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Reading is one of the most important academic skills that children master in the
early grades of elementary school. The simple view of reading postulates that
it consists of decoding abilities and linguistic understanding. The present study
aims to explore the development of decoding abilities in the Bosnian language in
children from Grade 3 to Grade 5. We assessed the relationships between word
reading and pseudoword reading as measures of decoding skills, and phonemic
deletion task, rapid automatized naming (RAN) of letters, and RAN of objects as
the predictors of decoding skills. The sample for this study comprised 36 chil-
dren (16 girls, 20 boys). This study’s results showed a significant improvement
in decoding skills from Grade 3 to Grade 5. The best predictor of word reading in
Grade 5 was RAN of objects in Grade 3, followed by RAN of letters in Grade 3.
On the other hand, the significant predictors of pseudoword reading in Grade 5
were RAN of objects and the phoneme deletion task in Grade 3. Understanding
reading development from Grade 3 to Grade 5 is informative and can help create
better reading instruction for all readers.
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YTeHne SBNSETCH OOHVMM U3 Hambomnee BaXKHbIX akaJeMWYeCKMX HaBbIKOB, KO-
TOpbIM AETV OBRadeBatoT B NepBbIX Kraccax HadasbHou Lwkonbl. Camo no cebe
YTeHWe BKIoYaeT B ce6si CNOCOOHOCTU AEKOAMPOBAHUS U JIMHIBUCTUHECKOrO
noHnMaHus. HacTosiee uccnefoBaHWe HamnpaBlieHO Ha W3y4YeHune pasBuUTUS
CMOCOBGHOCTEN K OEKOOQUPOBAHMIO Yy AeTen ¢ 3-ro no 5-bii KNnacc, roBOpsALLUMX Ha
60CHUIACKOM A3bIKe. Mbl OLIEHUIM B3aMMOCBSI3b MEXY YTEHUEM CIIOB U YTEHUEM
NceBoOC/IOB B Ka4YeCcTBE Mepbl HAaBbIKOB AEKOAMPOBAHWUS, 3ajad4amu Ha ypane-
Hve hoHeM, BbICTPbIM aBTOMaTU3MpOBaHHbIM HasbiBaHnem (RAN) 6yke n RAN
06BEKTOB KaK NMpeavKTOpPOB HaBbIKOB AEeKOAMPOBaHus. Bbibopka ans atoro uc-
cnepoBaHusa Bktovana 36 geteit (16 nesoyek, 20 manb4ymkoB). Pe3dynsraTsl 3Toro
1ccnenoBaHvs MokKasanu 3Ha4YUTENbHOE YIyYLLEHWE HaBbIKOB OEKOAMPOBaHNSA C
3 no 5 knacc. Jly4mm npeamkTopom YTeHns cnos B 5-m knacce ctan RAN o6b-
eKToB B 3-M knacce, 3a kotopbim cnegosan RAN 6yke B 3-m knacce. C gpyron
CTOPOHbI, 3HA4YUMbIMW NPEAUKTOPaAMM YTEHUSA NCEBOOCIOB B 5-M Kracce BbICTy-
nunn RAN 06bekToB 1 3adaHne Ha yaaneHune goHem B 3-m knacce. [NoHnmaxune
pasBUTUSA YTEHUS C 3-r0 MO 5-bI KNACChl CNY>XUT MHDOPMAaTUBHBIM UCTOYHUKOM,
CMNOCOGCTBYIOLLIMM CO3[AHMIO YCIOBUIA A1 Pa3BUTKS HABLIKOB YTEHUS B LIENIOM.

KnroyeBble cnoBa: pa3BuThe YTEHWA, yyalumecs HavasnbHOW LUKonbl, BocHui-
CKUN AA3bIK.

BnaropgapHocTu. ABTOpbI 6narofapaT BCcex AeTen, y4acTBOBaBLUMX B MUCCe0BaHUN.

Onsa umtatbl: Memuwesuny X., Manek [., Jegn4y A. Pa3asutve cnocobHOCTEN K AEKOAMPOBAHMIO Y Ae-
Ten, roBOPALLMX HAa 6BOCHUINCKOM A3bIKE: NIOHrUTIOAHOE ABYXJIeTHee uccneposanue // MNeuxonornyeckas
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Introduction

