3.0 (Cito, 2014a). In the LOVS version, the
difficulty of the second part depended on the child’s performance on the first part,



JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS . 929

whereas in the 3.0 version, the second part was similar for all children. A dummy
was created to account for test version.

Mathematics. Mathematics was measured with Cito Rekenen-Wiskunde (Cito, 2013;
Janssen et al., 2010). The test consisted of two or three parts, administered at the same
day, with a break or activity in between. Each task consisted of 26 to 32 arithmetical
questions, including both equations and word problems. In grades 1 to 3, the questions
covered number estimation, arithmetic, measurement, geometry, time, and money.
Difficulty increased per grade and matched the national learning goals. There were both
multiple-choice and short-answer questions. The test was administered in the classroom
by the teacher. In grades 1 and 2, teachers read aloud the questions (once repeated),
children received a booklet with the corresponding equations and pictures, and they
wrote down their answer in the booklet. In grade 3, children worked independently:
They read the questions themselves and wrote down the answers on a separate answer
sheet. There was no time limit: In Grades 1 and 2, the teacher only continued when all
children had finished the question. The score was the number of questions answered
correctly. Depending on the grade, test-retest reliability varied between .92 and .95 (Hop
et al., 2016; Janssen et al., 2015a, 2015b). Similarly to word reading fluency, the raw
scores in all grades were converted to an ability score. Based on national norms, these
scores were recoded into “difficulties in mathematics” and “no difficulties in mathematics”

Between 2015 and 2021, two different versions of this test were in use: version
LOVS (Janssen et al., 2010) and version 3.0 (Cito, 2013). In the 3.0 version, children
were allowed to write down their calculations during the test, whereas in the LOVS
version they were not. A dummy was created to account for test version.

Analyses

Data Processing

From all participating schools, we had scores from successive school years (2014-2015
to 2019-2020) from cohorts in grades 1 to 3, with two measurement occasions per
grade (middle and end). For each outcome, we analyzed the data per grade and mea-
surement occasion. Data were not analyzed for the end of grade 3 because there were
fewer cohorts available at the end of each grade due to the COVID-19 pandemic (the
second measurement occasion in school year 2019-2020 was excluded; see Participants
section). In grade 3, that was particularly problematic because in this grade few cohorts
had received Build! from kindergarten or grade 1 onward, while the schools had been
using Build! for 2 years or longer (needed to estimate the post-intervention time trend;
see DiD Models section).

DiD Models

Our main interest concerned time trends, which are changes in reading fluency, spell-
ing, reading comprehension, and mathematics over time. In particular, we expected a
change in time trend in literacy outcomes (reading fluency, spelling, and reading
comprehension) from the moment the intervention was implemented onward. For
mathematics, we did not foresee such a change in time trend.
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We used a DiD model to estimate changes in outcomes over time (Mascha & Sessler,
2019). The model is presented in Figure 1. Note that schools did not start the inter-
vention at the same time; therefore, the length of the pre- and post-intervention period
differs across schools that have implemented Build!. We modeled a time trend in the
control group and, separately, a pre-intervention time trend in the intervention group.
For the intervention group, we also modeled a change in the intercept at the inter-
vention start and a post-intervention time trend. The latter parameter estimated the
effect of the years since implementation.

Based on the eighth formula from Mascha and Sessler (2019), we used the following
model to estimate all the parameters of interest:

¥, = B, + B,test version+ B,intervention group
+ B,school year + B,intervention group * school year
+ Bsimplementation of the intervention

+ B, number of years that Build!is used,

in which S, is the intercept for schools in the control group, f, is the difference in
intercepts for schools in the intervention group compared to those in the control
group, B, is the general time trend in the control group, B, is the difference in
pre-intervention time trend in the intervention group compared to the control group,
B, is the intercept change in the first intervention year compared to the predicted
level based on the intercept and pre-intervention time trend, and S, is the difference
in the post-intervention time trend in the intervention group from the second inter-
vention year onward (measuring the effect of the number of years that Build! is used)
compared to the pre-intervention time trend.

Unfortunately, during our period of interest new tests were introduced for all out-
come variables. To control for differences between test versions, we included a dummy
in the model, B,. However, the newer test versions were introduced when more schools
had implemented the intervention. Even by including test version, it might be possible
that the model could not make a clear distinction between the introduction of the
intervention and introduction of the new test version, leading to overestimation or
underestimation of intervention effects. Therefore, we additionally ran all models on
the data of the separate test versions. The new test version was used for spelling,
reading comprehension, and mathematics because this version was most frequently
used (i.e., in 65% to 90% of the cohorts). Both test versions were analyzed for reading
fluency because the oldest version was used as often as the newest version (i.e., in
42% to 74% of the cohorts).

The models were built using multilevel modeling, in which cohorts were nested
within schools. This way, we accounted for dependencies between cohorts within the
same school (Snijders & Bosker, 2012). We included random intercepts for schools,
as schools can vary in general ability level. Schools can also differ in general time
trend. We decided per outcome whether it was necessary to include random slopes
for time. If random slopes models fit the data better for one of the measurement
occasions (e.g., the middle of grade 1), we added random slopes for all five occasions.
Using the full maximum likelihood estimator, all schools were included in the analysis
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also when some cohorts were missing. Analyses were carried out with R (R Core
Team, 2022), using package: nlme (Pinheiro et al., 2019).

