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Abstract

Although reading is a fundamental skill, many students leave school without being
proficient readers. We examine a literacy program targeting students most at-risk of
reading difficulties in kindergarten and first grade. The program includes multi-sensory
learning methods, which focus on phonological awareness and phonics and are delivered
in a one-to-one or one-to-two tutoring setting. Using a randomized field experiment with
161 students in 12 Swedish schools, we find large positive effects on our two primary
outcomes measures: a standardized test of decoding and a standardized test of letter
knowledge. We also find positive effects on measures of phonological awareness and
self-efficacy and small and statistically insignificant effects on measures of enjoyment
and motivation. The program compares favorably to similar programs in terms of cost-
effectiveness.
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1 Introduction

Being able to read well is a fundamental skill and reading skills are highly correlated with
labor market outcomes (e.g., OECD, 2016a). Yet on average around 20 percent of 15-
year-olds are not proficient readers in the OECD countries, and all countries have a sub-
stantial minority of students who are not proficient (OECD, 2016b). Among adults, a
similar share is still classified as poor readers (OECD, 2016a). Finding cost-effective
methods to help students at-risk of reading difficulties should therefore be a key focus
area for researchers and policy makers.

The previous literature provides reasons to be optimistic about improving this situa-
tion. Reviews comparing the effects of targeted (selected or indicated) interventions for
at-risk groups suggest that some types of interventions can meaningfully improve literacy
skills (e.g., Slavin et al., 2011; Dietrichson et al., 2017). Comparing instructional meth-
ods, the effect sizes are typically largest for tutoring, that is, intensive, small-group
instruction by adults (ibid.).! As for content, phonological awareness and phonics are
important building blocks of children’s early literacy development (e.g., Bus & van
[Jzendoorn, 1999; Snow et al., 1998; Ehri et al., 2001; Snowling & Hulme, 2011; Statens
beredning for medicinsk utvérdering, 2014), and explicit instruction in these areas may
be especially important for children at-risk of reading difficulties (e.g., Lundberg &
Hoien, 1996; Machin et al., 2018). Phonological awareness allows children to distinguish
phonemes, the distinct units of sound that are the smallest building blocks of language
and combine them into larger units such as syllables. Phonics training gives children their
knowledge of letters and the ability to match letters or letter patterns with sounds.

However, important pieces of evidence are missing. There is much variation in effect
sizes, even within categories of seemingly similar interventions, and most of this variation
cannot be explained by observable intervention characteristics (e.g., Dietrichson et al.,

2017). Furthermore, few studies have evaluated long-term effects and cost-effectiveness.?

! Tutoring in varying forms has also received support in the reviews of Cohen et al. (1982), Elbaum et al. (2000), Ritter
et al. (2006), and Fryer (2017). Effective whole-school reform concepts often employ tutoring as one of their
components (e.g., Borman et al., 2003). High-dosage tutoring was the only component significantly associated with
better results in a meta-study of so-called “No excuses” charter schools, which have shown promising results for at-
risk students (Chabrier et al., 2016).

2 For example, studies of interventions targeting low socioeconomic status students rarely include information about
costs (Dietrichson et al., 2017). Suggate (2016) reviews longer-term effects of reading interventions, but most included
studies evaluate effects less than one year after the end of the intervention. Really long-term studies of the effects on
for instance employment and earnings, which exist for targeted preschool programs (e.g. Heckman et al., 2010, Gertler
et al., 2014) and class size interventions (Chetty et al., 2011; Fredriksson et al., 2013), are to the best of our knowledge
entirely absent from the literature on targeted school-interventions for at-risk readers.
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As the short-term effect sizes of targeted interventions are reasonably similar throughout
primary and secondary school, the optimal time for intervention remains an open ques-
tion. In sum, there is still much to learn about the design of effective interventions.

We use a randomized field experiment with 161 students in 12 Swedish schools to
examine the short-term impact of a literacy program—Ldsklar (“ready-to-read”’)—devel-
oped by the third author. The program, which targets the students most at-risk of reading
difficulties in kindergarten and first grade, combines three main components: (1) it uses
multi-sensory methods aimed at activating many senses and thereby enhancing memory
formation and retrieval; (2) it focuses instruction on phonological awareness and phonics;
and (3) students are tutored one-to-one or one-to-two by teachers.

Students train with the program in kindergarten and first grade, which may have at
least three important advantages. First, as students who cannot read after first grade are
highly overrepresented among poor readers throughout compulsory school (e.g., Francis
et al., 1996; Denton et al., 2004), early interventions may prevent students from experi-
encing long periods of school failure.

Second, some studies suggest that children start seeing outcomes as diagnostic of their
ability around the start of primary school (e.g., Nicholls, 1978; Butler, 1999; Muenks &
Miele, 2017). Furthermore, children are seldom confronted by situations where their aca-
demic achievements are systematically compared to their peers before the start of primary
school (Poskiparta et al., 2003). Interventions implemented in kindergarten and first grade
may therefore improve at-risk students’ skills before reading difficulties become an
entrenched part of the students’ view of their own ability.

Third, if later interventions have to tackle both reading difficulties and motivational-
emotional problems,* they may need to be more comprehensive and more expensive to
succeed (Cook et al., 2014; Vaughn et al., 2015).° Furthermore, if skills beget skills,

successful early interventions may be important for the success of later interventions,

3 Average effect sizes of interventions for students with low socioeconomic status do not differ much between
elementary and middle school in Dietrichson et al. (2017), and they are in turn similar to average effect sizes of
interventions for more general groups of at-risk students in grade 7-12 (Dietrichson et al., 2019). See Hill et al. (2008)
for similar results using more diverse student populations.

4 Reading difficulties have been linked to the development of motivational-emotional vulnerability (Poskiparta et al.,
2003) and reduced self-regulation (Connor et al., 2016), and there is a strong association between the development of
academic achievement and school motivation (e.g., Archambault et al., 2010; Taylor et al., 2014). Lovett et al. (2017)
find larger effects of the same intervention in first grade compared to second and third grade.

3 In line with this reasoning, targeted interventions typically include more sessions and more intervention hours, and
go on for more weeks in higher grades compared to lower (e.g., Dietrichson et al., 2017, 2019).

4 IFAU -A multi-sensory tutoring program for students at-risk of reading difficulties



(e.g., Stanovich, 1986; Cunha & Heckman, 2007). Thus, early interventions have a higher
cost-effectiveness potential.

We find positive and statistically significant effects on our two pre-registered primary
outcome measures, a standardized test of decoding and a standardized test of letter
knowledge. We also find positive and significant effects on measures of phonological
awareness and self-efficacy. The effects are insignificant on measures of enjoyment and
motivation, but both measures have high risk of ceiling effects. Almost all students are
highly motivated and think it is going to be fun to learn to read at pre-, post-, and follow-
up tests. These results support the idea that we implemented the intervention before stu-
dents have become de-motivated.

The statistically significant effects are large. They are for example two to four times
larger than the 0.25 standard deviations considered substantial effects by What Works
Clearinghouse (2014). The effects are also large in comparison to average effect sizes
obtained in other interventions, including tutoring interventions. Furthermore, the pro-
gram compares favorably to similar programs in terms of cost-effectiveness. We discuss
these comparisons at length in the penultimate section.

We contribute to the literature on targeted reading interventions for at-risk students in
the following ways. First, we examine a program that adds multi-sensory methods to the
more well studied intervention components of tutoring, phonological awareness, and
phonics. Neuroscientific evidence suggests that multi-sensory stimulus engage more
learning mechanisms than uni-sensory stimulus (Shams & Seitz 2008; Shams et al., 2011)
and children perform better on categorization and numerical matching tasks after being
exposed to multi-sensory rather than uni-sensory stimulus (Jordan & Baker, 2011; Broad-
bent et al., 2018). Multi-sensory methods have long been considered good practice when
teaching students with dyslexia (Snowling & Hulme, 2011), but systematic evidence
comparing multi-sensory methods to other methods for at-risk students is scarce
(Broadbent et al., 2018; Snowling & Hulme, 2011).6

Second, we implemented the intervention in a way that closely resembles how schools
normally would implement the program. We did not monitor sessions or support schools

more than would have been the case outside of the study. Furthermore, we did not exclude

6 See for example Sadoski & Willson (2006) and Ehri et al. (2007) for examples of successful reading interventions
that use multi-sensory methods. Note that our experiment examines the impact of the full program, i.e., the joint effect
of all its components, and not the components in isolation.
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the lowest performing students, but actively sought to include them, regardless of the
reason for their at-risk status. This is also in line with how schools typically work, whereas
research studies often exclude students who for example are learning the majority lan-
guage, have diagnoses and impairments, or perform at the bottom of the achievement
distribution (e.g., Amendum et al., 2011; Burns et al., 2003; Lovett et al., 2017; Vadasy
et al., 20006).

Third, we provide an estimate of the cost-effectiveness of the program and test the
effects on measures of students’ self-reported attitudes to reading, which there are few
examples of in the previous literature.’” Tutoring by teachers is resource-intensive in gen-
eral, but we show that it is possible to improve student achievement substantially with
relatively small means using a short but intensive intervention.

Lastly, in a literature dominated by studies from English speaking countries—in partic-
ular the United States (US)—we provide evidence from a different context. There is no
guarantee that interventions that work well in one context also work well in others.
Swedish has for example a more transparent orthography than English (but more opaque
than e.g., Finnish and German), which could make phonological instruction less im-
por‘[ant.8

We are only aware of three previous studies from the Nordic countries on the effects
of reading interventions directly targeting at-risk students in kindergarten and first grade.
Our own pilot study of Ldsklar use a quasi-experimental design to estimate the effects in
three Swedish schools. For the comparable at-risk group and tests, we found similar short-
term effects on decoding and smaller effects on letter knowledge (Bog et al., 2018). Elbro
and Petersen (2004) find positive effects seven years after an intervention designed to
improve phonological awareness for Danish kindergarten children to dyslexic parents.
Rogde et al. (2016) find positive, short-term effects on expressive language skills of a
small group intervention aimed to improve general language skills for second-language

learners in Norwegian kindergartens.’

7 See e.g., Hollands et al. (2013, 2016) and Jacob et al. (2016) for examples of cost-effectiveness analyses and Morgan
et al. (2008) and Fives et al. (2013) for exceptions using self-reported attitude measures with first grade children. A
reason for the lack of effects on attitudes may be that there are few validated measures for this age group. We were
unable to find validated measures in Swedish regarding the concepts of self-efficacy, enjoyment, and motivation, which
is a limitation.

8 See e.g., Furnes and Samuelsson (2010) and Landerl et al. (2013) for discussions.

9 Filth et al. (2017) examine a class level intervention focusing on phonological awareness training in four Swedish
kindergarten classes. The intervention did not explicitly target at-risk children, but they find positive effects also for
this group. Wolff (2011, 2016) study a tutoring intervention with phonological training for students with reading
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The next section describes the program. Section 2 provides a description of the data
we use and how we measure literacy skills and estimate the effects of the program.
Section 3 presents the results. Section 4 compares the results to the earlier literature and

discusses some limitations of the study. Section 5 provides concluding remarks.

11 The program
Lasklar has three main aims. The first is to make the students realize that words denote

both a content and has a form composed of phonemes. The second is to help students
grasp the connection between letters and sounds. The third is to show students how to
decode simple words (i.e., to translate written words into sounds). In the “simple view of
reading”, efficient decoding is a main determinant of reading comprehension (e.g.,
Hoover & Tunmer, 2018).

