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Abstract

This study presents the one-year follow-up in grade 3 of two randomized controlled
interventions, addressing phonics and numeracy targeting children at-risk for early reading
or mathematics difficulties. The participants (1 = 130) had been part of two intervention
studies including 21 Swedish elementary schools. Results show that the post-test advantage
of the intervention groups had faded for most outcome measures. A significant difference
between groups sustained only for conceptual knowledge in the mathematics intervention
group and for the speeded reading test in the reading intervention group. These results
raise questions about the integration of rigorous interventions into mainstream education.
Furthermore, the study pinpoints the importance of longitudinal intervention research and
conditions to make special education interventions sustainable.

Keywords: follow-up; longitudinal; phonics; mathematics; randomized controlled studies;
intervention; special education

1. Introduction

Early school-based interventions have consistently demonstrated immediate benefits;
however, questions remain regarding the long-term sustainability of these effects. Short-
term improvements in reading and numeracy skills are often observed in early elementary
grades, even following relatively brief interventions (Dietrichson et al., 2021; Gersten et al.,
2020; Hall et al., 2022; Wanzek et al., 2016). However, these gains frequently diminish over
time, and few follow-up studies extend their evaluations to one-year post-intervention
(Bailey, 2019; Dietrichson et al., 2021; Gersten et al., 2020; Neitzel et al., 2021; Williams
et al., 2022). Given this situation, the current study advances the restricted timeframe of
intervention studies and addresses the sustained effects of two second grade randomized
controlled trial (RCTs) studies conducted in second grade, targeting children at risk for early
reading and mathematics difficulties (Lindstrom-Sandahl et al., 2023; Lindstrém-Sandahl
et al., 2024). Both interventions were designed to incorporate known factors associated
with successful reading and mathematics outcomes. The findings raise critical questions
about the enduring impact of early interventions and implications for both researchers
and practitioners.

1.1. Follow-Up in Longitudinal Special Education Intervention Research

Conducting intervention research in special education is both time-intensive and
resource-demanding, which explains why relatively few studies report data beyond im-
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mediate post-test measures. Extending school-based interventions to include follow-up
assessments presents significant logistical and administrative challenges—particularly
when implementing a randomized controlled trial, and few such studies have a longi-
tudinal design (Daniel et al., 2021; Dietrichson et al., 2021). When follow-up data are
available, the timing varies considerably. Many studies assess outcomes after less than six
months post-intervention, limiting conclusions regarding the sustainability of intervention
effects (Powell et al., 2022; Suggate, 2016; Xin & Jitendra, 1999). A notable example is the
meta-analysis by Dietrichson et al. (2021), which categorized studies assessing effects more
than three months after the intervention as “long-term.” In addition, only 10% of the 205
included studies reported follow-up data between 4 and 12 months, and these were pre-
dominantly focused on reading outcomes. Rare exceptions extend follow-up periods up to a
decade, but most are limited to one year (e.g., Blachman et al., 2004, 2014; Watts et al., 2019).
This scarcity of long-term data restricts our understanding of the enduring effects of early
educational interventions (Gersten et al., 2020). From a Scandinavian perspective—where
RCT-based educational intervention research is still limited but growing (Pontoppidan et al.,
2018)—this study offers a meaningful contribution to the evidence base on the long-term
effectiveness of early reading and mathematics interventions.

1.2. Long-Term Early Reading and Mathematics Intervention Effects

Experimental and quasi-experimental intervention studies aimed at students with or
at risk for reading difficulties present mixed long-term results, with some showcasing sus-
tained effects after a year. In a meta-analysis of reading intervention effects, Suggate (2016)
reported a radical decline in mean effect size of phonics interventions from 0.29 (Cohen’s d)
at post-test to 0.07 (d) at one-year follow-up. Blachman et al. (2004) evaluated outcomes
of a phonics and fluency intervention in second and third grade. Effect sizes at post-test
were 1.31 (d) for word recognition, 0.55 (d) for reading comprehension and maintained
at 1.05 and 0.24 (d) at the one-year follow-up. In a Swedish phonics-oriented interven-
tion for third graders, Wolff (2011) reported significant effects for reading comprehension
0.33 (d), and reading speed 0.13 (d), one year post-intervention compared to immediate
post-test effects of 0.41 and 0.15 (d). In addition, a lasting impact on reading comprehension
was shown in a meta-analysis of reading interventions targeting foundational skills in
grades K-3 (Denton et al., 2022), with a follow-up mean ES of 0.29 (Hedge's g) compared to
0.39 (g) at post-test. No specific details were, however, given on the timepoint of follow-up
measurement, instead referred to as weeks and months after the intervention (Denton
et al., 2022). While certain phonics interventions demonstrate lasting significant effects,
the overall consistency of these is varied, and the evaluation of reading comprehension
interventions is complicated by the absence of clear follow-up timelines.

