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ABSTRACT
In Denmark there is an ongoing trend towards a more ambitious literacy
instruction in the first school year (Kindergarten). This calls for a
clarification of present-day reading levels, and for a profile of the
students who become readers while attending the semi-formal literacy
program. The present study examined the extent to which a group of
209 Danish students had acquired word reading skills after 7 months of
schooling, and whether reading levels in this group could be predicted
from new measures of extended letter-sound knowledge and measures
of memory skills. Results showed that 28% had acquired basic word
reading skills. Further, measures of extended letter-sound knowledge
explained significant variance above the measure of the fluency with
which letters were named. Moreover, short term memory capacity was
a stronger predictor of word reading compared to working memory
and explained modest variance in reading after controlling for letter
knowledge.
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Introduction

Acquiring literacy skills is one of the major goals of going to school. Indeed, children’s success in
learning to read and write during the first school years is a strong predictor of later success in school
(Cunningham & Stanovich, 1997; Juel, 1988). Learning to read in alphabetic orthographies requires
children to learn and remember the connections between phonemes of spoken words and gra-
phemes of written words (letter-sound knowledge) as these connections are essential for the decod-
ing of unfamiliar words (Byrne & Fielding-Barnsley, 1989). To support fluent word recognition,
children also need to build a storage of already familiar words in long-term memory (Ehri, 2014;
Share, 2008).

In Denmark, Norway and Sweden, children usually start school in August of the calendar year in
which they turn six years old. The official guidelines for literacy instruction in the first year of
schooling in Denmark (referred to as børnehaveklasse “kindergarten” or Grade 0) resemble the
guidelines for the first school year in both Norway (referred to as Grade 1) and Sweden (referred
to as förskoleklassen “kindergarten”). Common features are that the focus of instruction is mainly
on foundational skills such as letter knowledge and phonological awareness, and that the goals for
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reading are quite modest. Thus, in Norway, word reading skills are not an explicit competence goal
until Grade 2 (Utdannings-direktoratet, 2019). In Sweden, students are expected to be able to read
sentences in simple, familiar and student-friendly texts through phonological decoding and whole-
word reading in a partially functional way by the end of Grade 1 (the second school year) (Skolver-
ket, 2019). In Denmark, the guidelines suggest that students should acquire “knowledge of simple
word reading strategies” during kindergarten, but they do not specify to what extent students
should be able to apply these strategies (Børne- og undervisningsministeriet, 2019).

Nevertheless, some Scandinavian students do acquire basic word reading skills during their first
year at school, and it appears that the number is increasing. Recently, Sunde et al. (2020) found that
by the end of Grade 1 most Norwegian children know all letter-sound associations and achieve high
scores on a word-reading accuracy test. They also report that many Norwegian teachers conduct
letter instruction at a faster pace than previously (two or more letters a week), and that classes
taught at this faster pace attain higher levels of reading skills. We have not been able to find studies
reporting on reading skills among students in the Swedish förskoleklassen, but we note that this kin-
dergarten year was made compulsory for all Swedish children in 2018.

In Denmark, one previous study suggested that only a minority of students are able to read short
regular words by the end of kindergarten (Juul et al., 2014, table 2). However, Juul (2008) found that
kindergarten students knew approximately half of the letters of the alphabet at the beginning of the
school year, a level which, ten years earlier (Borstrøm et al., 1999), was found to characterize kin-
dergarteners at the end of the year. In 2009, the kindergarten year was made compulsory. The cur-
rent suggestions for instruction offered by the Danish Ministry of Education urge teachers to focus
on phonics instruction and refer to Linnea Ehri’s (Ehri, 2005, 2014) connectionist theory of devel-
opmental phases of reading and spelling. I.e., students should work with letter-sounds in many
different contexts in order to move from a non-reading pre-alphabetic phase, to a partial alphabetic
phase, and finally to a full alphabetic phase (Børne- og undervisningsministeriet, 2019).

The apparent Scandinavian trend towards earlier and more ambitious literacy instruction in the
first school year calls for a clarification of the present-day reading levels, and for a profile of the
students who become readers while attending the semi-formal programs. The present study exam-
ines the extent to which a group of Danish kindergarten students had acquired word reading skills
after seven months of schooling. Furthermore, the study examines the extent to which early reading
was associated with two factors that have been shown, or at least hypothesized, to facilitate reading
development, viz. letter-sound knowledge and memory skills (cf. below). The study was not
planned as a study of early word reading, but as a baseline of an intervention study which had
to be postponed due to the Covid-19 situation in 2020 (Gejl et al., 2020). However, we find it impor-
tant to report the results, because they add to our understanding of students who learn to read at an
early age, and because new measures of letter knowledge were introduced.