Students trained together with a tutor either one-to-one or in groups of two (16 students
trained in groups of two). The intended frequency and duration of the program was 3-4
times a week for about 8-10 weeks, over a total of 30-35 sessions where each session lasts
about 10-15 minutes. The average received number of sessions in the treatment group
was 32.6, the median 32, and the minimum and maximum number was 21 and 50, respec-
tively. !

The tutors, teachers or special educators at the participating schools, were trained using
an online course, which consists of short films where the third author shows how to con-
duct the sessions. The third author also visited each school one or two times to show in
person how to conduct the sessions and answer questions.

The program had three types of sessions. In the first type, the tutor uses clay figurines
representing 25 of Swedish language sounds and letters, a box with a compartment for
each letter, and a laminated sheet with the fingerspelling alphabet. A session starts with
the tutor selecting three figurines. The students’ task is to help the figurine to move in to
its designated compartment, or “house”. To do so, students need to figure out a code. The
first part of the code is the sound of first letter in the figurine’s name, for example, “II”” in
“lion”, and the second part consists of fingerspelling the letter. When the students have

figured out that the word “lion” begin with an “1I” sound, they should make the sound for

difficulties in third grade. The intervention group had significantly better reading skills in a number of areas
immediately after the intervention, and five years later on a decoding test.

10 We lack information about the number of sessions from eight treated students. In the few cases when the number of
sessions was reported as a range, we use the midpoint of that range.
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a while, while at the same time fingerspelling the letter. When this is accomplished, the
figurine can move into its house. Once all three figurines have moved into their houses,
the procedure is repeated once and then the session ends. This usually takes about 10-15
minutes. During the next session, the students start with the previously completed figu-
rines, and then continued with three new ones.

The second type of session starts after the students have learned about 15 of the letter
sounds, which typically takes less than a month. The tutor use images representing short
words pasted on a white card. The tutor acts as a secretary to the students when they sound
out the phonemes in the word, after which the tutor writes the word on the front of the
card. Each word-picture card is put into a binder. The binder is gradually filled until it
contains about 25 words. Using the binder, the students can practice themselves, as they
are able to verify whether they read the word correctly by turning the card. If the students
need more practice, the old word-picture cards are tied together into a book and afterwards
the students began filling the binder with new words.

The third type of session aims to build decoding speed and fluency by practicing the
decoding of short syllables with the help of flashcards with syllables. This type of session
is therefore not used with students who do not reach the level where they are able to
decode simple words. For the students that do, the task is to decode as many syllables as
possible during one minute. The tutor registers the result on a chart and then the same
syllables are repeated two more times in the same session. This procedure usually yields
a clear improvement, which students can follow on the chart. Making improvements vis-
ible for the students usually motivates them to practice more.

The theory of action behind Ldsklar is that by focusing on phonological awareness and
phonics students will understand that the audio stream from the spoken language can be
divided into a number of letter sounds, and learn how to differentiate them from one an-
other. The small group instruction allows for an individualized pace and support, and
frequent feedback from the tutor. The multi-sensory methods aim to involve as many
senses as possible to activate the brain’s learning mechanisms and strengthen memory
capacity and retrieval. Placing the figurines into their houses aims to activate the kines-
thetic, visual, tactile, and auditory senses, while at the same time creating a little storyline

about the figurines moving into their house that may activate the episodic memory (the
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memory of autobiographical events; e.g., Tulving, 2002). The consistent use of finger-
spelling may also activate several senses and the students can use this tool as a memory
aid when they proceed to regular text reading. Working with figurines may also
strengthen the students’ motivation, as they may enjoy helping the figurines find their

houses more than just thinking about how the beginning of a word sounds.

2 Methods

This section describes the outcome measures, the participants, the assignment mecha-

nism, the control group instruction, fidelity of implementation, and the analysis plan.

21 Outcome meadsures

Our two primary outcome measures, a standardized test of decoding skills and a stand-
ardized test of how many letters the students know, correspond to the primary objectives
of Ldsklar. As a secondary outcome measure, we use a test of phonological awareness,
developed by the third author. To examine if the program also affects attitudes to reading,
we use three measures related to self-efficacy, enjoyment, and motivation.

We administered all tests pre-randomization (pre-test) to both the treatment and con-
trol groups and again to all students shortly after the treatment group had trained with
program (post-test), and then a third time after the control group had also trained with the
program (follow-up). Schools that implemented the program in kindergarten could start
in both fall and spring semesters, and we conducted pre-tests between late August and
early March. All schools that implemented in first grade started early in first grade and
we conducted pre-tests from late August to early October. The average number of days
between pre- and post-tests was 103 and the average number of days between post- and
follow-up was 102.!!

Almost all students were tested by the same tester (a former teacher), who was blind
to the treatment status of students. For one testing round at one school, we used another
tester, who was also blind to treatment status. The test administrators tested the students

individually, which took around 10-15 minutes per student. The total score for each test,

! There are no substantial or statistically significant differences between the treatment and control group regarding the
number of days between the tests.
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occasion, and student plus anonymized student identifiers were transferred to an Excel-

file and sent to the researchers.

211 Decoding
LdSt is a test battery used for identification and diagnosis of basic literacy skills (Elwér

et al., 2016). The material includes subtests of decoding skills, spelling and reading com-
prehension. We use the test of decoding skills which has two parts (“Avkodning ord”,
parts A and B), where students read short individual words (real words, not
pseudowords)!? of increasing difficulty for 45 seconds in each part, and points are given
for each correct word (the maximum is 200).

The test—re-test reliability of both part A and B of the decoding test is 0.93 and the
correlations between the two parts and two others commonly used Swedish tests
(“Ordkedjor” and “H4”) range from 0.59 to 0.88 (Elwér et al., 2016). Moreover, the
construction of the test is like for example the commonly used Word Reading Efficiency
subtest of the Test of Word Reading Efficiency (Torgesen et al., 1999) where students are

asked to read isolated words of increasing difficulty for 45 seconds.

212 Letter knowledge
We use a diagnostic test from the standardized test material LdsEttan (Johansson, 2009)

to test how many letters of the alphabet students could name. The letter knowledge subtest
takes about 1-2 minutes to complete. The maximum score is 27, one for each letter
included in the test (Johansson, 2009). Information about reliability and validity is not
included in the test material. The test is similar to for example the Letter Naming Fluency
subtest in the Dynamic Indicators of Basic Literacy Skills (e.g., Good et al., 2002), a

commonly used test battery in American studies.

21.3 Phonological awareness
We use a researcher-developed, short test of phonological awareness that examines if

students know the first sound in 10 words represented by a picture of an object or an
animal. The student is asked to first identify the depicted animal or object and then to say

the sound the word starts with. Each correct answer is worth one point and the maximum

12 We were recommended by teachers involved in our pilot study (Beg et al., 2018) to not include a pseudo-word test
that is included in LdSt. The motivation was that students in Swedish kindergarten have typically not learnt how to read
orthographically yet, and it may be an important realization for beginning readers when they understand that the letters
they have decoded actually mean something. Using pseudo-words might therefore be confusing for the students.
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score is therefore 10. This test was developed by the third author for this intervention with
the primary aim of discerning which students who needed of extra help. The test has a
low maximum score and as phonological awareness is often a strong focus of regular
instruction in Swedish schools, it may, especially in first grade, imply considerable ceil-

ing effects. For these reasons, we consider this test a secondary outcome.

214 Self-efficacy, enjoyment, and motivation

We use three simple questions posed to the participating students to measure impacts on
attitudes and beliefs related to self-efficacy, enjoyment, and motivation (Swedish word-
ing in parentheses):

e How easy or hard do you think it will be to learn how to read? (Hur latt eller svart

ar det att ldra sig lésa, tror du?)

e How much fun do you think it will be to learn how to read? (Hur roligt tycker du

att det ska bli att ldra sig 14sa?)

e How much would you like to learn how to read? (Hur gérna vill du ldra dig 14sa?)
For each question, the test administrator read the question and students indicated their
answers on a Visual Analogue Scale (VAS) with the two end points represented by a sad
and a happy smiley, respectively. The students were told that the sad smiley represent,
e.g., that it will be no fun at all learning to read and the happy smiley that it will be a lot
of fun. The students’ answers are then transformed into a scale with a minimum of 0 and
a maximum of 10.

We are not aware of validated, student-rated tests for these constructs and this age
group in Swedish, but similar tests have previously been used in for example Tideman et
al. (2011). We wanted to use student-rated tests because teachers are aware of treatment

status, and teacher ratings may interact with teacher acceptance of the program.

22  Participants

221 Schools and tutors
We recruited 12 schools from 7 municipalities in the southwestern part of Sweden (Skane)

sequentially during the fall of 2016 and the spring of 2017. The six first schools began

implementing the program for their kindergarten students either late in 2016, or during
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spring of 2017. The six schools recruited last began the implementation in kindergar-
ten/first grade in the fall of 2017.'% Four schools ran a second round of the program for a
new cohort, so there were in total 16 rounds. The last students finished their training with
the program in early June 2018.'

Table 1 compares the participating schools to the national average across socioeconomic
and achievement variables and displays descriptive statistics on tutor characteristics. The
participating schools have a lower share of parents with any tertiary education, a higher
share of students with a foreign background, a lower share of students that pass all
subjects in grade 9, and a lower average score on both the Swedish and mathematics parts
of the national tests taken in grade 6. This suggests that the participating schools are on
average relatively disadvantaged. There is however in-sample variation, as shown by the
relatively large range between the minimum in column (3) and maximum in column (4).

In total 23 teachers/special educators participated in the study as tutors. The tutors
were experienced teachers (they have on average worked for 23 years as teachers), but
only about a third had previously worked with a similar program (including three that

worked with Ldsklar in the pilot study).

222 Students
We randomized in total 161 students to either the treatment or the waiting list control

group (see Section 2.2.3 for a description of the assignment), 130 in kindergarten and 31
in first grade. We analyze them together in the primary analysis and examine differences
in an exploratory analysis.

In the primary analysis, we focus on the sample with complete pre- and post-test
scores. Attrition from pre- to post-test was low: three students moved to other schools
after randomization (one from the treatment group and two from the control group), one
treated student did not have complete pre-test scores, and one control group student was

absent at post-test (but present at follow-up). In addition to the students who moved and

13 Kindergarten (or preschool class, “forskoleklass”) is the first year of Swedish primary school. It was not compulsory
until the fall of 2018, but attendance was nearly universal already before this decision (Pontoppidan et al., 2018).

14 Qur initial power analysis, based on the effect sizes and correlations between covariates and outcomes in the pilot
study and in a recent review (Bog et al., 2018; Dietrichson et al., 2017), indicated that we needed to recruit 10 schools
with around 10-15 students in each to find effect sizes around 0.3-0.4 with 80% power. As 10-15 students turned out
to be more than most schools had the resources to work with, we recruited two more schools and allowed schools that
wanted to run a second round for a new cohort to do so. Our pre-registered analysis plan contains an updated power
analysis using the number of schools and students actually recruited, which implies a minimum detectable effect size
0f 0.33 (see the American Economic Association’s RCT Registry, registration number AEARCTR-0002750).
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did not have complete pre-test scores, eight more treatment group students and eight more

control group students left the study between the post- and follow-up tests.

Table 1School and tutor characteristics.