Model Evaluation. The first evaluation looked at whether there was a change in test
scores in the first year Build! was introduced, that is, whether 5, was significant. Second,
we evaluated whether cohorts benefited more from the intervention if schools had been
using the intervention for a longer time, that is, whether 8, was significant. These effects
were evaluated with ¢ tests, using a significance level of 5%. To estimate its effect size,
we calculated the difference in R? (explained variance at level 1 and 2 combined; Snijders
& Bosker, 2012) between the model with and without parameter .. Cohen (2013)
suggested that an R*> of .01 can be considered small, an R* of .09 can be considered
medium, and an R? of .25 can be considered large.

Assumptions. We checked assumptions for all models. The assumptions of linearity and
homogeneity of residuals were checked by visually inspecting the plots of level-1 and level-2
residuals (y-axis) and predicted outcomes (x-axis). Normality of residuals was checked by
visually inspecting the Q-Q plots and histograms of residuals at levels 1 and 2. Assumptions
were met, although homogeneity was not perfect due to the two different test versions in
use. Therefore, we not only included test version as a predictor but also allowed the models
to estimate the variance for each test version separately. In addition, we ran the models for
one test version, using only the data of the test version that was used most often during
the research project (either the old or new version, depending on the outcome).

Results

Data Processing

Prior to analyses, we checked for outliers on all outcome variables (values more than
3 standard deviations from the mean). The number of outliers varied from 0.9% to
3.9% (reading fluency: 1.0%-3.9%; spelling: 1.1%-3.7%; reading comprehension: 0.9%-
2.8%; mathematics: 1.5%-3.2%). Outliers were coded as missing values. Those obser-
vations were not included in the analyses.

There was a specific problem with reading fluency. The test needed to be admin-
istered individually. It appeared that some schools therefore tested only the students
with reading difficulties from grade 3 onward. As a result, some cohorts had more
than 80% readers with difficulties, which is unrealistic. Based on the spelling test,
which was administered in a classroom setting, we determined the size of each cohort.
When the number of children tested on spelling was similar to the number of children
tested on reading fluency (by a 20% margin), we included the cohort in the analyses
of reading fluency. As a consequence, the analyses in the middle of grade 3 included
fewer schools. Across school years, the number of schools varied between 136 and
195 at the middle of each grade (except for reading fluency in the middle of grade
3: 41-160 schools) and between 147 and 195 at the end of each grade.

Descriptive Statistics

Means and standard deviations of the percentage of children with difficulties at the
end of the study (school year 2019-2020 at the middle of each grade and school year
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2018-2019 at the end of each grade) are shown in Table 1 per outcome and measure-
ment occasion and split into schools that did not use Build!, used Build! for 1 or 2
years, and used Build! for 3 or more years. Effect sizes of group differences are pre-
sented in the last two columns. The results for the mean ability on the newest test
version are shown in Table 2.

Regarding reading fluency, schools that had used Build! for 1 or 2 years had a
similar percentage of children with difficulties and a similar cohort mean ability as
schools without Build! at the end of the period. In contrast, schools that had used
Build! for 3 or more years showed fewer children with difficulties and a higher mean
ability than schools that did not use Build! (small differences). Regarding spelling,
reading comprehension, and mathematics, schools without Build! mostly showed more
children with difficulties and a lower mean ability than schools that used Build! for
1 or 2 years (small difference) and schools that used Build! for 3 or more years
(medium difference). These descriptive statistics give the impression that Build! may
also have affected mathematics, but Tables 1 and 2 do not show whether the differ-
ences between groups already existed at the beginning of the study (before the inter-
vention had started). Therefore, Tables 1 and 2 do not show whether any differences

Table 1. Descriptive statistics for the percentage of children with difficulties at the end of the study.

Outcome Schools without Build! Schools with Build! Cohen’s d
Without ~ Without
« 1-2 — 23
1-2 years of Build! >3 years of Build! years® years®
n M SD n M SD n M sD
Reading fluency
Mid-grade 1¢ 43 37.87  13.19 43 3430 1231 69 29.83 14.20 -0.28 —0.58
End of grade 1¢ 54 2118 1348 52 2020 13.14 49 1599 10.13 —-0.07 -0.43
Mid-grade 2¢ 62 29.06  13.49 52 2862 1138 53 2574 10.60 —0.03 -0.27
End of grade 2¢ 70 2125 1092 42 19.23  13.65 21 16.86 8.49 -0.17 -0.42
Mid-grade 3¢ 79 2403 1343 40 21.69 1211 19 22,02 1298 -0.18 -0.15
Spelling
Mid-grade 1¢ 54 3200 16.30 50 29.64 17.39 82 2339 16.30 -0.14 -0.53
End of grade 1¢ 76 2567 1534 59 2446 17.10 59 1476 11.83 —-0.08 -0.71
Mid-grade 2¢ 77 26.83 14.83 64 2286 15.84 58 18.28 1444 -0.26 —0.58
End of grade 2¢ 113 24.67 15.65 55 1854 1291 29 1856 16.87 -0.41 -0.38
Mid-grade 3¢ 112 3216 1644 56 2572 16.18 29 2209 13.99 -0.39 -0.63
Reading
comprehension
End of grade 1¢ 58 31.83 231 43 2378 16.95 30 1377 11.83 -0.39 -0.90
Mid-grade 2¢ 69 3418  20.61 53 2888 17.72 48 2454 18.00 -0.27 —0.49
End of grade 2¢ 110 30.00 18.75 51 2065 13.64 29 1858 12.69 -0.54 —0.65
Mid-grade 3¢ 115 3227 18.85 57  29.01 16.49 28 2222 17.75 -0.18 -0.54
Mathematics?
Mid-grade 1¢ 56 3406 19.71 46 30.37 18.66 71 2445 16.02 -0.19 -0.54
End of grade 1¢ 75 2943 1813 48 22.60 14.01 51 1572 10.86 -0.41 -0.88
Mid-grade 2¢ 73 3234 17.59 48 27.63 1598 50 21.81 13.02 -0.28 —0.66
End of grade 2¢ 97 2732  16.29 46 21.65 1641 28 17.29 13.25 -0.35 —0.64
Mid-grade 3¢ 100 31.58 15.80 43 25.77 16.73 27 1658 1293 -0.36 -0.98