The post-test effects observed in RCT mathematics intervention studies also tend to
diminish over time. For instance, Bailey et al. (2020) conducted a follow-up on a 16-week
explicit arithmetic intervention in first grade and found no statistically significant effects
on any arithmetic or numeracy measures one year after the intervention. Initial post-test
effect sizes ranged from 0.24 to 0.42 (Cohen’s d) for mathematics facts and computation,
but these declined to effects of 0.01 to 0.08 at follow-up. A similar decline was reported
by Hassler Hallstedt et al. (2018), who evaluated a 20-week tablet-based basic arithmetic
intervention in second grade. While post-test effect sizes ranged from 0.13 to 0.67 (d), the
one-year follow-up revealed non-significant results for calculation, with mean effect sizes
for addition and subtraction reduced to between 0.02 and 0.13 (d). Furthermore, Powell
et al. (2022) documented fading effects of an explicit mathematics word problem-solving
intervention for third graders. At a follow-up conducted 6 to 12 months post-intervention,
the effects had declined to 0.31-0.43, compared to immediate post-test values of 2.44-2.66,
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and were partly non-significant. Again, the immediate outcomes of these interventions
appear promising, while sustaining the gains achieved remains a considerable challenge.

1.3. Designing for Sustainable Special Education Intervention Effects

Because of the long-term academic consequences of comprised reading and mathemat-
ics skills (e.g., Foster & Miller, 2007; Vukovic & Siegel, 2010), addressing fade-out factors
and planning for long term follow-up is essential in designing sustainable intervention
programs for at-risk students (Hulme et al., 2025; Schneider & Bradford, 2020). Special
education intervention researchers need to consider both the reasons for fading effects and
how to prevent them. In longitudinal studies of reading and mathematics intervention,
fade-out has been interpreted in diverse ways (Bailey, 2019; Bailey et al., 2017; Suggate,
2016). Besides attrition due to teacher shift and student mobility, which is a potential prob-
lem in long-term follow-ups (Schneider & Bradford, 2020; Vadasy et al., 2008), declining
effects can be attributed to several factors.

First, the individual perspective ascribes fading to cognitive processing issues such
as forgetting content practiced intensively during the intervention (Kang et al., 2019),
alternatively, that cognitive resources spent on repetition may hinder the integration of
new skills (see Bailey et al., 2020, for discussion).

Second, the environmental perspective links fade-out to a lack of continued edu-
cational support following the intervention and the combined effect of individual and
environmental factors may cause individual children to revert to their predicted learning
trajectory post-intervention, even if gains were made compared to controls (Bailey, 2019;
Bailey et al., 2016).

A third perspective highlights how children in control groups may catch up to their
counterparts shortly after the intervention attenuating group differences, as the basic
content taught is also part of standard classroom instruction (Bailey et al., 2020; Lemons
etal., 2014; Suggate, 2016). In addition, extra attention might be given to control students
because of schools taking notice of their academic needs (Hulme et al., 2025).

Fourth, test scaling in follow-up measuring may not accurately reflect the magni-
tude of sustained effects, potentially masking true skill changes over time (Bailey, 2019).
Improvement specific to certain timeframes, grades, and curricula may eventually lose
relevance (Schneider & Bradford, 2020). Seemingly, declining post-intervention effects may
have multifaceted causes.

Bailey et al. (2017), to prevent fading, proposed constructing interventions that target
fundamental skills, which are possible to manipulate by intervening and that do not
develop easily without intervention. It is argued these three principles are essential for
lasting impact of cognitive skills interventions.

While some pre-test-post-test design studies overlook post-intervention educational
support, supplementary practice has been shown to bolster skill retention. For example,
short practicing sequences after finishing one-to-one interventions help students sustain
reading skills (P. M. Nelson et al., 2021). However, response to training may depend on
individual students’ level of competency pre-intervention (Peng et al., 2020), where weak
(or resistant) responders seem to benefit less from more of the same sessions (Wanzek &
Vaughn, 2008). For example, students with the strongest pre-intervention reading may
benefit most from training and be able to sustain their enhanced performance subsequently
(Peng et al., 2020; Vaughn et al., 2003).

In a recent study, Hulme et al. (2025) underscored that circumstances beyond the limits
of the intervention per se such as socio-economic factors and average reading performance
of schools are indeed related to sustainability of reading skills post-intervention, pointing
out the impact of the overall learning environment. The learning environment should
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support already mastered skills by recognizing the need for complementary instruction after
an intervention meant to build on these same skills, rather than instruction interchangeable
to the intervention (Bailey et al., 2020). In sum, providing adequate post-intervention
support and consistently monitoring student performance may represent essential steps to
ensure sustained progress and skill mastery.

In relation to the present study, carefully choosing appropriate content, instructional
approaches, and outcome measures for the intervention programs were considered relevant
to the immediate and lasting impact on reading and mathematics skills. Our two programs
did not cover post-intervention monitoring or any additional student instruction or teacher
professional development as the main research interest was program evaluation and the
impact of these highly intensive efforts over time under mainstream conditions. However,
students in need of support in academic domains are entitled to receive it according to
Swedish school policy (SFS, 2010) and thus students in both intervention- and control con-
ditions should have received continued support from their schools after the interventions,
when needed.

