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ABSTRACT

Does reading a lot lead to better reading skills, or does reading a lot follow from
high initial reading skills? The authors present a longitudinal study of how much
children choose to read and how well they decode and comprehend texts. This
is the first study to examine the codevelopment of print exposure with both
fluency and comprehension throughout childhood using autocorrelations. Print
exposure was operationalized as children’s amount of independent reading for
pleasure. Two hundred children were followed from age 5 to age 15. Print expo-
sure was assessed at ages 5, 7, 8, 9, and 13. Prereading skills were tested at age
5 and reading skills at ages 7, 8, 9, 14, and 15 (the latter with the Programme
for International Student Assessment [PISA]). Before children learned to read
(i.e., age 5), prereading skills and print exposure were not linked. Path analyses
showed that children’s print exposure and reading skills reciprocally influence
each other. During the early school years, the effects run from reading fluency
to comprehension and print exposure, so from skills to amount. The effect of
accumulated practice only emerged in adolescence. Reading fluency, compre-
hension, and print exposure were all important predictors of age 15 PISA read-
ing comprehension. These findings were largely confirmed by post hoc models
with random intercepts. Because foundational reading skills predicted changes
in later reading comprehension and print exposure, the authors speculate that
intervening decoding difficulties may positively impact exposure to and com-
prehension of texts. How much children read seems to matter most after the
shift from learning to read to reading to learn.

and education, and hardly surprising, those who practice more per-

form better (Macnamara, Hambrick, & Oswald, 2014; Macnamara,
Moreau, & Hambrick, 2016; Mosing, Madison, Pedersen, Kuja-Halkola,
& Ullen, 2014). The big question that psychologists have sought to
answer is whether differences in performance level are merely the result
of differences in accumulated practice, or the other way around, in other
words, whether initial success stimulates and failure discourages prac-
tice. In this study, we focused on education and asked, Do children who
achieve above average in school do so because they have practiced a lot,
or do children with a high initial skill level engage more in activities in
which they develop those skills even further? We investigated the direc-
tion of effect between skill and amount of practice for the key academic
skill, reading, which lays the foundation for the remainder of one’s edu-
cational path. Within reading practice and reading skills, we considered
whether direction of effect is specific to the subskill (i.e., reading fluency,
reading comprehension) or developmental stage (i.e., developmental in
nature).

Individuals differ greatly in their performance in sports, games, music,
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Previous studies have demonstrated that avid readers
are also better readers (Anderson, Wilson, & Fielding,
1988; Cunningham & Stanovich, 1997). How much chil-
dren read is often referred to as print exposure
(Cunningham & Stanovich, 1990). Mol and Bus (2011)
meta-analyzed 99 studies (total N = 7,669) that reported
correlations between (precursors of) reading ability and
print exposure. The researchers found that the relation
between print exposure and reading skills becomes even
more evident in time: from modest correlations in kin-
dergarten to strong correlations in higher education. The
associations among reading interest, print exposure, and
reading skills are stronger for reading for pleasure rather
than for reading for school (Schiefele, Schaffner, Moller, &
Wigtield, 2012). In addition, the association between print
exposure and reading skills is stronger for reading books
than reading online (McGeown, Duncan, Griffiths, &
Stothard, 2015; McGeown, Osborne, Warhurst, Norgate, &
Duncan, 2016; Pfost, Dorfler, & Artelt, 2013; Torppa et al.,
2019). Hence, we focused on the independent reading of
printed material for pleasure.

The typical theory to explain the link between print
exposure and reading skills is that interest in reading
leads children to read more, which in turn makes them
better readers (Becker, McElvany, & Kortenbruck, 2010;
Schiefele et al., 2012). Indeed, exposure to words is needed
to acquire orthographic knowledge of the words, which
in turn speeds up the reading of those words (Share,
1999). Subsequently, effortless decoding may free up cog-
nitive resources to enhance comprehension (Mol & Bus,
2011). In addition, frequent print exposure may support
other essential components of efficient reading, such as
general verbal skills (Florit & Cain, 2011; Mol & Bus,
2011) and vocabulary size (Cain & Oakhill, 2011). Thus,
children who are interested in reading and therefore read
for pleasure get more practice in both basic decoding
skills (i.e., word-reading accuracy, fluency) and higher
order reading skills (i.e., comprehension of texts),and as a
result, their reading skills might improve more than those
of children who are not interested in reading. In longitu-
dinal research, this would lead to an effect of early print
exposure on later reading skills.

The problem in previous studies is that most have
been cross-sectional, and the direction of causality has
been assumed rather than tested. The association between
print exposure and reading skills could arise from the
effects running from skills to exposure. Indeed, experi-
encing progress and competence in reading increases chil-
dren’s motivation to read (Becker et al., 2010), which may
lead to an effect of early reading skills on later print expo-
sure. In line with this hypothesis, Cunningham and
Stanovich (1997) found a predictive association between
first-grade reading skills and 11th-grade print exposure in
a 10-year longitudinal study. However, the researchers
only tested the direction from skills to exposure. To test
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what comes first, or causal predominance, we need to take
a developmental approach and measure all of the con-
structs at each timepoint. Consider constructs X and Y,
which show longitudinal stability and are correlated at any
single timepoint. If at time 1 we only measured X, and at
time 2 only Y, we might jump to the conclusion that X
influences Y; yet, had we measured Y, and Xer WE
might have come to the opposite conclusion, that Y influ-
ences X. In sum, we need to measure both X and Y at both
timepoints. This is because it is crucial to correct for the
autoregressive effect of Y to evaluate the impact of X on
the development or growth of Y, and vice versa for the
effect of Y on X.

To our knowledge, there are only four longitudinal
studies on the development of reading skills and print
exposure that corrected for autoregressive effects. First,
Aarnoutse and van Leeuwe (1998) assessed children’s
print exposure, reading pleasure, and comprehension
annually between grades 2 and 6. The researchers found
that reading pleasure and print exposure developed in
conjunction, but largely independently from reading com-
prehension. Second, Leppénen, Aunola, and Nurmi (2005)
assessed students in grades 1 and 2 on print exposure and
reading skills (i.e., accuracy, fluency, comprehension).
Apart from one small effect of print exposure on word
recognition, cross-lagged effects went from reading
skills to print exposure. Third, Harlaar, Deater-Deckard,
Thompson, DeThorne, and Petrill (2011) measured chil-
dren at ages 10 and 11 on print exposure and reading skills
(i.e., a composite of accuracy and comprehension). The
cross-lagged effect from skills to exposure was statistically
significant (B = 0.28), whereas the reverse effect was absent
(B = 0.00). Finally, Torppa et al. (2019) modeled a random
intercept cross-lagged panel model (CLPM) with print
exposure and reading skills (i.e., fluency, comprehension)
from grade 1 to grade 9. The researchers assessed print
exposure of different types of reading material, of which
only the reading of books was associated with reading
skills. Within-person paths in the early grades ran from
both types of reading skills to print exposure. However,
from grade 4 onward, the association between reading
comprehension and print exposure was reciprocal. In
sum, all four studies found how well children read to be
more stable over time than how much they read. Together,
there seems to be more evidence for reading skills affect-
ing the development of print exposure than vice versa
during the early grades. However, studies focusing on the
later grades are still rare, and their findings have been
inconsistent.

