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Reading is a key gateway to learning, enabling independent access to a range of educational materials. Thus,
reading difficulties leave a child particularly vulnerable to academic problems in later schooling and beyond.
However, while there is good awareness of children with word reading difficulties within the education sys-
tem, much less is known about the children who struggle to comprehend texts despite having adequate word
reading skills. In this registered report, we investigated the later education and occupational outcomes of 947
children initially identified as having poor reading comprehension at 8-9 years from the Avon Longitudinal
Study of Parents and Children, compared to peers not identified as having a specific reading difficulty (n =
4,516) and those with word reading weaknesses (n = 1,383). We observed that children with comprehension
weaknesses (a) were less likely than typical readers to meet U.K. national educational targets as they pro-
gressed through education, with more marked differences for mathematics and science than English; (b)
had poorer qualifications at the point of leaving compulsory education, which were comparable to children
with word reading weaknesses; and (c) were the group at greatest risk of being out of employment, education
and training at age 20. However, there was considerable variability in outcomes, with much of the risk shared
with socio-demographic factors. The results address an important gap in knowledge regarding the functional
consequences of reading comprehension difficulties in mid-childhood and inform discussions concerning
the need for identification and targeted support in classroom settings.

Educational Impact and Implications Statement

Some children struggle with reading comprehension beyond what would be expected based on their
word reading skills, yet comparatively little targeted support is available for these children. In this
study, we used a large U.K. sample to show that comprehension weaknesses are associated with poorer
performance in national assessments at ages 10-11, 13—14, and 15-16 years, with outcomes comparable
to children with word reading weaknesses. Children with comprehension weaknesses were also more
likely to be out of education and employment at age 20, and much of this risk was shared with
socio-demographic factors. The findings inform discussions over the need and nature of support

required for reading comprehension weaknesses in the classroom.
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Reading problems identified in childhood are associated with edu-
cational challenges at school and poor academic outcomes (Smart
et al., 2017; Willcutt et al., 2007). This is not surprising as much
of education depends on the ability to digest information from writ-
ten texts. Reading is a complex behavior that depends on a range of
cognitive and linguistic abilities (Castles et al., 2018) and a conse-
quence of this is that reading comprehension may fail for different
reasons. Some children find it difficult to identify and process writ-
ten words leading to reading that is slow, effortful, and error-prone.
Other children struggle specifically with comprehending text,
despite being able to read accurately and fluently. Our focus is on
this latter group, often referred to as “poor comprehenders” (Catts
etal., 2006; Nation & Snowling, 1997; Yuill et al., 1989) or “specific
reading comprehension deficit” (Landi & Ryherd, 2017)." Although
there is a sizeable literature investigating the nature of their difficul-
ties in mid-childhood, we know very little about the educational and
employment outcomes of students who were identified as having
reading comprehension weaknesses earlier in development. This is
a striking omission given academic achievement depends on the
ability to comprehend and arguably, difficulties with comprehension
may limit attainment across the curriculum. This study sought to
address this knowledge gap by examining the educational outcomes
of 947 young people with reading comprehension weaknesses in
childhood, using data from the Avon Longitudinal Study of
Parents and Children (ALSPAC), a birth cohort growing up in the
United Kingdom.

Reading comprehension difficulties are typically identified in
research contexts using standardized assessments of reading ability,
reflecting individuals with poor text comprehension alongside age-
appropriate word reading ability. It is generally accepted that chil-
dren with comprehension difficulties form a heterogeneous group
with varied strengths and weaknesses that affect the severity of
their difficulties (Hayiou-Thomas et al., 2021; James et al., 2023).
A consistent and well-replicated finding is that difficulties are not
restricted to the comprehension of written text. Instead, these chil-
dren perform less well than their peers on measures of listening com-
prehension, vocabulary, and aspects of spoken language processing
(e.g., Cain & Oakhill, 2006; Nation & Snowling, 1997; Nation et al.,
2004). These difficulties are evident before children learn to read, as
shown by retrospective studies that look back at the early develop-
ment of children identified as having comprehension weaknesses
on the basis of reading assessments in mid-childhood (Catts et al.,
2006; Elwér et al., 2015; Nation et al., 2010). Numerous studies
have shown that children with comprehension weaknesses have dif-
ficulties with making inferences when reading and listening, and are
poor at comprehension monitoring (see Cain, 2022, for review). The
strength of this basic research evidence led to a concerted effort to
begin investing in classroom translation (Pearson et al., 2020), and
the development of promising interventions that target children’s
reading comprehension (Clarke et al., 2010; Language and Reading
Research Consortium et al., 2019; McMaster et al., 2015). Despite
this progress, there lacks a clear consensus in the literature on whether
and how children with comprehension weaknesses despite accurate
and fluent word reading should be supported in the classroom.

One reason for this might be that we know very little about edu-
cational achievement and employment outcomes in those children
identified as having relatively circumscribed difficulties with reading
comprehension. There are however many reasons to consider why
comprehension weaknesses might impact educational attainment.
First, difficulties with reading comprehension may directly affect
children’s ability to learn from texts (Kintsch, 1986) and therefore
perform well in exams. Second, shared associations between reading
comprehension and educational outcomes could also reflect that
reading comprehension performance is the product of many cogni-
tive skills that are likely relevant for academic attainment. Beyond
decoding and linguistic knowledge, these include working memory,
executive, reasoning, and inferential skills (Castles et al., 2018;
Perfetti & Stafura, 2014; van den Broek & Kendeou, 2022), as
well as domain-specific knowledge relating to the text and tasks
(Catts & Kambhi, 2014). Thus, reading comprehension performance
may be a good predictor of educational outcomes as both draw
heavily upon the same set of skills. Third, children with reading
comprehension difficulties show low motivation across school sub-
jects and poorer school wellbeing (Torppa et al., 2020), such that this
reduced engagement may lead to lower attainment. Yet, while each
of these possibilities is intuitive, it might be that the risk for serious
and/or broad educational difficulties is not elevated in this popula-
tion: these children are often considered to have “hidden” reading
and language impairments (e.g., Nation et al., 2004), which may
be sufficiently mild to not affect longer-term outcomes. Children
with comprehension weaknesses may instead be able to capitalize
upon their word reading strengths and other cognitive skills to
make academic progress. Understanding the implications for com-
prehension weaknesses across different aspects of educational
attainment is thus an important step in helping us understand the
nature of poor reading comprehension in this population, and deter-
mining whether there is a need for targeted support.

To date, investigations into this question have been small-scale in
nature. Cain and Oakhill (2006) followed 17 children with compre-
hension weaknesses identified in mid-childhood through to 11 years
of age and captured their performance on statutory national assess-
ments of English, mathematics, and science. These tests, known as
Standardized Assessment Tests (SATS), are used to monitor educa-
tional progress in the United Kingdom, as children transition
from primary to secondary school at age 11 (and again at age 14).
Although those previously identified as having comprehension
weaknesses performed less well than good comprehenders across
all three domains (English, mathematics, and science), their attain-
ment was in line with national target levels—that is, they reached
the minimum expected level that the majority of children should
reach. Ricketts et al. (2014) similarly traced the educational achieve-
ment of 15 children with comprehension weaknesses first identified

! Note that while our questions are motivated by research into individuals
described previously as “poor comprehenders,” in this article we take a
person-centered approach in both analyses (capturing probabilistic patterns
of weaknesses rather than cut-score determined categories) and terminology
(referring to children with comprehension weaknesses).
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in mid-childhood. While their sample later performed at U.K. target
levels for mathematics and science at age 11, they were less likely to
achieve target levels in the reading component of the English assess-
ment. Together, these studies suggest that any educational difficulties
experienced at 11 years by children with comprehension weaknesses
identified earlier in time are relatively mild and relatively specific to
literacy-focused assessments. Clearly, however, these sample sizes
are not adequate for properly assessing educational outcomes.