The present interventions’ ingredients were not considered differentiated from curricu-
lar content in mathematics and reading, but emphasized explicit, systematic, and intensive
instruction, and therefore provided a more intense and extended format than typically
found in Swedish special education. In the present study, children were assumed to receive
mathematics and reading classroom instruction parallel to the interventions. Focusing on
fundamental number and arithmetic skills and word reading skills, overlapping content
was emphasized and potentially overlearned, supporting memorization by classroom
instruction as well as by the supplemental programs. To ensure adequate measures that
would give reliable estimates of students’ skills, we considered when available standard-
ized tests intended to mirror developmental changes in reading and mathematics-related
outcomes, presented in the Methods section. It should be noted that the reporting of
intervention effects in education studies using the benchmarks for standardized effects
proposed by Cohen (1988) has been criticized for failing to consider the complexity of
study-specific features of design, outcome measures, and costs (Kraft, 2020). However,
limiting our comparison of the present study’s results to other RCT studies, targeting
similar skills, and using similar reporting of effects facilitates interpretation.

In summary, our study reports the one-year follow-up effects of two randomized
controlled trial (RCT) interventions targeting second-grade children at risk for early reading
and mathematics difficulties. The primary research question concerned whether, and to
what extent, the effects of these interventions persisted after one year. The discussion
will address strategies to mitigate fade-out effects and to enhance the sustainability of
such interventions.

2. Method
2.1. Participants

During the school years of 2019/20 and 2020/21, two cohorts of first grade students
from southern Sweden public schools were enrolled in the original studies. n = 753 had
parental consent to participate. Two screenings in spring-term of first grade were performed
to identify children at risk for mathematics or reading difficulties. The 25 percent lowest
performers in mathematics or reading on both occasions were individually randomized
into each program’s intervention- and control groups, resulting in approximately 9% of the
total sample in each study. The interventions were delivered at the start of second grade.
In all, the children came from 21 schools and were served by 13 special education teachers
or experienced early elementary school teachers in each program.
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For participant characteristics, screening assessment, and information on teacher
training, (see Lindstrom-Sandahl et al., 2023, 2024). The mathematics program at post-test
had n = 32 students in the intervention and n = 30 in the control condition, whereas the
reading program had n = 34 students in the intervention group and n = 34 in the control
group. Attrition was low. Outcome measures were collected at three timepoints: pre-,
immediate post-intervention, and 1 year after the post-testing.

At follow-up all students with post-test scores were re-tested. For the present study,
n = 32 intervention group students from the mathematics program participated and n = 28
from the control group, n = 30 intervention group students from the reading program and
n = 33 reading controls. Attrition, 7% in the reading program and 3% in the mathematics
program, was due to children moving during the year after intervention and these were
lost for follow-up assessment. Appendix A, Figure Al, shows the flow of participants from
enrollment to follow-up assessment.

2.2. Intervention- and Control Groups

Training was set up at participants’ schools as an individual supplement to classroom
instruction 4 days a week over three months, in all thirty-six scripted lessons and 21 h of
instruction. Due to the COVID 19-pandemic, the implementation suffered from lack of
in-person monitoring by the research team. Instead, teachers recorded if there were devia-
tions to program plans and the researcher team arranged online meetings with teachers
throughout the implementation period to strengthen program fidelity. Few deviations were
reported; time management was challenging for some implementers in both programs.

The mathematics and reading interventions shared core instructional features, which
were high intensity, explicit and systematic instruction. The programs were multi-
componential, concentrating on basic number knowledge and procedural skills in arith-
metic and decoding and word reading skills, respectively. Specifically, participants in the
reading intervention were instructed in phoneme awareness, phoneme-grapheme connec-
tions, blending technique, decoding, and word reading fluency. Meanwhile, participants
in the mathematics intervention were instructed in number relations, composition, and
decomposition of numbers, counting as well as understanding and using different number
representations (see Lindstrom-Sandahl et al., 2023, 2024 for detailed program descriptions).

Students in the comparison groups followed teaching as usual, including any edu-
cational support in mathematics or reading planned by their schools. They were, if they
received additional special educational support, served by mainly the same teachers who
conducted the intervention. No blinding of participants occurred for practical reasons.
According to reports from participating schools, special education was provided through
small-group instruction or by the special education teacher in the classroom during regular
mathematics or reading hours.

2.3. Tests and Test Procedure

Assessment for the follow-up took place at the students’ schools by the same special
education teachers who managed testing in the original studies. A member of the research
team performed tests with a handful of students. The individual assessment procedure
replicated previous testing and was completed for all groups during November-December
of third grade.

In mathematics, a 22-item test was the outcome measure for conceptual knowledge
(MclIntosh, 2008) with tasks evaluating the student’s skills with place value, number rela-
tions, and number line estimation. Procedural knowledge was measured by a 26-item test
(McIntosh, 2008) assessing arithmetic calculation in single- and multidigit addition and
subtraction tasks. Finally, a subtest from Wide Range Achievement Test, WRAT (Wilkinson
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& Robertson, 2006) was used to test mathematical problem-solving. In reading, word
decoding and word recognition were assessed by LaSt (Elwér et al., 2016), a timed test
of nonword and word reading proficiency, i.e., decoding and word recognition. Reading
comprehension was measured by a subtest of passage reading from the Woodcock test
battery (Woodcock, 1987).