Two recent studies took a different approach to study-
ing causality. Van Bergen et al. (2018) studied causality
between reading skills (stressing reading fluency) and
print exposure in a very large cross-sectional sample of
7.5-year-old Dutch twins. The researchers took advantage
of the genetically sensitive nature of the data to infer the



direction of causation. In line with the four longitudinal
studies mentioned earlier, van Bergen et al. found evidence
for a causal influence of reading skills on print exposure
and no evidence at all for the reverse. This study was repli-
cated and extended in a U.S. sample by Erbeli, van Bergen,
and Hart (2019). They used the same method but studied
reading comprehension (rather than basic reading skills)
in older children (approximately 12 years of age). Although
the picture was less clear than in the study of 7.5-year-olds
(van Bergen et al., 2018), Erbeli et al. also found the most
support for an effect of skills on print exposure. That is, it
seemed that the extent to which children chose reading
activities reflected their reading skills at least partly.

The picture is still far from complete, as the direction
and strength of effects may well depend on the develop-
mental stage and the type of reading skill. There is ample
evidence (e.g., Florit & Cain, 2011) to separate basic decod-
ing skills from higher order reading skills in their associa-
tion with print exposure. Basic skills precede and are a
prerequisite for higher order reading skills. Skills other
than decoding that are needed for comprehending texts
are language and cognitive skills that help construct a
representation of a text, such as syntax, vocabulary, back-
ground knowledge, inference making, comprehension
monitoring, and working memory (Oakhill, Berenhaus, &
Cain, 2015). Basic reading skills have partly distinct under-
lying cognitive factors. Hence, children can be impaired in
just one reading domain (Catts & Weismer, 2006; Torppa,
Tolvanen, 2007). Parallel to the development of reading
skills, the reading circuit in the brain develops (Ozernov-
Palchik & Gaab, 2016), the pattern of cognitive underpin-
nings alters slightly (e.g., Vaessen & Blomert, 2010), the
emphasis in teaching moves gradually from decoding to
comprehension, and the reading material often changes.
Accordingly, the relations between reading abilities and
reading habits may very well change during and after pri-
mary school. One of the proposed theories to explain the
print exposure-reading ability relation (Becker et al., 2010;
Guthrie, Wigfield, Metsala, & Cox, 1999) states that more
exposure to texts increases reading fluency or efficacy. More
efficient reading in turn frees up cognitive resources, which
can then be employed for higher order information process-
ing, leading to better text comprehension (verbal efficiency
theory; e.g., Perfetti, 1985). In our final path model (see
Figure 4), we tested this proposed path (i.e., print exposure -
later reading fluency — still later reading comprehension).

Furthermore, the link between reading ability and
amount may start to develop even prior to primary
school. Morgan, Fuchs, Compton, Cordray, and Fuchs
(2008) speculated that those who lag behind on preread-
ing skills at the preschool stage may not be interested in
books and, hence, may not benefit from early intervention
efforts. As of yet, to our knowledge, there has been no
study that has tackled this hypothesis.

In the current study, we tracked children’s develop-
ment over a 10-year time span from the two years prior to
school entry (age 5 years) all the way to the end of lower
secondary school, with reading comprehension from the
Programme for International Student Assessment (PISA)
at age 15 as the ultimate outcome measure. We modeled
the associations between reading skills and print exposure,
taking autoregressive effects into account. Additionally, we
compared the print exposure of preschool children who
did and did not lag behind on prereading skills. Such an
investigation gave us the opportunity to address the ques-
tion of the direction of effect between print exposure and
reading skills. In brief, we aimed to determine whether
reading skills predict print exposure, vice versa, or both
(i.e., reciprocal influences). Within this broader aim, we
were interested in possible differences in these relations
across skills (i.e., fluency, comprehension) and across de-
velopment (from age 5 to 15).

Method

Participants

Our final sample for the current article comprised 200
children from the Jyviskyld Longitudinal Study of Dys-
lexia (JLD). The JLD is a prospective study of 222 children
who participated from 1993 to 2012 (see Lyytinen, Erskine,
Hémilidinen, Torppa, & Ronimus, 2015). The participating
families were invited from maternity clinics in central
Finland between 1993 and 1996. More than 9,000 families
responded to the first questionnaires of interest to partici-
pate in the study. After questionnaire screening, parental
interviews, and assessments of the parents reading, spell-
ing, and cognitive skills, families with and without familial
risk for dyslexia were invited. Originally, 222 families par-
ticipated in the study, which followed the development of
the yet unborn child. Out of the 222 children, 22 were
excluded from the current study because they did not have
any data on reading skills. Of these 22,20 had dropped out
before school age, and the remaining two and were omitted
because they only had data on print exposure until age 7 or
9 (besides having no data on reading skills). The remaining
200 were included in the analyses, 107 of whom had high
family risk for dyslexia (i.e., parental dyslexia) and 93 of
whom had low family risk (i.e., both parents had typical
reading skills). For the assessment of parental reading
skills, see Leinonen et al. (2001). Fifty-three of the high-risk
and 52 of the low-risk children were boys.

The educational levels of the families of high and low
family risk were matched. On a scale ranging from 1
(comprehensive school education without any vocational
education) to 7 (master’s or doctoral degree), the mothers
and fathers of the study participants had an average level
of education of 4.34 (standard deviation [SD] = 1.43) and
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3.74 (SD = 1.33), respectively. All of the children spoke
Finnish as their native language (and were tested in
Finnish) and had no severe mental, physical, or sensory
impairments. None of the children had a standard score
below 80 on performance and verbal IQ assessed in
grade 2 (via the third edition of the Wechsler Intelligence
Scale for Children; Wechsler, 1991). All of the children
attended mainstream public schools following the
national curriculum. In Finland, children enter school
and begin formal reading education in August of the
year they turn 7.

Previous studies on the JLD sample have shown that
the group at high family risk performs lower than the
group at low family risk on reading (related) skills. This
was also reflected in the finding that dyslexia is approxi-
mately four times more prevalent in JLD’s high-risk
group as compared with the low-risk group. Having said
that, the collapsed data of the groups with and without
family risk showed a normal distribution (no evidence
of bimodality). This is in line with family risk being
multifactorial and continuous (van Bergen, van der Leij,
& de Jong, 2014). Despite mean differences, the pattern
among variables (i.e., the variance-covariance matrices)
could still be highly similar in the two groups. We inves-
tigated this by testing the similarity of the path models
(see the Statistical Analyses section). Regarding the
home literacy environment, the JLD groups at high and
low family risk did not differ statistically significantly in
terms of shared reading, library visits, or number of
books at home (Torppa, Poikkeus, 2007).

Classmates of the Participants

To investigate whether the longitudinal sample described
earlier was representative of the population, we compared
their reading level with that of their classmates. The lon-
gitudinal sample’s and their classmates’ reading skill were
assessed using group-administered tasks in grades 1,2, 3,
7, and 9. These group-administered tasks assess silent
reading and are described in Appendix A. The partici-
pants of the longitudinal sample attended many different
schools. Hence, a large number of children were tested:
approximately 1,500 classmates per wave. Despite the
large power, none of the group comparisons were statisti-
cally significant (see Appendix B).

Ethical approval for the JLD was obtained from the
Research Ethics Committee of the Central Finland Health
Care District (protocol number 66/2004).