2Cohen’s d: difference between schools without Build! and schools that used Build! for 1 or 2years, divided by the
pooled SD.

bDifference between schools without Build! and schools that used Build! for 3 or more years, divided by the pooled
SD. A negative Cohen’s d means that the percentage of children with difficulties was lower in schools with Build!
than in schools without Build!

This table presents descriptives for the end of the study on the new test version. That is school year 2019-2020 for
the middle of each grade and 2018-2019 for the end each grade (as the COVID-19 pandemic affected scores at the
end of 2019-2020).
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Table 2. Descriptives for the mean ability at the end of the study.
Schools without Build! Schools with Build! Cohen'’s d
1-2 years of Build! >3 years of Build!  Without Without

—1-2 <=3

Outcome n M SD n M SD n M SD  vyears®  years®
Reading fluency
Mid—grade 1¢ 47 14.52 352 45 15.26 3.06 74 15.72  3.95 0.22 0.32
End of grade 1¢ 55 29.09 6.52 53 28.95 563 47 30.62 540 —0.02 0.25
Mid—grade 2¢ 62 44.20 7.04 52 43.73 500 52 4538 5.77 -0.08 0.18
End of grade 2¢ 70 53.21 589 41 54.06 573 21 56.08 535 0.15 0.50
Mid—grade 3¢ 78 63.14 750 40 64.07 555 19 66.19 47.85 0.13 0.14
Spelling
Mid—grade 1¢ 55 14406 2645 55 14679 2882 83 158.13 25.25 0.10 0.55
End of grade 1¢ 78 20048 20.82 78 205.07 2156 65 21810 19.06 0.22 0.88
Mid—grade 2¢ 76  237.11 1931 64 24063 1821 57 25058 20.71 0.19 0.68
End of grade 2¢ 112 26954 18.03 55 277.25 1781 29 279.46 19.48 0.43 0.54
Mid—grade 3¢ 112 29020 1678 55 298.06 1774 29 301.60 14.25 0.46 0.70
Reading comprehension
End of grade 1¢ 56 11350 56.00 43 119.76 43.00 30 12460 30.00 0.12 0.23
Mid—grade 2¢ 69 12894 1478 52 13231 1271 49 13542 13.21 0.24 0.46
End of grade 2¢ 110  136.94 13.05 51 14128 1140 29 14577 10.86 0.35 0.70
Mid—grade 3¢ 113 150.98 11.79 56 15326 11.00 27 159.01 9.20 0.20 0.71
Mathematics®
Mid—grade 1¢ 54 109.70 16.86 45 11425 16.04 73 11752 15.08 0.28 0.49
End of grade 1¢ 73 13732 1310 48 14273 1153 53 14697 870 0.43 0.84
Mid—grade 2¢ 73 160.10 1316 48 16124 1111 52 166.46 11.82 0.09 0.50
End of grade 2¢ 97 18230 1344 45 18675 1023 28 191.13 10.84 0.36 0.68
Mid—grade 3¢ 101 198.66 12.14 44 203.65 1253 27 21132 9.50 0.41 1.09

2Cohen’s d: difference between schools without Build! and schools that used Build! for 1 or 2years, divided by the
pooled SD.

bDifference between schools without Build! and schools that used Build! for 3 or more years, divided by the pooled
SD. A positive Cohen’s d means that the mean ability was higher in schools with Build! than in schools without
Build!.

This table presents descriptives for the end of the study on the new test version. That is school year 2019-2020 for
the middle of each grade and 2018-2019 for the end each grade (as the COVID-19 pandemic affected scores at the
end of 2019-2020).

between groups emerged during the study and might be related to the introduction
of Build!. We need the DiD models (controlling for preexisting differences and test
version and modeling time trends within groups) to draw any further conclusions on
the significance of these differences and their relation with the use of Build!.

DiD Models

We ran separate DiD models for reading fluency, spelling, reading comprehension,
and mathematics for each measurement occasion, for both test versions together as
well as for the two test versions separately. Before the intervention started, two effects
are relevant: (1) the mean difference between the intervention and control group
intercepts (B,) and (2) the difference between the pre-intervention time trend of the
control group and the intervention group (B,). Particularly, the similarity of the trends
in the control and intervention group is important for the ability to interpret the
effects of the intervention in a CITS design (parallel-trends assumption). The
pre-intervention time trend in the control group was always based on five (end of a
grade) or six (middle of a grade) cohorts. The number of pre-intervention cohorts in
the intervention group varied between one and four at the end of a grade and between
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one and five for occasions in the middle of a grade. At least four baseline cohorts
are needed for a reliable estimation of a baseline trend (Jacob et al.,, 2016). Across
analyses, the percentage of schools in the intervention group with at least four baseline
measures varied between approximately 25% and 50% (22-54 schools).