We also need to consider markers of educational attainment
beyond 11 years as the educational impact of having poor reading
comprehension might become more apparent as young people pro-
gress through secondary education, given that learning across a
wide range of school subjects becomes increasingly reliant on
being able to read and understand complex material independently.
We know that there remains substantial variability in reading com-
prehension through adolescence (Ricketts et al., 2020); potentially,
this may extend beyond English and assessments of literacy
and serve to constrain performance across the entire curriculum.
Indeed, studies of individual differences make clear the high corre-
lations between reading and science achievement (Cromley, 2009;
Reed et al., 2017; Zhu, 2022), as well as between measures of text
comprehension and mathematical abilities (e.g., Bjorn et al., 2016;
Fuchs et al., 2018). Evidence to assess this hypothesis in children
with a history of poor reading comprehension is so far extremely lim-
ited. Ricketts et al. (2014) continued to trace their sample through to
16 years of age, the end of compulsory education in the United
Kingdom. At this time, students sit national assessments known as
General Certificate of Secondary Education (GCSE), comprising a
wide range of subjects across the curriculum. Ricketts et al. found
that students previously identified as having poor comprehension
in primary school were less likely than the national average to attain
at least five GCSE pass grades. This is an important observation as it
is a key performance benchmark that enables access to further edu-
cation and training opportunities. As GCSE examinations cover a
wide range of academic subjects, Ricketts et al.’s findings suggest
that children with comprehension weaknesses may go on to experi-
ence educational difficulties across the curriculum. This remains a
tentative conclusion at best as GCSE data were available for only
11 of the sample. This group also performed more poorly than a
comparison group of 10 skilled comprehenders (initially matched
for decoding and nonverbal ability) on a range of GCSE indices,
but it is important to note that none of these differences were statisti-
cally significant. It is impossible to draw reliable conclusions from
these findings given the inadequate sample size. Nevertheless,
there is a clear need for further investigations given that children
identified with comprehension weaknesses in primary school per-
formed numerically less well than a tightly matched comparison
group on national assessments at the end of formal education at 16
years, especially when coupled with their below-average perfor-
mance against national benchmarks.

The possibility that students with a history of comprehension weak-
nesses are more likely to leave school without adequate qualifications
has long-term implications. In the United Kingdom, young people
who leave school without five pass grades at GCSE are nearly three
times more likely to spend 12 months not in education, employment,
or training (NEET) in early adulthood (Gadsby, 2019). Being NEET
is associated with poor health and wellbeing for the individual (Public
Health England, 2014), and presents a significant cost to public spend-
ing. To our knowledge, no studies have examined the long-term

outcomes of comprehension weaknesses in terms of access to fur-
ther/higher education and employment. However, some insight into
the importance of comprehension skills for these outcomes can be
gained from the wider literature. For example, Kortteinen et al.
(2021) found that adults with a history of reading disability (defined
by poor decoding) were less likely to pursue further education
and more likely to spend a significant time in unemployment.
Importantly, those who did not experience such adverse outcomes
had higher reading and verbal comprehension abilities, indicating
that it may be the comprehension aspect of reading that drives the rela-
tionship between reading difficulties and life outcomes. Similarly,
Armstrong et al. (2017) found that children with a history of poor
vocabulary had a two-fold increase in odds of being NEET at age
21, rising to a three-fold increase if vocabulary problems had per-
sisted. The reading and language difficulties that characterize children
with comprehension weaknesses may thus place them at risk of
adverse education and employment outcomes.

Research Questions

The aim of our study was to examine the education and employ-
ment outcomes of students identified as having comprehension
weaknesses in mid-childhood. In an earlier study, we used a data-
driven approach to identify 947 children with relatively weak read-
ing comprehension skills at age 9 years in ALSPAC (James et al.,
2023). In the current study, across three research questions, we
used two sets of comparisons to understand the implications of read-
ing comprehension weaknesses for education and employment out-
comes. First and foremost, we compared the outcomes of this group
to those of children not identified as having a reading weakness in
mid-childhood. These comparisons allowed us to test predictions
regarding poorer outcomes for children with comprehension weak-
nesses, as specified in the hypotheses below. Second, we explored
how the outcomes of children with comprehension weaknesses com-
pared to those of the group identified as having word reading weak-
nesses in mid-childhood. While these were planned comparisons,
the specific predictions were less clear; rather, they are provided to
benchmark outcomes against reading difficulties that are more
widely recognized in the education system.

Research Question 1 (RQ1): Are children with comprehension
weaknesses less likely to meet national assessment targets as
they progress through schooling?

We analyzed later educational attainment using linked data from the
National Pupil Database: a government-maintained and mandatory
record of pupil performance in state schools. Our first research ques-
tion asked whether students with a history of comprehension weak-
nesses identified in mid-childhood go on to perform below national
target levels in English, mathematics, and science in SATs in Year
6 (age 10-11) and Year 9 (age 13-14). As described above, SATS pro-
vide a broad indicator of pupil attainment, primarily serving as a
means for monitoring school and pupil performance. They also
serve as key predictors of performance in school-leaving assessments
(e.g., Rimfeld etal., 2019), demonstrating their importance as an early
marker of educational difficulty. We know from past research that
reading ability is key to success: one report found that over half of
pupils who were not making expected progress in these assessments
later met screening criteria for dyslexia (The Dyslexia-SpLD Trust,
2009). The linked data allowed us to test three overarching hypotheses
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regarding how students with a history of comprehension weaknesses
fare in academic assessments relative to their peers. Compared to
those without reading weaknesses earlier in time, we predicted that
students with comprehension weaknesses would be less likely to
meet national attainment targets (H1), have disproportionate difficul-
ties in assessments of English versus mathematics and science (H2),
and academic difficulties that become broader and/or more severe
in Year 9 (age 13-14) than in Year 6 (age 10-11) (H3). We then
explored how these patterns of attainment differed from those of chil-
dren with word reading weaknesses.

Research Question 2 (RQ2): How do children with comprehen-
sion weaknesses differ from their peers at the point of leaving
compulsory education?

Our second research question asked whether children with compre-
hension weaknesses in mid-childhood go on to leave compulsory edu-
cation with fewer qualifications according to national statutory
assessments. U.K. pupils work toward a range of GCSE qualifications
in Years 10-11 (age 14-16). The number of GCSEs taken is decided
by teachers and students, with most young people taking upwards of
eight subjects, including English, mathematics, and science. GCSEs
are more formal qualifications than the SAT assessments, with key
implications for further education and employment. For example,
access to further study post-16 years usually requires a minimum of
five passes at Grades A*—C, including English and mathematics.
This criterion is used to assess school performance in government
reports, and the grades achieved play an important role in admission
to university and applications for employment. Thus, poor GCSE per-
formance leaves a young person vulnerable to being out of education
and employment (e.g., Gadsby, 2019; Sadler et al., 2015). The size
and nature of the ALSPAC data set thus allowed us to test two further
hypotheses: that students with a history of comprehension weaknesses
would be less likely to achieve SA*—C grades (including English and
mathematics) (H4), and would achieve lower grades overall than peers
not previously identified as having a reading weakness (HS). The
additional comparisons to children with word reading weaknesses
allowed us to explore school outcomes in relation to different types
of reading difficulty.

Research Question 3 (RQ3): What are the higher education and
employment outcomes for children with comprehension weak-
nesses when they reach age 20?

To complement our analyses on SATs and GCSE attainment, we
investigated NEET status at age 20. Information about occupational
activities has been obtained from ALSPAC participants via regular
questionnaires into adulthood. The age 20 questionnaire is an ideal
time to assess education and employment status as it follows significant
opportunities to engage with university study or further training, or gain
employment. The final hypothesis was that children with comprehen-
sion weaknesses would be more likely to be NEET at age 20 than indi-
viduals who were not identified as having a reading weakness in
mid-childhood (H6). We did not have specific predictions about how
this risk would compare to children with word reading weaknesses.

Implications

In summary, very little is known about the educational outcomes of
children identified as having relatively circumscribed comprehension

weaknesses in mid-childhood. While the experimental literature sur-
rounding “poor comprehenders” has revealed possible implications
for education, we need a more valid and reliable evidence base as a
foundation for more applied work, and to better understand how var-
iation manifests over time and across different outcomes. Evaluating
our six hypotheses reveals whether children with comprehension
weaknesses are at risk of poor educational outcomes, as assessed
by high-stakes national assessments and post-school destinations.
If they are at higher risk than children without reading weaknesses,
this would be consistent with their difficulties interfering with
academic performance, in line with the Diagnostic and Statistical
Manual of Mental Disorders (5th ed.) criteria for diagnosing
children with Specific Learning Disorder (American Psychiatric
Association, 2013). This information would then inform discussions
about the need to advance efforts to identify comprehension weak-
nesses and deliver appropriate intervention. If they are not at signifi-
cant risk, this might indicate that previous small-scale experimental
studies reflect a rare group that should not be considered in the clas-
sification of Specific Learning Disorder, aligned with the perspec-
tive that the most significant reading problems comprise both
word reading and comprehension difficulties. We additionally com-
pared outcomes to those of children with word reading weaknesses
for whom more formal recognition and intervention are already
available, providing a benchmark for considering the allocation of
resources and support. By addressing these questions in a large sam-
ple using registered hypotheses and analysis plans in advance of
exploring the data, this study provides a robust investigation into
the functional consequences of often-missed reading comprehension
difficulties in childhood.