Measures

The children’s prereading skills were assessed at age 5,
and their reading skills were assessed in grades 1, 2, 3, 8,
and 9. At the time of our assessments, the participants
were on average 5.50 years old, 7.91 years old (May,
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grade 1), 8.98 years old (June, grade 2), 9.86 years old
(April, grade 3), 14.36 years old (November, grade 8),
and 15.90 years old (May, grade 9). Questionnaires on
print exposure were sent to the parents around the time
of their child’s 5th, 7th, 8th, 9th, and 13th birthdays. In
the current article, we report on the children’s reading
fluency, comprehension, and print exposure at all time-
points when they were assessed. Due to lack of funding,
children were not assessed during grades 4, 5, and 6.

Prereading Skills

At age 5, children’s letter knowledge and phonological
awareness were individually tested. Phonological aware-
ness was measured with four tasks: first-phoneme identifi-
cation, first-phoneme production, segment identification,
and synthesis. A composite score for phonological aware-
ness was calculated by averaging the z-scored scores (sums
of correct answers) of the four tasks. Z-scores were calcu-
lated based on the low-risk groups distribution. Letter
knowledge was assessed by asking the children to identify,
one by one, 29 lowercase letters in the Finnish alphabet.
The measure for prereading skills was the mean of the
z-scored phonological awareness composite and the
z-scored letter knowledge measure (number of letters
named correctly). Cronbach’s alpha for the prereading
skills measure was .77. Next, we give the full descriptions of
the four phonological awareness tasks.

In the first-phoneme identification task, children were
shown four pictures of objects, and the computer named
each object. The sound of an initial phoneme was pre-
sented, and children were asked to select the picture of the
word that starts with that phoneme (e.g., “In the beginning
of which word do you hear k?”). There were two practice
items and nine test items.

In the first-phoneme production task, children were
shown a picture of an object and asked to articulate the
first sound (phoneme or letter name) of the object. There
were two practice items and eight test items.

In the segment identification task, three pictures of
objects were presented on a computer screen, and each
object was named by the computer (e.g., koira [dog],
kissa [cat], kukko [cock]). Children were asked to identify
on a touch screen the picture that contained a specified
subword-level unit (syllable or phoneme) within the tar-
get (e.g., the koi in the word koira). The size of the seg-
ment to be identified varied from one to four phonemes
and came from the beginning, end, or middle part of the
word. There were three practice items and 14 test items.

In the synthesis task, children were presented with
segments (syllables or phonemes) by the computer, each
separated by 750 milliseconds. Children were asked to
blend the segments to produce the resulting word (e.g.,
per-ho-nen [butterfly], m-u-n-a [egg]). The items were
three to nine phonemes long, each divided into three or



four segments. Three items required synthesis at the level
of syllables (e.g., per-ho-nen), five items required synthe-
sis at the level of syllables and phonemes (e.g., tuo-I-i
[chair]), and four items required synthesis at the level of
phonemes (e.g., m-u-n-a). There were two practice items
and 12 test items.

Reading Fluency

Participants were given a printout of a grade-level-
appropriate text and were asked to read the text aloud as
quickly and accurately as they could. The total time to
read the text was measured. This measure was converted
to the number of words read correctly per minute, which
was the score used in the analyses. Our measure of oral
reading fluency thus emphasized accurate and automatic
word recognition (see Fuchs, Fuchs, Hosp, & Jenkins,
2001; Kuhn, Schwanenflugel, & Meisinger, 2010). The
task was administered by trained research assistants.
Testing took place in grade 1 (May), grade 2 (June), grade
3 (April), and grade 8 (November). In grade 1, the text
consisted of 19 sentences (122 words/859 letters); in grade
2, the text consisted of 19 sentences (124 words/877 let-
ters); in grade 3, the text consisted of 18 sentences (189
words/1,154 letters); and in grade 8, the text consisted of
16 sentences (207 words/1,591 letters).

The correlations between the two waves with a one-
year gap were .83-.85 (see Table 2), indicating good reli-
ability. Validity of the text-reading fluency task was also
good, as indicated by the following correlations of (oral)
text-reading fluency with (oral) word list-reading fluency,
the group-administered silent reading tests, and the teach-
ers evaluation of reading skills (for descriptions, see
Appendix A): In grade 1, r = .87 with the silent word-
reading fluency task and .77 with the teacher’s evaluation;
in grade 2, r = .90 with word list-reading fluency, .74 with a
composite of the silent word-reading fluency task and the
word chain task, and .74 with the teacher’s evaluation; in
grade 3, r = .88 with word list-reading fluency; .60 with the
silent word-reading fluency task, and .65 with the teacher’s
evaluation; in grade 8, r = .70 with word list-reading flu-
ency; and in grade 9, r = .74 with a composite of the silent
sentence-reading fluency task and the word chain task. The
text-reading fluency task was chosen for the current study
because it is a fluency measure that is closest to natural read-
ing and because it was assessed at all timepoints.

Reading Comprehension

Reading comprehension was assessed in the participants’
classrooms in grades 2, 3, and 9. In grade 2 (April) and
grade 3 (April), we used the nationally normed reading
test battery (Ala-Asteen Lukutesti [The comprehensive
school reading test]; Lindeman, 2000). The children
silently read an informational text (about gymnastics in
grade 2 and photography in grade 3) and then answered

11 multiple-choice questions (with four answer options)
and one question in which they had to arrange five state-
ments in the correct sequence based on the information
gathered from the text. All of the questions could be
answered using the text, so no background knowledge
was required. The text contained 114 words in grade 2
and 139 words in grade 3. Children were given as much
time as they needed to complete the test. Lindeman
(2000) reported the Kuder-Richardson reliability coeffi-
cients of .80 in grade 2 and .75 in grade 3. The score was
the number of correct answers, ranging from 0 to 12.

In grade 9 (May), reading comprehension was assessed
with the PISA reading test. The test used in this study con-
sisted of the link items, which are used repeatedly in each
PISA cycle to ensure the comparability of the measure-
ment (OECD, 2010, 2013). All of the students in our sam-
ple took this test as part of the current study, not as a part
of the PISA assessments. In the booklet, there were eight
different reading materials that the students were asked to
read before answering several questions. The reading
materials included texts, tables, graphs, and figures. There
were 15 multiple-choice questions (with varying answer
options) and 16 questions that required written responses.
There were three types of questions: 12 required students
to access and retrieve information, 12 to integrate and
interpret information, and seven to reflect and evaluate
information. Students had 60 minutes to complete the
task. The score used in the analysis was a mean of stan-
dardized scores (mean = 0, SD = 1) for each type of ques-
tion. The Cronbach’s alpha reliability coefficient for the
total score in the current sample was .80.

Print Exposure

Print exposure was assessed via a parental questionnaire
at ages 5, 7, 8, 9, and 13. The following six items were
rated on a 5-point Likert-type scale at ages 5,7, 8,and 9:

1. How often does your child look at/read books or
magazines independently? (1 = never; 5 = many
times per day)

2. What is the typical duration of your childs inde-
pendent reading episode? (1 = 5 minutes; 5 = more
than 45 minutes)

3. How long does your child read per day indepen-
dently? (1 = 5 minutes; 5 = more than 45 minutes)

4. How often does your child read children’s books?
(1 = never; 5 = every day)

5. How often does your child read comics? (1 = never;
5 = every day)

6. How interested is your child in book reading?
(1 = not at all interested; 5 = very interested)

At age 5, none of the children could yet read texts, but
the word reading in the original Finnish items included
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both text reading and looking at picture books. At age 13,
there were four items: two for the mother and two for the
father. The following two questions were rated on a
5-point Likert-type scale:

1. How often does your child read books? (1 = every
day; 5 = never)

2. How often does your child read magazines or com-
ics? (1 = every day; 5 = never)

The measure for print exposure at each age was the
mean of the items (range = 0-5). The Cronbach’ alpha reli-
ability coefficients were .75 at age 7, .81 at age 8,.85 at age 9,
and .72 at age 13. Regarding validity, at age 13, participants
were also asked about their print exposure. Self-report and
parent-report correlated as .77, showing good validity.