Letter Knowledge and Early Reading

Letter knowledge is well established as a strong longitudinal predictor of reading (Caravolas et al.,
2012; Juul et al., 2014; Lervåg et al., 2009; Verhoeven et al., 2016) and, across orthographies, word
reading skills are scarce in students who name less than 70 pct. of the letters of the alphabet correctly
(Duncan et al., 2013, figure 4). Hence, we expected that Danish children who acquired word reading
skills already in kindergarten would be characterized by stronger letter knowledge than those who
did not. Also, we expected that it would be relevant to make a distinction between knowledge of
letter names and knowledge of letter sounds (Evans et al., 2006).

In line with the more explicit literacy instruction in Danish kindergarten, some recently pub-
lished teaching materials offer comprehensive letter knowledge instruction and sometimes intro-
duce more than one sound correspondence for each letter (Gandil & Rønberg, 2020; Jacobsen &
Nielsen, 2011). This may indeed be relevant, as Danish orthography is almost as irregular as English
(Elbro, 2005; Seymour et al., 2003), and as knowledge of the sounds that letters represent is a key to
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successful word reading (Byrne & Fielding-Barnsley, 1989; Hulme et al., 2012). In the present study,
new measures were developed to assess children’s extended knowledge of letter-sounds, and it was
examined whether the scores were associated with early word reading skills beyond scores on a test
of letter name knowledge.

Memory Measures and Early Reading

Cognitive skills such as working memory may also distinguish early readers from other students.
According to Baddeley and Hitch’s definition, working memory includes not only the passive infor-
mation-holding stores (frequently referred to as short-term memory), but also central executive
processes said to manipulate information in these stores (Baddeley, 2003). Thus, working memory
includes the ability to direct and hold attention, and to store and manipulate an amount of infor-
mation for a short period of time. In order to distinguish between these intertwined aspects of
working memory, we will use the following nomenclature:

. Working memory updating: The ability to maintain a single information for a very short time and
consecutively updating this single information.

. Working memory capacity: The amount of information that can be retained for short periods of
time.

. Working memory manipulation: The ability to manipulate information that are retained for a
short period of time.

As pointed out by several authors, children with good memory capacity may find it easier to
learn the shapes and sounds of letters and the connections between them, and when attempting
to decode a word, they may be more successful because they can temporarily store more letter-
sounds that need to be blended into actual word forms (Ober et al., 2020; Preßler et al., 2014).

Indeed, working memory capacity at the beginning of the first school year predicts word reading
at the end of the year (Schaars et al., 2017; Sunde et al., 2020). The contributions are much weaker
than for letter knowledge, however, and the evidence is not consistent (Caravolas et al., 2012;
Melby-Lervåg et al., 2012). Recent meta-analyses report small-to-moderate concurrent correlations
of working memory with decoding (Ober et al., 2020; Peng et al., 2018), but only a few studies have
focused on students in their first school year (e.g., Babayiğit & Stainthorp, 2010; Burgoyne et al.,
2019).

The present study is to our knowledge the first to address the relation between memory skills and
early reading development in Danish kindergarten children. Specifically, we ask whether working
memory manipulation explains word reading beyond working memory updating and capacity. This
may be the case because working memory manipulation tasks such as backward digit naming are
cognitively more demanding than working memory capacity tasks (Peng et al., 2018). Furthermore,
we ask whether working memory measures are associated with word reading even when letter-
sound knowledge is controlled. Thus, we seek to clarify if good working memory skills add to
early reading beyond their influence on recognizing letter shapes and remembering and using
letter-sound correspondences. Clarifying these questions is relevant for Scandinavian educators
who may be aware of recommendations to examine working memory skills as markers of possible
reading problems (Beneventi et al., 2010; Dalgaard et al., 2004; Gathercole & Alloway, 2008).

The Present Study

The present study aims to draw a profile of children who learn to read during the semi-formal lit-
eracy program of Danish kindergarten. Knowing what characterizes early readers is important not
only for reading theory, but also for teachers who typically face very heterogeneous groups of chil-
dren beginning school, e.g., in terms of letter knowledge (Justice et al., 2006; Juul, 2008; Piasta, 2014;
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Sigmundsson et al., 2017). Danish teachers have considerable autonomy over teaching methods and
rate of progression as the teaching guidelines in the curriculum offered by the Danish Ministry of
Education are only indicative (Børne- og undervisningsministeriet, 2019). Naturally, this places
considerable demands on teachers’ planning of the initial reading instruction.

The study addresses the following three questions:

(1) Will Danish kindergarten students have achieved basic word reading skills after seven months of
schooling?

As a criterion for the achievement of basic word reading skill, we use an accuracy level of 70 pct.
correct for short regular words.

(2) Do measures of letter knowledge predict early word reading?

Specifically, we test the hypothesis that new measures of extended letter-knowledge will predict
reading beyond a measure that merely requires knowledge of letter names.

(3) Do measures of working memory predict early word reading?