Method
Transparency and Openness

At Stage 1, we reported how we determined our sample size, the
planned data exclusions, and all the prespecified measures for this
set of analyses, which was registered at https:/doi.org/10.17605/
OSF.IO/TH9QW. The data associated with this article belong to
ALSPAC and thus cannot be made openly available. The ALSPAC
website contains details of all the data that is available through a
fully searchable data dictionary and variable search tool (https:/
www.bristol.ac.uk/alspac/researchers/our-data/), alongside informa-
tion on how to request access. Our own annotated analysis scripts
were available via the associated Open Science Framework page at
Stage 1, and output files were added at Stage 2 submission: https:/
doi.org/10.17605/0SF.I0/ZVIW4. Data were analyzed using R
Version 4.2.3, using mice and miceadds packages for multiple impu-
tations (Robitzsch et al., 2022; van Buuren & Groothuis-Oudshoorn,
2011), ordinal and Ime4 for analysis (Bates et al., 2014; Christensen,
2015), and emmeans (Lenth et al., 2018) for follow-up contrasts.

Sample

ALSPAC recruited 14,541 pregnant women in the former Avon
area (United Kingdom) between April 1991 and December 1992,
from whom 13,988 offspring were alive at 1 year. A further 913 eli-
gible children were recruited into the study at age 7, increasing the
total sample size to 14,901. The offspring have been studied ever
since via a wide range of questionnaires and clinic assessments
(Boyd et al., 2013; Fraser et al., 2013; Northstone et al., 2019).
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Table 1

Sample-Standardized Descriptive Statistics for the Decoding and Comprehension Measures Used in Identifying Reading Profiles

Comprehension weakness

Word reading weakness No reading weakness

(n=947) (n=1,383) (n=4,516)
Measure M SD Range M SD Range M SD Range
Item accuracy” 99.68 15.63 59-124 87.61 15.40 58-117 103.85 12.42 59-124
NARA passage accuracy” 105.87 14.24 57-124 95.56 17.27 54-125 100.13 13.93 51-125
NARA passage comprehension” 92.47 12.43 52-118 96.86 16.19 54-135 102.53 14.39 52-137
WOLD listening comprehension® 94.96 14.09 57-143 101.85 14.61 57-158 100.53 15.06 55-159

Note. Scores reflect performance age-standardized on the sample entered into the latent profile analysis (n = 6,846). NARA = Neale Analysis of Reading

Ability; WOLD = Wechsler Objective Language Dimensions.

“The item accuracy measure comprises real word and nonword reading scores (Nunes et al., 2003), with test-retest reliabilities of 0.8 and 0.73
respectively. °The NARA-II manual reports inter-form reliabilities of 0.84-0.92 for accuracy and 0.87-0.92 for comprehension. © The WOLD reports
listening comprehension test-retest reliabilities between 0.83 and 0.88 in children aged 6-11 years.

Ethical approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics
Committees. Informed consent for the use of data collected via ques-
tionnaires and clinics was obtained from participants following the
recommendations of the ALSPAC Ethical and Law Committee at
the time. At age 18, study children were sent “fair processing” mate-
rials describing ALSPAC’s intended use of their educational records
and were given clear means to consent or object via a written form.
Data were not extracted for participants who objected, or who were
not sent fair processing materials.

Our analysis is based on a subset of participants who completed
the Neale Analysis of Reading Ability (NARA-II; Neale, 1997) dur-
ing a clinic visit at age 9 years (n = 6,935; n = 6,846 following the
removal of twin pairs to address nonindependence). We previously
conducted a latent profile analysis to identify profiles of readers
based on measures of reading accuracy, reading comprehension,
and listening comprehension (James et al., 2023). The preregistered
model did not support the existence of subgroups with specific
decoding or comprehension weaknesses. However, by including
overall reading ability as a covariate, we extracted profiles with
relative strengths and weaknesses in word reading and comprehen-
sion domains. The focus of this registered report is the group of
children who had weak comprehension skills relative to their reading
accuracy skills (n=947). We compared their educational and

employment outcomes to children not identified as having reading
difficulties (n =4,516), as well as the group identified as having
word reading weaknesses in the latent profile model (n = 1,383).
Table 1 displays the descriptive statistics for these three groups on
the variables used in selection: the children with comprehension
weaknesses were the poorest performers in the comprehension
tasks with relative strengths in word reading; the children with
word reading weaknesses were the poorest on word reading with rel-
ative strengths in comprehension. For all groups, these weaknesses
reflect relative patterns of performance across tasks and span the
whole range of reading ability (Table 1; Figure S1 in the online sup-
plemental materials). Further demographic information is presented
in Table 2.

To further characterize the sample, we also inspected whether
there were group differences in the proportion of children identified
as having special educational needs (SEN). Using parent question-
naires from age 10 years (Year 6), teacher questionnaires from
Year 3 and Year 6, and records from the National Pupil Database
(census data from 2003 to 2005; data from GCSEs at age 16), we
documented whether each child was ever recorded as having a state-
ment of SEN. This likely underestimates prevalence as not all
records from all time points were complete, but some data were
available for approximately 95%-96% of each group. Of these,
15.42% of children with comprehension weaknesses were recorded

Table 2
Demographics for Each Group of Readers
Comprehension Word reading No reading
weakness weakness weakness

Variable (n=947) (n=1,383) (n=4,516)
Sex: female 519 (54.80%) 646 (46.71%) 2,325 (51.56%)
Ethnicity: non-White 40 (4.65%) 42 (3.35%) 164 (4.07%)
>1 main language (including English) 4 (0.01%) 2 (<0.01%) 13 (<0.01%)
Main language not English 2 (<0.01%) 0 (0%) 3 (<0.01%)
Record of SEN statement 140 (15.42%) 307 (23.44%) 558 (12.99%)

SEN recognition reported by the school
in age 1011 questionnaire

108 (19.22%)

FSM eligibility 89 (11.12%)
Maternal education:
CSE/none 148 (16.89%)

Vocational/O-level
A-level/degree

404 (46.12%)
324 (36.99%)

248 (30.5%)
107 (9.49%)
201 (15.81%)

550 (43.27%)
520 (40.91%)

442 (17.62%)
328 (8.68%)
524 (12.77%)

1,774 (43.23%)
1,806 (44.01%)

Note. Percentages reflect the proportion of the group once missing data are excluded. SEN = special
educational needs; FSM = free school meal; CSE = Certificate of Secondary Education.
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as having a statement for support at some point during their educa-
tion, a slightly higher proportion than the 12.99% of the typically
developing readers but less than the children with word reading
weaknesses (23.4%). The linked records do not provide further
details on the nature of SEN, but we additionally inspected the
type of needs reported in the mother’s questionnaire at age 10.
Children with comprehension weaknesses were more likely than
the other two groups to be recognized as needing support for a
speech or hearing problem at school, but these numbers were still
very low (1.28% and 2.17%, respectively). In contrast, the group
with word reading weaknesses showed the highest proportions of
recognized learning (9.58%), reading (10.56%), or other (4.88%)
needs. A further breakdown of parental and school-reported SEN
details is available in Tables S1 and S2 in the online supplemental
materials.

The authors certify that they had not conducted any analyses on the
outcome variables in question prior to Stage 1 acceptance. The national
assessment variables were stored in a separate file spanning the whole
cohort sample and had not been filtered for the subgroups of interest.

Outcome Measures
National Assessments at Ages 11 and 14

SATs are administered in Year 6, the final year of primary school
when children are 10-11 years old, and again in Year 9 when chil-
dren are 13-14 years old. At the time of data collection, children
were awarded a national curriculum level for each of English, math-
ematics, and science.” These national curriculum levels differ from
traditional “grades” in the sense that they reflected broad standards
that the majority of children were expected to meet, rather than finely
graded levels of attainment. The government expected most children
to reach Level 4 at age 10-11, and Levels 5-6 at age 13—14. Sample
assessment papers are linked in Appendix S2 in the online supple-
mental materials.

English. The English assessment comprised reading and writ-
ing components at each age. At age 11, the reading component
required pupils to provide multiple choice and written answers to
questions about short passages (45 min); one writing paper included
a short writing task (20 min) and narrated spelling test, and a second
writing paper included a longer writing assessment (45 min). At age
14, the reading component required shorter and longer written
responses to a previously unseen passage (75 min), as well as an
essay on a Shakespeare play (45 min). The writing component
included a shorter writing task (30 min, also assessed for spelling)
and a longer writing assessment (45 min). At each age, a national
curriculum level was awarded across both reading and writing com-
ponents, spanning levels 2-5 at age 11 and 3-7 at age 14.

Mathematics. The mathematics assessment at each time point
consisted of two written papers (one with and one without calcula-
tors allowed) and a timed mental mathematics test to a recorded
audio tape (20 min). A national curriculum level was awarded on
the basis of marks across all tests, spanning levels 2-5 at age 11
and 2-8 at age 14. Sample questions from across the two time
points are provided in Appendix S2 in the online supplemental
materials.