In addition, we included researcher-developed and program-dependent one-minute
speeded fluency tests of word recognition and simple arithmetic calculation, which were
administered at the end of each test session. Students only completed their program-specific
one-minute tests. It yielded outcomes of fluency for students in the mathematics program
and reading program at follow-up. These were combined, averaged, and compared with
results from one-minute tests that were administered at pre- and post-test.

2.4. Data Analysis

All data analyses were conducted in r (R Core Team, 2021) and RStudio (RStudio Team,
2022), and the manuscript was formatted with the papaja package (Aust & Barth, 2020). The
following r packages were used: tidyverse (Wickham et al., 2019) for data wrangling and
more, mice (van Buuren & Groothuis-Oudshoorn, 2011) for imputation of missing values,
afex (Singmann et al., 2021) for anovas and plots, and emmeans (Lenth, 2021) for calculation
of planned contrasts. The very few (0.9% of all data) missing values were imputed with the
mice package separate for type of test (reading tests, math tests), test occasion (pre-, post-,
and follow-up), and group (intervention group, control group) based on the other tests of
the same type with the default method (predictive mean matching) to create five (default
setting) complete data sets that were used in the inference statistics.

Robust regression with the rlm function from the MASS package (Venables & Rip-
ley, 2002) was used for all regression analyses. In all analyses, a directional hypothesis
(post-score is higher than pre-score or intervention improvement is larger than control
improvement) has been used. Analyses were run separately on each imputed data set, and
the averaged estimates are reported. Full pooling using Rubin’s rules was also conducted
for all regression analyses; these yielded results that were numerically and substantively
equivalent, reflecting the extremely low fraction of missing information. For transparency,
we note that the pooled analyses primarily differed in producing very large degrees of
freedom, as expected when between-imputation variability is minimal.

3. Results
3.1. Reading Intervention Effects

Descriptive statistics of the two groups’ performance at the pre-, post-, and follow-up
test along with intervention effects are presented in Table 1. As expected, the intervention

group improved significantly on all measures from pre-test to follow-up (Cohen’s d range
0.79-1.68), as did the control group (Cohen’s d range 0.68-1.56); see Table 1 for details.
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Table 1. Median, mean, SD, and Cohen’s d for the reading tests for each group and timepoint. In addition, the improvement is also presented.

G Before After Follow-Up Improvement After Improvement Follow-Up
Test rou
P n Mdn M SD n Mdn M SD n Mdn M SD Mdn M SD Mdn M SD
Minute test reading Controls 34 19.17  20.34 9.83 34 2525 2737 10.57 32 38.25 37.34 9.77 6.08 7.03 0.75 19.08 17.01 1.80
Minute test reading Intervention 34 21.00 21.62 9.01 34 38.00 3535 10.80 29 46.50 42.88 7.97 17.00 13.73 1.46 25.50 21.26 2.26
Reading comprehension Controls 34 6.00 7.56 5.27 34 14.00 13.18 6.53 33 19.00 19.24 7.13 8.00 5.62 1.06 13.00 11.68 221
Reading comprehension  Intervention 34 7.50 8.35 5.31 34 17.00  15.68 6.41 30 23.00 21.50 5.90 9.50 7.32 1.38 15.50 13.15 2.49
Word decoding Controls 34 2400 2444 10.16 34 3150 36.09 14.45 33 45.00 47.79 16.44 7.50 11.65 1.15 21.00 23.35 2.31
Word decoding Intervention 34 2550 2694  10.06 34 43.00 4241 1147 30 56.00 56.30 16.85 17.50 15.47 1.53 30.50 29.36 2.90
Word recognition Controls 34 33.00 37.09 19.71 33 50.00 54.76 25.83 33 81.00 84.21 27.38 17.00 17.67 1.01 48.00 47.12 2.69

Word recognition Intervention 34  37.00 37.62 15.06 34 68.00 65.03 18.59 30 89.00 94.17 24.29 31.00 27.41 1.56 52.00 56.55 322
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The planned contrast with the pre-test score as a covariate in a robust regres-
sion showed a difference between groups at follow-up for word recognition (Figure 1).
AM =5.91, 95% CI [-1.81, o], t(60) = 1.26, p = 0.10, Cohen’s d = 0.36, 95% CI [-0.11, co].

100
c
9
T Grou
gm p
6] Control
1
T == |ntervention
o
2 04

0 -
T T T
Before After Follow-up
Timepoint

Figure 1. A plot on Word recognition at the 3 timepoints before the intervention, directly after the
intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.

The planned contrast with the pre-test score as a covariate in a robust regression
showed a difference between groups at follow-up for word decoding (Figure 2). AM =2.98,
95% CI [-2.13, o], t(60) = 0.96, p = 0.17, Cohen’s d = 0.25, 95% CI [—0.18, co].

75 4
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5 Grou
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g Control
v == |ntervention
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T T T
Before After Follow-up
Timepoint

Figure 2. A plot on Word decoding at the 3 timepoints before the intervention, directly after the
intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.
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The planned contrast with the pre-test score as a covariate in a robust regression
showed a difference between groups at follow-up for reading comprehension (Figure 3).
AM =1.26, 95% CI [-1.37, c0], t(60) = 0.79, p = 0.22, Cohen’s d = 0.22, 95% CI [-0.24, co].