We aim to clarify the role of working memory skills in relation to early reading in Danish. We
employ three working memory measures, and test the hypothesis that the most demanding working
memory task will predict word reading more than the others. Furthermore, we ask whether working
memory skills account for variance in word reading beyond the measures of letter knowledge.

Materials and Methods

Participants

Two hundred and nine kindergartners (demographics in Table 1) from ten classes of four different
schools from the capital region of Denmark participated. Written informed consent from the
parents were acquired prior to participation. The children were tested after 7 months of schooling.

Table 1. Study group characteristics and performance in outcome domains.

Variable n Value

Descriptive data
Age (years) 197 6.79 ± 0.36
Sex (male/female) 208 103/105
Bilingual (no/yes) 196 139/57
Standardized measures
Standardized letter identification (n correct of 20) 203 17.68 ± 3.57
Standardized word reading efficiency (n correct in 4 min) 203 17.75 ± 12.15
Standardized word reading accuracy (% correct) 203 75.16 ± 26.59
Word reading
Word reading with pictures (n correct of 18) 196 12.04 ± 4.65
Word reading without pictures (n correct of 12) 196 5.40 ± 3.75
Letter knowledge
Letter naming accuracy (% correct) 195 90.38 ± 12.43
Letter naming fluency (LF) (n correct in 1 min) 195 38.49 ± 16.77
Letter-sound matching (n correct of 15) 198 10.68 ± 2.39
Naming of letter-sounds (n correct of 15) 196 7.46 ± 2.43
Memory
One-back congruent (WMu) (% correct) 170 66.81 ± 19.30
Forward digit span (WMc) (points) 197 6.62 ± 1.75
Backwards digit span (WMm) (points) 195 4.75 ± 1.29
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The teachers of the participating classes based their literacy instruction on three different and
widely used materials for Danish kindergartens (Appendix 1).

Procedure

The children participated in an individual and a group test session on separate days at their respect-
ive schools. In the individual test session, the child sat in a quiet room with an assessor and solved
tasks on a computer and on paper (approximately 25 min). In the group test session, 10–15 children
simultaneously performed tasks in pamphlets and on paper guided by one assessor and 1–2 assist-
ants (approximately 50 min). All tasks were solved individually. In both sessions, the children were
given a series of tasks focusing on three outcome domains: word reading, letter knowledge, and
working memory. In addition, two tasks from the standardized Danish test battery Skriftsproglig
Udvikling (“Literacy Development”, Juul & Møller, 2010; Juul & Møller, 2013) were conducted
in order to assess the participants’ general level of literacy skills and to validate the experimenter
developed tasks (cf. below).

All tests were conducted by trained personnel. In the following, (I) and (G) indicates individual-
and group test session, respectively.

Measures

Standardized Tests
Standardized Letter-Sound Identification Task (G). The letter-sound identification task (part of
Skriftsproglig Udvikling, Bogstavprøve 2) is a pamphlet consisting of 20 items preceded by 2 practice
items (Juul & Møller, 2013). Each item consisted of a picture followed by five letters. The assessor
read aloud the word represented by the picture twice, and the child was instructed to identify the
first letter of the word among the provided letters. The score was the number of correct items.

Standardized Word Reading Task (G). The word reading task (Skriftsproglig Udvikling, Ordlæ-
seprøve 1) is a pamphlet consisting of 78 items preceded by two practice items (Juul & Møller,
2010). In each item the child had to select one of four pictures that corresponded to a printed
word. Words increased in length from two to four letters. The child was asked to solve as many
items as possible within a time limit of 4 min and was allowed to skip words if unable to read
them. The outcome was the number of correctly read items (efficiency) and percentage of correctly
read items of all answered items (accuracy). Norms are available for Grade 1 and 2, but not for
kindergarten.

Word Reading
Word Reading with Pictures (I). Eighteen decodable 2–4 letter words (Appendix 2) were consecu-
tively presented on a touch screen (no time limit). Below the word were four pictures—one illus-
trated the meaning of the word. The child was instructed to touch the matching picture as fast as
possible. The three remaining pictures represented words that had either the initial (two pictures)
or the final (one picture) sound in common with the word in question. The presentations of words
and the order of the four pictures were randomized. During the test, the child was allowed to ask
questions concerning the pictures (e.g., “What is shown on this picture?”) but not regarding the
word (e.g., “What is the sound of this letter?”). The task was programmed in E-prime (E-Prime
3.0, Psychology Software Tools, Pittsburg, PA, USA). The number of correct answers was registered.

The internal consistency of the test evaluated by the Kuder-Richardson formula 20 was 0.872
(95% CI 0.866–0.879). Word reading with pictures correlated significantly with standardized
word reading efficiency and accuracy (Table 2).
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Table 2. Kendall correlation coefficient matrix.