Statistical Analyses

We originally planned to fit only CLPMs. We report these
models in Figures 1-4. Additionally, we fitted post hoc
RI-CLPMs (see Figures 5 and 6).

Planned Analyses

All models reported were fitted with a maximum likeli-
hood estimator in Mplus 7.3 (Muthén & Muthén, 2012).
The goodness of fit of the estimated models was evalu-
ated using five indicators: chi-square test, comparative
fit index (CFI), Tucker-Lewis index (TLI), root mean
square error of approximation (RMSEA), and standard-
ized root mean square residual (SRMR). Good model fit
is indicated by a small, preferably statistically nonsig-
nificant chi-square, CFI and TLI greater than 0.95,
RMSEA less than 0.06, and SRMR less than 0.08 (Hu &
Bentler, 1999).

Because of the reading fluency differences between
the high- and low-family risk groups, (i.e., CLPMs) we
first ran models separately for the two groups. We built
multigroup models and tested the equality of all paths in
the two groups, using the chi-square difference test. The
final model fit did not deteriorate statistically significantly
after setting all paths equal between the two groups,
Ax*(37) = 51.08, p = .06. This suggests that the models for
the two study groups did not differ statistically signifi-
cantly. This is in line with other longitudinal family risk
studies that found similar relations among variables in
groups of children with and without family risk (Hulme,
Nash, Gooch, Lervag, & Snowling, 2015; van Bergen, de
Jong, et al., 2014). Therefore, we report only models
(depicted in Figures 1-4) on the full sample. The final
model that we report (see Figure 4) includes all three
traits (i.e., reading fluency, reading comprehension, print
exposure) and includes age 5 (prereading skills and print
exposure). The first three models each include a pair of
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traits from grade 1 onward. We report these models as
well in the interest of thoroughness and to be able to com-
pare our findings with those in the literature.

In setting up the models, we included all stability (i.e.,
autoregressive) paths and all cross-lagged paths between
measurements in subsequent timepoints. At the final
stage, we examined modification indexes provided by
Mplus, and we added paths to the models that were
aligned with theory and were suggested to improve the
model fit. This led to the inclusion of two paths: an extra
print exposure stability path (grade 1 to grade 3) and a
path from grade 3 print exposure to grade 9 reading
comprehension.

Of particular interest in these path models are the
cross-lagged paths. Note that these models control for
autoregressors, meaning that they control for the prior
level of the trait being predicted. Hence, the autoregressor
predicts the stable portion of the trait, and the cross-
lagged path predicts part of the change portion of the
trait. Cross-lagged effects in different directions should
not be compared if the different constructs vary widely in
their reliability. However, this was not the case in the cur-
rent study, as the reliabilities only ranged from .72 to .85.
The literature mentioned in the introduction found, for
all three traits, longitudinal within-trait correlations (e.g.,
from reading comprehension at time 1 to reading com-
prehension at time 2) that are neither close to zero nor
close to unity, justifying modeling stability (with autore-
gressors) and change (with cross-lagged paths and residu-
als). The CLPMs do not focus on stability and change
within persons but rather describe stability and change in
individual differences (Selig & Little, 2012). Statistically
significant cross-lagged paths suggest systematic effects
on change over time. Therefore, we think that even small
path estimates are of importance.

Post Hoc Analyses

Finally, we fitted post hoc models to address the concern
that the traditional CLPM estimates mix between-person
variance (stable differences between individuals across
time) and within-person variance (fluctuations around
the stable level at each timepoint; e.g., Berry & Willoughby,
2017; Curran, Howard, Bainter, Lane, & McGinley, 2014;
Hamaker, Kuiper, & Grasman, 2015). Therefore, we ap-
plied models based on the RI-CLPM, as suggested by
Hamaker et al. (2015). In RI-CLPMs, the stable differ-
ences between individuals over time are estimated sepa-
rately from the within-person changes from timepoint to
timepoint. Cross-lagged paths are estimated between the
within-person factors at each timepoint. In these analyses,
we focused only on the models that answered our main
questions: the associations of print exposure with each of
the reading skills (fluency and comprehension).



Results

This section starts with two short subsections devoted to
the descriptive statistics and associations prior to school
entry, respectively. This is followed by subsections on lon-
gitudinal modeling.

Descriptive Statistics

For all variables, Table 1 reports the means, standard
deviations, Ns, and comparisons between the low- and
high—family risk groups. Table 2 shows the correlations
among all variables. Data for all variables were approxi-
mately normally distributed. The proportion of missing
values ranged between 1% and 13% per measure, except
for grade 7 print exposure, where 25% was missing
according to Little’s missing completely at random test,
XA(405) = 392.17, p = .67.

There were no statistically significant differences
(with alpha set at .05) between the groups differing in
risk status (see Appendix C) in reading comprehension
or print exposure (effect sizes = —0.26-0.30). However,
the group with high family risk read less fluently on
average (effect sizes = 0.48-0.61) and had weaker pre-
reading skills (effect size = 0.58).

TABLE1

Descriptive Statistics
Timepoint Standard
and measure N Mean deviation Minimum Maximum
Prereading skills
Age 5 194 -0.26 0.93 -2.23 1.65
Reading fluency (words read correctly per minute)
Grade 1 189 35.45  22.62 2.67 103.33
Grade 2 196 61.28  25.92 6.10 135.27
Grade 3 192 73.30  25.71 16.55 144.62
Grade 8 182 87.58 18.09 28.53 128.40
Reading comprehension
Grade 2 170 8.94 2.77 0.00 12.00
Grade 3 179  9.88 1.70 3.00 12.00
Grade 9 159  0.06 0.92 -2.83 1.49
Print exposure
Age 5 200 3.31 0.72 1.33 5.00
Grade 1 181  3.06 0.65 1.50 4.33
Grade 2 180  3.33 0.66 1.67 5.00
Grade 3 175  3.31 0.72 1.50 4.33
Grade 7 163  2.74 0.67 1.00 4.50

Note. The score on prereading skills is the mean of z-scores for
phonological awareness and letter knowledge.

Prereading Skills and Print Exposure

To address the question of whether exposure to print and
literacy development are linked already prior to school
entry, we examined whether print exposure and preread-
ing skills were already associated at age 5. Prereading
skills and early print exposure were not statistically sig-
nificantly correlated, r = .06, p = .393. In addition, the
print exposure of the children with low prereading skills
(= 1 SD below the mean of the low-risk group) did not
differ from that of the other children, #(192) = 0.31,
p = .760. The conclusions remained the same when we
conducted the analyses separately for the low- and high-
risk groups.