30 1
c
9
0
c
0
g 97 Group
a
€ Control
8
o =+ Intervention
£
I
2 10 1
14

0 -

T T T
Before After Follow-up
Timepoint

Figure 3. A plot on Reading comprehension at the 3 timepoints before the intervention, directly after
the intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.

None of these effects above were significant, indicating that there were no differences
between intervention and control groups one year after the intervention was finished.

For the minute test reading (Figure 4), the planned contrast with the pre-test score as a
covariate in a robust regression showed a significant difference between groups at follow-up.
AM =4.29,95% CI [1.87, o], t(60) = 2.92, p = 0.00, Cohen’s d = 0.66, 95% CI [0.29, co].

50
40 1
o
£
k:
g 30 1 Group
‘8 Control
% 20 4 == Intervention
£
2

T T T
Before After Follow-up

Timepoint
Figure 4. A plot on the Minute-test in reading at the 3 timepoints before the intervention, directly after

the intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.
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Compared to the immediate intervention’s large to medium effects, which demon-
strated a significant difference between intervention and control groups on all reading
measures directly after the intervention (word recognition AM = 10.37, 95% CI [6.14, c0],
t(65) = 4.03, p = 0.00, Cohen’s d = 1.03, 95% CI [0.61, co]; word decoding AM = 4.89, 95% CI
[1.65, o], t(65) = 2.49, p = 0.01, Cohen’s d = 0.56, 95% CI [0.19, oo], reading comprehension
AM =10.37, 95% CI [6.14, oo], t(65) = 4.03, p = 0.00, Cohen’s d = 1.03, 95% CI [0.61, o], and
minute test reading AM = 6.73, 95% CI [4.65, o], t(65) = 5.32, p = 0.00, Cohen’s d = 1.27, 95%
CI[0.88, o0]), the effect sizes at follow-up were small to medium in magnitude following
Cohen’s (1988) classification of effect sizes. The effects were reduced to approximately 40%
in magnitude.

3.2. Mathematics Intervention Effects

Descriptive statistics of the two groups’ performance at the pre-, post-, and follow-up
test along with intervention effects are shown in Table 2. As expected, the intervention
group improved significantly on all measures from pre-test to follow-up (Cohen’s d range
0.80-1.63), as did the control group (Cohen’s d range 0.50-1.27); see Table 2 for details.

The planned contrast with the pre-test score as a covariate in a robust regression
showed a difference between groups at follow-up for arithmetic calculation (Figure 5)
AM = 0.86, 95% CI [—1.52, o], t(55) = 0.59, p = 0.28, Cohen’s d = 0.18, 95% CI [—0.32, oo].

20 1

Group
Control

== Intervention

Arithmetic calculation

T T T
Before After Follow-up

Timepoint
Figure 5. A plot on Arithmetic calculation at the 3 timepoints before the intervention, directly after

the intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.
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Table 2. Median, mean, SD, and Cohen’s d for the mathematics tests for each group and timepoint. In addition, the improvement is also presented.

G Before After Follow-Up Improvement After Improvement Follow-Up

Test oup n Mdn M SD n Mdn M SD n Mdn M SD Mdn M SD Mdn M SD
Arithmetic calculation Controls 28 7.00 6.75 3.23 28 9.00 8.75 3.36 28 13.50 1211 5.06 2.00 2.00 0.66 6.50 5.36 1.75
Arithmetic calculation Intervention 31 7.00 6.19 2.87 32 10.00 1038  4.57 28 13.00 13.32 5.00 3.00 4.18 137 6.00 7.13 2.33
Conceptual knowledge Controls 30 3.00 3.80 3.18 29 6.00 5.86 3.87 28 9.00 9.18 4.75 3.00 2.06 0.76 6.00 5.38 1.97
Conceptual knowledge  Intervention 32 3.00 3.47 2.18 32 6.50 7.25 3.51 30 11.00 1037 4.88 3.50 3.78 1.39 8.00 6.90 2.53
Minut test math Controls 30 5.83 5.53 2.31 29 8.00 7.31 3.02 28 10.75  10.04 3.44 217 1.78 0.79 4.92 451 2.00
Minut test math Intervention 32 4.17 4.46 2.19 32 9.00 8.61 3.44 29 9.50  10.10 4.48 4.83 4.15 1.84 5.33 5.64 2.51
Problem-solving Controls 30 9.00 9.07 2.20 29 9.00 9.28 1.98 28 11.00 1121 2.23 0.00 0.21 0.10 2.00 2.15 1.00
Problem-solving Intervention 32 9.00 8.34 2.09 32 1050 1034 255 30 1150  11.87 242 1.50 2.00 0.93 2.50 3.52 1.64
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The planned contrast with the pre-test score as a covariate in a robust regression showed
a significant difference between groups at follow-up for conceptual knowledge (Figure 6)
AM =1.95, 95% CI [0.31, 0], t(55) = 1.96, p = 0.02, Cohen’s d = 0.49, 95% CI [0.08, co].