Science. Children sat two science tests to assess different parts
of the curriculum at each age, requiring short written answers and
graph drawing. A national curriculum level was awarded across
both tests. The tests spanned levels 2-5 at age 11 and 2—7 at age 14.

National Assessments at the End of Compulsory Schooling
(Age 16)

The final 2 years of U.K. schooling comprise formal GCSE qualifi-
cations across a wide range of chosen subjects, with English, mathemat-
ics, and science usually considered compulsory subjects. The nature of
each assessment varies depending on the subject matter. Each qualifica-
tion is awarded a grade from A*-G, with Grades A*—C considered a
“000d” pass.’ We assessed school-leaving achievement in the follow-
ing two ways, based on routinely used summary statistics.

National Target. We assessed whether participants met the cri-
terion of five GCSE (or equivalent) passes at Grades A*—C, includ-
ing English and mathematics. This criterion is often a requirement to
progress into further education post-16 years and is used as a perfor-
mance benchmark for schools.

Overall Attainment. To monitor school performance, the gov-
emment developed a metric in which each qualification is converted
to a points score according to grade (e.g., A* =58; A =52, B =46,
etc.), and summed to produce a total points score that reflects individ-
ual differences in attainment. A capped points score is calculated from
each pupil’s top eight grades only, representing the fairest way to cap-
ture differences in achievement beyond the number of examinations
pupils entered (which may otherwise vary according to opportunity
as well as ability). We used this capped points score in our analyses.

Employment Outcomes at Age 20

Education and employment status were assessed in a question-
naire sent to participants at approximately age 20 years, which
was completed by 4,348 participants in the ALSPAC cohort.
Participants were asked “Are you currently in employment or
doing any education or training?,” and provided a yes/no response.
Any group differences can be further described in terms of the pro-
portion reporting full-time education or employment.

Covariates

Given established socio-demographic influences on educati-
onal attainment and occupational outcomes, we also considered
whether group differences remain once maternal education and
free school meal (FSM) eligibility is controlled for. Maternal educa-
tion data was collected via a questionnaire from participants’
mothers during pregnancy. The highest reported educational qualifi-
cation was recoded into three categories to reduce model complexity,
using two contrasts to capture variation in maternal educational
attainment (Geulayov et al., 2016): CSE/none versus O-level/voca-
tional, CSE/none versus A-level/degree.*

Eligibility for FSMs is based on household income and is an effec-
tive proxy for socioeconomic disadvantage (Gorard, 2012; Ilie et al.,
2017). Several studies support its association with educational attain-
ment (e.g., Sammons et al., 2014; Strand, 2014). It is also a readily

2 Note that this grading differs from current SATSs in the United Kingdom,
which now award children a numeric score scaled from 80 to 120.

3 Passes at Grades A*—C correspond to Grades 4-9 on the current grading
system introduced in 2014.

“ Note that CSE and O-level are national qualifications that are no longer
awarded, having been phased out in the late 1980s. CSE captured lower levels
of educational attainment than O-level at 16 years. A-level qualifications
are typically taken at 18 years and are the gateway to further and higher
education.
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available metric within schools, facilitating the interpretation of
educational risk in a wider context (beyond ALSPAC parent-report
variables). ALSPAC contains FSM variables collected from the gov-
ernment Pupil Level Annual School Census 2001-2004 (i.e., around
the time that the children completed the age 11 assessments), as well
as from the database of GCSE results. We combined these measures to
create a binary variable of whether children were recorded as being eli-
gible for FSM at any of the available time points.

Planned Analyses

All hypotheses were tested within a regression framework, allowing
for hierarchical clustering where appropriate and the examination of
possible covariates. We report statistical significance at the conven-
tional o.=.05; however, with this large sample, we note that even
small differences are likely to be statistically significant. Thus, our pri-
mary focus is on reporting and interpreting ORs and using 95% con-
fidence intervals (CIs) to quantify uncertainty in the estimates.

For each analysis (detailed below), we ran two models: one with
the key predictors of interest, and a second model that examined how
estimates change once controlling for sex (male = —0.5; female =
0.5), FSM eligibility (no = —0.5; yes =0.5), and maternal educa-
tion (CSE/none = —0.33; O-level/vocational = 0.67 [contrast 1];
A-level/degree = 0.67 [contrast 2]). The models included the subor-
dinate interactions between these covariates and the predictors where
appropriate (i.e., for RQ1).

RQI1: Are Children With Comprehension Weaknesses
Less Likely to Meet National Assessment Targets
as They Progress Through Schooling?

An ordinal mixed effects regression model was used to examine
the performance of children with comprehension weaknesses in
national assessments at ages 11 and 14, allowing us to capture the
nesting of pupils within schools. For each assessment, national cur-
riculum levels were recoded as not meeting age-expected levels
(—1), meeting age-expected levels (0), and exceeding age-expected
levels (1); with age-expected levels reflecting Level 4 at age 11
and Level 5° at age 14. Predictors included group (comprehension
weakness vs. typical readers; comprehension weakness vs. word
reading weakness), assessment point (age 11 vs. age 14), and subject
(English vs. mathematics; English vs. science), alongside all interac-
tions between them. All predictors were simple-coded such that the
intercept reflects the grand mean. Given that pupils typically change
schools between the two assessment points, but that each of these
assessment points is associated with a separate measurement, we
used a cross-classification random effects structure to capture school
clustering (Goldstein, 2011). Thus, the model incorporated random
intercepts for participant identification (ID) and school ID.

HI1 predicted that children with a history of comprehension weak-
nesses would be less likely to meet expected levels of performance
in national assessments at ages 10—11 and 13-14 years, relative to
children who were not identified as having a reading weakness.
This hypothesis would be supported by a positive effect of the
group in the typical reader contrast. The comparability of educa-
tional outcomes to those of children with word reading weaknesses
was provided by the second group contrast.

H2 predicted that the educational disadvantage of children with a
history of comprehension weaknesses would be most apparent in

English. This hypothesis would be supported if the typical reader
group contrast shows an interaction with both subject contrasts.
The possibility that only one subject contrast predicts performance
will inform us about the patterning of educational weaknesses for
children with comprehension difficulties. Any significant interac-
tions were further interpreted by calculating the OR for the effect
of group for each subject separately.

H3 predicted that educational disadvantage would become
increasingly severe and increasingly broad across development for
children with a history of comprehension weaknesses. More severe
difficulties would be supported by an interaction between the typical
reader group contrast and assessment point; increasingly broad dif-
ficulties would be supported by three-way interactions between
group, assessment point, and academic subjects. As above, signifi-
cant interactions were further interpreted by calculating the OR for
the effect of group at each assessment point separately (and for
each academic subject, if relevant).

RQ2: How Do Children With Comprehension
Weaknesses Differ From Their Peers at the Point
of Leaving Compulsory Education?

Two mixed effects regression models were used to examine the
performance of children with comprehension weaknesses in school-
leaving assessments: whether they met target attainment of SA*-C
grades (binomial outcome: no = 0, yes = 1), and overall attainment
(continuous outcome). The main predictor in each analysis was
group (comprehension weakness vs. typical readers; comprehension
weakness vs. decoding weakness), alongside covariates in the sensi-
tivity analysis. Random intercepts were included for school ID as
above, to account for the clustering of pupils within schools.

H4 predicted that children with a history of comprehension weak-
nesses would be less likely to meet the target of SA*-C grades
including English and mathematics. This hypothesis would be sup-
ported by a positive effect of the typical reader group contrast in the
binomial model.

HS predicted that children with a history of comprehension weak-
nesses would show poorer attainment at the end of compulsory edu-
cation, as indicated by capped points scores. This hypothesis would
be supported by a positive effect of the typical reader group contrast
in the continuous outcome model.

As for the analyses in RQ1, the comparability of educational out-
comes to those of children with word reading weaknesses was pro-
vided by the second group contrast in each model, allowing us to
consider the results in the broader context of reading difficulties.

RQ3: What Are the Higher Education and Employment
Outcomes for Children With Comprehension Weaknesses
When They Reach Age 20?

Binomial regression was used to examine whether group differ-
ences exist in the likelihood of reporting not being in education or
employment (NEET) at age 20. The outcome variable was recoded

5 Although age-expected grades incorporate both Levels 5-6 at age 13—14,
we chose to use Level 5 as it reflects the most commonly used standards in
government reports. This target may therefore be more lenient than the one
used at age 1011, but any differences will be reflected in the assessment
point contrast to facilitate interpretation.
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to reflect NEET (1) versus in education/training (0), with the main
predictor of group. No school clustering was accounted for in this
model.