CLPMs

To recapitulate from the introduction, we aimed to inves-
tigate the direction of effects over time (i.e., reading skills
— print exposure, print exposure — reading skills, and/
or reciprocal influences). More specifically, we asked
whether these effects might be developmentally differ-
ent and reading skill dependent. The path models are
depicted in Figures 1-4; the path estimates given are
standardized. Here, we describe the three bivariate mod-
els, followed by the final trivariate model, which includes
reading fluency, reading comprehension, and print expo-
sure. For each endogenous variable, the figures include
the amount of explained variance (R-squared). Squaring
a path estimate gives the path’s contribution to R-squared.
For example, in Figure 4, the prereading skills explained
32% (0.563* = 0.32) of the variance in grade 1 reading
fluency. To be precise, the prereading skills also explained
variance in grade 1 reading fluency via age 5 print expo-
sure, but this was negligible given the very small path
estimates (0.08 and —0.01).

Developmental Model for Reading Fluency
and Reading Comprehension

Although the interrelation between the two aspects of
reading skills is not the focus of the current article, we
included the path model of their codevelopment for com-
pleteness. The model (see Figure 1) showed strong stability
for reading fluency and lower stability for reading compre-
hension. Reading fluency predicted reading comprehen-
sion over and above the autoregressive effect, but reading
comprehension did not predict later reading fluency.
Regarding the variance in reading fluency, 65-70% at dif-
ferent timepoints was predicted by the model, whereas
20-29% of the variance in reading comprehension was
predicted by the model. The model fit to the data was
excellent, x(7) = 7.10, p = .42; CFI = 1.00; TLI = 1.00;
RMSEA = 0.01, 90% confidence interval (CI) [0.00, [0.09];
SRMR = 0.02.
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TABLE 2
Correlations Among All Variables

Timepoint and
measure 1 2 3 4 5 7 8 9 10 11 12 13
Prereading skills
1. Age 5 —
Reading fluency
2. Grade 1 57 —
3. Grade 2 56% .83 —
4. Grade 3 458+ 73 .85* —
5. Grade 8 430 62% 76 79 —
Reading comprehension
6. Grade 2 49 45%  B4M 44 42
7. Grade 3 4030 .38 36 .36™ .43 —
8. Grade 9 A5 30" .40 .40*F 427 410 45 —
Print exposure
9. Age 5 .06 .07 .07 .01 .06 .24 .05 .20* —
10. Grade 1 21% J30% .29 24 .08 227 .01 .28 .48%* —
11. Grade 2 .12 29% 260 200 11 .24 12 .26 52 69** —
12. Grade 3 .26 410 45 36* L19* 36 23 37 45 68* 73" —
13. Grade 7 .10 .20* .16 .14 .13 17 .23 .24 31 36% .45* —

*p < .05, two-tailed. **p < .01, two-tailed. ***p < .001, two-tailed.

FIGURE1
Cross-Lagged Panel Model for the Development of Reading Fluency and Reading Comprehension
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Note. Gr = grade. All paths represent standardized estimates (Bs). The color figure can be viewed in the online version of this article at http://ila.

onlinelibrary.wiley.com.
**p < .01. ***p < .001.

Developmental Model for Reading Fluency
and Print Exposure

The path model for reading fluency and print exposure
(see Figure 2) showed reciprocal links between the mea-
sures across time. Grade 2 reading fluency predicted
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grade 3 print exposure, and grade 3 print exposure pre-
dicted grade 8 reading fluency. There was a modest cor-
relation (.26) between reading fluency and print
exposure in grade 1. The model fit to the data was excel-
lent, x*(10) = 6.29, p = .79; CFI = 1.00; TLI = 1.00;
RMSEA = 0.00, 90% CI [0.00, 0.05]; SRMR = 0.01.
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FIGURE 2
Cross-Lagged Panel Model for the Development of Reading Fluency and Print Exposure
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FIGURE 3
Cross-Lagged Panel Model for the Development of Reading Comprehension and Print Exposure
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Note. Gr = grade. All paths represent standardized estimates (Bs). The color figure can be viewed in the online version of this article at http://ila.

onlinelibrary.wiley.com.
**p < .01. ***p < .001.

Developmental Model for Reading CFI = 0.98; TLI = 0.94; RMSEA = 0.08, 90% CI [0.01,
Comprehension and Print Exposure 0.13]; SRMR = 0.04.
The path model for reading comprehension and print

exposure (see Figure 3) showed reciprocal links between Developmental Model for Reading Fluency,

the measures across time. Grade 1 print exposure pre- Reading C h . d
dicted grade 2 reading comprehension, which in turn eading Comprenension, an

predicted print exposure in grade 3. Finally, grade 3 print Print Exposure
exposure predicted grade 9 reading comprehension. The  The final model (see Figure 4) included all reading fluency,
model fit to the data was acceptable, x*(7) = 14.23,p = .05;  reading comprehension, and print exposure measures from
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age 5 onward. In addition to the paths depicted in Figure
4,we included error covariances among reading compre-
hension, reading fluency, and print exposure within
grades 2 and 3 in the model. Two of these error covari-
ates were statistically significant: the one between read-
ing fluency and print exposure in grade 1 (standardized
estimate 0.18) and the one between reading fluency and
reading comprehension in grade 2 (standardized esti-
mate 0.25). Model fit to the data was good, x*(34) = 50.75,
p =.03; CFI = 0.99; TLI = 0.97; RMSEA = 0.05, 90% CI
[0.02, 0.08]; SRMR = 0.03. As expected, prereading skills
(phonological awareness and letter knowledge) pre-
dicted later reading skills, especially reading fluency.
Print exposure at age 5 was unrelated to prereading skills
but predicted reading comprehension three years later,
in grade 2. Further variance in grade 2 reading compre-
hension was explained by grade 1 reading fluency. Note
that these effects were not over and beyond an autore-
gressor, as reading comprehension was not measured
earlier in time.

There were five statistically significant cross-lagged
paths after taking autoregressors into account. To begin
with, prereading skills at age 5 predicted changes in print
exposure in grade 1. Next, grade 2 reading fluency pre-
dicted growth in grade 3 reading comprehension and
print exposure. Subsequently, grade 3 print exposure
predicted growth in grade 8 reading fluency and grade 9
reading comprehension (PISA).

Finally, reading comprehension in grade 9 (PISA)
was predicted by all three constructs: earlier reading
comprehension, reading fluency, and print exposure.
Note that for print exposure, the statistically significant
contribution came from the grade 3 measure, not the
grade 7 measure.

RI-CLPMs (Post Hoc)

We modeled the RI-CLPMs for print exposure and read-
ing fluency (see Figure 5) and print exposure and reading
comprehension (see Figure 6) post hoc. The variance of
the observed variables is disaggregated into the timepoint-
specific within-person variances (shown in the middle
circles) and the between-person variance (captured by the
random intercepts in the ovals at the top and bottom),
which indicates trait-like stability, or a childs overall level.
The models fitted well, reading fluency model: x*(9) = 9.96,
p = .35; CFI = 1.00; RMSEA = 0.00, 90% CI [0.00, 0.08];
SRMR = 0.02; reading comprehension model: x*(1) = 0.82,
p = .36; CFI = 1.00; RMSEA = 0.00, 90% CI [0.00, 0.18];
SRMR = 0.01. In both models, the random intercepts were
only weakly linked (0.10 and 0.08, respectively), so most of
the trait associations were at the within-person level.
Regarding reading fluency, the models with and with-
out random intercept differed in two respects (compare
Figures 2 and 5). First, cross-lagged pathways between

grades 1 and 2 reading fluency and print exposure became
stronger and statistically significant. This suggests that if
students were active readers in grade 1 in comparison
with their own overall print exposure level across time,
their reading fluency developed quickly between grades 1
and 2. Similarly, if students were fast readers in grade 1 in
comparison with their overall level across time, they also
became more active readers between grades 1 and 2.
Second, the path estimate from grade 3 print exposure to
grade 8 reading fluency decreased from 0.15 (see Figure
2) to 0.09 (see Figure 5) and was no longer statistically
significant. What remained the same across models was
the statistically significant path from grade 2 reading flu-
ency to grade 3 print exposure.