20
[0}
T 15
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% it Group
£
— Control
S 10+
2 === Intervention
[
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=
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04 "

T T T
Before After Follow-up

Timepoint

Figure 6. A plot on Conceptual knowledge at the 3 timepoints before the intervention, directly after
the intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.

The planned contrast with the pre-test score as a covariate in a robust regression
showed a difference between groups at follow-up for problem solving (Figure 7) AM = 0.77,
95% CI [—-0.05, o], t(55) = 1.55, p = 0.06, Cohen’s d = 0.40, 95% CI [—0.02, co].
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Figure 7. A plot on Problem-solving at the 3 timepoints before the intervention, directly after the

intervention and at the 1-year follow-up, for the intervention and the control group. Error bars
represent 95% between-subject confidence intervals and dots show scores for individual participants.
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For the minute test mathematics (Figure 8), the planned contrast with the pre-test
score as a covariate in a robust regression showed a difference between groups at follow-up
AM = 0.57, 95% CI [-0.87, <], t(55) = 0.65, p = 0.26, Cohen’s d = 0.17, 95% CI [—0.27, oo].

254

20 1

Group
Control

== Intervention

Minute test math

T T T
Before After Follow-up

Timepoint

Figure 8. A plot on the Minute-test in mathematics at the 3 timepoints before the intervention,
directly after the intervention and at the 1-year follow-up, for the intervention and the control
group. Error bars represent 95% between-subject confidence intervals and dots show scores for
individual participants.

In all, only the effect for conceptual knowledge was significant at follow-up, even if
problem solving was close (p = 0.06). Compared to the immediate intervention’s large to
medium effects directly after the intervention (arithmetic calculation AM = 2.09, 95% CI
[0.82, 0], t(59) = 2.71, p = 0.00, Cohen’s d = 0.63, 95% CI [0.25, oo], conceptual knowledge
AM = 1.71, 95% CI [0.42, o], t(59) = 2.17, p = 0.02, Cohen’s d = 0.59, 95% CI [0.14, o],
problem solving AM = 1.53, 95% CI [0.85, 0], t(59) = 3.70, p = 0.00, Cohen’s d = 0.98, 95%
CI [0.54, <], and the minute test math AM = 2.12, 95% CI [1.08, oo], t(59) = 3.35, p = 0.00,
Cohen’s d = 0.85, 95% CI [0.43, o0]), the effect sizes at follow-up were approximately 40% in
magnitude and, on average, small Cohen’s classification of effect sizes.

4. Discussion

Although well-planned and systematically implemented, reading and mathematics
interventions may yield immediate positive effects; these gains often diminish or even
disappear over time. This phenomenon is consistently supported by previous interven-
tion studies and systematic reviews (Bailey et al., 2020; Dietrichson et al., 2021; Hassler
Hallstedt et al., 2018; Suggate, 2016) and reflected in the present study. Evaluating educa-
tional intervention programs presents significant challenges, particularly when it comes to
assessing their long-term impact through longitudinal follow-up studies. Our approach
was designed to fulfill at least four key criteria for effective early reading and mathe-
matics interventions (e.g., Clarke et al., 2015; Gersten et al., 2020). First, instruction was
delivered intensively. Second, the studies applied randomized controlled trial designs to
ensure internal validity and reliability of the findings. Third, the instructional content was
grounded in contemporary theoretical frameworks guiding current research in reading and
mathematics interventions. Finally, implementation across multiple schools, teachers, and
counties reduced the risk of contamination and enhanced the generalizability of the results.
We also adhered to Bailey et al.’s (2017) principles of choosing foundational skills as the
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interventions’ target. Given fading effects one year after initially successful interventions,
our research raises the question of how to boost post-intervention gains and make these
efforts sustainable in later grades.

4.1. The Reading Intervention

This study’s results are important in two ways. First, it contributes to the limited body
of longitudinal, randomized controlled trials (RCTs) on supplemental reading programs
for children at risk of early reading difficulties. In line with previous findings, our results
suggest that the effects of such interventions often diminish within one year (Dietrichson
etal., 2021; Suggate, 2016). While our findings indicate that intensive phonics instruction
for at-risk children may yield short-term gains, they also suggest that these gains may
not be sufficient to consolidate and maintain improvements beyond the immediate post-
intervention period.

Notably, the intervention group significantly differed from controls on the 1-minute
speeded reading fluency test. They did not show comparable sustainability at the norm-
referenced word recognition outcome measure, which may be due to increased word
length and complexity in the latter test, a restricting factor for word recognition (Barton
et al., 2014). It shows that at the orthographic level of complexity of words trained in the
intervention program, the students maintained and increased their fluency in word reading,
outperforming controls with a medium effect size one year later. In semi-transparent
orthographies, difficulty establishing sufficient speed is typically evident in struggling
readers (Seymour et al., 2003). The systematic word decoding practice paired with repeated
encounters with regularly spelled words seem to have supported fluency development,
with no transfer to longer and irregular words where reading was comparable with controls.