The intervention effects were evaluated based on two post-intervention parameters:
(1) the direct effect of Build!, that is, after the first cohort had used Build! (f;), and
(2) the change in time trend when Build! had been used for 2 or more years (f;). Our
main results concern the second parameter, that is, the post-intervention time trend.
For reasons of clarity, we present the parameter estimates for this parameter in a single
table (Table 3). We present them for each test version separately and the two test
versions together. In the Supplemental Materials, all parameter estimates of the DiD
models are provided (see Tables A1-A4, model 1). We also ran analyses with one of
the test versions. The results are also listed in the Supplementary Material (Tables A5

Figure 3. Model-based estimates of difference-in-difference models for reading fluency and spelling.
Note. 2014 refers to school year 2014-2015, 2015 to school year 2015-2016, etc. Graphs illustrate
time trends in the percentage of children with difficulties in reading fluency (A) and spelling (C) and
in the cohort mean ability on reading fluency (B) and spelling (D) in the middle of grade 2, the
moment that the intervention should be ended. Separate lines are shown for schools that did not use
Build!, schools that used Build! from 2016 onward, and schools that used the program from 2017
onward. Graphs are based on the model parameters in Supplemental Materials Table A1 and A2 (two
test versions) and the formula in the Methods section (see Analyses, Difference-in-Difference Models).
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and A6). In what follows, we describe patterns per outcome, rather than significant
differences per measurement occasion, and summarize findings across test versions.

Word Reading Fluency

Pre-Intervention Differences. Except for a few incidental significant differences, the
intervention and control group showed a similar percentage of children with difficulties
and a similar mean ability on reading fluency before the intervention had started (see
Supplemental Materials Table Al, model 1, intercept,, B,). The pre-intervention time
trend in the intervention and control group was similar (see Supplemental Materials
Table Al, model 1, time trend pre,,, f,). In both groups, there was a slight increase in
children with reading difficulties over time, but this was less clear for the two test
versions separately (see Supplemental Materials Table Al, model 1, and Table A5, time
trend ;). The mean ability was highly stable over time.

control®

Intervention Effects. There was no significant change in the percentage of children with
difficulties and the mean ability on reading fluency after the school had been using
Build! for 1 year (see Supplemental Materials Table A1, model 1, intervention start,, Ps).
However, overall there was a post-intervention time trend: The percentage of children
with difficulties decreased and the mean ability increased from 2 years of Build! onward.
Depending on test version, this effect was significant from the middle or end of grade
1 to the middle or end of grade 2 (B, see Table 3). From the second year, for schools
that had been using Build!, the percentage of children with difficulties was stable or
dropped by 1% per school year, while it increased by 1% per school year before Build!
had been introduced. Put differently, the percentage of readers with difficulties after 2
years of intervention was 1% to 2% lower than expected based on the pre-intervention
slope. The mean ability increased by around 1 point per school year, while it was stable
before Build! had been implemented. The post-intervention time trend explained 1% to
4% of the variance in reading fluency, which might be qualified as a small effect.

In Figure 3A and 3B, we provide an illustration of time trends in the percentage
of children with difficulties and the mean ability in the middle of grade 2, when the
intervention should have been finished. Based on the model parameters in Supplemental
Materials Table Al (model 1) and the formula in the Methods section (see Analyses,
DiD Models), the graphs illustrate time trends for schools that did not use Build!,
schools that used Build! from 2016 onward, and schools that used the program from
2017 onward. The graphs illustrate that before the intervention had started, the dif-
ferences between the groups were small and there was no immediate change when
Build! was used for 1 year. However, after Build! was used for 2 years, time trends
positively changed in the intervention groups, while the control group continued to
have a negative time trend.

Spelling

Pre-Intervention Differences. The intervention group had fewer children with difficulties
and a higher mean ability on spelling before the intervention had started (see
Supplemental Materials Table A2, model 1, intercept,,, ,). This effect is most pronounced
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for the new test version (see Supplemental Materials Table A6, intercept, ,, B,). Regarding
the percentage of children with spelling difficulties, the pre-intervention time trend in
the control group and intervention group were similar (see Supplemental Materials
Table A2, model 1, time trend pre,, B,). In both groups, the percentage was stable over
time (see Supplemental Materials Table A2, model 1, time trend .., B;). With respect
to the mean spelling ability, pre-intervention trends in the control group and intervention
group were not always similar, in particular the trends in second grade on the new
version (see Supplemental Materials Table A6, time trend pre,, p,). Here, the mean
ability slightly increased over time in the control group (see Supplemental Materials
Table A6, time trend ., P;), whereas it remained stable in the intervention group
(adding time trend_ ., B; and time trend pre,,, B,)-
Intervention Effects. There was no change in the percentage of children with difficulties
and the mean ability on spelling when the school had been using Build! for 1 year
(see Supplemental Materials Table A2, model 1, intervention start,, ;). After working
with Build! for 2 years, the time trend changed: The percentage of children with difficulties
decreased and the mean ability increased. This was significant for most measurement
occasions, mid-grade 1 to mid-grade 3 ((, see Table 3). From the second year Build!
was used, the percentage of children with difficulties dropped by 1% to 3% per school
year and the mean ability increased by around 3 points per school year. The post-
intervention time trend explained 1% to 4% of the variance in spelling (a small effect).
See Figure 3C and 3D for an illustration of the effects at the planned end of the
intervention, that is, mid-grade 2. Graphs were created in the same way as in Figure
3A and 3B but were based on the parameters in the Supplemental Materials Table A2
(model 1). The graphs show that before the intervention had started, there were dif-
ferences between schools that did not use Build! and schools that used Build! from
2016 or 2017 onward. Nonetheless, there was a clear change in time trends, not
immediately after Build! was introduced but after 2 years. The intervention group
showed more favorable outcomes at the end of the research period.