H6 predicted that children with a history of comprehension weak-
nesses would be over-represented in individuals categorized as
NEET at age 20. This hypothesis would be supported by a positive
effect of the typical reader group contrast, with the second group
contrast providing a further comparison to children with a history
of word reading weaknesses.

Missingness

For the education variables, we anticipated the majority of miss-
ingness to span all assessments. The primary reasons for this are
likely: (a) the parent or child having withdrawn consent for data link-
age (only n = 15 at the time of data linkage); or (b) the child was not
in the database as they were educated outside of the English state-
maintained system (e.g., they might have attended a state-maintained
school outside of England, a private school, or been educated at
home). A smaller proportion of data would be missing from individ-
ual assessments if the child did not sit a given exam (e.g., due to ill-
ness). For the employment variable, we anticipated a much higher
proportion of missingness due to general sample attrition and depen-
dence on questionnaire return rates. There was also potential for
missingness in the covariates.

Prior to conducting analyses, we inspected the proportion and
structure of missing data for each of the analysis variables. We
inspected the distribution of missingness according to comprehen-
sion group, key covariates (sex, maternal education, and FSM sta-
tus), alongside other variables that might predict either attrition
and/or the values of our key variables (age at Year 6 assessment
point, private school attendance, ethnicity, reading scores, verbal
and nonverbal intelligence quotient at age 8, teacher-reported liter-
acy and mathematics ability groups, SEN recognition, parental
home ownership, maternal age at birth, maternal marital status,
maternal social class, maternal depression score, financial difficul-
ties during first 3 years of life, deprivation indices, university atten-
dance, NEET at age 21). We report potential biases in missingness to
aid in interpretation and similarly inspected whether each one corre-
lated with the values of key analysis variables themselves.

Missingness was primarily dealt with via multiple imputation. For
analyses with education data (RQ1 and RQ2), our main analysis
excluded participants who did not have a school ID so that school-
level clustering could be accounted for in the data. Thus, it is primar-
ily the covariates that were imputed as missingness on educational
outcomes largely aligns with missingness in school ID. A supple-
mentary analysis was conducted without school-level clustering,
thereby allowing for the imputation of all covariate and outcome var-
iables. The results of these nonclustered models are presented in
Appendixes S4 and S5 in the online supplemental materials, and
any differences in interpreting the findings are discussed in the
main text. For RQ3 (which did not require school-level clustering),
all analysis variables were imputed. Imputation models contained all
analysis variables, alongside the auxiliary variables listed above
(although we note one technical limitation in our ability to incorpo-
rate the three-way interactions between each socio-demographic
covariate and the two within-subjects predictors for RQl; i.e.,
[Variable] x Subject x Assessment Point). If convergence issues
arose, we simplified the imputation model according to the following

principles: (a) removing variables that have substantial missingness
themselves; (b) prioritizing variables identified as having strongest
relationships with missingness and missing values (as described
above); and (c) prioritizing variables that predict missing values
rather than missingness itself (Spratt et al., 2010). We used m =
30 imputations in the first instance and then added further imputa-
tions if the loss of precision (fraction of missing information/m)
was >1% (White et al., 2011; Woods et al., 2021).

Statistical Power

The sample size for this study was already determined by the
groups extracted from our prior analyses. At this large sample
size, we had 90% power to detect very small group differences
that may not be educationally meaningful (e.g., d = 0.12 for compar-
ison with typically developing readers; d =0.14 for comparison
with children with word reading weaknesses). Thus, while we report
frequentist statistics and use them as a guide for pursuing interaction
effects, our focus is on interpreting the ORs and corresponding esti-
mates of uncertainty.

Results
Summary of Data Availability

Missingness in each of the analytic variables is summarized by
reading group in Table S3 in the online supplemental materials,
and we briefly describe patterns of missingness here. Beginning
with the covariates, missingness in maternal education (8.69%)
was associated with several maternal report measures pre-/post-preg-
nancy (higher maternal depression, financial difficulties, not mar-
ried, and home rental), lower performance in participants’ clinic
assessments, lower educational attainment, and higher likelihood
of FSM status. Given that FSM status is derived from the state
school-linked education data, the primary predictor of missingness
(16.64%) was private school attendance.

Inspection of the SATs data indicated that data at each time point
were more likely to be missing if the child attended private school
(14.4% and 25.49%, for Year 6 and Year 9 respectively). Aligned
with this, missingness in Year 9 was associated with maternal edu-
cation and social class, slightly higher reading scores, and higher
GCSE attainment. Similar patterns of missingness were observed
for GCSE data (17.54% missing).

As anticipated, a much higher proportion of data were missing for
NEET outcomes (55.86%). Missingness was associated with being
male, SEN status, lower reading and intelligence quotient scores,
lower educational attainment, as well as maternal factors (education,
marriage, home ownership, financial difficulties, and depression).
These factors align with overall attrition in the ALSPAC data set,
as documented in clinic attendance reports and reported elsewhere
(e.g., Cornish et al., 2021; Spratt et al., 2010).

In sum, data were deemed to be missing at random conditional on
auxiliary variables included within the imputation models. We used
m = 30 imputations for RQ1 and RQ2 and increased them to m = 80
for RQ3 given the high missingness in the NEET variable. The sup-
plementary analyses for RQ1 and RQ2 without school clustering
(and thus incorporating imputed outcomes) are presented in
Appendix S4 in the online supplemental materials. However, the
covariate-adjusted model for RQ1 suffered convergence problems
that could not be resolved, and we supplement the findings with
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evidence from an alternative ordinal regression model with cluster-
robust standard errors (not preregistered).

RQ1: Are Children With Comprehension Weaknesses
Less Likely to Meet National Assessment Targets as They
Progress Through Schooling?

The results of the ordinal mixed effects regression models are pre-
sented in Table 3. The analyses supported H1 that children with a
history of comprehension weaknesses would be less likely to meet
expected levels of performance in SATs assessments: a higher pro-
portion of their assessments were below target (15.11%) than for
children without a history of reading weaknesses (9.56%), and a
smaller proportion exceeded target grades (44.61% vs. 54.06%).
Statistically, the odds of typically developing readers achieving at/
above national targets were 2.38 times that of children with compre-
hension weaknesses (95% CI [1.87, 3.02]), although this difference
was smaller once controlling for socio-demographic factors (OR =
1.62,95% CI[1.1,2.38]). Children with comprehension weaknesses
performed comparably to children with word reading weaknesses
overall (OR =0.93, 95% CI [0.7, 1.23]), but much of this risk was
shared with socio-demographic factors and larger group differences
were observed once these were controlled for (OR = 0.56, 95% CI
[0.35, 0.89]).

The interactions between reader group and curriculum subject
indicated that the difficulties experienced by children with compre-
hension weaknesses (relative to typically developing readers) were
not uniform across assessments (English-Maths OR = 1.62, 95%
CI [1.33, 1.99]; English-Science OR=12.29, 95% CI [1.88,
2.79]). However, counter to H2 that they would demonstrate the
most significant difficulties in English assessments (OR = 1.53,
95% CI [1.18, 2.00]), greater differences were observed in mathe-
matics (OR =2.49, 95% CI [1.90, 3.26]) and science (OR = 3.52,
95% CI[2.69, 4.69]). Indeed, once adjusting for socio-demographic
factors, group differences remained only in mathematics and science
assessments (Figure 1; Table S4 in the online supplemental materi-
als).® Comparisons to the group with word reading weaknesses also
revealed differences across subjects (English-Maths OR =1.78,
95% CI [1.4, 2.26]; English—Science OR=3.21, 95% CI [2.54,
4.05]). While children with comprehension weaknesses outper-
formed children with decoding weaknesses in English (OR = 0.52,
95% CI [0.38, 0.71]), they performed comparably in mathematics
(OR=0.92, 95% CI [0.67, 1.27]), and were less likely to do well
in science (OR = 1.66, 95% CI [1.22, 2.27]). Again, the adjusted
model demonstrated that much of this risk was shared with socio-
demographic factors: children with comprehension weaknesses
showed comparable science attainment to those with word reading
weaknesses in the adjusted model and outperformed them in the
other two subjects (Figure 1; Table S4 in the online supplemental
materials).

Finally, we found limited support for the hypothesis that the edu-
cational attainment gap became more severe and/or broader across
development (H3). One significant interaction emerged in compar-
ing children with comprehension weaknesses with typically devel-
oping readers, indicating that the group difference in performance
between English and Maths widened over time (OR = 1.62, 95%
CI[1.08, 2.43]). However, we note that this interaction was not sig-
nificant in the supplementary analysis with all participants (exclud-
ing school clustering; Appendix S4 in the online supplemental

materials). The two-way interactions between the group and assess-
ment point were not significant, nor were any of the other three-way
interactions.