® @ @) @

National Sample Sample  Sample
Variable average average min max N
Schools
Parents with any tertiary education 57% 40% 29% 60% 12
Foreign background 24% 52% 11% 91% 12
Proficiency in all subjects in grade 9 74% 56% 33% 73% 6
National test score in Mathematics in grade 6 12.1 10.4 6.4 13.0 11
National test score in Swedish in grade 6 13.0 12.3 8.5 15.1 10
Tutors
Teaching experience (years) - 23 8 42 21
Earlier experience with similar programs - 33% 0 1 21
Special educator - 45% 0 1 21

Note: Source for school variables: National Agency for Education (2018a). Statistics for school year 2016/2017 and
for the K-6 part of each school, whenever the statistic was available for that part. Foreign background is defined as
being born outside of Sweden or having two parents that were born outside of Sweden. Note that the variables
Proficiency in all subjects in grade 9, National test score in Swedish in grade 6, and National test score in mathe-
matics in grade 6 have missing values, because e.g., some schools are not K-9 schools, or have too few students
taking a certain test. Source for tutor variables: interviews with and a survey of tutors. We were unable to obtain
information from two tutors. Special educator denotes either “specialpedagog” or “specialldrare”.

Table 2 shows student characteristics for the analysis sample of 156 students at pre- and
post-test and 141 students at follow-up.'> About 45 percent are girls, and 20 percent are
first grade students. Participating students are the ones most at-risk of reading difficulties
in their respective schools. Most students were not at-risk for a specified reason, although
the sample includes students who very recently immigrated, have behavioral problems
(e.g., ADHD or concentration difficulties), language difficulties, hearing impairment,
cognitive disabilities, or suspected dyslexia.'® In total, 24 percent of the sample had some

form of specific risk.!’

15 In the Appendix, we show descriptive statistics for all randomized students. These statistics are nearly identical to
the ones in Table 2.

16 Formal tests of dyslexia are not regularly performed in these schools before grade 4 or 5 (personal communication
with teachers). This is in line with general practice in Sweden, where dyslexia diagnoses are usually not given at early
ages (Gustafson et al., 2007).

17 We surveyed schools about the share of participating students that have another language than Swedish as their
mother tongue. It was not possible to obtain this information from all schools (three are missing), but among those that
answered around 60% of students had different mother tongue.
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Table 2 Means and standard deviations at pre-, post-, and follow-up test for the

analysis sample
Panel A: Pre-test

Treatment Control
Variable Mean SD n Mean SD n ES P
Girl 0.39 0.49 80 0.51 0.50 76 -0.13 0.116
Grade 1 0.20 0.40 80 0.20 0.40 76 0.00 0.967
Specific risk 0.21 0.41 80 0.26 0.44 76 -0.05 0.460
Decoding 0.00 0.00 80 0.00 0.00 76 0.00 1.000
Letter knowledge 5.11 3.71 80 5.11 3.92 76 0.00 0.991
Phonological awareness  4.25 4.17 80 5.17 4.18 76 -0.22 0.171
Self-efficacy 4.87 3.88 80 4.62 3.55 76 0.07 0.675
Enjoyment 8.20 3.24 80 7.35 3.45 76 0.25 0.114
Motivation 8.12 341 80 8.27 3.10 76 -0.05 0.773
Panel B: Post-test

Treatment Control
Variable Mean SD n Mean SD n ES P
Decoding 6.63 7.47 80 1.28 3.55 76 0.90 0.000
Letter knowledge 17.86 6.29 80 10.58 7.12 76 1.08 0.000
Phonological awareness 9.00 2.08 80 7.25 3.86 76 0.57 0.001
Self-efficacy 6.61 3.45 80 4.66 3.11 76 0.59 0.000
Enjoyment 8.41 3.01 80 8.26 3.06 76 0.05 0.749
Motivation 9.14 2.20 80 8.78 2.35 76 0.16 0.315
Panel C: Follow-up

Treatment Control
Variable Mean SD n Mean SD n ES P
Decoding 11.79 11.21 72 9.91 12.50 69 0.16 0.349
Letter knowledge 21.29 5.99 72 20.23 6.22 69 0.17 0.304
Phonological awareness 9.61 1.01 72 9.16 2.27 69 0.26 0.127
Self-efficacy 5.26 3.56 72 6.64 3.08 69 -0.41 0.015
Enjoyment 7.70 3.27 72 8.84 2.30 69 -0.40  0.019
Motivation 8.52 2.87 72 9.14 2.14 69 -0.24  0.147

Note: Mean, standard deviation (SD), sample size (n), and the difference between treatment and control groups
expressed as effect sizes (ES), and p-values from a two-sided t-test of equal means/proportions. The effect size is
for all variables, except Girl, Grade 1, and Specific risk, Hedges’ g; i.e., the difference between treatment and control
group in standard deviations, adjusted for the small sample, see Equation (2). The effect sizes for Girl, Grade 1, and
Specific risk are expressed as the differences in shares.

2.2.3 Assignment to treatment
We randomly assigned students to treatment and waiting list control groups. We chose a

waiting list design for primarily two reasons: First, no student is denied the program. This
feature likely made recruitment easier and also made schools more willing to accept
randomization and comply with the assignment. Second, a control group (or their parents
and teachers) that knows it will get an intervention at a later date may be less likely to
seek help elsewhere, compared to a group that knows it does not get anything. Thus,

treatment spillover effects may be less likely with a waiting list design.
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We used an assignment procedure with three-steps, where students were assigned
separately within each participating school (i.e., the randomization was blocked by
school). Figure 1 illustrates the procedure and in addition shows the attrition at different
stages. We applied the procedure sequentially, that is, as soon as a school had agreed to
participate we performed the following steps.

First, teachers and special educators in each school (and round) selected the group of
students believed to be most in need of extra help, regardless of the reason for their diffi-
culties. This group was then tested using all outcome measures. Note that a few schools
took the opportunity to test all their students, so the number tested at pre-test in Figure 1
is larger than the group believed to be at-risk.

Second, based on the results on the pre-tests and inputs from the third author the school
selected the final group that they wanted to include in the intervention. If this group was
smaller than the group believed to need extra help (e.g., because of resource constraints),
the students with the lowest scores on the letter knowledge and the phonological aware-
ness tests were selected (all students score zero on the decoding test).

Third, within each school, the researchers matched students into pairs and, when the
number of students were uneven, one triple. Pre-matching increases the chances of obtain-
ing balanced treatment and control groups and may also improve statistical power when
sample sizes are not very large (e.g., Bruhn & McKenzie, 2009; Imai et al., 2009). The
matching of students into pairs/triples was done by the nearest neighbor method, where
closeness was based on the two primary outcome variables. However, as no students knew
how to decode at pre-test, the letter knowledge tests determined the matches in practice.
If there was a tie, we used the test of phonological awareness to determine the closest
match. One student in each pair, or one or two students in each triple, was then randomly
assigned to receive the program in the first period (i.e., was assigned to the treatment
group) and the rest were put on a waiting list and received the program in the second

period. '8

18 At one school’s request (for scheduling reasons), we stratified students by class first, and then used the same matching
and randomization procedure.
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Figure 1Random assignment to treatment and control groups.

Pre-test: 293 students

A 4

Matching in pairs/triples: 161
students

Randomization

Intervention: 82 students Waiting list: 79
v A4
Post-test: 81 students Post-test: 76 students
\4 v
Follow-up: 72 students Follow-up: 69 students

The second author conducted the randomization to treatment and waiting list control
groups using the random number generator in Microsoft Excel. Students’ identities were

anonymized and the only information available at randomization was the pre-test scores.

224 Treatmentand control group balance

Properly conducted randomization ensures that the treatment assignment is statistically
independent of student characteristics. However, even proper randomization procedures
can produce imbalances between treatment and control groups in finite samples, which
may bias statistical tests (e.g., Roberts & Torgerson, 1999).

Panel A in Table 2 shows means and standard deviations of student characteristics and

pre-test scores. All students score zero on the decoding test on the first test occasion; i.e.,
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no student could read any words before the intervention. On average, the participants
knew around five letters of the alphabet and got around half the sounds correct on the
phonological awareness test (five out of a maximum of ten). Most students believed that
it would be fun to learn to read and they want to learn: the scores on the enjoyment and
motivation measures are around eight out of a maximum of ten. However, more students
believe reading will be difficult to learn, the average on the self-efficacy measure is
around five (out of ten).

None of the treatment and control group means in Panel A, Table 2 are significantly
different from each other (p > 0.10). The groups are virtually identical on the two primary
outcomes, decoding and letter knowledge. This is not surprising given the matching
procedure and because all students score zero on the decoding pre-test. The two largest
differences on the pre-tests, for phonological awareness and enjoyment have different
signs, which indicates that the differences are not systematic.

Lack of individual significance does not rule out that covariates may jointly predict
treatment or outcomes. However, using a logit model with the treatment indicator as the
outcome variable and all variables included in Table 2 Panel A, as explanatory variables,
we cannot reject the null hypothesis of the coefficients being jointly equal to zero (x%(8)
=9.23, p=0.323)."

In Table 3, we show the results from another prediction exercise. We use the covariates
in Table 2, Panel A, in a linear regression with the post-test scores as the outcome varia-
bles and then use the results to calculate predicted means and standard deviations for each
outcome in the treatment and control group. The differences in predicted means have
different signs, are small for all outcomes, and no means are significantly different from
each other.

In sum, pre-treatment characteristics and pre-test scores are not systematically differ-
ent, do not predict well who ends up in the treatment group, and do neither predict large
nor significant differences at post-test. We conclude that the randomization appears to

have created a balanced treatment and control group.

19 One variable is individually significant on the 5 percent level in this specification, Enjoyment (p = 0.045).
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Table 3 Predicted means and standard deviations in the treatment and control
group

Treatment Control

Variable Mean SD N Mean SD n ES P

Decoding 4.06 3.33 80 3.97 3.39 76 0.027 0.868
Letter knowledge 14.53 4.68 80 14.08  4.77 76 0.095 0.551
Phonological awareness ~ 8.06 1.62 80 8.24 1.62 76 -0.113  0.480
Self-efficacy 5.65 0.68 80 5.67 0.72 76 -0.035  0.825
Enjoyment 8.39 1.11 80 8.28 0.98 76 0.110 0.492
Motivation 8.94 0.75 80 9.00 0.69 76 -0.082  0.610

Note: Mean, standard deviation (SD), sample size (n), and the difference between treatment and control groups
expressed as effect sizes (ES). The p-value in the rightmost column is from a #-test of different means in the treatment
and control group.

23  Control group instruction

The waitlist control group received business-as-usual reading instruction. The regular
kindergarten instruction in most schools was based on some version of the Bornholm
model (e.g., Lundberg et al., 1988; Hiaggstrom, 2007). The Bornholm model uses struc-
tured metalinguistic games and exercises that aim to help students discover the phono-
logical structure of language. The games include listening to verbal and nonverbal sounds,
rhyming games and rhymed stories, segmentation of sentences into words and investi-
gation of word length, clapping hands to mark syllables, recognizing phonemes in the
initial position of and within words, and prosodic games (see, e.g., Lundberg et al., 1988).
The Bornholm model was always implemented in whole class.

Regular instruction in first grade was based on the national Swedish curriculum
(National Agency for Education, 2018b). The curriculum emphasizes among other things
alphabet knowledge, letter-sound correspondence, and handwriting. Special education
services (“sédrskilt stod”) are rarely used in first grade in Swedish schools. Only 1.6 per-
cent of students in first grade have an individualized education plan, which is a requisite
for receiving special education services, and 0.5 percent receives one-to-one instruction
(National Agency for Education, 2018c).

Kindergarten is not covered by the national statistics, but no school reported using any
programs specifically targeting at-risk students in kindergarten (before starting to use
Ldsklar). Some schools reported using one-to-one/small group extra instruction for stu-
dents having reading difficulties in the latter part of first grade. However, all first-grade
students in the treatment group trained with the program during the first half of first grade.