No. Variable 1 2 3 4 5 6 7 8 9 10 11 12

Standardized measures
1 Standardized letter identification (n correct of 20) – 0.51** 0.51** 0.49** 0.54** 0.34** 0.50** 0.39** 0.41** ns 0.27** 0.26**
2 Standardized word reading efficiency (n correct in 4 min) – 0.59** 0.61** 0.63** 0.26** 0.58** 0.49** 0.50** 0.15* 0.32** 0.30**
3 Standardized word reading accuracy (% correct) – 0.59** 0.55** 0.32** 0.43** 0.38** 0.46** ns 0.30** 0.29**

Word reading
4 Word reading with pictures (n correct of 18) – 0.69** 0.29** 0.52** 0.45** 0.49** ns 0.35** 0.26**
5 Word reading without pictures (n correct of 12) – 0.30** 0.60** 0.44** 0.46** ns 0.33** 0.27**

Letter knowledge
6 Letter naming accuracy (% correct) – 0.30** 0.26** 0.30** ns 0.14* 0.18*
7 Letter naming fluency (LF) (n correct in 1 min) – 0.46** 0.50** 0.11 0.25** 0.26**
8 Letter-sound matching (n correct of 15) – 0.44** 0.15 0.29** 0.27**
9 Naming of letter-sounds (n correct of 15) – 0.12 0.26** 0.23**

Working memory
10 One-back congruent (WMu) (% correct) – ns 0.19*
11 Forward digit span (WMc) (points) – 0.32**
12 Backwards digit span (WMm) (points) –

Note: “ns” indicates no significant correlation (p > 0.05). No asterisk indicates 0.01≤ p < 0.05, *0.001≤ p < 0.01, **p < 0.001.
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Word Reading Without Pictures (I). Twelve decodable two to four letter words (Appendix 2) were
consecutively presented on a touch screen. The child was instructed to read the word and say it
aloud while looking at the assessor. The first word said aloud while looking at the assessor was regis-
tered as correct or incorrect by the assessor. This procedure allowed the child to attempt to read the
word aloud for itself before providing an answer to the assessor. Each word was presented for 16 s
(approximately 1 s was required for the assessor to register the answer by button press). If no answer
was given within the time limit, a new word appeared on the screen. The 12 words consisted of four
2-, 3-, and 4-letter words presented in order of increasing word length. Within each word length,
the words were randomized. If incorrect or no answer was provided for all four two-letter words,
the test was discontinued. The task was programmed in E-prime (E-Prime 3.0, Psychology Software
Tools, Pittsburg, PA, USA). The number of correctly read words was registered.

Two versions of the test were used (randomized). The two versions were matched carefully on
letter sounds and numbers of letters, and performance in the two tests did not differ (Welch Two
Sample t-test, t =−1.086, df = 193.15, p = 0.2788).

The internal consistency of the two test-versions evaluated by the Kuder-Richardson formula 20
were 0.896 (95% CI 0.887–0.905) and 0.891 (95% CI 0.881–0.900) for versions 1 and 2 respectively.
Word reading without pictures correlated significantly with standardized word reading efficiency
and accuracy (Table 2).

Letter Knowledge
Letter Naming (I). The letter naming test evaluated the ability to name letters correctly and rapidly.
A Danish version of the DIBELS Letter Naming Fluency test was used (Good & Kaminski, 2002).
The child was provided with a piece of paper with 12 rows of 10 letters and asked to name as many
letters as possible in 1 min while pointing to each letter. The letters were mixed upper- and lower
case of all 29 letters in the Danish alphabet, all letters were equally represented, and all children used
the same version of the test. The whole alphabet was presented before being repeated in a new
shuffle. Wrong naming was registered by the assessor. If the child did not name a letter within 3
s, the assessor registered the letter as wrong, named the letter, and encouraged the child to name
the next letter. If all 10 letters in the first row were named incorrectly or not named within 3 s,
the test was discontinued. One row of 10 letters was provided as practice. Two scores were derived:
A precision score (the percentage of correctly named letters) and a fluency score (the number of
correctly named letters within 1 min).

Letter-Sound Matching (G). To assess knowledge of letter-sound correspondence of letters with
multiple sounds (standard and conditional letter sounds), a simple 15-trial multiple-choice test
was constructed. In each trial, a sound corresponding to a standard or a conditional pronunciation
of a letter was said out loud by the assessor. The child had to identify the correct letter matching the
sound from a row of four letters. The test was initialized by one practice trial. The 15 sounds rep-
resented both standard and conditional pronunciations of the letters a, e, o, r, u and v which in Dan-
ish each have several possible pronunciations. The number of correct letter-sound correspondences
was registered. The internal consistency of the test evaluated by the Kuder-Richardson formula 20
was 0.67 (95% CI 0.66–0.69). The numbers of correct letter-sound correspondences correlated sig-
nificantly with the standardized letter-sound identification test (Table 2).