The long-term outcome on the reading comprehension test should be viewed in
relation to the intervention content, which did not explicitly target reading comprehension.
However, even exclusively code-oriented instruction effectively enhances early reading
comprehension (Denton et al., 2022). The intensive intervention’s immediate effect was
indicative of such an early impact.

Second, the study highlights the importance of moving beyond traditional pre—post
designs that focus exclusively on instructional content and methods of the intervention to
also consider the scope and procedures of classroom reading instruction. Following Bailey
et al.’s (2017) recommendations for sustainable interventions, our program targeted foun-
dational skills that are amenable to instruction. However, the necessity of the intervention
for achieving efficient word reading remains ambiguous, as its supplemental nature meant
that its content closely mirrored that of core classroom instruction.

Some research suggests that when supplemental reading interventions are well-aligned
with classroom instruction, students derive greater benefit (Wonder-McDowell et al., 2011).
During the first and second years of reading instruction, the intervention content closely
resembled the alphabetic skills taught in mainstream classrooms (Swedish National Agency
for Education, 2022), which may have contributed to the substantial acceleration in code-
based reading skills observed immediately after the intervention. By second grade, however,
most learners of Swedish—a semi-transparent orthography—have typically mastered basic
word reading with accuracy and fluency (Furnes & Samuelsson, 2011; Seymour et al.,
2003). At this stage, general instruction increasingly emphasizes text fluency and reading
comprehension. It is therefore plausible that the alignment between the intervention and
classroom instruction diminished during the follow-up year, reducing opportunities for
rehearsal and maintenance of previously acquired skills. This misalignment is a known
factor contributing to the fading of intervention effects (Bailey, 2019).
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We followed students through the autumn of third grade, a period in Sweden that
typically does not involve changes in classroom teachers or peer groups compared to first
grade. Thus, internal, and external changes due to maturation and continued instruction at
more advanced curriculum levels were expected, and reading progress in both groups was
anticipated during the post-intervention year. The improvement observed in the control
group is therefore interpreted as a catch-up effect, relative to the continued progress in the
intervention group.

To enhance the sustainability of intervention effects, incorporating an additional
booster period with weekly sessions appears promising. Such an approach—focused on
repetition and application of learned content—has shown positive outcomes for students
with reading difficulties (P. M. Nelson et al., 2021). We tentatively interpret our mixed
results as indicative of a divergence between the content delivered during the intervention
and the literacy demands encountered in third-grade classrooms. Even intensive interven-
tions may struggle to compete with the cumulative impact of daily classroom instruction,
particularly when that instruction overlaps with early literacy content critical for sustaining
intervention gains.

4.2. The Mathematics Intervention

At follow-up, students in the intervention group continued to outperform the program
controls across all three outcome measures, although the differences in arithmetic calcula-
tion and problem-solving were no longer statistically significant. Conceptual knowledge
was the single area where intervention participants significantly differed from controls
at follow-up. These skills are important as the understanding of number relations and
procedures is an integral part of arithmetic competency and problem-solving (Geary, 2004;
Rittle-Johnson & Koedinger, 2009). While we aimed to adhere to the criteria outlined by
Bailey et al. (2017) for sustainable intervention design—namely, targeting malleable skills
that are unlikely to develop spontaneously in the control condition—the results suggest
that the intervention group developed a robust understanding of numerical concepts. This
conceptual knowledge of early numeracy not only resisted decline or convergence with the
control group but continued to progress at an elevated level.

The outcome observed for arithmetic calculation was plausible, given that the compo-
sition and decomposition of number combinations constitute core instructional content in
second grade (Swedish National Agency for Education, 2022). Consequently, all students—
regardless of intervention status—would have received classroom instruction emphasizing
foundational number operations, which likely attenuated group differences. The primary
distinction between the intervention and control groups during the training period was
probably the intensity of practice, particularly the provision of immediate teacher feedback
and the structured, repeated engagement with number combinations.

A straightforward interpretation of the findings on word problem-solving is that this
domain represents a complex area to target (Xin & Jitendra, 1999). Another interpretation
is that a noticeable discrepancy emerged between the relatively simple word problems
practiced during the intervention and the more complex tasks included in the outcome
assessment, particularly evident at follow-up. The assessment required a higher level
of expertise in both conceptualizing the mathematical content and selecting appropriate
problem-solving strategies than what were emphasized during the intervention. In the
program, word problems primarily relied on the application of number combination
sentences that had been routinely practiced during lessons. It is well established that
alignment between the content of an intervention and the outcome measures typically
results in higher effect sizes (Slavin & Madden, 2011).
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Alignment with classroom instruction is known to enhance the effectiveness of supple-
mental mathematics instruction (Fuchs et al., 2012). For comparison, it has been suggested
that mathematics learning and development are more dependent on teacher instruction
than reading. Remediation in early mathematics is moreover inherently more complex
due to the nature of mathematical development, which—unlike reading—features both
sequential and parallel progression across various domains (Alexander et al., 2001; Fuchs
et al., 2012). The potential alignment between core classroom instruction and the content
of the present intervention, particularly in problem-solving, may have been limited both
during the intervention period and, more critically, in the subsequent school year.