Therefore, it seems unlikely that the study had negative spillovers to the control group, in
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the sense that control group students would have gotten special education services or

small group instruction had there not been a study.

24 Implementation fidelity

We did not monitor the fidelity during the implementation to make the trial as naturalistic
as possible. Tutors could contact the third author in case they had questions during the
implementation, but this would also have been possible if schools had implemented the
program outside of the study (3-5 tutors used this opportunity).

We interviewed a selection of tutors after the follow-up test (we were unable to meet
with tutors at five schools). Most schools that had not used Ldsklar before were not used
to tutoring and organizing the sessions was initially seen as difficult, as there were no
established routines. However, the schools were able to solve these problems, as shown
by the mean number of received sessions being within the range of intended sessions.
Very few students received a number of sessions that was substantially below the intended
30-35 (e.g., 3 students received less than 25 sessions).

At one school, both tutors left for work at other schools after the treatment group had
received the program. The school was therefore unable to give the program to the waiting
list control group and we conducted no follow-up tests. One other school had more stu-
dents in need of the program than they were able to tutor. We agreed with the school to
let the third author tutor eight students. They are included in our preferred estimations,

but we show in Section 3.3 that our main results are very similar if we exclude them.

25 Analysis plan
The analysis follows our registered analysis plan, which can be found in the American

Economic Association’s RCT Registry (www.socialscienceregistry.org) with registration

number AEARCTR-0002750. Due to the sequential recruitment of schools, the plan was
registered after the trial had started but before the researchers performing the analysis (the
first and second author) had examined the data. The plan specifies an ordered testing
procedure for the primary analysis designed to adjust for multiple hypothesis testing and
control the family-wise error rate at a level of 0.05. As we will see, our results in the

primary analysis are either statistically significant on a much lower level and would sur-
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vive a more conservative adjustment (e.g., a Bonferroni-type), or are not statistically sig-
nificant on conventional levels without adjustment. We therefore refrain from describing

the procedure.

2.,5.1 Estimation of short-term effects

We start by showing the full pre- and post-test distributions of the outcome variables. We
then estimate the short-term effects using linear regressions of the following type:

(D Yipost = @ + BTreatment; + ¥; pred + p; + &

where y; os¢ 1S One of our six outcome variables measured at post-test, « is a constant,
Treatment; is an indicator for whether student i was randomized to the treatment group

Or NOt, Y; re 18 @ vector of pre-test scores,?’ B and A are parameters to be estimated, ; is

a pair/triple fixed effect, and ¢; is a random error term. Because we are not interested in
more than controlling for the pair/triple fixed effects, we use the ivreg2 command (Baum
etal., 2010), for Stata 14 (StataCorp, 2013) to partial out the fixed effects, which improves
efficiency.?!

Our primary analysis uses the sample of students with a complete set of pre-test scores
and at least one post-treatment score. Treatment is not defined by having received train-
ing, only by being randomized to treatment. However, all students in the treatment group
received some training, and most received close to the intended number of sessions.

We calculate an effect size measure, Hedges’ g, to compare the magnitude of our
effects with other interventions. This measure includes a small sample correction
(Hedges, 1981), which is appropriate in our case (the measure is also recommended by
e.g., What Works Clearinghouse, 2014). We calculate g according to the following for-
mula (Lipsey & Wilson, 2001):

P

3 B (ny — 1)5% + (n¢ - 1)53
5 _ (1 _ ) X S SDyge =
@ g 4N —9) " SDpoy " PO N-—2

where the term in the first parenthesis is the small sample size correction, N = ny + n¢

is the total sample size where ny is the number of treated students and n. is the number

of control students, 3 is a treatment effect estimate and S Dy st 1s the weighted unadjusted

20 We include all pre-test scores except the decoding test, as all children score zero at pre-test.
21 Qur results are not sensitive to this choice or to the inclusion of pair/triple fixed effects, see section 3.3.
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post-test standard deviation in the treatment and control group. We use the post-test stand-
ard deviation for comparison purposes and because all students score zero at the decoding

pre-test (see Panel A, Table 2).2

252 Sensitivity analyses

Our sensitivity analyses include specifications without any covariates, which allows us to
include the student without a complete set of pre-test results. We also show results from
a specification with pre-tests but without pair/triple fixed effects. Furthermore, for stu-
dents matched in triples the probability of receiving treatment is not 0.5, and we therefore
test if our results are robust to weighting observations with the probability of being
treated. As mentioned, we also test if our results are sensitive to excluding students who
were tested by a different tester and the few students instructed by the third author.

The random assignment of treatment was done at the individual level and most stu-
dents received the program individually (one-to-one), but 16 students in the treatment
group received the program in instruction groups of two. Weiss et al. (2016) show that
models using a cluster-robust variance estimator (or a random group effect) typically
overestimate variance in cases when the level of instruction is different from the level of
assignment. On the other hand, not adjusting for clustering typically underestimate the
variance. As per our analysis plan, we report standard errors that are robust to hetero-
geneity of unknown form in our primary analysis and cluster the standard errors on the
instruction groups (using the cluster-option in Stata) in a sensitivity analysis. The instruc-
tion group is then a singleton for control group students, students tutored individually,
and groups of two for other tutored students.??

We use randomization (or permutation based) inference methods, as described by e.g.,
Athey and Imbens (2017) and Young (2018), to assess whether our results are sensitive
to the assumptions made on the distribution of the standard errors when using regular
inference methods. We confine this test to the significant coefficients, as the regular infer-

ence procedure is unlikely to have overestimated the standard errors.

22 1t is possible to calculate the small sample correction exactly (see Hedges, 1981) and use the exact pooled standard
deviation in the treatment and control groups. However, we want to compare our effect sizes to those reported in related
reviews and meta-analyses, which often use this formula and the post-test standard deviation (e.g., Dietrichson et al.,
2017). We therefore think the effect sizes are more comparable when calculated in this way.

23 Because treatment is randomly assigned on the individual level (within each pair/triple), the common environmental
factors stemming from treatment and control students being in same “cluster” (e.g., school) should cancel out.
Clustering on a higher level, e.g., the pair/triple, the class, or the school would therefore likely overestimate the standard
errors for the treatment variable (e.g., Lohr et al., 2014; Cameron & Miller, 2015; Abadie et al., 2017).
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In schools where teachers were tutors, classes were pooled so that one teacher at a time
could tutor the participating students. As the class sizes therefore became bigger, the qual-
ity of regular instruction may have suffered. However, Ldsklar was typically not imple-
mented during periods with formal reading instruction. Nevertheless, we provide a partial
check on this concern. We use a variant of the main specification where we only include
the schools that used special educators as tutors. Because the control group did not expe-
rience larger classes in this sample (if anything, slightly smaller), if we see positive effects
in this specification then reduced quality of regular instruction is an unlikely explanation
of the effects. 2* All schools implementing Ldsklar in first grade used special educators
as tutors. We omit all first-grade students from this specification to avoid confounding
with grade effects.

It is common practice in educational research to treat, as we do in the primary analysis,
test scores as an interval scale (i.e., every increment represents an equally large change
of the measured skill). Although most test scores are ordinal (e.g., Jacob & Rothstein,
2016), it may be an acceptable simplification when evaluating program effects. In our
case however, a change from a 0 to 1 may represent a more important improvement than
going from for example 4 to 5, since a change from 0 to 1 means that the students grasp
what letters represent for the first time, or how to decode. Only the decoding test has a
large share of zeros at pre-test in our sample and we focus this sensitivity analysis on that
test. We run similar specifications to Equation (1) but use a series of 20 separate linear
probability models (LPM) and outcome variables equal to 1 if the student’s decoding post
test score is at least 1, at least 2, and so on up to at least 20 and over. We exclude the pre-
tests in these models to avoid problems with continuous covariates in LPMs.

The decoding test contains 7 words out of 200 that overlap with the words used in the
second type of session in Ldsklar. Personal communication with our main tester revealed
that very few students could read orthographically at post-test, i.e., students do not rec-
ognize words on a visual basis but identify words phonologically based on letter-sound
conversion (Gustafson et al., 2000). It is therefore unlikely that our results are affected by
students learning these words by heart. Furthermore, only two of the seven words appear

early in the test and it seems exceedingly unlikely that the students would reach more

24 As mentioned in section 2.3.1, special educators are rarely used in kindergarten and early in first grade when we
implemented the intervention. Therefore, it is unlikely that the intervention worsened the quality of instruction for the
control group by reducing access to special educators.
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than those two without being able to decode.?® The sensitivity test using a binary outcome
variable is also a test of whether the overlapping words between the Ldsklar material and
the decoding test is a major influence of our results. If the effects are driven by the treat-
ment group decoding one or two overlapping words correct, we should see a large dip in
the treatment effects after those scores. We also run a second sensitivity test where we
simply reduce the treatment group’s decoding scores by one and two points (but no further
than to zero points). This is a very conservative test, as it assumes that all treated students

learnt these words by heart and that no control students did.

2,53 Exploratory analyses of the short-term effects
Our analysis plan specified an analysis of the heterogeneity of the short-term effects

across pre-test scores.?’” We expected most students’ baseline decoding scores to be very
close to zero, and the letter knowledge and phonological awareness to be highly corre-
lated. We therefore limited the use of test score moderators to the letter knowledge test.
We similarly expected the three questions pertaining to motivation, enjoyment, and self-
efficacy to be highly correlated, and use the average score across the three measures. For
both moderators, we create a variable indicating whether a student is below the median
and interact this indicator with the treatment indicator. Both moderators are included in
the same regression.

We also perform four exploratory analyses that we did not pre-register. We examine
if results are different for students who had specific reasons for being at-risk, and if there
are differences in the effects in kindergarten and first grade. Two schools have prior ex-
perience with the program (for earlier cohorts) and some schools chose to participate with
a second cohort. We test if the results are heterogeneous over the level of experience by

interacting the treatment indicators for students in these schools.

25 The third overlapping word is number nine in the word list of part A. Because the instructions tell the tester to wait
for more than five seconds when the student hesitates at a word and the time limit for each part is 45 seconds this word
should be difficult to reach for students that do not know how to decode any words.

26 Qur pre-registered plan contains a test of the sensitivity to missing observations by dropping all pairs/triples with
missing outcomes and thus balancing treatment and control groups regarding attrition. However, all students with
missing outcomes were matched in pairs, which means that there is no within-pair variation in treatment status in pairs
with missing outcomes. Because we include pair/triple fixed effects in our primary analysis, dropping these pairs yields
the exact same estimates.

27 Our pre-registered plan also includes a test of the effects of getting one session more using the treatment indicator as
an instrumental variable (IV) for the number of sessions, as suggested by e.g., Angrist et al. (1996). However, the
intention was to get closer to a treatment-on-treated effect in case some treated students got very few sessions. As
mentioned, no student got very few sessions. Although the results are supportive of the hypothesis that more sessions
are better, these estimates are of limited value as the variation in the number of sessions in the treatment group is
relatively low. Therefore, we omit these results (they are available on request).
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254 Costsand cost-effectiveness
The aim of the cost-effectiveness evaluation is to get an estimate of how much it would

cost to replicate the implementation and get similar effects on the students’ literacy skills.
We follow Hollands et al. (2013, 2016), Levin and Belfield (2015), Jacob et al. (2016)
and express cost-effectiveness as the costs per unit increase in effect size. We calculate
the costs of the program for a typical school using three main categories of costs: person-
nel, facilities, and materials and equipment.