Reading Comprehension

Pre-Intervention Differences. The intervention group had fewer children with difficulties
and a higher mean ability on reading comprehension before the intervention had started
(see Supplemental Materials Table A3, model 1, intercept,,, {3,). The pre-intervention
time trend in the control group and intervention group was similar (see Supplemental
Materials Table A3, model 1, time trend pre,,, B,). In both groups, there was a slight
increase in children with difficulties (1% to 2% per school year) and a slight decrease
in the mean ability (around 1 point per school year) on reading comprehension over
time, but this was less clear for the new test version (see Supplemental Materials Table
A3, model 1, and Table A6, time trend_ . [;). In this version, the percentage of
children with difficulties and the mean ability were mostly stable.

Intervention Effects. There was mostly no change in the percentage of children with
difficulties and the mean ability on reading comprehension, when the school had been
using Build! for 1 year (see Supplemental Materials Table A3, model 1, intervention
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start,,, Bs). However, after working with Build! for 2 years, the post-intervention trend
for the percentage of children with difficulties changed. While it increased by 1% or 2%
before Build! was introduced, it kept stable or decreased by 1% after working with
Build! for 2 years (post-intervention slope was around 2% lower than the pre-intervention
slope). This effect was significant for most measurement occasions, including at the end
of grade 1 to the middle of grade 3 (B, see Table 3). The post-intervention time trend
explained 1% to 2% of the variance in the percentage of children with difficulties in
reading comprehension (a small effect). The mean ability mostly did not change after
working with Build! for 2 years.

Mathematics

We also checked effects of Build! on mathematics. If there is no effect on this unre-
lated skill, the likelihood increases that the effects on trained skills are due to the
intervention and not to another event.

Pre-Intervention Differences. The intervention group had fewer children with difficulties
and a higher mean ability on mathematics before the intervention had started (see
Supplemental Materials Table A4, model 1, intercept,,, B,). The pre-intervention time
trend in the control group and intervention group was mostly similar (see Supplemental
Materials Table A4, model 1, time trend pre,,,, ,). In both groups, the percentage of
children with difficulties and the mean ability were highly stable over time (see
Supplemental Materials Table A4, time trend_ .. Bs)-

Intervention Effects. As expected, there was no change in mathematics scores when the
school had been using Build! for 1 year (see Supplemental Materials Table A4, model 1,
intervention start,,, B;) or after working with Build! for 2 years (B, see Table 3).

int>

Additional Analyses on Early and Late Adopters

The overall results thus far show that the effects of the intervention did not occur
immediately after schools implemented the intervention, but in the following years of
working with the intervention. The implementation of the intervention was associated
with a downward trend in literacy problems and an upward trend in mean level of
literacy performance. This change in trend was found, irrespective of the version of
the test that was used to assess literacy skills (see Tables A5 and A6). However, it
should be acknowledged that pre-intervention trends were more affected by schools
that started the intervention later (i.e., late adopters) and that post-intervention trends
were more affected by schools that started the intervention earlier (i.e., early adopters)
because late adopters inevitably had more pre-intervention cohorts and early adopters
had more post-intervention cohorts than late adopters. This raises the possibility that
the pre- and post-intervention trends could be ascribed to differences between early-
and late-adopting schools. For example, children in the early-adopting schools could
profit more from the intervention than the children in the late-adopting schools because
schools that started early might be more capable and motivated to implement the
intervention and thereby reach a higher treatment fidelity, resulting in larger effects
soon after implementing the intervention. In the case of such systematic differences


https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365
https://doi.org/10.1080/19345747.2024.2384365

JOURNAL OF RESEARCH ON EDUCATIONAL EFFECTIVENESS . 939

between early and late adopters, we would expect a significant interaction between time
of the implementation of the intervention (early or late) and the pre-intervention time
trend, the intervention effect after 1 year, and/or the intervention effect after 2 years.

With respect to the pre-intervention trend, it should first be noted that we did not
observe a difference between the schools in the intervention and the control group
(i.e., schools that did not start with the intervention in the research period). It would
be quite surprising if we found significant differences between pre-intervention trends
of early and late adopters, whereas at the same time the pre-intervention trends in
the intervention and control group hardly ever differed significantly. Nevertheless, we
tested for differences between the pre-intervention time trends of early and late adopters
within the intervention group. We distinguished three groups of intervention schools:
schools with two, three, and four or more pre-intervention cohorts, where schools
with more pre-intervention cohorts were later adopters. Depending on the outcome
and measurement occasion, there were 5 to 31 schools (M =21) with two pre-intervention
cohorts, 8 to 28 schools (M=22) with three pre-intervention cohorts, and 8 to 54
schools (M =34) with four or more pre-intervention cohorts. We specified a model on
only the pre-intervention measures of these groups of schools with three parameters
of the original model—intercept (B,), test version (), and school year ($,)—whereby
school year represents the pre-intervention time trend. Next, we created two dummies
to distinguish schools with two, three, or four or more pre-intervention cohorts, and
we added an interaction between school year (B;) and the two dummies. Hardly any
of the interaction effects appeared to be significant, indicating—as expected—that
early- and late-adopting schools mostly had similar pre-intervention time trends.