Naming of Letter-Sounds (I). The child was asked to name the letter-sounds of specific letters
(included letters were a, d, e, o, r, u and v). The child was told that he or she was allowed to use
movements when naming the letter sounds but was not directly encouraged to do so. The number
of correct letter sounds named in total was used for analysis. The internal consistency of the test
evaluated by the Kuder-Richardson formula 20 was 0.73 (95% CI 0.72–0.75).

The number of correct letter sounds named in total correspondences correlated significantly
with the standardized letter-sound identification test (Table 2).
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Working Memory
Working Memory Updating (I). Short-term memory updating (WMu) was measured by a modified
version of the one-back task previously used in a study of 7–13-year-olds (Pelegrina et al., 2015).
The task involves maintaining a single information for a very short time (500–3500 ms) and con-
secutively updating this single information. Thus, the task requires a minimum of working memory
capacity and manipulation and relies highly on attention (Kim et al., 2017; Pelegrina et al., 2015).
Stimuli items (digits from 0 to 9) were presented one by one in the center of the screen. The child
had to compare the current stimuli to the previous and was asked to press a green key if the two
stimuli were identical (congruent) and a red key if stimuli were not identical (incongruent). The
instruction was to answer correctly as fast as possible. A practice block of 20 digits (30% congruent
trials) was first administered. If the child answered correctly in at least 50% of the congruent trials,
two blocks of 20 digits (30% congruent trials) separated by a 15 s break were administered. If not,
the practice trial was repeated. Each stimulus appeared on the screen for 500 ms followed by a blank
screen for another 3000 ms. Thus, the child had 3500 ms to press the corresponding response key.
The task was programmed in E-prime (E-Prime 3.0, Psychology Software Tools, Pittsburg, PA,
USA). The number of correctly identified congruent trials was recorded.

Working Memory Capacity (I).We used the forward digit span task as a measure of working mem-
ory capacity (WMc), since it relies on remembering increasing amounts of information for short
periods of time but does not involve manipulation of the information. The forward digit span
task followed the procedure of the Wechsler Intelligence Scale for Children (Danish version).
The assessor read aloud a sequence of digits of increasing length (three to eight digits) at a pace
of one digit/second. The child was asked to recall the sequence in the same order. Two trials at
each digit length were provided. One point was given for each correctly recalled sequence. The
task was discontinued if both trials of a given sequence length were incorrect. The number of points
obtained was registered.

Working Memory Manipulation (I).We used the backward digit span task as a measure of working
memory manipulation (WMm), since it relies on both remembering and manipulating increasing
amounts of information for short periods of time. The task has previously been suggested as a work-
ing memory construct in young children (St Clair-Thompson, 2010). The backward digit span task
was conducted analogue to the forward digit span task except that the child was asked to recall the
sequence in reverse order and that two two-digit training trials were provided before the test trials.
The number of points obtained was registered.

Analyses

Statistical analyses were performed in R (R Core Team, 2020). Composite-scores for reading (Z̅Read)
and letter-sound coupling (Z̅LSC) were calculated as the average of z-scores for word reading with
and without pictures, and letter-sound matching and naming of letter-sounds respectively. These
composite-scores were used for further analyses. Kendall’s rank correlation was used to determine
the association between the standardized tests and Z̅Read and Z̅LSC respectively. Z̅Read was signifi-
cantly, positively correlated to both efficiency and accuracy in the standardized word-reding task
(efficiency: τ = 0.64, p < 2.2 × 10−16; accuracy: τ = 0.58, p < 2.2 × 10−16). Z̅LSC was significantly, posi-
tively correlated to the standardized letter-sound identification task (τ = 0.42, p = 2.1 × 10−14).

Linear mixed effect regression models (lm4 package by Bates et al., 2015) were used to perform
an analysis of the relationship between reading (Z̅Read), letter naming fluency, letter-sound coupling
(Z̅LSC), and working memory. Since letter naming accuracy showed a heavy ceiling effect, only letter
naming fluency was included as a measure of letter naming. For each research question, we per-
formed a stepwise regression starting with a baseline model containing only random effects and
subsequently adding relevant predictors (Table 3). As random effects we had intercepts of school

1244 A. S. B. MALLING ET AL.



and class. Sex, age and bilingualism were explored as potential confounders. Visual inspection of
residual plots did not reveal any obvious deviations from homoscedasticity or normality. Con-
ditional and marginal coefficient of determination was calculated (MuMIn package by Barton,
2020). p-Values were obtained by likelihood ratio tests of the full model with the effect in question
against the model without the effect in question.

Only subjects with complete data on all variables of an analysis were included in the given analy-
sis. The level of significance was set to p < 0.05.

Results

The characteristics of the children included in the study as well as their performance in all tests are
presented in Table 1.