RQ2: How Do Children With Comprehension
Weaknesses Differ From Their Peers at the
Point of Leaving Compulsory Education?

H4 predicted that children with comprehension weaknesses
would be less likely to meet the national attainment target of
5A*-C grades including English and mathematics. In support of
this hypothesis, 56.73% of children with comprehension weak-
nesses achieved this target relative to 63.82% of typically developing
readers. The odds of typically developing readers achieving the
national target were 33% higher than for children with com-
prehension weaknesses (OR = 1.33, 95% CI [1.13, 1.58]), which
remained comparable after controlling for socio-demographic fac-
tors (OR =1.29, 95% CI [1.08, 1.54]). In contrast, children with
comprehension weaknesses showed comparable GCSE outcomes
to those who were previously identified as having word reading
weaknesses, even once socio-demographic factors were controlled
for (Table 4).

A similar pattern of results was observed for GCSE points score.
Children with comprehension weaknesses scored an average of
329.28 points (SD = 80.23), which was comparable to those with
word reading weaknesses (M = 328.57, SD =86.14) but lower
than that of typically developing readers (M =347.09, SD =
77.16). The analyses showed that comprehension weaknesses were
associated with a 12.35 [6.79, 17.90] decrease in points score rela-
tive to typically developing readers, which remained statistically sig-
nificant once controlling for socio-demographic factors (10.73
[5.51, 15.95]). The grade-to-points conversion allows for six points
per grade bound (i.e., A =52, B=46, C =40, etc.), meaning that
this difference is equivalent to having two qualifications that are
one grade lower (or one qualification for two grades lower).
Again, no significant differences were observed relative to children
with word reading weaknesses in these school-leaving assessments
(Table 5).

RQ3: What Are the Higher Education and Employment
Outcomes for Children With Comprehension Weaknesses
When They Reach Age 20?

Based on the raw data, children with comprehension weaknesses
had the highest proportion of respondents reported as being NEET
(9.34%), followed by those with word reading weaknesses (7.84%)
and those with no reading weaknesses (6.55%). These increased
odds were reflected in the analysis, indicating that the odds of children
with comprehension weaknesses being NEET at age 20 were 43%
higher than those without previous reading difficulties (OR = 0.70;
Table 6). However, the 95% ClIs were wide [0.50, 0.97], and differ-
ences were no longer significant once controlling for socio-
demographic factors (OR = 0.75, 95% CI [0.53, 1.08]).

S Aligned with this role for socio-demographic factors, the interactions
between English and Maths and the reader group were no longer statistically
significant in the covariate-adjusted model in the supplementary analysis
(Appendix S4 and Table S5 in the online supplemental materials).
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Table 3
Reading Profile Differences in Meeting SATs Target Attainment Levels According to Subject and Assessment Point
Base model Adjusted model
Predictor B SE t )4 OR [95% CI] B SE t P OR [95% CI]

—110 —426 008 —5342 <001 0.01 [0.01,0.02] =333 0.10 —3348 <.001 0.04 [0.03,0.04]
ol 0.11  0.07 1.64 101 112 [0.98, 1.29] 1.21  0.10 12.67 <.001 3.37 [2.79, 4.06]
CW-DW —0.08 0.14 —0.53 594 093 [0.70,1.23] —0.58 0.24 —2.44 015  0.56 [0.35,0.89]
CW-TD 0.87 0.12 7.06 <.001 238 [1.87,3.02] 048 0.20 243 015  1.62 [1.10,2.38]
Year (6-9) 0.93 0.09 1035 <.001 2.55 [2.13,3.04] 0.67 0.10 6.94 <.001 196 [1.62,2.37]
Eng-Maths 0.85 0.04 19.56 <.001 233 [2.14,2.53] 0.89 0.07 1198 <.001 243 [2.10, 2.82]
Eng-Sci 0.94 0.04 22.04 <.001 2.57 [2.36,2.79] 1.10 0.07 1499 <.001 3.02 [2.61, 3.49]
CW-DW x Year 0.05 0.10 0.47 .637  1.05 [0.86, 1.29] 0.01 0.18 0.07 944 1.01 [0.72, 1.43]
CW-TD x Year 0.11  0.09 1.27 204 112 [0.94, 1.33] 0.10 0.14 0.68 494 1.10 [0.83, 1.47]
CW-DW x Eng-Maths 0.58 0.12 474 <.001 1.78 [1.40,2.26] 0.56 0.21 2.69 007 1.74 [1.16,2.61]
CW-TD x Eng-Maths 048 0.10 470 <.001 1.62 [1.33,1.99] 0.36 0.17 2.09 036 143 [1.02,2.01]
CW-DW x Eng-Sci 117 0.12 9.81 <.001 321 [2.54,4.05] 1.09 0.20 533 <.001 298 [1.99,4.45]
CW-TD x Eng-Sci 0.83 0.1 829 <.001 229 [1.88,2.79] 0.61 0.17 3.63 <.001 1.84 [1.33,2.56]
Year x Eng-Maths 1.66 0.09 19.09 <.001 524 [4.42,6.21] 1.65 0.13 12.51 <.001 522 [4.03,6.76]
Year x Eng—Sci -1.13 0.08 -—1335 <.001 0.32 [0.27,0.38] —1.25 0.13 —-9.64 <.001 0.29 [0.22,0.37]
CW-DW x Year x Eng-Maths 029 0.24 1.20 230 1.34  [0.83,2.16] 0.27  0.25 1.07 283 131  [0.80, 2.14]
CW-TD x Year x Eng-Maths 048 0.21 2.34 019 1.62 [1.08,2.43] 051 0.21 2.39 017 1.66 [1.09,2.52]
CW-DW x Year x Eng-Sci —0.04 024 —0.19 850 096 [0.60,1.52] —0.12 0.24 —0.50 .617 0.89 [0.55, 1.42]
CW-TD x Year x Eng—Sci 0.2 0.2 1.02 306 1.23  [0.83, 1.82] 0.20  0.20 0.98 328 1.22 [0.82, 1.82]

Note.

Sci = science; Maths = mathematics; FSM = free school meal.

The adjusted model controls for sex, maternal education, and FSM status, including in interaction with all main effects and subordinate interactions.
Bold font is used to denote significant predictors (p <.05). SAT = Standardized Assessment Tests; CI=confidence interval; CW = children with
comprehension weaknesses; DW = children with decoding weaknesses; TD = typically developing children without reading weaknesses; Eng = English;

Exploratory Analyses (Stage 2): To What Extent Do

Relative Weaknesses Predict Outcomes Beyond Overall

Reading Ability?

Our main research questions and preregistered analyses focused
on children with uneven reading profiles—namely, those who had
comprehension poorer than would be anticipated based on their
overall reading ability. However, each group spanned a wide range
of abilities (Table 1; Figure S1 in the online supplemental materials),

which likely accounts for the considerable heterogeneity in out-
comes. To explore this possibility, we conducted further analyses
with overall reading ability as a covariate. This variable was a factor
score computed from all four selection measures (item accuracy, pas-
sage accuracy, reading comprehension, and listening comprehen-
sion; Figure S2 in the online supplemental materials), and had
also been included as a covariate in the latent profile analysis
that generated the groups. Thus, these exploratory analyses ask
whether uneven profiles of reading skills are related to education

Figure 1
Group Differences in SATs Attainment for English, Mathematics, and Science Subjects
A Raw data B Model estimates
l Attainment: ~ above target © on target l below target | Comprehension weakness vs. Typical reader Word reading weakness vs. Comprehension weakness
1.00
075
0.50 English ¢ <
)
0.25
0.00
1.00
5075 * *
$ 0.50 Maths
£ 025
0.00
1.00
0.75 . o -
Model key:
0.50 Science @ base
0.25 adjust
0.004 {7
Typical Comprehension Word reading 1 3 4 5 1 2 3 4 5

readers weaknesss weakness

Note.

Odds Ratio (95% Cl)

(A) The proportion of each reading profile attaining below, at, and above target levels for each subject, collapsed across Year 6 and Year 9 assessments.