There are three items related to personnel costs. The first measures the time it took
tutors to learn how to use the program. The second item is the time used to prepare and
implement the sessions. The third item relates to the screening of students. We include
time for taking the pre-treatment test plus time for schools to make the initial selection of
students. As the post-treatment tests were part of the study but not the program, we do
not include the costs of these tests. Such testing is either something schools do already or
do not want to do; either way the extra costs are zero.

We gathered information about personnel costs by interviewing the tutors and our main
tester, and by a short survey to the tutors. We convert teacher hours to SEK/USD/Euro
using information about average national wages for teachers and special educators with
similar level of experience as our tutors,?® and information about Purchasing Power Parity
adjusted exchange rates for 2017 (OECD, 2018). Because the exchange rates may fluctu-
ate between years, we also convert all costs to tutor hours using a weighted cost per hour
that reflect the three types of tutors in our study. In the few cases where we lack infor-
mation, we either impute values by the average for the school or for all schools (e.g., if
information was not possible to obtain from a whole school).

We do not have access to estimates of the opportunity costs of using school facilities.
It is unclear if the facilities would have been used for something else, but we use an esti-
mate of 6 USD per student. This cost amounts to a weighted average of the facility cost

per student in the two most similar programs in Hollands et al. (2013; 3 USD per student

28 The average national wages are from November 2017 for experienced teachers and two types of special educators
(“specialpedagog”, “specialldrare”) in the early years of primary school (personal communication with Lararforbundet,
a teachers union). We calculate an hourly cost for the three categories as follows: ((11 X monthly wage + 1 month of
holiday wage) X 1.3142 [employers’ fees] X 1.05 [employers’ insurance costs])/1760 [yearly work hours] (see e.g.,
Bolagsverket, 2018). The calculation yields 328 SEK, 375 SEK (specialpedagog), and 369 SEK (specialldrare) per hour

for the three categories.
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in Stepping Stones, which lasts 5 weeks, and 11 USD per students in Sound Partners,
which lasts 18 weeks).

Materials and equipment include the cost of program material and the tutor training
course, the costs of making copies for the pictures used in the second type of session, and
the costs of test materials.

Two schools had already used the program before and three other schools used the
program in a second round for a new cohort of students. Some features like training and
material were therefore not relevant for them, so we assign the average costs of these
items to those schools. We calculate total costs as the weighted average over schools,
with weights corresponding to the schools’ shares of treated students. The total costs
should therefore be interpreted as the average opportunity cost of implementing the pro-

gram per treated student the first time a sample-typical school uses it.

25,5 Effects atfollow-up
We test hypotheses about the effects of program timing— whether it matters to have been

waitlisted—using the same regression framework as described above. The outcome varia-
bles are the same measures used to evaluate the short-term effects, measured at follow-
up. We also perform similar sensitivity analyses as for the short-term effects. However,
as the same tester conducted all follow-up tests and the control group had also trained
with the program, examining whether having a different tester matters and whether the

quality of regular instruction for the control group worsened is not relevant.
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3 Results

31 Pre- and post-test distributions of the outcome variables
Figure 1 and 2 displays the pre- and post-distribution of the outcome variables in the

treatment and control group. Raw test scores are shown on the x-axis and the fraction of
students in a certain bin on the y-axis. The grey bars represent the treatment group and
the white bars the waiting list control group. All distributions are similar across the two
groups at pre-test. The figures furthermore indicate that the treatment group improve their
scores more than the control group from pre- to post-test over large parts of the distribu-
tions on the three literacy tests and the self-efficacy measure. There are small differences
both over time and between the groups on the enjoyment and motivation measures. Most
students score high already at pre-test and the scores increase somewhat on the post-test.

That is, there is a clear risk of ceiling effects on these two measures.

Figure 2 Pre- and post-test distributions of the literacy tests
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Figure 3 Pre- and post-test distributions of the attitude measures
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In fact, a reasonably large share of the students is at the max score also on the letter
knowledge and phonological awareness tests, and the measure of self-efficacy. Most
control group students still score zero on the decoding post-test. The share of students
scoring zero i1s much smaller in the treatment group; around 65 percent can decode at

least one word.

IFAU - A multi-sensory tutoring program for students at-risk of reading difficulties 27



3.2 Main results

Table 4 presents the estimates of the short-term effects of Lasklar. Each column corre-
sponds to one of the six outcome measures and the coefficients of the treatment variable
in Table 4 express the treatment effects in raw scores (robust standard errors are in paren-

theses below each coefficient).

Table 4 Main results: short-term effects

Letter Phonological  Self-effi-
Decoding knowledge awareness cacy Enjoyment Motivation
Variables Q)] (2) (3) (4) (s) (e)

Treatment 6.333%** 6.911%** 1.731%%* 1.767*** -0.240 0.342

(1.123) (0.835) (0.454) (0.542) (0.486) (0.382)
Pre-test
covariates
Letter -0.619 0.234 0282  -0.694**  0.0256  -0.00180
knowledge

(0.575) 0.479) 0.211) (0.325) (0.254) (0.169)
Phonological 0.470%** 0.354** 0.333%** 0.158 -0.0670 0.0168
Awareness (0.148) (0.157) (0.0777) (0.117) 0.111) (0.0612)
Self-efficacy -0.265 -0.181 -0.0596 -0.114 -0.0977 -0.0468

0.167) (0.149) (0.0891) (0.0992)  (0.0938) (0.0566)
Enjoyment -0.327 0.403* 0.124 0.135 0.182 0.0438

(0.298) (0.227) 0.117) (0.123) 0.117) (0.0805)
Motivation 0.662%* -0.0423 -0.0791 0.394** 0.250* 0.147

(0.343) (0.158) (0.113) (0.179) (0.134) (0.0894)
Hedges’ g 1.07 1.03 0.56 0.57 -0.08 0.11
Pair/triple FE Yes Yes Yes Yes Yes Yes
Observations 156 156 156 156 156 156

Note: The table displays the coefficients and robust standard errors (in parentheses) from linear regression models
based on Equation (1), including pre-tests and pair/triple fixed effects as covariates (the pair/triple fixed effects are
partialled out). We calculate Hedges’ g for the treatment effect according to Equation (2) and use the post-test
standard deviations of each outcome measure. *** p <0.01, ** p <0.05, * p <0.1.

The treatment effects are positive and statistically significant in columns (1) and (2).
Students who trained with the program can decode, on average, about six more words and
know about seven more letters than the control group (p < 0.001 for both measures). The
effect sizes, displayed in the bottom part of the table, are g =1.07 and g = 1.03.

The effects are also positive and significant on the phonological awareness test (g =
0.56, p < 0.001) and the self-efficacy measure (g = 0.57, p < 0.001). The estimates are
smaller and not significant on the enjoyment (g = -0.08, p = 0.623) and motivation

measures (g =0.11, p = 0.374).
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We also show the coefficients for the pre-test scores, which are included as covariates
in the specifications. As much of the variation is captured by the pair/triple fixed effects,
few pre-tests are significantly associated with the outcomes. The main exception is the
phonological awareness pre-test, which is significantly associated with the three literacy

tests.

3.3 Sensitivity analyses

Appendix section A2 contains the results of the sensitivity analyses. Our results are robust
to excluding covariates completely (and therefore to including the student without com-
plete pre-test scores) and to excluding pair/triple fixed effects from the regressions.
Excluding students who either were tested under different circumstances or were instruct-
ed by third author does not change our results in any meaningful way. The statistically
significant estimates retain their significance when we cluster standard errors on instruc-
tional groups (p < 0.001 in all cases) and when we use randomization tests to perform
inference (p = 0.002 or lower). Because the effects are of similar size or larger in the
schools where special educators were tutors, we find little evidence that our results are
driven by reduced quality of instruction for the control group. Moreover, as Lésklar was
typically not conducted during regular reading instruction periods, the scope for negative
spillovers of this kind ought to be small.

Our most important outcome measure, the decoding test, may not be well approxi-
mated by an interval scale. In addition, the test has a few words that overlap with the
words used in the practice sessions of Ldsklar. However, the pre- and post-distributions
shown in Figure 1 indicate that many more students in the treatment group than in the
control group can read more than just a few words, and that the effect is not driven by a
few outliers that know many words.

This pattern is shown more clearly in Figure 3. The figure displays the coefficients and
95-percent confidence intervals of the treatment effect from a series of regressions where
the outcome variable is a binary variable equal to one if a student could decode the num-
ber of words indicated by the category, or more words. The difference between the treat-
ment and control group is very large for the lower categories. It is for example 42-47
percentage points in categories 1-5, which can be compared to the control group average
that range from 11 to 18 percent in the same categories. The effects are statistically sig-

nificant (p < 0.05) in all regressions except for category 17 and 20. Note also that there
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are no sudden drops, which we would have expected, had the treatment group just learnt

some of the overlapping words by heart. The effect instead declines rather smoothly.

Figure 4 Results from LPM regressions with binary decoding variables as outcomes

T T T T T T T T T T T T T T T T T T T T
c1 ¢c2 c3 ¢4 ¢S5 6 ¢7 c8 ¢9 c10c11¢12¢13¢14c15¢16¢17¢18¢19¢20
Note: The figure displays coefficients and 95-percent confidence intervals (based on robust standard errors) of a series
of 20 LPM models. The models are versions of our main specification that exclude covariates (but include pair/triple
fixed effects) and use binary versions of the decoding post-test as the outcome variables. Treatment effects are on the
y-axis and each category on the x-axis. In the category 1 (cl) specification, the decoding variable is equal to 1 if the
student could decode one word or more at post-test and zero otherwise; in category 2, the decoding variable is equal to

1 if the student could decode two or more words at post-test and zero otherwise; and so on up to the last category, where
the outcome variable is equal to 1, if the student could decode 20 or more words.

The effects on the decoding test are also robust to deducting one and two points from each
student in the treatment group. These conservative tests yield effects that are still positive,
significant, and large (reducing by one-point yields § = 5.7, p < 0.001, g = 0.99, and by
two points § = 5.0, p < 0.001, g = 0.90).>” We conclude that the results do not seem to
be driven to any substantial degree by students learning the overlapping words by heart.

Recall also that this interpretation is corroborated by information from our tester: very

few students were able to read orthographically at post-test.

2 As deducting points reduces the standard deviations as well, the reduction in effect sizes becomes very small.
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3.4 Exploratory analyses of the short-term effects

We find relatively weak evidence of heterogeneity across pre-test scores. There is a ten-
dency in Table 5 for the treatment effects to be smaller for students with below median
letter knowledge scores at pre-test on the decoding test and higher on the letter knowledge
and phonological awareness test, as well as the measure of self-efficacy. However, no
interaction is significant at the 5 percent level (p = 0.06 for the decoding test). There are
no significant differences between the groups with above and below median pre-test

scores on the composite attitude measure and the sign of the interaction effects differ.

Table 5 Heterogeneity of treatment effects across pre-test scores

Letter Phonological Self-
Decoding knowledge awareness efficacy Enjoyment Motivation
Variables 0] (2 (3) (a) (5) (e)

Treatment 6.390%*** 6.429%** 1.378* 1.031 -0.141 0.706

(2.144) (1.699) (0.761) (1.308) (0.603) (0.519)
Treatment x -3.841% 2.784 1.458 1.879 -0.188 -0.198
Low letter
Knowledge (2.014) (1.849) (0.941) (1.198) (0.641) (0.504)
Treatment x 3.941 -1.514 -0.702 0218 0.413 -0.498
Low attitude

(2.979) (2.153) (1.110) (1.481) (0.790) (0.708)
p(TtLow Letter ) 0.000 0.004 0.005 0.549 0.444
knowledge)
p(T+Low 0.000 0.001 0.342 0.348 0.618 0.635
attitude)
Pre-tests Yes Yes Yes Yes Yes Yes
Pair/triple FE Yes Yes Yes Yes Yes Yes
Observations 156 156 156 156 156 156

Note: The table displays the coefficients and robust standard errors (in parentheses) from linear regression models
including pre-tests and pair/triple fixed effects as covariates (the pair/triple fixed effects are partialled out). *** p <
0.01, ** p <0.05, * p<0.1.