The standardized measures suggest that the sample studied was fairly typical of Danish kinder-
gartners with respect to letter-sound identification with a mean score of 17.7 which is slightly above
the published norm of 16.4 (Juul & Møller, 2013). Published norms for word reading are not avail-
able for kindergarten, but as expected the sample’s mean score of 17.8 was somewhat lower than the
published norm for the beginning of Grade 1 which is 23.2. Likewise, the percentage correct was
lower than the Grade 1 norms (75.5 pct. correct in the present sample against the published
norm of 81.9 pct. correct; Juul & Møller, 2010)

The results for Word reading without pictures showed that on average the students were able to
read 45% of the words correctly (mean ± SD of 5.40 ± 3.75 out of 12 words). Twenty-eight percent
of the participants scored above the criterion of 70% correct suggested by Juul et al. (2014) and were
considered as having acquired basic word reading skills.

On average, the participants correctly named 90.38 ± 12.43% of the letters in the letter naming
test with a fluency of 38.49 ± 16.77 letters pr. min. (Table 1). Seventy-one percent of the participants
were able to name at least 28 letters within a minute with an accuracy of at least 85%.

Table 3. Model fitting output.

Model Estimate ± SE AIC χ2(df) p R2m R2c
A (n = 183)
m0: Z̅Read ∼ School + Class + 1 – 484.63 – – – 0.23
m1: Z̅Read ∼ School + Class + LF LF: 0.039 ± 0.0029 359.86 126.77(1) <0.001 0.50 0.56
m2: Z̅Read ∼ School + Class + LF + Z̅LSC LF: 0.027 ± 0.0037

Z̅LSC: 0.36 ± 0.072
338.51 23.35(1) <0.001 0.58 0.61

B (n = 169)
m0: Z̅Read ∼ School + Class + 1 – 444.90 – – – 0.30
m1: Z̅Read ∼ School + Class +WMu WMu: 0.052 ± 0.028 413.08 3.43(1) 0.064 0.015 0.30
m2: Z̅Read ∼ School + Class +WMc WMc: 0.24 ± 0.035 405.52 41.38(1) <0.001 0.17 0.43
m3: Z̅Read ∼ School + Class +WMm WMm: 0.26 ± 0.050 421.77 25.13(1) <0.001 0.10 0.38
m4: Z̅Read ∼ School + Class +WMc +WMm WMc: 0.19 ± 0.037

WMm: 0.15 ± 0.051
399.15 49.75(2) <0.001 0.20 0.45

C (n = 182)
m0: Z̅Read ∼ Class + LF + Z̅LSC LF: 0.028 ± 0.0037

Z̅LSC: 0.36 ± 0.071
331.91 – – 0.59 0.62

m1: Z̅Read ∼ Class + LF + Z̅LSC + WMc LF: 0.026 ± 0.0036
Z̅LSC: 0.29 ± 0.072
WMc: 0.095 ± 0.027

321.55 12.36(1) <0.001 0.61 0.64

m2: Z̅Read ∼ Class + LF + Z̅LSC + WMc +WMm LF: 0.026 ± 0.0037
Z̅LSC: 0.29 ± 0.072
WMc: 0.088 ± 0.029
WMm: 0.026 ± 0.040

323.15 0.40(1) 0.53 0.61 0.64

Note: Z̅Read = reading composite-measure. Z̅LSC = letter-sound coupling composite-measure. LF = letter fluency. WMu = working
memory updating. WMc = working memory capacity. WMm = working memory manipulation. AIC = Akaike information cri-
terion. R2m = Marginal coefficient of determination, representing the variance explained by fixed factors. R2c = Conditional coeffi-
cient of determination, representing the variance explained by both fixed and random factors (i.e., the entire model). Italic font
within model indicates random factors. Bold font indicates redundancy of the factor within the model.
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Letter naming fluency (LF) was significantly associated with word reading explaining 50% of the
variance of the composite measure of word reading (Z̅Read (Table 3, panel A, m1). Adding letter-
sound coupling (Z̅LSC) to the model added another 8 percentage points (pp) to the explanation
but eliminated the influence of school representing 3% of the variance of Z̅Read and thus added 5
pp to the total model prediction (Table 3, panel A, m2). The addition of bilingualism, age or sex
as covariate had no effect.

Word reading was significantly associated with working memory capacity and manipulation but
not working memory updating (p = 0.064) when applied individually. Working memory capacity
and manipulation individually explained 17% and 10% respectively of the variance of Z̅Read

(Table 3, panel B, m1–m3). When added in a joined model, both added unique variance prediction
and jointly they explained 20% (Table 3, panel b, m4).

To address whether working memory skills account for variance in word reading beyond the
measures of letter knowledge, we added working memory capacity (WMc) (best predictor of
word reading within the working memory domain) to the best-fit model of predicting word reading
from letter knowledge. Working memory capacity significantly added to the prediction of Z̅Read by 2
pp (Table 3, panel C, m1). A further addition of working memory manipulation to the model did
not result in a significant contribution to the prediction of word reading (Table 3, panel C, m2).
There were no interaction effects between working memory capacity and letter fluency or Z̅LSC,
respectively.