Bailey et al. (2014) argued that longitudinal studies examining the relationship between
early and later mathematics achievements often fail to account for stable individual factors
that influence mathematical learning, such as working memory, attention, and motivation.
This oversight may lead to inflated expectations regarding the long-term impact of early
interventions. While there is substantial evidence supporting the timely implementation of
interventions, our findings underscore the importance of monitoring students’” ongoing
progress and providing sustained support.

4.3. Continuous Support

Both interventions were initiated and conducted during the COVID-19 pandemic
(2020-2022), which hindered our ability to systematically monitor fidelity of implementa-
tion. The study involved 21 schools, over 40 classroom teachers, and 13 special education
teachers. Regularly assessing teaching practices and their impact on student learning in
reading and mathematics twelve months after the intervention is important yet remains a
challenge beyond our full control. These limitations are valid and must be acknowledged,
as they reflect the inherent difficulties of conducting large-scale intervention research with
young students in mainstream schools. Thus, why immediate intervention effects gradually
diminished over time cannot be fully accounted for in this study.

The extent to which elements of the intervention programs were reintegrated into
educational support within participating schools remains unknown. Special education
teachers were not blinded to group assignments and were involved in both classroom
instruction and small-group teaching, including teaching some control group students (fol-
lowing ethical principles outlined by the Swedish Ethical Review Authority). It is therefore
plausible that instructional techniques and materials from the intervention were sustained
during the follow-up year in special education provision. Notably, approximately 20% of
participating schools had students from both intervention cohorts (Cohorts 1 and 2), poten-
tially increasing the likelihood of informal dissemination of intervention practices. Such
diffusion, often referred to as contamination in intervention research, may have contributed
to learning gains among control group students (Dowker, 2016; Lemons et al., 2014).

For individual students, the nature and focus of classroom instruction in mathematics
and reading following an intensive intervention are critical. Schools should be encouraged
to align supplemental support with ongoing classroom instruction (Bailey et al., 2020;
P. M. Nelson et al., 2021; Wonder-McDowell et al., 2011). This seems to be important
considering instructional content and less so considering teaching materials (Foorman et al.,
2018). However, this alignment is complex, as general classroom instruction is not uniform
and may not adequately address the diverse needs of students who, by the end of early
elementary school, can differ by several grades in achievement (Rambo-Hernandez et al.,
2022). In addition, continuous support must be sensitive to acknowledging what students
have learned to avoid merely repeating but extending their knowledge and skills post-
intervention (Bailey et al., 2020). While classroom observations could have provided insight
into instructional strategies used with both intervention and control students during second
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and third grade, no validated observation instruments specific to mathematics or reading
currently exist in Sweden. Documenting the nature of supplemental instruction received
by control group students—including any educational support—would help classify the
counterfactual condition more accurately, distinguishing it from a true “business-as-usual”
scenario (Denton et al., 2014; Lemons et al., 2014). This, in turn, would enhance the
interpretation of differences and similarities in instructional exposure across groups.

To sustain the gains achieved through intervention, continued progress monitoring
after program completion is recommended. Such monitoring can help identify students
who require ongoing support and assess the durability of intervention effects (G. Nelson
& Powell, 2018; P. M. Nelson et al., 2021). This approach aligns with the Response to
Intervention (RTI) framework, which emphasizes cycles of intensified support based on
students’ responsiveness to instruction and systematic progress monitoring (Mellard et al.,
2010). However, RTT has not been fully implemented in Scandinavian contexts (Nilvius
et al., 2021), and the use of structured intervention programs, data-driven monitoring, and
curriculum-based assessments varies considerably across Swedish municipalities (Nilvius
& Svensson, 2022). Given the importance of instructional continuity, teachers should be
actively involved in planning for post-intervention support. In tiered support systems,
supplemental instruction is intended to help students reach a level where they can benefit
from core instruction (Fuchs et al., 2017). However, in the context of intervention studies, it
is also important to consider the general rate of academic progress between second and
third grade. In a North American context, average annual gains during this period have
been reported as 0.60 for reading and 0.89 (Hedges’ ¢) for mathematics on standardized
assessments (Bloom et al., 2008).

4.4. To Sum Up

Our findings raise important questions relevant to the field of intervention research and
special education practitioners about what constitutes an adequate response to intervention,
how its impact should be interpreted considering general developmental benchmarks, and
whether conventional effect size thresholds are appropriate for educational interventions
(Kraft, 2020). Specifically, a call for continuous monitoring and support seems warranted
on completion of extensive intervention efforts. A theoretical implication from the one-
year follow up is the need for subgroup analyses (Peng et al., 2020) to explore potential
moderating factors influencing intervention outcomes. A further proposition is a wider
research focus on environmental and implementation factors in longitudinal reading and
mathematics intervention studies, expanding data collection beyond academic outcome
measures. In future studies, we aim to incorporate both quantitative and qualitative fidelity
assessments to better understand the implementation conditions under which interventions
are most effective. Specifically, we propose the addition of intensive booster sessions 4-6
months post-intervention, which may help mitigate fade-out effects by reintroducing core
content in alignment with grade-level curriculum.
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