It is more likely that post-intervention trends, which differ from the trend in the
control group, could differ between early and late adopters. Therefore, we more thor-
oughly checked whether the intervention effects differed across early and late adopters.
The number of years that a school had implemented the intervention ranged from 1
to 6, but the post-intervention trend started from the second year of implementation.
Thus, in principle, we could split the intervention group into five groups based on the
number of years a school worked with Build!. However, the number of schools that
had implemented the intervention for 4, 5, or 6 years was low. Therefore, to increase
the power of our analyses, we distinguished between schools that had implemented
the intervention for 2 years (late adopters) and those that had used the program for
3 or more years (early adopters). If the post-intervention trends differed between these
groups, we should find a difference between the groups after 1 and/or after 2 years of
implementation. We took several steps to test these effects. We started to extend our
original model (model 1 in Tables A1-A5) by splitting the post-intervention trend ()
into two dummy variables: 2 years and 3 years or more after implementation. Note
that the effect after 1 year was already in the model. The parameter estimates for part
of this model are given in the Supplementary Materials (see model 2 in the bottom
part of Tables A1-A5). Overall, the results show that the effect after 2 years is smaller
than after 3 or more years of intervention, which nicely aligns with the post-intervention
trend observed in our earlier model. Note that the model with the dummy variables
has one extra parameter as compared to our previous CITS model. Per outcome mea-
sure and measurement occasion, we tested the difference between this model and the
simpler model with one trend estimate with a chi-square difference test. Hardly any
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of the results were significant (see Supplementary Materials, Table A7), indicating that
this model mostly did not fit the data better than the simpler model did.

Next, we made a dichotomous variable distinguishing between early and late adopters.
The schools that had worked with the intervention for 3 years or more were considered
early adopters, schools that used the intervention for less than 3 years were late adopters.
Depending on the outcome and time point, 6% to 29% of the schools (11 to 57 schools)
were early adopters. Finally, we inserted two interaction terms in the model: the inter-
action of adopter group (early or late) with the immediate effect (after 1 year) and the
interaction of adopter group with the effect after 2 years. A significant interaction of
adopter group with the immediate effect would imply a difference between early and
late adopters after 1 year of implementation. More importantly, a significant interaction
of adopter group with the effect after 2 years would mean that, on top of the immediate
effect, there would be a difference between early and late adopters in the effect after
schools worked with Build! for 2 years, a clear indication of differences in post-intervention
trend between early and late adopters. Note that we did not specify an interaction of
adopter group with the dummy denoting 3 or more years of intervention, because the
late adopters had only 2 post-intervention measures. In these analyses, we assumed
similar intercepts and pre-intervention time trends for early and late adopters. The results
showed that the model with the interaction effects hardly ever differed significantly from
the model without these effects (see Supplementary Materials, Table A7), indicating that
early- and late-adopting schools mostly showed the same post-intervention effects. Except
for the percentage of children with difficulties in reading comprehension in the middle
of grade 3, significant interaction effects were always in the opposite direction than
expected: Early adopters showed less favorable outcomes than late adopters (i.e., lower
mean abilities). Results indicate that it is not likely that the post-intervention time trends
in the original models can be ascribed to the fact that there were more post-intervention
cohorts in early-adopting schools than in late-adopting schools and, thus, the larger
effects as the implementation proceeded were not confounded by adopter group.

Discussion

In this study, we examined whether the large-scale implementation of an early-literacy
intervention (Build!) led to an improvement in reading performance and a reduced
number of students with reading difficulties at the school level. We investigated
whether intervention effects possibly transferred to spelling and reading comprehension
and also included mathematics, a skill unrelated to the intervention on which we did
not expect an effect. We assessed whether the effects increased when schools had
been using the intervention for a longer time. These questions were answered with
a DiD model, specifically a CITS model. In a sample of 207 schools and over 6
school years (2014-2015 to 2019-2020), we investigated per outcome variable whether
there was a change in the percentage of children with difficulties and the mean ability
at the school level, after schools had used the intervention for 1 year and for 2 or
more years.

The models showed that levels of reading fluency, spelling, and reading compre-
hension did not change immediately after the intervention had been implemented but
that time trends changed, resulting in differences between schools using and not using
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the intervention after 2 or more years. More specifically, after schools used the inter-
vention for at least 2 years, there were decreases in the percentage of children with
difficulties in reading fluency (middle/end of grade 1 to middle/end of grade 2),
spelling (middle/end of grade 1 to middle/end of grade 3), and reading comprehension
(end of grade 1 to middle of grade 3). Moreover, the mean ability on reading fluency
(middle of grade 1 to end of grade 2) and spelling (middle of grade 1 to middle of
grade 3) started to increase. A contrary trend was observed in schools that did not
use the intervention. As expected, no effects were found on mathematics scores.

As this was a quasi-experimental study, it is important to note that we controlled
for preexisting differences between schools that did and did not implement Build!.
Before the intervention was introduced, schools that used Build! had a lower percentage
of children with difficulties and a higher cohort average performance on spelling,
reading comprehension, and mathematics—but not reading fluency—than schools that
did not use the intervention. This indicates that schools with Build! were initially
“better-performing” schools. However, we found hardly any systematic differences
between the pre-intervention time trend in the intervention group and the time trend
in the control group, suggesting that the percentage of children with difficulties and
the mean ability of the children developed similarly across schools before Build! was
introduced. Using multilevel modeling, we examined changes in trends within schools.
Thus, it seems unlikely that our findings could be the result of preexisting differences
across schools.