Regarding reading comprehension, the same two
cross-lagged paths emerged as statistically significant in
the models with and without random intercept (com-
pare Figures 3 and 6): grade 2 comprehension to grade 3
print exposure, and grade 3 print exposure to grade 9
reading comprehension.

Discussion

We set out to investigate whether young children who
read a lot become good readers as a result of all the
practice or whether children who initially pick up read-
ing skills easily go on to read a lot. Accordingly, we fol-
lowed the progress of children from age 5 (preschool)
to 15 (ninth grade) in terms of how much they read
and two aspects of how well they read. We modeled the
links within and between constructs over time, as
depicted in Figure 4. After accounting for autoregres-
sive effects, a few effects were weak but statistically sig-
nificant. The direction of causation ran during the
early grades mainly from foundational reading skills
(i.e., prereading skills, reading fluency) to later reading
comprehension and print exposure, meaning that chil-
dren’s early reading fluency levels predict future change
in how much they read and how well they comprehend
what they read. In contrast, after grade 3, print exposure
predicted later growth in reading skills, particularly
comprehension. Thus, we found that the association
between print exposure and reading skills is develop-
mental in nature.

Although previous work has shown that reading ability
and amount of reading are linked during the school years,
we showed for the first time that the link between ability
and amount only kicks in when formal reading instruction
starts. Preschoolers scoring low on prereading skills were
not less interested in reading activities than their peers
were. Also, the concurrent correlation between print expo-
sure and skills was absent in preschool (0.06) yet present in
grade 1 (0.30). Note that none of the children could yet
read at age 5, so print exposure here assessed how often
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FIGURE5

Random Intercept Cross-Lagged Panel Model for the Development of Reading Fluency and Print Exposure
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*p < .05. **p < .01. ***p < .001.

prereaders amused themselves with comics and picture
books. Even though this was not related to prereading
skills, it predicted reading comprehension three years later.
We cannot conclude from the current study whether that
longitudinal link is (partly) causal or due to a third factor,
like their common link with oral language skills.
Regarding the direction of effects in the early school
years, prereading skills at age 5 and both aspects of read-
ing skills in grade 2 predicted whether children would go
on to read more or less in the following year (see Figures 2
and 3; in line with the findings of Leppénen et al., 2005).
In the full model (see Figure 4), the effects that remained
statistically significant ran from age 5 prereading skills to
subsequent growth in print exposure and from grade 2
reading fluency to subsequent growth in comprehension
skills and print exposure, so generally, skills > exposure.
The findings that supported the predictive association
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from early reading skills to print exposure were also con-
firmed in the post hoc RI-CLPM for both reading
comprehension and reading fluency. However, in the
RI-CLPM, we found one path that ran in the opposite
direction (i.e., grade 1 exposure to grade 2 fluency). Our
finding of skills - exposure during the early grades is in
line with the findings of the six studies discussed in the
introduction (Aarnoutse & van Leeuwe, 1998; Erbeli et al.,
2019; Harlaar et al., 2011; Leppianen et al., 2005; Torppa et
al.,2019; van Bergen et al., 2018). Be aware that all of these
studies were conducted in alphabetic writing systems. It
remains to be studied how reading skills and print expo-
sure relate in nonalphabetic writing systems with a large
set of characters to be learned. Our finding of skills —
exposure is also in line with the literature on intrinsic
reading motivation, which is linked to print exposure.
Becker et al. (2010) showed that early intrinsic motivation
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FIGURE 6

Random Intercept Cross-Lagged Panel Model for the Development of Reading Comprehension and Print Exposure
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did not predict later reading comprehension over and
beyond early reading comprehension. This led them to
conclude that children do not struggle with reading
because they lack motivation; rather, children lack moti-
vation because they struggle. Struggling readers do not
experience enjoyment or competence from reading.

Our study was less suited to test leading and lagging
effects after grade 3. Yet, the exceptions from the early
trend of ability to print exposure were the paths from
print exposure in grade 3 to fluency and comprehension
in grades 8 and 9. From a statistical viewpoint, however,
keep in mind that autoregressors for reading skills in
grades 8 and 9 were less strong due to the large time gap.
Hence, there was more scope for print exposure to explain
variance. Nevertheless, it is striking that how much

children read had a small but statistically significant
impact on the development of basic reading skills 5 years
later. Nevertheless, this predictive path from reading flu-
ency to later print exposure did not reach statistical sig-
nificance in the model with random intercept. In contrast,
the RI-CLPM confirmed the predictive path from com-
prehension to later exposure (0.38; see Figure 6). This
result is in line with the findings of Torppa et al. (2019),
who showed that from grade 3 onward, frequent book
reading predicted growth in reading comprehension. In
both Torppa et al’s study and the current study, most of
the print exposure — reading skills effects only appeared
from grade 3 onward. This fits with grade 3 being a turn-
ing point in reading education, when the curriculum
switches from learning to read to reading to learn. After
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having mastered the technique of reading, children can
choose reading material according to their own interests.
In other words, at that age, motivation (i.e., the choice to
read) can bring about significant individual differences in
the frequency and complexity of the reading experiences.
For example, reading a Harry Potter book can provide as
many as 250,000 words of reading practice and, at the
same time, could also improve ones vocabulary and
understanding of contextual information, which can later
on help the reader infer the meaning of previously
unknown words (Cain & Oakhill, 2011; Nagy, Anderson,
& Herman, 1987). Our finding also fits with Nation’s
(2017) lexical legacy hypothesis, in which she states that
print exposure fosters word-level reading skills because
knowledge of words (including their phonology, orthog-
raphy, semantics, and frequency) accumulates by encoun-
tering words in meaningful and diverse texts. However,
returning to the mechanism mentioned in the introduc-
tion (Becker et al., 2010; Guthrie et al., 1999), in the path
model spanning age 5 to age 15 (see Figure 4), we did not
see evidence for a mechanism in which increased print
exposure early on leads to more efficient reading, which
in turn leads to better comprehension.

Moving to the outcome measure at age 15—PISA
reading comprehension—earlier reading comprehension,
fluency, and print exposure all contributed statistically sig-
nificantly and about equally, together explaining one third
of individual PISA differences. Children who have read a
lot may comprehend texts better simply because of having
accumulated more practice but also because of having
better grammatical understanding and a larger vocabu-
lary, both important for reading comprehension (Hulme
& Snowling, 2011). It is remarkable that basic reading
skills also contributed uniquely to PISA scores. This may
be because readers who struggle with word identification
(i.e., readers with dyslexia) have fewer cognitive resources
left to devote to extracting meaning from text (e.g., Miller
etal.,2013; Perfetti, 1985). Also, readers with dyslexia often
have attention problems (Boada, Willcutt, & Pennington,
2012), which may lower reading comprehension perfor-
mance. What would likely aid in explaining the PISA
reading variance are measures of listening comprehen-
sion, working memory, inference-making skills, and com-
prehension monitoring, which could overshadow the
effects of word-level reading (Cain, Oakhill, & Bryant,
2004; Eklund, Torppa, Sulkunen, Niemi, & Ahonen, 2018;
Torppa et al., 2016).