(B) Baseline and adjusted ORs for attaining at/above target for each subject. ORs for the contrast between children with comprehension and word reading weak-
nesses (right panel) are presented as the inverse to ease the comparison of effect sizes. SAT = Standardized Assessment Tests; CI = confidence interval. See the

online article for the color version of this figure.
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Table 4
Reading Profile Differences in Meeting the National Attainment Target of SA*~C GCSE Qualifications (Including English and Mathematics)
Base model Adjusted model
Predictor B SE t )4 OR [95% CI] B SE t P OR [95% CI]

(Intercept) 0.60 0.1 5.78 <.001 1.83 [1.49, 2.24] —0.22 0.11 —2.02 .043 0.81 [0.65, 0.99]
CW versus DW —0.06 0.1 —0.64 524 0.94 [0.77, 1.14] —-0.07 0.11 —0.67 .506 0.93 [0.76, 1.15]
CW versus TD 0.29 0.09 3.34 001 1.33 [1.13, 1.58] 0.26 0.09 2.84 004 1.29 [1.08, 1.54]
Sex 0.38 0.06 6.02 <.001 1.46 [1.29, 1.66]
Maternal ed. 1 0.6 0.09 6.3 <.001 1.81 [1.51, 2.18]
Maternal ed. 2 1.41 0.1 13.58 <.001 4.10 [3.34,5.02]
FSM eligibility —1.27 0.11 —11.05 <.001 0.28 [0.23, 0.35]

Note.  Bold font is used to denote significant predictors (p < .05) that correspond to hypotheses of interest. GSCE = General Certificate of Secondary
Education; CI = confidence interval; CW =children with comprehension weaknesses; DW = children with decoding weaknesses; TD = typically
developing children without reading weaknesses; Maternal ed. 1 = CSE/no qualification versus O-level/vocational; Maternal ed. 2 = CSE/no qualification

versus A-level/degree; FSM = free school meal.

and employment outcomes over and above continuous variation in
reading ability. We describe overall patterns of performance and
where they differ from the main preregistered analyses, with full
model tables presented in Appendix S6 in the online supplemental
materials.

Unsurprisingly, overall reading ability was a significant predictor
of outcomes in all analyses and indeed accounted for some of the
variation in group predictors. Yet with this continuous variation con-
trolled for, the risk associated with comprehension weaknesses was
more striking. In all analyses, the difference in odds (or attainment
score) between children with comprehension weaknesses and typi-
cally developing readers increased, parceling out the risk associated
with specifically weak comprehension versus general reading per-
formance. With this, we also observed a widening gap in perfor-
mance over time, with larger differences in SATSs success at age
14 (OR=6.15, 95% CI [4.95, 7.65]) than at age 11 (OR=4.71,
95% CI [3.83, 5.78]). As in the main analyses, these changes were
driven by increasing performance gaps in Maths and science sub-
jects, and not in English.

A second key difference was observed in relation to the group with
word reading weaknesses. Where children with comprehension
weaknesses generally showed similar outcomes to this group in
the main analyses, they had poorer outcomes once variation in read-
ing ability was accounted for. This likely reflects that reading accu-
racy measures were more highly loaded on our reading ability factor
than comprehension measures (Figure S2 in the online supplemental

materials), such that when these two groups are matched it is primar-
ily variation in reading comprehension that remains. That children
with comprehension weaknesses continued to show poorer out-
comes across SATs, GCSEs, and education/employment beyond
compulsory schooling emphasizes the fundamental importance of
comprehension skills beyond reading accuracy.

Discussion

Some children find reading comprehension difficult, despite being
able to read accurately and fluently. While this profile of poor readers
has been studied extensively in mid-childhood (Cain, 2022), little is
known about their academic achievement through secondary school
and their outcomes at the end of formal education. Given the central-
ity of comprehension to learning, this is a surprising gap in knowl-
edge. This registered report was designed to address this gap using
data from a longitudinal birth cohort study. We charted educational
outcomes in 947 young people previously identified as having read-
ing comprehension weaknesses in mid-childhood (James et al.,
2023).

Our primary comparisons were on outcomes for this group relative
to those of children without reading difficulties in mid-childhood.
Previous small-scale work with “poor comprehenders” (Cain &
Oakhill, 2006, n = 17; Ricketts et al., 2014, n = 15) indicated that
those with a history of poor reading comprehension in primary school
were at risk for lower educational achievement in subsequent school

Table 5
Reading Profile Differences in Capped GCSE Point Scores
Base model Adjusted model

Predictor B SE t P [95% CI] B SE t )4 [95% CI]
(Intercept) 345.11 3.91 88.28 <.001 [337.44, 352.77] 310 3.7 83.82 <.001 [302.75, 317.25]
CW versus DW —2.74 3.36 —0.81 415 [—9.34, 3.85] —2.38 3.17 —0.75 454 [—8.59, 3.84]
CW versus TD 12.35 2.83 4.36 <.001 [6.79, 17.9] 10.73 2.66 4.03 <.001 [5.51,15.95]
Sex 16.86 1.86 9.08 <.001 [13.22, 20.51]
Maternal ed. 1 25.38 2.96 8.57 <.001 [19.57, 31.19]
Maternal ed. 2 54.11 3.18 17.02 <.001 [47.87, 60.35]
FSM eligibility —54.62 3.35 —16.32 <.001 [—61.18, —48.06]

Note. Bold font is used to denote significant predictors (p <.05) that correspond to hypotheses of interest. GSCE = General Certificate of Secondary
Education; CI = confidence interval; CW =children with comprehension weaknesses; DW = children with decoding weaknesses; TD = typically
developing children without reading weaknesses; Maternal ed. 1 = CSE/no qualification versus O-level/vocational; Maternal ed. 2 = CSE/no qualification
versus A-level/degree; FSM = free school meal; CSE = Certificate of Secondary Education.
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Table 6
Reading Profile Differences in Self-Reporting as NEET at Age 20
Base model Adjusted model
Predictor B SE t P OR [95% CI] B SE t P OR [95% CI]

(Intercept) —1.96 0.07 —26.91 <.001 0.14 [0.12, 0.16] —1.42 0.09 —15.34 <.001 0.24 [0.20, 0.29]
CW versus DW -0.2 0.21 —-0.98 330 0.82 [0.54, 1.23] —0.19 0.23 —0.83 408 0.83 [0.53, 1.30]
CW versus TD —0.36 0.17 —-2.13 034 0.70 [0.5, 0.97] —0.28 0.18 —1.57 119 0.75 [0.53, 1.08]
Sex —0.39 0.14 —2.75 .007 0.68 [0.52, 0.90]
Maternal ed. 1 —0.52 0.19 —2.76 .007 0.59 [0.41, 0.86]
Maternal ed. 2 —0.99 0.21 —4.69 <.001 0.37 [0.24, 0.56]
FSM eligibility 1.41 0.19 7.48 <.001 4.10 [2.82, 5.95]

Note. Bold font is used to denote significant predictors (p < .05) that correspond to hypotheses of interest. NEET = not in education, employment, or training;
CI = confidence interval; CW = children with comprehension weaknesses; DW = children with decoding weaknesses; TD = typically developing children
without reading weaknesses; Maternal ed. 1 = CSE/no qualification versus O-level/vocational; Maternal ed. 2 = CSE/no qualification versus A-level/degree;

FSM = free school meal; CSE = Certificate of Secondary Education.

years, with some suggestion that their difficulties were relatively spe-
cific to outcomes in English rather than science or mathematics
(Ricketts et al., 2014). We used SATs data in Year 6 (age 10-11)
and Year 9 (age 13-14) to test three hypotheses stemming from
these preliminary findings, namely that students with a history of com-
prehension weaknesses would be less likely to meet national attain-
ment targets than typically developing peers, have disproportionate
difficulties in assessments of English versus mathematics and science,
and academic difficulties that become broader and/or more severe in
Year 9 than in Year 6. In line with the first hypothesis, typically devel-
oping students were 2.38 times more likely to achieve at or above
national targets than those with a history of comprehension weak-
nesses. The second hypothesis was not supported in that those with
comprehension weaknesses did more poorly in science and mathemat-
ics than in English. There was some indication that the group differ-
ence widened over time: increasing in mathematics (relative to
English) in the main analysis, and in both mathematics and science
in exploratory analyses controlling for reading ability. However, this
needs to be interpreted cautiously as no interactions with age were sig-
nificant in the preregistered analyses that controlled for socio-
demographic variables (and socio-demographic variables could not
be incorporated in exploratory analyses). This guards against a more
general conclusion of increasing severity. Generally, our findings
point to stability over time, in line with reading profiles across adoles-
cence more generally (e.g., Ricketts et al., 2020).

Turning to GCSE outcomes at 16 years (national assessments
taken at the end of formal schooling in the United Kingdom), we
found that students with a history of comprehension weaknesses
were less likely to meet the national target of SA*—C grades (includ-
ing English and mathematics). Typically developing readers were
33% more likely to reach this target, and they achieved higher grades
overall. These findings replicate those described by Ricketts et al.
(2014) for 11 poor comprehenders and extend them across a much
larger sample. Finally, data on NEET status at the age of 20 years
allowed us to document how many young people were not in educa-
tion, employment, or training at that time. Those with a history of
comprehension weaknesses were over-represented in this group,
being 43% more likely to be classed as NEET than those without
a history of reading difficulty. Overall, our findings demonstrate
that children with weak comprehension in mid-childhood underper-
form through secondary school relative to peers and are less likely to
achieve national academic targets, with long-term societal conse-
quences in early adulthood.