Effects of Build!

Before drawing any conclusions on the effects of Build!, we first discuss the size of
the effects and alternative explanations for the findings.

Effect Size
The number of years Build! was used explained 1% to 4% of the variance in the
percentage of children with difficulties and the mean ability on reading fluency, spell-
ing, and reading comprehension. At first glance, these effects are small. However, larger
effects can hardly be expected. First, the target group of Build! is small. The mean
ability was exhibited by many more children than only the small group of children
who received the Build! intervention. The intervention is meant for children who are
at risk for reading problems, that is, the 25% lowest-scoring children in kindergarten
or grade 1, but the effects were examined at the school level, including the perfor-
mance of all children. Second, the selection of children is never perfect, and thus not
all of the readers with the 25% lowest scores might have received the intervention.
Especially in kindergarten (before formal reading instruction has started), the selection
of children is challenging, as precursors of reading can only partly predict later reading
ability (e.g., van Viersen et al,, 2018). Early selection inevitably results in underiden-
tification and overidentification of children with reading problems (Fletcher et al., 2021).
Third, Build! is an evidence-based intervention, but it might not prevent all children
from experiencing reading problems. Some children have severe reading problems
(Zijlstra et al., 2021). Within the response-to-instruction (RTI) model (Fuchs & Fuchs,
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2006), Build! could be seen as a tier 2 intervention (individual reading support from
a nonprofessional tutor at school), while some children need tier 3 instruction (indi-
vidual support from a specialist). Suppose that only half of the lowest-scoring readers
in the 25% identified were provided with Build! and that it was effective for 25% of
these children. Then, the percentage of readers with difficulties would drop from 25%
to 22%, which is similar to the drop in readers with difficulties in the middle of grade
1 in our study after Build! had been used for 4 years—from 25.51% to 22.45%. The
cohort average ability on reading fluency would increase, for example, in the middle
of grade 1, by around half a point, similar to the increase in our study after Build!
had been used for 3 years—from 22.83 to 23.38 points. Please note that with more
than 1 million children in primary schools in the Netherlands, a reduction of 3% in
readers experiencing difficulties would equate to thousands of children for whom
severe literacy problems have been prevented.

Fourth, it is unclear the extent to which schools implemented the intervention as
intended. Another study on the school-based implementation of Build! (van der Weijden
et al., 2024) showed that many schools start the intervention in grade 1 instead of in
kindergarten. Although there might be good reasons to do so, the intervention can
no longer be considered a prevention program in that case. Effects for remediation
programs tend to be smaller (Wanzek et al.,, 2013). Thus, treatment fidelity, that is,
the extent to which the intervention was implemented as intended (Gresham et al,
2000), may have affected intervention outcomes.

Alternative Explanations for the Effects of Build!
It is probable that the small effects of Build! on literacy skills were not caused only
by the implementation of the intervention. In that case, we would have found smaller
effects on the mean ability than on the percentages of children with difficulties, because
the intervention is only used for children at risk for reading difficulties. The finding
of similar effects on these two outcomes (reading fluency and reading comprehension)
or even larger effects on the mean ability than on the percentage of children with
difficulties on spelling suggests that the implementation of Build! might be associated
with a development within schools that affected all children. It is possible that the
implementation of Build! created more attention for reading and spelling within schools
or better monitoring of children’s reading and spelling skills. When selecting children
for the intervention, schools might become aware of how many children have poor
pre-literacy skills. This may have acted as an incentive to provide all students with
better instruction and to provide extra help to students who do not reach target levels.
Similarly, Torgesen (2009) suggested that the implementation of the RTI instructional
model in that research might have caused a change in behavior within the schools.
Torgesen speculated that teachers and schools may have become more confident in
their ability to meet the needs of children as a result of the implementation of the
RTTI instruction model, leading to lower percentages of readers with difficulties. In all,
it seems likely that the implementation of Build! by a school has broader effects than
increasing the literacy abilities of the children who are provided with the intervention.
It is not likely that the outcomes were due to large educational improvements, such
as changes in general policy. First, there were no improvements in reading fluency in
schools that did not use the intervention. Second, the absence of effects on
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mathematics suggests that the improvements were not caused by something that was
not related to literacy, for example, more funds from the government for education
in general. Third, the schools in this study started with Build! at different time points,
making it less likely that the increase in test scores was due to a particular event at
a particular time. Fourth, such a large movement can be expected to start before the
school had been using Build!, while we did not find that reading or spelling improved
before Build! was used or after it was used for 1 year. Taken together, findings suggest
that the observed improvements in literacy skills could (partly) be a direct effect of
the intervention by training at-risk children’s literacy skills as well as an indirect effect
by causing a change within the school that affected literacy instruction for all children.

Long-Term Effects

Few studies have examined long-term effects of early-literacy interventions, that is, around
lyear after the intervention had finished (Suggate, 2010). Our findings show that there
was no long-term effect on word reading fluency. Effects disappeared after the end of
grade 2, that is, half a year after the intervention should be finished. In contrast, there
were long-term effects on spelling and reading comprehension, that is, the middle of grade
3, 1 year after the intervention had finished. The absence of long-term effects on reading
fluency could be explained by the sample size in the higher grades: In these grades, fewer
cohorts had worked with Build! for 2 or more years. This was even more pressing for
reading fluency, as we had to filter out schools that tested only the readers with difficulties.
Thus, these findings may just have been a matter of power.