The term print exposure may suggest that the child
is exposed to a certain reading environment in a passive
way. However, especially as children age, they actively
choose whether to engage in reading. Although the cur-
rent study was not genetically sensitive, a large body of
genetically sensitive research has demonstrated that
reading skills are highly heritable (de Zeeuw, de Geus, &
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Boomsma, 2015; Olson, Keenan, Byrne, & Samuelsson,
2014). As far as we know, the heritability of print expo-
sure has not been studied in prereaders. However, a few
groups studied print exposure in primary school chil-
dren, and here print exposure also seems to be geneti-
cally influenced, partly by the same genes that influence
reading skills (Erbeli et al., 2019; Harlaar et al,, 2011;
Harlaar, Trzaskowski, Dale, & Plomin, 2014; van Bergen
et al.,, 2018). More general and contrary to common
belief, motivation for school subjects is 40% heritable,
with no influences from the family environment (Kovas
et al.,, 2015). Thus, the literacy environment that chil-
dren seek out is partly driven by their genotype. This
was recently demonstrated by van Bergen et al. (2018)
and replicated by Erbeli et al. (2019): How much chil-
dren chose to read for themselves (i.e., print exposure)
was causally influenced by their reading skills, and one
third to one half of the individual differences in print
exposure were due to genetic differences. These genetic
influences acted partly through the causal path from
reading skills and partly through unmeasured traits. In
general, a heritable inclination to select environmental
niches is called genetic niche picking, or active gene—
environment correlation, and contributes to the ob-
served association between environmental exposure
and skill level.

Study Characteristics and Limitations

Our findings should be interpreted in the light of the
characteristics of this study. First, tracing developmental
changes over a 10-year period allowed us to establish
time precedence. This is an important first step in find-
ing support for causality, but it is not a sufficient condi-
tion. Our design was especially strong during grades 2
and 3, when all three constructs were measured at each
timepoint. In grade 1, students could not yet read with
sufficient comprehension to warrant testing reading
comprehension. In secondary school, the constructs
were measured at different timepoints, hindering com-
parison of the direction of effects. Our data set would
have been even stronger had we had data on all of the
constructs in every grade.

Second, the current sample was not randomly selected
from the population, which potentially poses a threat to the
generalizability of the findings. However, the fitted models
did not differ statistically significantly between the high-
and low—family risk groups, indicating that the pattern of
effect was similar. Furthermore, the full samples reading
skills did not differ from that of their approximately 1,500
classmates. Although we could not test whether our sample
differed from the general population in print exposure and
its relation with reading skills, it is reassuring that the sam-
ple’s reading levels were representative.



Third, print exposure is commonly measured using
either questionnaires (as in our study) or checklists, such
as the title recognition test, in which a participant checks
the books that he or she is familiar with in a list of titles
that includes foils (Cunningham & Stanovich, 1990).
Neither of these measurements would be as valid as
directly observing childrens reading behavior 24-7, but
this is not feasible. Checklists circumvent bias due to
social desirability. However, they assess familiarity with
books, thus undesirably also tapping memory and lin-
guistic skills and only measuring familiarity with the
books included in the list (typically best sellers), whereas a
specific child may only read, say, horse books (Torppa
et al,, 2019). Questionnaires directly ask about reading
volume and time but might be biased by social desirabil-
ity. We were not interested in absolute levels of print expo-
sure (which parents might exaggerate) but in associations
between print exposure and reading skills. As a result, our
use of parental questionnaires would render our results
less reliable only if the degree to which parents over- or
underreport their children’s print exposure depends on
the children’s reading skills.

Mol and Bus (2011) meta-analyzed the correlation
between reading ability and print exposure, including
only studies with checklist measures. They found a
Fisher z for reading comprehension of 0.38 and for word
reading of 0.40. Our correlations are slightly lower (con-
currently: .23-.36; see Table 2) but within the confidence
intervals of Mol and Bus’s estimates. Another reassuring
finding is that the direction-of-causation study of Erbeli
et al. (2019) replicated that of van Bergen et al. (2018).
That is, both found skills — print exposure, with Erbeli et
al. using checklists and van Bergen et al. using parent
reports. Also, an advantage of a longitudinal study of
this scope is that by using parent reports, we could use
the same instrument to measure print exposure from
prereading to adolescence, which would not have been
possible with checklists. Having said that, we encourage
the field to continue research on identifying trustworthy
measures of print exposure and to replicate our findings
using other indicators of children’s amount of voluntary
reading.

Finally, we note that reading fluency is very stable over
time (see Figure 4 and Verhoeven & van Leeuwe, 2009),
more so than reading comprehension and amount (see
also Betjemann et al.,, 2008; Harlaar et al., 2011). The sta-
bility of all constructs would have been higher had we
used multiple measures, especially when used as indica-
tors of latent variables. However, using latent variables, or
adding another interesting trait such as language skills,
would have increased the complexity of the model and
hence decreased the subjects-to-measures or subjects-to-
parameters ratio below recommended ratios (Kline, 2005).
In particular, reading comprehension skills in grades 2
and 3 would have been better tapped by the use of

multiple texts. Nevertheless, the medium grade 2-grade 3
stability of .43 was mirrored in an independent and large
Finnish sample (Torppa et al., 2019; r = .48). Multiple texts
were used in grade 9, when students could handle a long
test duration. Reading fluency, in contrast, was very stable,
which renders it difficult for other variables to contribute
to explaining developmental changes. This is also seen in
our path models: In the light of being conservative by cor-
recting for autoregressors, the cross-lagged paths that
reached statistical significance were small yet meaningful.

Given that the traits in our study differed in stability,
one might argue that the CLPMs that we employed are
less suitable than recently developed random intercept
models, in which within- and between-person effects are
separated (Berry & Willoughby, 2017; Hamaker et al.,
2015). Applying these models to subsets of the variables
(see Figures 5 and 6) largely yielded converging findings.
However, we were not able to include all of the variables
in these models, as one needs all constructs measured at
each of at least three occasions. Also, for the interpreta-
tion of the between-person factor, measurement invari-
ance is preferred. This is a question not only of identical
items but also of qualitatively assessing the same domain
across time. For any skill assessed over an extended
period in child development, this is questionable. In our
study, reading comprehension is particularly problematic
from this point of view, as it leans more heavily on decod-
ing skills in the early stages of reading acquisition and
more on linguistic comprehension in skilled readers
(Florit & Cain, 2011; Torppa et al., 2016).

Conclusion

We found that early reading fluency predicts not only
later fluency but also later comprehension and amount of
reading. Therefore, it seems that children with good basic
reading skills may enter in an upward spiral, whereas chil-
dren with deficient basic reading skills may enter into a
downward spiral. This upward or downward spiral will
magnify differential exposure to print between struggling
and proficient readers. To counteract this Matthew effect
(Stanovich, 1986), it may be that early reading interven-
tion for poor readers pays off, in terms of not only improv-
ing skill level but also developing positive reading habits.
Morgan et al. (2008) tested this idea and boosted the read-
ing skills of 15 poor readers in first grade. However, the
study size and/or intervention effect was not large enough
to demonstrate a transfer effect on reading practices. A
more powerful (i.e., longer and larger) study of this kind
is required to test causality. Apart from the effects of read-
ing skills on practice, we found that how much children
read in middle childhood affects reading skills later on. It
seems that the habit of engaging in regular reading activi-
ties stems from being interested in reading. Hence, it is
important that caregivers and teachers offer various types
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of reading materials that fit the child’s interest. Never-
theless, practice does not always make perfect. The
absence of feedback (as in independent reading) limits
the positive effect of practice (Hattie & Timperley, 2007;
Reitsma, 1988). This aligns with findings from a large ran-
domized controlled trial in which the intervention group
received books matched with their level and interests over
the summer vacation. The intervention indeed increased
children’s print exposure, but this did not translate into
improved reading skills (Kim, 2007).