Appendix Table A3 contains four additional exploratory analyses that we did not pre-
register. In brief, we find again only weak evidence of heterogeneous effects. Treatment
effects are not significantly different (p > 0.05) between students in kindergarten and first
grade, between students tutored by tutors with some or no prior experience of the

program, or between students with or without specific reasons for being at-risk.
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3.5 Costs and cost-effectiveness

Table 6 displays the costs of implementing the program per treated student. It took on
average 10.7 hours to learn the method, prepare and implement the sessions, and screen
students.>* As mentioned, we use an estimate of school facility costs of 6 USD per treated
student. Materials and equipment cost 2,202 SEK per treated student, which include the
cost of the program material, the tutoring training course, copies, and the costs of test
materials. We use the price schools would pay to buy the program outside of the study,
an estimate of the copying cost, and the price paid per school by the study for the set of
test materials.! Total costs amount to 6,040 SEK/703 USD/627 Euro, or 17 tutor hours

per treated student.

Table 6 Costs per treated student

Cost items SEK usD Euro Hours %
Personnel costs 3786.5 442.9 392.9 10.7 63%
Tutor training 329.7 38.6 342 0.9 5%
Implementation 3456.8 404.4 358.7 9.8 57%
Screening students 116.9 13.7 12.1 0.3 2%
School facilities 51.3 6.0 53 0.1 1%
Material and equipment 2202.2 254.3 228.5 6.2 36%
Program material and course 1935.8 226.4 200.8 5.5 32%
Copies 14.0 1.6 L5 0.0 0%
Screening tests 252.4 26.2 26.2 0.7 4%
Grand total 6404.0 703.2 626.7 171 100%

Note: Costs calculated as described in Section 2.4.4. We use the following currency conversion rates: USD/SEK =
8.549, Euro/SEK = 9.638 (OECD, 2018).

Note that this overestimates the costs for schools that keep on using the program. The
cost refers to the first time a school implements the program. In total 36 percent of the
costs are fixed and would only have to be paid once (unless new tutors are trained).

In the discussion section we compare Ldsklar to the cost-effectiveness of a few other
US programs. We then use the average effect size for the decoding and letter knowledge

test, as these tests are most comparable to the tests of “alphabetics” used in e.g., Hollands

30 The screening hours refer to the time it would take a teacher to test an average student. As our tester had to travel to
the schools it cost more, but this is not the relevant opportunity cost for a school, where regular teachers who are always
travelling to the school can perform the screening tests.

31 This item only includes the costs of the two standardized tests; all other test materials can be used freely.
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et al. (2013) and Jacob et al. (2016). The costs per unit increase in effect size for this
measure is 5,768 SEK/671 USD/598 Euro.

3.6 Results at follow-up

The raw means displayed in Panel C of Table 2 indicate that the treatment group have
further improved their scores on the three literacy measures. This is important as it sug-
gests that the improvement of the students’ literacy skills was not transient. The measures
of attitudes have decreased somewhat compared to the post-test, although they are still
higher than at pre-test for the self-efficacy and motivation measures. The enjoyment and
motivation measures are still relatively close to the maximum score for most students.
The control group have improved all scores from post- to follow-up test. They lag the
treatment group somewhat on the literacy tests but have higher scores on the attitude
measures.

In principle, our design provides a formal test of program timing, i.e., whether it is
better to receive the program in the first or in the second period. However, for three
reasons we caution against strong interpretations of the differences between the groups at
follow-up. First, treated students who were not able to decode at post-test were in many
schools given more sessions. The timing effect is therefore confounded with the effect of
getting extra sessions.*? Second, two schools that ran a second round of the program
wanted to use the method in larger groups and included all students after the treatment
group had received the program. As this experiment would not affect our estimations of
the short-term effect, we did not want to discourage the schools from spreading the
program to more students. All students on the waiting list who needed one-to-one
instruction still got this, but some control group students in these two schools received a
slightly different treatment. Third, the ceiling effects are more problematic at follow-up
than at post-test for all tests except the decoding test.>*

Table 7 displays the effects at follow-up. The treatment group has higher scores on the
three literacy measures, and lower scores on the attitude measures. No difference is sta-
tistically significant, although for decoding, phonological awareness, self-efficacy, and

enjoyment the differences are reasonably large (g is slightly below 0.3 for these tests).

32 We lack information about the number of extra sessions.

33 There is also more attrition at follow-up and one school withdrew from the study between post- and follow-up tests.
Overall attrition is still relatively low, 12 percent, and there is hardly any differential attrition between the treatment
and control group, so this ought to be a minor problem.
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The sensitivity tests shown in Appendix Table A4 do not change our interpretation that
the evidence of differences between the treatment and waiting list control group are rela-

tively weak.

Table 7 Effects at follow-up

Letter Phonological Self-
Decoding knowledge awareness efficacy Enjoyment Motivation
Variables 0] (2 ®) (4) (s) (8

Treatment group 3.314 0.433 0.488 -0.894 -0.818 -0.366

(2.016) (0.734) (0.294) 0.611) (0.594) (0.437)
Pre-test
covariates
Letter knowledge  -0.00656 -0.322 0.0280 -0.236 0.157 0.0774

(0.869) (0.405) (0.120) (0.311) (0.298) (0.293)
Phonological 0.797*** 0.325* 0.150%** 0.223* 0.0867 0.00409
Awareness (0.250) (0.188) (0.0573) (0.130) (0.140) (0.0967)
Self-efficacy -0.553** -0.183 -0.0256 0.0636 -0.137 -0.131*

(0.246) (0.130) (0.0398) (0.105) (0.114) (0.0738)
Enjoyment -0.331 0.276 -0.0477 -0.190 0.0470 0.00331

(0.649) (0.240) (0.0560) (0.187) (0.195) (0.107)
Motivation 0.455 -0.141 -0.121 0.220 0.210 0.293**

(0.768) (0.166) (0.0743) (0.170) (0.224) (0.126)
Hedges’ g 0.28 0.07 0.28 -0.27 -0.29 -0.14
Pair/triple FE Yes Yes Yes Yes Yes Yes
Observations 141 141 141 141 141 141

Note: The table displays the coefficients and robust standard errors (in parentheses) from linear regression models
based on Equation (1), including pre-tests and pair/triple fixed effects as covariates (the pair/triple fixed effects are
partialled out). Hedges’ g for the treatment effect is calculated according to Equation (2) using the standard
deviations at follow-up. *** p <0.01, ** p <0.05, * p <0.1.
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4 Discussion

This section discusses the magnitudes of the effects and compares the cost-effectiveness
of Ldsklar to a few other programs for which costs have been estimated using similar
methods as we use. We also discuss how features of the study design may have influenced

the effect sizes as well as some limitations of our study.

4. Effect sizes and cost-effectiveness in perspective

To put the effects of Léasklar in perspective, we compare them to 1) statements from norm-
giving organizations; 2) gaps between student groups; 3) how much students typically
learn in a year; and 4) to effect sizes from other interventions. We limit the discussion to
the literacy tests, as none of benchmarks 1)-3) are available for the attitude measures and
it is unclear how our measures compare to other measures used in the earlier literature.

What Works Clearinghouse in the US maintains that effect sizes over 0.25 should be
regarded as “substantively important” (What Works Clearinghouse, 2014, p. 23). Lipsey
et al. (2012) show that US students improve on average 1.52 standard deviations between
kindergarten and first grade and 0.97 between first and second grade on standardized tests
in reading. The gap between low and high SES students are around 0.7-0.8 in grade 4
(information is not available for grade K-3 and we are not aware of similar statistics for
Sweden). The effect sizes of Ldsklar appear large in comparison to these three bench-
marks.

We want to acknowledge some important caveats to between-study comparisons, be-
fore we compare the effect sizes and cost-effectiveness of Ldsklar to other interventions.
There are often differences between the duration, intensity, target population, the control
group condition, and between the outcome measures and the formulas used to estimate
the effects and calculate effect sizes. It is well known that many of these features moderate
effect sizes (e.g., Cheung & Slavin, 2016), but more difficult to say by exactly how much
when comparing two individual studies (we discuss this issue further in the next section).
The comparison problems are worse in cost-effectiveness analyses, which are affected by
differences in the estimations of both effect sizes and costs, as well as by differences in
input prices across countries and regions.

We match how we calculate our effect sizes to the methods used in Dietrichson et al.
(2017). The two primary outcomes we use are standardized tests, which are the only ones

included Dietrichson et al.’s review of interventions for students with low SES in grade
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K-8. This target group is furthermore reasonably close to ours. For these reasons, we
believe this review is the closest comparison.** The average effect size of all reading
interventions in that review is g = 0.09. The average effect size of all tutoring interven-
tions in reading is g = 0.30, which in turn is close the average effect size for the six studies
of reading interventions involving tutoring and, at least in part, kindergarten students (g
=0.31).3° Thus, our effect sizes appear large also in comparison to the typical effect sizes
found for other interventions and to similar tutoring interventions.>®

We focus the cost-effectiveness comparison on programs involving tutoring and sim-
ilar student groups and grades to minimize the between-study differences. We also focus
on the decoding and letter knowledge tests (both are “alphabetics” tests in the terminology
of Hollands et al., 2013), which are our two primary outcomes, are standardized, and have
reasonably similar counterparts among standardized tests used in previous interventions
from the US.

Hollands et al. (2013) estimate the cost per unit increase of effect size of three compa-
rable programs: Stepping Stones, a 5-week tutoring program using effect sizes derived
from at-risk kindergarten students in Nelson et al. (2005a, b); Sound Partners, an 18-
week program for at-risk kindergartners, evaluated in Vadasy and Sanders (2008); and
Reading Recovery, a 20-week program targeting at-risk students in first grade and evalu-
ated in Schwartz (2005). Stepping Stones is slightly more cost-effective than Ldsklar at
570 USD per unit increase in effect size in alphabetics,’’ while both Sound Partners and
Reading Recovery are less cost-effective (2,093 and 1,480 USD per unit increase in effect
size calculated with alphabetics tests).

Two grade 3 programs (Corrective Reading and Wilson Reading) examined in
Hollands et al. (2013, 2016) are in comparison considerably less cost-effective, but also

target a broader set of reading skills.*® Jacob et al. (2016) evaluate a version of Reading

34 The results for tutoring interventions in Dietrichson et al. (2017) are close to those obtained by Slavin et al. (2011).
35 This effect size is based on the following articles: Burns et al. (2003), Vadasy & Sanders (2008, 2010), Amendum et
al. (2011), Nielsen et al. (2012), and Apel & Diehm (2014). Some of these studies also include students in higher
grades.

36 Our effect sizes also seem large in comparison to the effect sizes of school interventions in general (see e.g., Fryer,
2017, for areview). See also the webpage Evidence for ESSA (www.evidenceforessa.org, accessed 2018-10-18), which
is continuously adding information about programs/evaluations from the US and include effect sizes calculated in a
reasonably comparable way to ours.