Alternatively, a long-term decrease in reading difficulties may not be established by an
early-literacy intervention only. Children need continuous support during all the phases
of reading development to establish long-term effects. The current intervention lasted 2
years (covering the pre-reading and reading phase in kindergarten and grade 1 and 2),
and earlier research showed that the effects of Build! were still visible in sixth grade (Zijlstra
et al., 2021). However, it is possible that schools in the current study did not continue
the intervention for 2 years. A previous study (van der Weijden et al., 2024) showed that
many children stopped the intervention in grade 1 instead of in grade 2.

Transfer Effects

The transfer effects to spelling and reading comprehension are in line with earlier
studies on Build! (Regtvoort et al., 2013; Zijlstra et al., 2021). Regarding spelling, the
intervention includes extensive training on letter-sound correspondences, which has
been shown to improve spelling in the short and long term (Ehri et al., 2001a; Suggate,
2016). To a lesser extent, the intervention includes phonological training, that is,
phoneme blending and reading with the minimal pairing technique. From around the
middle of grade 1, children read words with time limits. Both phonological training
and reading fluency training have been shown to improve spelling skills (Ehri et al.,
2001b; Suggate, 2016). Reading comprehension also could have been improved by
reading fluency training (Alvarez-Canizo et al., 2015; Kim et al., 2010). The simple
view of reading suggests that reading fluency is one of the two components that
determine reading comprehension (Florit & Cain, 2011).
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Years Since Implementation

The most remarkable finding of this study is that effects only emerged after Build!
had been used for 2 years or longer. To the best of our knowledge, there was no
existing (quasi)experimental study to support the idea that interventions become more
effective when schools use them for longer periods. Note that many large-scale studies
on K-12 interventions do not show any effects (Lortie-Forgues & Inglis, 2019), perhaps
because they included only effects immediately after implementation. Our findings
suggest that it takes time and effort to implement an intervention properly.

There are generally two ways to interpret a “proper implementation.” It is widely
accepted that treatment integrity is key (for a review study, see Durlak & DuPre,
2008). Only when the intervention is sufficiently implemented as intended can the
intervention be effective. Harn et al. (2013) have a different view. They suggest that
when it comes to studies in the field, higher levels of treatment integrity are not
necessarily better. In their view, interventions become more effective when schools
make adjustments to the intervention, leading to a better fit with the school context
and better fulfillment of the needs of school staff and children. The implementation
of an intervention leaves room for many choices. It may take a couple of years of
experience with the intervention to figure out which choices fit the local situa-
tion best.

Limitations and Suggestions for Future Research

In this study, we used a DiD approach, more specifically a CITS model, to study
the effects of an early-literacy intervention. This design was extended with multiple
pre- and post-intervention measurement occasions. Moreover, schools did not start
the intervention at the same time. Both extensions strengthen the causal interpre-
tation of the observed effects. Nonetheless, we need to point out two limitations.
First, the number of measurement occasions after the intervention had been imple-
mented was limited. As a consequence, estimation of the post-intervention time
trend was less precise, and we cannot draw conclusions about a further decrease in
the percentage of readers with difficulties after 3 years. Second, schools decided
themselves when they started the intervention. They were not randomly assigned to
those moments. Our additional analyses indicated that schools who started the
intervention earlier did not show more favorable intervention outcomes than those
that started later. Schools that started early were thus not more capable or motivated
to implement the intervention and did not have greater intervention outcomes in
the first 2 years after the implementation. That early adopters had more
post-intervention cohorts is thus not an alternative explanation for the finding that
the intervention became effective after a number of years. This alternative explanation
is also less likely, as we controlled for differences between schools at the beginning
of the study. We measured changes within schools, and at each time point we studied
whether the time trends changed.

Our findings suggest that future large-scale studies on evidence-based (reading)
interventions should not stop after 1 year of implementation. Instead, effects might
only appear after 2 or 3 years of implementing the intervention. Although large-scale
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studies are time-consuming and costly, it would be worthwhile to include multiple
cohorts or continue the study for several years. Moreover, it could be investigated how
schools’ experience with the intervention affects the implementation of the intervention,
in terms of treatment integrity, fit within the school context, and fulfillment of the
needs of school staff and children.

Practical Implications

Our findings suggest that Build! is slightly more effective than business-as-usual education
in decreasing literacy problems. Findings indicate that schools that (want to) use an
evidence-based (reading) intervention cannot expect an immediate effect after implement-
ing the intervention for 1 year. Instead, schools have to keep on going for multiple years
to observe any effects. Effects in the field might not be as large as found in RCTs guided
by researchers and conducted on a small scale. Even with an evidence-based intervention,
it takes time and effort to mitigate reading and spelling problems in schools.

Conclusion

Our findings indicated that after 2 years of implementation, Build! had a small effect
on the percentage of children with difficulties in word reading fluency, spelling, and
reading comprehension and the mean ability scores in word reading fluency and
spelling. Findings suggest that it takes time to reach or increase effects, which is of
special interest in light of large-scale studies on reading interventions. It has been
suggested that it is very hard to find effects in large-scale implementation studies
(Lortie-Forgues & Inglis, 2019; Thomas et al., 2018). Our findings suggest that effects
might not be found immediately after implementation but instead after schools have
had several years of experience with the intervention.
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