Discussion

Reading Ability in Kindergarten

After seven months of semi-formal literacy instruction 28% of the children had acquired basic word
reading skills and were able to read more than 70% of two to four letter words. We assume that the
percentage will rise towards the end of the year. On average, children were able to read 45 ± 31% of
the words—this matches the accuracy level of 45 ± 28% found at the beginning of Grade 1 in the
longitudinal study by Juul et al. (2014). Thus, a considerable amount of the children in the present
study appears to have gained not just knowledge of simple word reading strategies but also the abil-
ity to apply the strategies, and when compared to the previous study by Juul et al. (2014), word read-
ing levels seem to have risen considerably. It is interesting to note, however, that at the end of their
first school year, the Norwegian students in the study by Sunde et al. (2020) read 31 words out of 36
correctly (86%) in a test that comprised words with 2–5 letters. Possibly, the higher reading level
observed in Norway is due to the more regular Norwegian orthography (Seymour et al., 2003),
but it may of course also reflect differences in instruction or other factors.

Word Reading and Letter Knowledge

As expected, we found that there is a strong link between early word reading ability and letter
knowledge. In total, the measures of letter knowledge explained 58% of the variance in word read-
ing. Importantly, our new measures of letter-sound knowledge significantly explained additional
variance to the variance explained by letter naming fluency which required knowledge of letter
names only. This may indicate that extended knowledge of the sounds of letters facilitates reading
development. As our data are correlational, though, it is also possible that the higher level of letter-
sound knowledge in good readers is a consequence of their reading skills rather than a cause.
Indeed, evidence indicates a reciprocal relationship between phoneme awareness, letter-sound
knowledge and reading (Muter et al., 2004), with enhanced phonemic awareness facilitating the
learning of letter-sound correspondences, in turn leading to progress in reading which then drives
further improvements of phonemic and letter-sound knowledge (Clayton et al., 2020). However,
our data indicate that basic letter knowledge precedes the development of word reading skills.
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No student achieved a high word reading score (>70% of maximal score) without being able to
name at least 85% of the letters in the letter naming test. On the contrary, many students were
able to name at least 85% of the letters in the letter naming test without achieving a high score
on word reading (Figure 1). This illustrates the importance of phonemic awareness along with letter
knowledge when acquiring basic word reading skills. Similar patterns have been observed in several
other languages (Duncan et al., 2013, figure 4).

Word Reading and Working Memory

In line with previous research, we found that working memory skills were significantly associated
with word reading, but one of our three working memory measures (working memory updating,
WMu) failed to explain significant variance in reading. The remaining two measures, working
memory capacity (WMc) and working memory manipulation (WMm), explained a total of 20% var-
iance. In contrast to our hypothesis, we found that WMc was the stronger predictor of the two, and
only this measure explained variance in reading when letter knowledge was included in the model.

Figure 1. Scatterplot of letter naming accuracy and word reading skills (the read aloud task without pictures). Horizontal dashed
line indicates 70% of maximal word reading score. Students above this line are considered as having had acquired basic word
reading skills. Vertical dashed line indicates 85% accuracy on letter naming.
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It is possible, that the relative influence of WMc and WMm on word reading skills changes
through the development of word reading skills. It has previously been suggested that serial
order short-term memory (analogue to our working memory capacity measure) is particularly
important for the acquisition of phonological recoding, since this process relies on the ability to
maintain the order of phonemes (resulting from the mapping from the corresponding graphemes)
until these phonemes are blended into a word form for pronunciation (Martinez Perez et al., 2012).
This viewpoint is strengthened by the findings of Binamé and Poncelet (2016), showing that serial
order short-term memory but not item short-term memory was significantly correlated to non-
word reading performance in 1st and 2nd grade French children after controlling for nonverbal
reasoning, vocabulary- and letter name knowledge. No such correlation was found for word read-
ing. Cowan et al. (2017) found impaired serial order short-term memory relative to item memory
(thus controlling for a potential inability of remembering items even randomly) among dyslexic
children compared to typically reading-developed children. In addition, forward digit span but
not a more demanding working memory task that also included information manipulation was sig-
nificantly correlated to word reading in 8-year-olds, whereas the working memory manipulating
task but not forward digit span was significantly correlated to word reading in 10-year-olds
(Cain, 2007). It is thus plausible, that reading of a word at a stage, where the word is not yet recog-
nized as a unit (which is the case in beginning readers and when reading non-words), relies more on
serial order short-term memory than on working memory manipulation abilities. A recent meta-
analysis of the effect of executive function on decoding among children and adolescents (grand
mean age range 5.3–14.9 years, weighted mean age of 8.8 years) revealed, however, that age was
not a significant moderator of the effect of working memory updating on word/non-word read-
ing—neither when looking cross-sectionally nor longitudinally on the influence of age (Ober
et al., 2020). However, none of the longitudinal studies included measurements of students in kin-
dergarten age (below 7 years) and may therefore not be representative for the age group in focus in
the present study.