37 The effect sizes are very similar, but Stepping Stones costs less, mainly due to the short intervention period.

38 Corrective Reading costs 45,945 USD (38,135 USD for alphabetics) and Wilson Reading 20,291 USD (13,392 USD
for alphabetics) per unit increase in effect size, mainly due to their more intensive tutoring (1 hour per day, 5 days per
week), much longer duration (28 weeks), and lower effect sizes.

36 IFAU -A multi-sensory tutoring program for students at-risk of reading difficulties


http://www.evidenceforessa.org/

Partners, which uses volunteer tutors and includes students in grades 2-5. Volunteers
reduce the costs attributable to schools, but the cost per unit increase of effect size is still
much larger than for Ldsklar, 6,455 USD for the closest test (the reason is mainly that the
effect sizes are small).>* Thus, Léisklar compares favorably to other programs both in
terms of the magnitudes of the effects and the costs incurred when producing those

effects.*°

4.2  Study design and effect sizes
Effect sizes may be influenced by the study design (e.g., Cheung & Slavin, 2016), rather

than the program components. We discuss four such features below and compare to the
six most similar tutoring studies—called the “comparison studies” below—included in
Dietrichson et al. (2017; see footnote 39 for references).

First, the control group received business-as-usual instruction while waiting to get the
program. The usual instruction did not include supplementary in-school instruction like
tutoring. Knowing that they would receive the program may have reduced the risk of the
control group getting more help outside of school compared to studies where the control
group does not get the intervention at all. That is, our control group is close to a no-
treatment control group, which ought to produce larger effect sizes than when the control
group receives at least some extra help. Of the comparison studies, the control condition
in Vadasy and Sanders (2008, 2010) and Apel and Diehm (2014) is similar to ours, while
it is unclear what the control group gets in the others. The control group in the comparison
studies improves on average 0.68 post-test standard deviations between pre- and post-
tests. In comparison, our control group improves 0.55 standard deviations averaged over
our two primary outcomes.

Second, our primary outcomes are standardized tests and not constructed for the study.
They are still well aligned with the content of Ldsklar, which tend to produce larger
effects (e.g., Madden & Slavin, 2011). However, our control group received instruction

in these areas too, as discussed in Section 2.3.2. The average effect size in the comparison

39 Total costs for all involved parties, including opportunity costs for tutors, are much larger and cost-effectiveness
decreases considerably to 32,820 USD.

40 Scammaca et al. (2007) include cost estimates for 12 programs in grade K-3. Because they only include personnel
costs based on a standard hourly wage, their estimates are not fully comparable to ours. But 10 out of 12 programs have
higher personnel costs than Lésklar and are less cost-effective. Note that some of the programs and target groups differ
from Ldsklar and that not all tests are alphabetics tests, so the effect sizes are also less comparable.
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studies is also based on standardized tests. Over 80 percent seem similarly well aligned
and no test is not at all aligned.

Third, our study was more of an effectiveness study than an efficacy trial. We provided
minimal extra support and monitoring during the implementation, which mimicked how
the program is implemented when schools use it outside the study. We expect this feature
to result in smaller effect sizes (see e.g., Thomas et al., 2018, for an interesting discussion
and results in line with this hypothesis). All comparison studies monitor and support their
tutors more than we do or have personnel hired by the study that perform the intervention.

Fourth, we include the students most at-risk of reading difficulties. Vadasy and
Sanders (2008), and Nielsen et al. (2012) use selection procedures that seem to result in
a similar at-risk group, whereas the other comparison studies either exclude the students
most at-risk or include students who are less at risk. It is not clear though whether it is
harder or easier to produce large effect sizes with students that are more at-risk.

In sum, our study design features are not only in favor of larger effects. The combina-
tion of program components in Ldsklar may therefore be the reason for the large effect
sizes.*! However, our design does not allow us to disentangle the effects of the interven-
tion components, not from each other and not from other study features. Multi-sensory
methods, tutoring group sizes, and the type of tutors would all be interesting components
to examine in a design where intervention components are tested against each other while

other study features are held constant between components.

4.3 Limitations

We intended to get as close possible to how the schools would have implemented the
program, had there not been a study. However, to examine the effects we had to perform
measurements, which should be regarded as an interference over and above what schools
normally would have done, and the tutors were aware that they participated in the study.
As parents were informed of the study, they were also aware. This may have created
Hawthorne effects — e.g., tutors may have tried harder because they knew they were being
studied — but this is very difficult to avoid in educational interventions and our study is

not different from others in this regard.

41 Interventions using teachers as tutors has larger effect sizes according to Slavin et al. (2011). Tutoring delivered by
school professionals and one-to-one tutoring is associated with larger effect sizes than non-professionals and 1:2-5
tutoring in Dietrichson et al. (2017), but not significantly so. Four comparison studies use one-to-one or one-to-two
tutoring, while the others use somewhat larger groups.
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The waiting list design precludes us from estimating longer-term effects of the pro-
gram. There are few studies that have followed participants of reading interventions over
longer periods than a year after the end of intervention. Suggate (2016) documents a posi-
tive but decreasing effect over time: the longer-term average effect size is about 60 per-
cent of the short-term effect size. The two longest follow-up studies of interventions
directly targeting similar at-risk students as we do—Blachman et al. (2014) and Elbro and
Petersen (2004)—find significant effects ten and seven years after their interventions,
respectively.*’ These results indicate that the effects of targeted interventions can be long
lasting.

It is also reassuring that the treatment group continue to improve on all literacy
measures from post-test to follow-up and that effect sizes amounting to 60 percent of our
short-term effects would still be sizeable. Two aspects of Ldsklar may furthermore help
students remember what they learnt: using fingerspelling helps them remember the letter-
sound correspondence and the timing of the intervention makes sure that letter knowledge
and decoding is still in focus in the regular instruction. That is, students are reminded of
what they learnt also during regular instruction.

Our outcome measures have some limitations. The attitude measures have not been
examined for validity and reliability. Therefore, the results based on those measures
should be interpreted with caution regarding what underlying psychological constructs
they capture. The decoding test contains a couple of words that overlap with the ones used
during instruction with Ldsklar. However, we show that these words are not driving our
results. Our measures may furthermore have problems with floor (the decoding test) and
ceiling effects (all the others, but in particular the enjoyment and motivation tests and
more so at follow-up than post-test). Floor effects may overestimate the effects if more
control group students are close to scoring one instead of zero and underestimate the
effects if the treated students scoring zero are closer to cracking the reading code. Con-
versely, ceiling effects are likely to underestimate the effects, at least on letter knowledge,
phonological awareness, and self-efficacy, as more treated students reach the maximum

score on those outcomes.

42 Blachman et al. (2014) implement their tutoring intervention in second and third grade and Elbro and Petersen (2004)
do not provide end of intervention results, which is why we do not include them among the comparison studies in the
discussion of effect sizes.
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Our cost estimates are based on recall, not a cost diary. However, most of the studies
we benchmark our costs to use similar methods (in some cases with longer recall periods,
see Hollands et al., 2013). We underestimate (overestimate) the cost-effectiveness of the
program, if there are for example positive (negative) peer effects, which our study was
not designed to estimate. We are not aware of any study that have provided credible esti-

mates of the peer effects of a similar targeted intervention.

5 Conclusions

We examine a literacy program—Ldsklar—targeting the students most at-risk of reading
difficulties in kindergarten and first grade. We find large positive effects on our two pri-
mary outcome measures, a standardized test of decoding (g = 1.07) and a standardized
test of letter knowledge (g = 1.03), and positive effects on measures of phonological
awareness (g = 0.56) and self-efficacy (g = 0.57). The effects are insignificant on
measures of enjoyment and motivation, which may be explained by ceiling effects. The
program costs about 6,400 SEK/700 USD/630 Euro/17 teacher hours per treated student
the first time a school implements it (and gets cheaper in further iterations), which toget-
her with the large effect sizes implies that the program compares favorably to most other
similar programs in terms of cost-effectiveness.

We believe these results are very promising for the students who are most at-risk of
reading difficulties. Our sample is geographically concentrated and include schools that
selected into the sample, perhaps because they are, on average, more disadvantaged than
the average Swedish school. Although we see few obstacles to implementing the program
in other schools and most schools have at least a few students in need of extra help, the
results may not be fully generalizable. Future studies that try to replicate our results in
other contexts would therefore be important. Examining the longer-term cost-effective-
ness and the separate contribution of program components would also be interesting

future research.
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Appendix
The appendix presents additional descriptive statistics, sensitivity analyses of the short-
term effects, additional exploratory analyses of the short-term effects, and sensitivity

analyses for the effects of program timing.

5.1  Additional descriptive statistics

Table A1 shows descriptive statistics for the full sample of randomized students; i.e., the
table corresponds to Table 2 in the main text but include all students who were
randomized and not just the analysis sample. The sample is exactly the same for the

follow-up test so we do not repeat those statistics here.

Table Al. Means and standard deviations at pre-, post-, and follow-up test for the
full sample

Panel A: Pre-test

Treatment Control

Variable Mean SD n Mean SD n ES p

Girl 0.39 0.49 82 0.52 0.50 79 -0.13  0.102
Grade 0.20 0.40 82 0.19 0.39 79 0.01 0.933
Specific risk 0.22 0.42 82 0.27 0.44 79 -0.05  0.496
Decoding 0.00 0.00 82 0.00 0.00 79 0.00 1.000
Letter knowledge 4.99 3.75 82 5.00 3.89 79 0.00 0.984
Phonological awareness 4.27 4.20 82 4.99 4.20 79 -0.17  0.279
Self-efficacy 4.81 3.89 81 4.52 3.55 79 0.08 0.624
Enjoyment 8.24 3.21 82 7.34 3.49 79 0.27 0.087
Motivation 8.02 3.51 81 8.22 3.16 79 -0.06  0.701

Panel B: Post-test
Treatment Control

Variable Mean SD n Mean SD n ES p

Decoding 6.54 7.46 81 1.3 3.55 76 0.89 0.000
Letter knowledge 17.72 6.39 81 10.6 7.12 76 1.05 0.000
Phonological awareness 8.91 2.21 81 7.3 3.86 76 0.53 0.001
Self-efficacy 6.53 3.50 81 4.7 3.11 76 0.56 0.001
Enjoyment 8.43 2.99 81 8.3 3.06 76 0.06 0.717
Motivation 9.12 2.20 81 8.8 2.35 76 0.15 0.349

Note: Mean, standard deviation (SD), sample size (n), and the difference between treatment and control groups
expressed as effect sizes (£S). The effect size is for all variables, except Girl, Grade 1, and Specific risk, Hedges’ g;
i.e., the difference between treatment and control group in standard deviations, adjusted for the small sample, see
Equation (2). The effect sizes for Girl, Grade 1, and Specific risk is expressed as the differences in shares.
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5.2  Sensitivity analyses of the short-term effects

This section shows the sensitivity analysis reported in Section 3.3 of the main text. Table
A2 contains variations of our main specification used in the primary analysis, plus the
main specification itself for easy reference in column (1), Panel A. For brevity, we show
only the treatment coefficient and standard errors for each specification. Each row
corresponds to an outcome variable and each column to a specification. In panel A,
column (2) excludes all covariates, and column (3) excludes the pair/triple fixed effects.
Column (4) includes randomization weights. In panel B, column (5) excludes students
who were tested under different circumstances. Column (6) excludes students who were
instructed by the third author. Column (7) clusters the standard errors on the instructional
groups, and column (8) examines if reduced quality of regular instruction due to increased
class sizes are driving our results (note that we omit first grade students from the
specification in column 8).