Returning to the overarching question of the practice-
skill relation, a large meta-analysis calculated that accu-
mulated deliberate practice accounts for approximately
20% of variance in games, music, and sports; only 4% in
education; and <1% in professions (Macnamara et al.,
2014). This was based on simply squaring the correlation
between skill level and retrospective estimations of
amount of practice. In our data, this would yield an effect
of (~0.25% =) approximately 6% of reading practice on
reading skills, in line with the meta-analysis for educa-
tion. However, again, the direction of effect is assumed
rather than tested. Long-term prospective studies, like the
current one, can shed light on the direction of effects
between practice and performance as they develop over
time. Such studies can establish causal precedence (a
cause must precede the consequence), an important
aspect of causal inference. Causal inference relies in the
end on support from a variety of empirical research
designs that, together with strong theory, build an argu-
ment in favor of a causal relation (Hulme & Snowling,
2009; Selig & Little, 2012).

To conclude, we showed in a prospective study that
followed children from age 5 to 15 that children’s read-
ing exposure and skills keep reciprocally affecting each
other throughout development, with slightly stronger
effects from skills to practice than vice versa in the early
grades. Mastering effortless skilled reading early on
seems to foster the development of comprehension skills
and to initiate a lifelong habit of reading; subsequently,
the accumulation of many hours of reading may make
children better readers.
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APPENDIX A

Descriptions of the Additional Reading Tests

Oral Word-Reading Fluency
Task (Grades 2, 3, and 8)

In the Lukilasse nationally standardized reading test
(Héyrinen, Serenius-Sirve, & Korkman, 1999), partici-
pants had two minutes (grades 2 and 3) or one minute
(grade 8) to read aloud as many words as possible
from a 90-item (grade 2) or 105-item (grades 3 and 8)
word list. The score for (oral) word-reading fluency
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was the number of correctly read words within the
allotted time. The inter-rater reliability was .99.
Second, the longitudinal sample and their classmates
were assessed on group-administered reading ability
tests to investigate representativeness of the longitudi-
nal sample (see the Method section). All group-
administered tasks were paper-and-pencil tasks and
assessed silent reading. In addition, teachers assessed
children’s reading skills.
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Silent Word-Reading Fluency
Task (Grades 1, 2, and 3)

This is a subtest of the nationally normed reading test
battery (Ala-Asteen Lukutesti; Lindeman, 2000). The
80 items consisted of a picture with four phonologi-
cally similar words. The child’s task is to silently read
the four words and draw a line connecting the picture
with the matching word. The score was the number
of correct answers within the allotted time (five min-
utes in grade 1 and two minutes in grades 2 and 3).
Lindeman (2000) reported the Kuder-Richardson
reliability coefficients as .97 in grade 1 and .82
in grade 2.

Silent Word Chain Task
(Grades 2 and 9)

This is a timed test with 10 rows of word chains. Each row
has four to six words that are joined together. The child has
to separate the words with pencil strokes. The score was the

number of correct responses (maximum = 40) within the
time limit (1.5 minutes).

Silent Sentence-Reading
Fluency Task (Grade 9)

Sentence-reading fluency was measured with a sentence
verification task. Students were given a list of short state-
ments and were asked to circle “correct” or “incorrect”
The statements were short, and verification required min-
. . <« . . »

imal comprehension (e.g.,“A cat is an animal”). The score
was the number of correct answers within three minutes.

Teacher's Evaluation of Reading
Skills (Grades 1, 2, and 3)

Teachers were asked to evaluate students’ reading skills
(with respect to students of similar age) on a 5-point
Likert-type scale ranging from 1 (very poor progress in
reading) to 5 (excellent progress in reading).

APPENDIX B

Comparison of the Follow-Up Sample and Their Classmates on the Group-Administered Reading Tests

Follow-up sample Classmates
Timepoint and measure N M SD N M SD t(df)
Grade 1
Word-reading fluency 191 43.35 19.70 1,361 43.93 17.35 t(233.20) = 0.39, p= .70
Teacher’s evaluation 168 3.54 1.21 1,324 3.65 1.14 t(1,490) =1.19, p = .23
Grade 2
Word-reading fluency 183 28.56 9.58 1,370 29.89 8.65 t(223.45) = 1.93, p = .08
Word chains 180 13.33 6.83 1,358 14.03 7.13 t(1,536) = 1.23, p = .22
Teacher’s evaluation 150 3.59 1.20 1,179 3.62 1.09 t(181.70) = 0.30, p = .76
Grade 3
Word-reading fluency 190 35.83 10.58 2,566 35.69 9.316  t(211.26) = 0.17, p = .87
Teacher’s evaluation 169 3.57 1.23 2,450 3.65 1.123  t(2,617) =0.85, p = .40
Grade 9
Word chains 165 64.74 18.90 1,539 64.54 17.24 t(1,702) = 0.14, p = .89
Sentence-reading fluency 156 35.88 9.45 1,508 35.37 8.43 t(1,662) = 0.70, p = .48

Note. df = degrees of freedom; M = mean; SD = standard deviation.
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APPENDIX C

Descriptive Statistics and Comparisons Between the High— and Low—Family Risk Groups

High family risk Low family risk
Timepoint and measure N M SD N M SD 7 Effect size (d)
Prereading skills
Age 5 102 -0.51 0.99 92 0.01 0.78 F(1, 192) = 15.99, p < .001 0.58

Reading fluency (words read correctly per minute)

Grade 1 99 29.93 20.46 90 41.53 23.43 F(1, 187) = 13.22, p < .001 0.53
Grade 2 107 54.69 24.95 89 69.19 24.96  F(1, 194) = 16.40, p < .001 0.58
Grade 3 101 67.65 25.88 91 79.57 24.15  F(1, 190) = 10.83, p < .001 0.48
Grade 8 101 80.19 18.33 81 90.35 14.64  F(1, 180) = 16.45, p < .001 0.61

Reading comprehension

Grade 2 97 8.67 3.1 73 9.29 2.20 F(1,168) =2.09, p = .150 0.23
Grade 3 101 9.69 1.77 78 10.13 1.59  F(1,177) =2.90, p = .090 0.26
Grade 9 88 21.73 6.82 Al 23.76 6.76  F (1,157) = 3.47, p=.067 0.30

Print exposure

Age 5 107 3.41 0.74 93 3.0 0.68 F(1,198)=4.38, p=.038 -0.30
Grade 1 91 3.04  0.64 90 3.08  0.66 F(1,179)=0.16, p = .693 0.06
Grade 2 93 3.34  0.64 87 3.31 0.67 F(1,178) =0.12, p = .730 -0.05
Grade 3 91 3.6 0.74 84 3.37 070 F(1,173)=1.03, p = .311 0.15
Grade 7 81 277  0.80 67 2.57  0.73  F(1,146) = 2.48, p = .143 -0.26

Note. M = mean; SD = standard deviation. Effect sizes were estimated with Cohen’s d using pooled standard deviations.
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