The modest contribution from working memory capacity to the prediction of word reading after
controlling for letter knowledge is in accordance with the findings from the meta-analysis by
Melby-Lervåg et al. (2012) which showed that verbal working memory capacity was only able to
explain 1.3% of the variance in word reading after phoneme and rhyme awareness were taken
into account in child groups with mean sample age below 18 years. Although we did not include
a test that targeted phoneme awareness directly, we did control for knowledge of grapheme-pho-
neme correspondences. As suggested by Melby-Lervåg et al. (2012) the quality of phonemic rep-
resentations may be an underpinning factor influencing verbal working memory capacity tasks.
Following this interpretation, verbal working memory capacity is related to measures of word read-
ing since the development of word reading skills also depends on the quality of phonemic
representations.

Educational Implications

Our results show that Danish kindergarten teachers face groups of children that vary considerably
with respect to early literacy skills. After attending kindergarten for seven months most children are
able to name all or nearly all of the letters of the alphabet, but there is great variation in their letter
fluency and in their knowledge of letter sounds. Some students are already able to read short words
with a high degree of accuracy, while others are only able to read a few words or none at all. For
teachers, it is important knowledge that the early readers are characterized by the most advanced
level of letter knowledge, and that basic letter knowledge seems to be required before major
advances in word reading can be achieved.

Given these observations, it seems advisable that kindergarten teachers continue to emphasize
activities to promote letter knowledge since systematic instruction in regular relationships between
letters and speech sounds is an essential part of early reading instruction (Ehri, 2014; Galuschka
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et al., 2014; National Institute of Child Health and Human Development, 2000; Savage et al., 2018).
However, many questions can be asked about how this should be done, e.g., concerning the pace at
which the letters should be introduced (Borstrøm et al., 1999; Sunde et al., 2020). Further, in Danish
as well as in English, a central question to ask is how to teach words with different degrees of gra-
pheme-phoneme regularity, including how words and letters with ambiguous pronunciations
should be presented (Savage et al., 2018; Steacy et al., 2019). A recent review identifies three
broad areas of instruction targeting irregular word reading that could complement instruction in
grapheme-phoneme correspondences: sight word instruction, mispronunciation correction, and
morphology (Colenbrander et al., 2020). However, few experimental studies have examined
methods of teaching irregular words, so at present strong recommendations for practice cannot
be made (Colenbrander et al., 2020). Several questions concerning early literacy instruction remain
and should be addressed in future studies to support teachers in determining what content and
intensity of instruction is appropriate for the heterogeneous groups of children they are working
with. The present study does not point in any specific direction in this respect.

The present data do not lend support to the view that working memory screening upon school
entry can help identify struggling students (Gathercole & Alloway, 2008). When letter knowledge
had been taken into account, only one of the working memory measures contributed to the predic-
tion of reading, and this contribution was quite small.

Limitations

The correlational nature of this study does not shed light on the direction of causality.
The teachers of the participating classes based their literacy instruction on three of the most

widely used teaching materials in Danish kindergarten. However, these materials vary in terms
of methodology, content and intensity of instruction. Thus, the individual differences we observed
across the sample might be the result of differences in how the teachers organize the semi-formal
literacy program. This was sought to be taken into account by including school and class as random
effects in the models. Unfortunately, the current study does not have the adequate power nor the
appropriate design to examine the effect of variations in teaching methods.

Conclusion and Perspectives

After seven months of semi-formal literacy instruction most children were able to name all or
nearly all of the letters of the alphabet, but there is great variation in the fluency with which they
name the letters and in their knowledge of letter-sound correspondences. Twenty-eight percent
of the children had acquired basic word reading skills and were able to read more than 70% of
two to four letter words. Our data indicates that basic letter knowledge precedes the development
of word reading skills, and importantly, our new measures of extended letter-sound knowledge
explained significant variance above the measure of letter fluency. This may indicate that extended
knowledge of the sounds of letters facilitates reading development. However, training studies aim-
ing at measuring the effect of direct instruction targeting letters with ambiguous pronunciations are
needed to further explore this.

In contrast to our hypothesis, we found that WMc was a stronger predictor of word reading
compared to WMm, and only WMc explained variance in reading when letter knowledge was
controlled for. The moderate contribution from working memory measures to word reading
emphasizes that working memory skills are indeed a secondary factor compared to sub-types
of letter knowledge such as letter naming fluency and knowledge of letter-sound
correspondences.

In light of the similar kindergarten structure in both Norway, Sweden and Denmark, it would be
interesting to carry out longitudinal studies that follow the development of literacy skills across the
three countries taking into account differences in teaching methods as well as differences in the
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orthographies. Such studies may support teachers when determining what content and intensity of
instruction is appropriate for their students during the first years of schooling.
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