While statistical significance is not surprising given the large sam-
ple, the effect sizes are educationally meaningful; indeed, outcomes
for those with comprehension weaknesses were generally similar to
those with a history of poor word reading, a group known to be at
significant risk for poor academic outcomes (Smart et al., 2017;
Willcutt et al., 2007). Yet, those in the weak comprehension group
were less likely than the poor readers to have ever been categorized
as having SEN (15.42% vs. 23.4%). This finding fits with previous
studies noting that the difficulties with language and literacy experi-
enced by children identified as “poor comprehenders” tend to go
unnoticed in the classroom (e.g., Nation et al., 2004). This is unfor-
tunate, given the poor educational outcomes experienced by some
young people in this group. Having summarized our findings, we
next consider two themes for discussion and future investigation:
variation between individuals and difficulties across domains.

Individual Variation in QOutcomes

First, despite the overall risk for poor attainment, our findings also
show considerable variation: some students with a history of com-
prehension weaknesses have good academic outcomes, meeting or
exceeding national targets, and fare well in education or employment
in early adulthood. Part of this variation reflects that this group has
relatively weak comprehension across a wide span of reading ability.
Importantly, however, controlling for this served to highlight the
greater risk associated with unexpectedly poor comprehension,
both for poor educational outcomes and for NEET status. Another
source of variation is likely to be associated with social disadvan-
tage. Children with a history of weak comprehension were more
likely to be eligible for FSMs and had lower levels of maternal edu-
cation than typical readers and those in the poor word reading group.
Controlling for these factors served to reduce group differences in
educational outcomes but not eliminate them, and group differences
in GCSE achievement were less impacted by social disadvantage.

In contrast to the educational results, increased risk for NEET status
was entirely accounted for by socio-demographic factors in the main
analysis. Tentatively, this could suggest shared risk factors that extend
beyond those at play in educational settings, such as the social or finan-
cial support needed to continue in education or training. NEET status
might also index more severe outcomes than the education variables,
and it is perhaps less well-captured by our reading profiles alone as
these incorporated a wide range of overall reading ability in each
case. In line with this, when ability was accounted for in exploratory
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analyses, comprehension weaknesses were held as a risk factor even
with socio-demographic variation controlled, consistent with poor
comprehension being a risk factor for adverse outcomes.

Socio-demographic risk is itself complex to understand, possibly
reflecting genetic influences on language and literacy as well as systemic
social and environmental influences (e.g., Hart et al., 2021). There is a
clear need to better understand heterogeneity, and having charted out-
comes in this registered report, future work should look to model con-
current strengths and weaknesses across domains (language, literacy,
cognitive ability, and beyond) in interaction with family and neighbour-
hood factors. It will be important to determine how these extend beyond
comprehension risk from a single time point in mid-childhood, using
data sets that capture language and literacy in later development.

Difficulties Across Educational Domains

The second theme concerns academic attainment across different
curriculum subjects. Following previous findings with a small group
of poor comprehenders (Ricketts et al., 2014), we had predicted that
students with a history of comprehension weaknesses would be at
greater risk for underachieving in English, rather than science or math-
ematics. This was not the case. While there was underachievement
across the board relative to typically developing peers, group differ-
ences were more marked in science and mathematics. Interestingly,
this finding aligns with the effect sizes described by Cain and
Oakhill (2006) with smaller group differences reported for English
(d=0.78) than for mathematics (d = 1.05) and science (d = 1.25),
but these were not statistically compared. A similar pattern is reflected
in comparing the children with comprehension weaknesses in our
study to those with word reading weaknesses: they outperformed
them in English, underachieved in science, and obtained comparable
results in mathematics.

Our analyses do not permit causal inferences, but we can speculate
about this pattern of findings. As noted in the Introduction, individ-
ual differences in reading comprehension are associated with a range
of cognitive and linguistic factors including working memory and
other executive skills, inference-making, problem-solving, and inte-
grating background knowledge as a mental model is constructed
from the text (e.g., Cain, 2022; van den Broek & Kendeou, 2022).
It makes sense to consider these factors as constraints to progress
in other academic domains too, in part explaining the high correla-
tion between reading and achievement in mathematics and science
seen in large data sets including international data such as the
Programme for International Study Assessment (e.g., Cromley,
2009; Zhu, 2022). Using twin data, Harlaar et al. (2012) found
that both phenotypic and genetic correlations between mathematics
and reading comprehension were higher than those between mathe-
matics and word decoding. They speculated that this genetic overlap
might reflect the shared contribution of executive function processes
that are implicated in mathematics as well as comprehension.

Alternative and not mutually exclusive possibilities relate to the more
direct constraints that comprehension weaknesses might place on perfor-
mance in science and mathematics. The ability to reason about and
understand scientific and mathematical topics has been linked with read-
ing ability (e.g., Bjorn et al., 2016; Reed et al., 2017), and there is some
evidence showing that “poor comprehenders” perform less well than typ-
ical readers on tests of mathematical reasoning (Pimperton & Nation,
2010). In addition, science subjects have their disciplinary-specific
vocabulary, including low-frequency words and morphologically

complex Latinate forms (Fang, 2006), posing additional challenges
for children with language and literacy weaknesses. While empirical
work is needed to tease out causal relations, our findings demon-
strate that children with poor comprehension in mid-childhood are
at risk for poorer education outcomes across the curriculum. It
appears that the presence of relative strengths in word reading (cf.
poor comprehension) does not seem to mitigate this risk, at least
in science and mathematics. For English assessments, young people
with a history of poor word reading fared less well than those with
relative weaknesses in comprehension, perhaps because of the
demands that reading extended text places on reading accuracy and
fluency. It may be that the breadth of difficulty across subjects is
what leaves children with comprehension weaknesses more vulnera-
ble to NEET outcomes in adulthood relative to children with word
reading weaknesses.

Strengths and Limitations

Before reflecting on the educational implications of our study, it is
important to note its strengths and limitations. It is the first large
study to focus on the later education and employment outcomes of
children who experienced relative reading comprehension difficul-
ties in mid-childhood, with comprehension weaknesses defined by
a data-driven approach (James et al., 2023). Previous explorations
have been unacceptably small, but here the ALSPAC data set pro-
vided a large sample of young people with a history of comprehen-
sion weaknesses and data linkage with the National Pupil Database
including achievement in national examinations at the end of formal
schooling. The registered report format allowed us to preregister our
hypotheses and analysis plans in detail in advance. This methodo-
logical transparency provides reassurance on the strength and utility
of the findings we report. Turning to limitations, a key limitation is
that our markers of reading weaknesses come from assessments
administered at ages 8 and 9 years, with no further indication of
how reading difficulties developed or remediated into adolescence
and adulthood. Second, while we accounted for school clustering
in our analyses, we lack further detail on the school and home envi-
ronment factors that might help in understanding the variation
observed in outcomes. Finally, we note the limited nature of our
exploration into higher education and employment analyses: the
NEET self-report measure had high levels of missingness and lacked
further detail on the nature of education and employment in adulthood.

Implications for Educational Support

Despite these limitations, this study indicates that while children with
reading comprehension weaknesses have comparably poor outcomes as
the children with word reading weaknesses, they are not as readily recog-
nized as needing additional support. It remains possible that children with
word reading difficulties in this sample already had more educational
support that mitigated more severe attainment difficulties. Indeed, since
this cohort was in compulsory education, the U.K. curriculum has
emphasized phonics teaching programs and screeners to identify strug-
gling word readers. However, our findings underscore the need to also
attend to aspects of reading comprehension beyond word reading and
to consider children with comprehension weaknesses in the classroom.

Studies of traditionally defined poor comprehenders highlight poor
language as an early risk factor (e.g., Catts et al., 2006; Nation et al.,
2004, 2010). The introduction of programs that target oral language
(e.g., West et al., 2021) should help identify those in need of additional
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support at school entry and may help to improve outcomes for those at
risk of comprehension difficulties. For children who reach secondary
school with comprehension problems, our findings indicate that sup-
port across the curriculum might be needed. This will require greater
awareness of the nature and complexity of comprehension and the con-
sequences of comprehension weaknesses (e.g., Catts, 2022), and
indeed the understanding that some young people find comprehension
difficult despite being able to read words. An immediate research pri-
ority is thus to unpack the nature of educational risk for this group,
using a wide range of cognitive measures and fine-grained analyses
of educational assessments. With this evidence, educators will be bet-
ter positioned to mitigate risk for poor outcomes through classroom
and small group interventions.
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