Comparing the estimates in column (2)—(7) to the primary analysis, we can see that
they are all close in magnitude. Furthermore, the standard errors and consequently the
statistical significance are also similar. We conclude that our results are not sensitive to
these changes of the main specification. Column (8) includes only the schools that used
special educators as tutors. The treatment effects are larger than in the primary analysis
for three out four significant outcomes and larger than the effects for kindergarten
students for our two primary outcome measures (compare Table A3, panel B). As class
sizes were slightly reduced in these schools (because treated students were pulled-out of
classrooms), reduced quality of regular instruction for the control group is an unlikely

explanation of these results.
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Table A2. Sensitivity analysis for the short-term effects

Panel A: Sensitivity analyses

Primary analysis No covariates No FE Weights
Outcome variable 0] (2 (3) (a)
Decoding 6.333%** 5.267*** 5.863*** 6.092%**
(1.123) (0.924) (0.899) (1.052)
Letter knowledge 6.911%*** 7.137%%* 7.440%** 6.978%***
(0.835) (1.082) (0.778) (0.825)
Phonological awareness 1.731%** 1.664%** 2.075%** 1.749%**
(0.454) (0.506) (0.457) (0.456)
Self-efficacy 1.767*** 1.873%** 1.938%** 1.758***
(0.542) (0.528) (0.540) (0.556)
Enjoyment -0.240 0.176 0.150 -0.277
(0.486) (0.483) (0.493) (0.496)
Motivation 0.342 0.341 0.459 0.351
(0.382) (0.364) (0.381) (0.381)
Pre-tests Yes No Yes Yes
Pair/Triple FE Yes No No Yes
Observations 156 157 156 156
Panel B: Sensitivity analyses
Instruction Special
Test differences differences Clustered educators
Outcome variable (5) (e) @) (8)
Decoding 6.130%** 6.217*** 6.333%** 6.352%**
(1.190) (1.197) (1.148) (1.305)
Letter knowledge 6.925%** 6.672%** 6.911%** 7.294%**
(0.873) (0.866) (0.837) (1.211)
Phonological awareness 1.848%** 1.870%** 1.731%*%* 1.295%*
(0.508) 0.471) (0.458) (0.709)
Self-efficacy 1.911%** 1.691%** 1.767%** 2.159%**
(0.502) (0.563) (0.534) (0.898)
Enjoyment 0.0472 -0.253 -0.240 -0.653
(0.504) (0.494) (0.489) (0.810)
Motivation 0.468 0.318 0.342 -0.0702
(0.408) (0.414) (0.384) (0.400)
Pre-tests Yes Yes Yes Yes
Pair/Triple FE Yes Yes Yes Yes
Observations 140 148 156 68

Note: The table displays the treatment coefficient and robust standard errors in parentheses from linear regression
models based on Equation (1) but with the following modifications: Column (1) includes the primary analysis for
comparison purposes. Column (2) excludes all covariates and pair/triple fixed effects. Column (3) excludes the
pair/triple fixed effects. Column (4) includes randomization weights. Column (5) excludes students who were tested
under different circumstances. Column (6) excludes students who were instructed by the third author. Column (7)
clusters the standard errors on the instructional groups. Column (8) estimates the treatment effects on the
kindergarten sample of schools that used special educators as tutors. *** p <0.01, ** p <0.05, * p <0.1.
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5.21 Randomization inference for the short-term effects
The results in Young (2018) indicate that conventional inference methods may often

overstate statistical significance in experiments. To assess whether our results are
sensitive to the assumptions made on the distribution of the standard errors, we use
randomization (or permutation based) inference methods, as suggested by e.g., Young
(2018) and Athey and Imbens (2017).

We derive p-values for the statistically significant treatment coefficients using the
following procedure (we restrict the procedure to the significant coefficient because
statistical significance is unlikely to be underestimated in the primary analysis). Step 1:
The matching procedure is done exactly as in the analysis of main results. That is, we
match the same pairs/triples, including the four students with missing observations. Step
2: We randomly assign treatment within each pair/triple using the same probability of
treatment as in the analysis of main results. The probability of treatment is 1/2 in each
pair, and 1/3 and 2/3 in the triples where one and two students were assigned to treatment
in the main results, respectively. Step 3: Using the new treatment variable, we run
regressions corresponding to those in Table 4 and register the absolute value of the #-
statistic of the treatment coefficient from each regression (to get a two-sided test).*

Step 2 and 3 are repeated 10,000 times to obtain an empirical distribution of #-statistics.
We use the z-statistic instead of e.g., the beta-coefficient, as recommended by Young
(2018) and Mackinnon and Webb (2016). The p-values obtained from this procedure are
then equal to the distribution rank of the #-statistics of the coefficients divided by 10,000.
The results indicate that our statistically significant estimates of the short-term effects of
Ldisklar are robust. There is no configuration that yield a larger #-statistic than the primary
analysis for the decoding, letter knowledge, and phonological awareness tests (i.e., rank
=1 and p = 0.0001), and 19 configurations yield larger #-statistics for the self-efficacy
measure (rank 20 and p = 0.0020).

43 Students with incomplete pre- or post-tests are therefore included in the matching procedure but not in the regressions,
just as in the primary analysis.
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5.3 Additional exploratory analyses of the short-term effects

Table A3 contains three additional exploratory analyses that we did not pre-register and
which are described in Section 3.4.

Table A3. Not pre-registered exploratory analyses of short-term effects
Panel A: Are the effects larger for students with specific risks?

Letter Phonological  Self-
Decoding knowledge  awareness efficacy Enjoyment Motivation
Variables () (2 ®3) (4) (5) (O]
Treatment 7.298%** 6.937%%* 1.285%* 2.088***  -0.810 0.268
(1.446) (1.061) (0.553) (0.699)  (0.498) (0.401)
Treatment x -3.850%* -0.607 1.701 -1.133 2.025 -0.0283
Specific risk (2.225) (2.557) (1.479) (1.627)  (1.618) (0.974)
p(TME) 0.0378 0.0042 0.0192 0.4711 0.4079 0.7920
Panel B: Are the effects larger in first grade?
Letter Phonological  Self-
Decoding knowledge  awareness efficacy Enjoyment Motivation
Variables 0] 0)] (3) (a) (5) (6)
Treatment 5.352%*x* 7.392%%* 1.830%** 2.174***  -0.236 0.197
(0.945) (0.940) (0.568) (0.646)  (0.609) (0.465)
Treatment x 4.384 -2.150 -0.441 -1.818 -0.0178 0.648
Grade 1 (3.011) (2.210) (0.944) (1.114)  (0.783) (0.663)
p(TME) 0.0020 0.0092 0.0528 0.6946 0.6211 0.0935
Panel C: Are the effects larger in schools with prior experience?
Letter Phonological  Self-
Decoding knowledge  awareness efficacy Enjoyment Motivation
Variables () (2) ®3) (4) (5) (8)
Treatment 5.890%** 6.323%** 2.262%*%* 1.375%*  -0.317 0.397
(1.477) (1.058) (0.582) (0.620)  (0.580) (0.528)
Treatment x 1.254 1.665 -1.503* 1.110 0.218 -0.157
Prior experience  (1.981) (1.592) (0.864) (1.148)  (1.048) (0.680)
p(TME) 0.0000 0.0000 0.2530 0.0140 0.9108 0.5989
Panel D: Are the effects larger in schools with any experience?
Letter Phonological  Self-
Decoding knowledge  awareness efficacy Enjoyment Motivation
Variables () (2 ®3) (4) (5) (O]
Treatment 6.374%%* 6.733%%* 2.177%%* 1.352%%  -0.0393 0.625
(1.622) (1.164) (0.693) (0.655)  (0.724) (0.667)
Treatment x -0.0827 0.358 -0.895 0.832 -0.403 -0.569
Any experience (1.798) (1.673) (0.841) (1.036)  (0.963) (0.748)
p(TME) 0.0000 0.0000 0.0182 0.0111 0.4935 0.8759
Pre-tests Yes Yes Yes Yes Yes Yes
Pair/triple FE Yes Yes Yes Yes Yes Yes
Observations 156 156 156 156 156 156

Note: The table displays coefficients, robust standard errors (in parentheses), and the p-values on the total marginal
effects (TME) of the interactions from linear regression models including pre-tests and pair/triple fixed effects as
covariates (the pair/triple fixed effects are partialled out). Panel A examines whether the effects are larger or smaller
for students with specific risks. Panel B shows results where we include an interaction between the treatment
indicator and an indicator for being in first grade. Panel C and D reports tests of whether schools with prior and
more experience have larger effects. *** p <0.01, ** p <0.05, * p <0.1.
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Panel A examines whether the effects are larger or smaller for students with specific
risks. Panel B shows results where we include an interaction between the treatment
indicator and an indicator for being in first grade. Panel C and D report two tests of
whether schools with prior or more experience have larger effects.

We find only weak evidence of heterogeneity. No interaction effect is significant at the 5
percent level, and only two on the 10 percent level (students with specific risks have lower
decoding scores and students being tutored by tutors with prior experiences have lower

scores on phonological awareness).

5.4 Sensitivity analyses for the effects at follow-up
Table A4 displays the results of the sensitivity tests for the effects at follow-up. All

estimates have a similar sign across specifications and most are of reasonably similar
magnitude as in the primary analysis. A few estimates become significant: the treatment
group has significantly higher scores on decoding when we apply randomization weights
(p < 0.10), on phonological awareness when we do not include pair/triple fixed effects (p
< 0.05) and when we exclude students instructed by the third authors (p <0.10). The self-
efficacy and enjoyment measures are significantly higher in the control group when we
exclude all covariates and when we exclude pair/triple fixed effects (p < 0.05). However,
no estimate is consistently significant across specifications. In sum, the evidence of

differences between the treatment and control group at follow-up is relatively weak.
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Table A4. Sensitivity analysis for the effects at follow-up

Primary No Instruction

analysis covariates No FE Weights differences  Clustered
Outcome variable 0] (2 (3) (a) (5) (6)
Decoding 3314 1.879 2.752 3.453%* 3.477 3.314

(2.016) (2.002) (1.811) (2.060) (2.152) (2.041)
Letter 0.433 1.060 1.306 0.444 0.627 0.433
knowledge (0.734) (1.029) (0.930) (0.720) (0.761) (0.728)
Phonological 0.488 0.452 0.676** 0.484 0.513* 0.488
awareness (0.294) (0.299) (0.323) (0.295) (0.303) (0.320)
Self-efficacy -0.894 -1.381** -1.226*%*  -0.961 -0.854 -0.894

(0.611) (0.560) (0.554) (0.596) (0.627) (0.627)
Enjoyment -0.818 -1.139%* -1.125**  -0.708 -0.685 -0.818

(0.594) (0.475) (0.471) (0.604) (0.6006) (0.676)
Motivation -0.366 -0.624 -0.417 -0.396 -0.335 -0.366

(0.437) (0.425) (0.447) (0.443) (0.458) (0.478)
Pre-tests Yes No Yes Yes Yes Yes
Pair/triple FE Yes No No Yes Yes Yes
Observations 141 141 141 141 133 141

Note: The table displays the treatment coefficient and robust standard errors in parentheses from linear regression
models based on Equation (1) but with the following modifications: Column (2) excludes all covariates; column (3)
excludes the pair/triple fixed effects; column (4) includes randomization weights; column (5) excludes students who
were instructed by the third author; and column (6) clusters the standard errors on the instructional groups.. *** p <

0.01, ** p <0.05, * p <0.1.
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