Learning to read proficiently is one of the most
important educational goals in early elementary
school grades. Reading performance is an es-
sential prerequisite necessary for student school
success [1; 15]. How reading develops is one of
the major themes in educational psychology. Ac-
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cording to the simple view of reading, it consists of
two parts: decoding and linguistic comprehension
[18]. Much research has been focused on whether
these two skills are dissociable. Correlation stud-
ies have indicated that these two skills are separa-
ble and that there can be reading comprehension
problems in children with adequate decoding skills
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[41]. Studies in the English language have shown
that the correlation between decoding and read-
ing comprehension is higher in the early grades
of elementary school than in the later grades [19].
Also, decoding skills contribute more to reading
comprehension at the early grade levels than lis-
tening comprehension [23]. However, the exact
developmental trajectory of this relationship is still
unknown. To better understand how reading devel-
ops, it is necessary to understand how beginning
readers recognize words accurately and automati-
cally [9]. It is also important to know what factors
have effects on reading development. Numerous
studies have examined the factors influencing
children’s reading [38; 43]. The research focused
primarily on cognitive-linguistic factors such as
phonological awareness, rapid automatized nam-
ing, and working memory and psychological fac-
tors such as motivation. Many variables have been
identified as having a significant impact on reading
such as selective attention [29], orthographic abil-
ity [42], homework activities [11], motivation [37],
metacognition [31], and many others. Additionally,
studies have also found the effects of working
memory and processing speed on reading, espe-
cially reading comprehension [22; 32; 44].
However, two of the most studied variables
concerning reading are phonological awareness
(PA) and rapid automatized naming (RAN). These
two variables were found to be the most important
pathways to reading success [34]. PA can be de-
fined as an awareness of the phonological seg-
ments of the speech that are closely represented by
an orthography [3]. It is important to note that PA is
a complex ability consisting of several components.
Heien, Lundberg [17] identified three basic compo-
nents of PA: 1. phoneme factor, 2. syllable factor,
and 3. rhyme factor. Out of these, a phoneme factor
was most strongly related to reading outcomes. The
relationship between PA, especially at the phoneme
level, and word decoding abilities has been firmly es-
tablished [6]. PA has unanimously been identified as
one of the most important predictors of reading, re-
gardless of orthography and whether it is alphabetic
or logographic language [20; 28; 39]. In a study of
several European alphabetic languages (Finninsh,
Hungarian, Dutch, Portuguese, and French), au-
thors found phonological awareness to be the main
factor associated with reading performance [50].

Another predictor widely examined in relation
to reading was rapid automatized naming (RAN).
There were some controversies regarding what
RAN tasks measure [7]. On the one hand, some
authors consider RAN as a part of phonological pro-
cessing and defined it as the efficiency of phonologi-
cal code retrieval [46]. On the other hand, research
has shown that RAN is a significant independent
predictor of reading [14; 49] and is thus a separable
construct from PA. The argumentation behind the
claim that RAN is a separable construct from phono-
logical processing stems from the following findings:
1. RAN makes a unique, independent contribution to
reading; and 2. poor readers can have RAN deficits
only, PA deficits only, and RAN and PA deficits [47].
RAN predicts future reading abilities across different
ages and languages [26].

One question that needs further elaboration
with reference to the role and effects of PA and
RAN as predictors of reading during different pe-
riods in a person’s life and across skill levels. For
example, are PA and RAN equally strongly related
to reading proficiency from Grade 1 to Grade 8?
In a study of Finnish, which is the language with a
transparent orthography, the authors found only
a minor link between early phonological skills and
reading at Grade 2 [36]. Similarly, RAN seems to
be a more important predictor in children with a
higher level of reading performance [34]. Another
important question is how PA and RAN, as the
most significant predictors of reading, develop in
relation to children’s age.

A longitudinal study design is the best way to
answer these questions. However, most longitudi-
nal studies have been conducted in English. The
question is whether the research in English is rel-
evant to languages with more transparent orthog-
raphies [9], that is, whether the skills needed for
developing reading are universal across languages
[40]. Another question is the size of the relationship
of cognitive and linguistic factors such as PA and
RAN to decoding skills in different orthographies.
One additional problem in answering this question
is that studies in different languages have used
different measures as proxies for different read-
ing constructs, which makes comparisons with the
English language studies only indirectly [10].

Given the importance of PA and RAN on read-
ing achievement, we wanted to examine further
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the relationship of these variables with decoding
skills in the Bosnian language and how they devel-
op over the period of two years. The Bosnian lan-
guage has a transparent orthography, with each
letter pronounced with the same sound regard-
less of its position in the word. The present study
aims to answer how the relationship between PA,
RAN, and decoding skills change from Grade 3
to Grade 5 in the Bosnian language. In addition,
we wanted to examine how well PA and RAN in
Grade 3 predict decoding skills in Grade 5. There
is scant research regarding the growth trajectories
of these variables among children learning differ-
ent alphabetic orthographies [5]. Thus, we wanted
to answer the following questions:

1. Were there statistically significant improve-
ments in PA, RAN tasks, and decoding skills from
Grade 3 to Grade 5?

2. How do the relationships between decoding
skills, phoneme deletion tasks, and rapid automa-
tized naming change from Grade 3 to Grade 5?

3. What are the best predictors of decoding
skills in Grade 5 assessed in Grade 3?

Method

Participants

The sample for this study consisted of 36 chil-
dren (16 girls, 20 boys) who were assessed on
reading variables in Grade 3 and Grade 5. The
mean age of children in Grade 5 was 10.3 years
(SD — 0.5 years). These children represented a
subsample from a study on predictors of read-
ing speed and comprehension in the Bosnian
language [27]. According to the children’s school
records, children did not have developmental dis-
abilities or any other neurological or health condi-
tion that might influence their learning. None of
the children received special educational support
at school.

Procedure

We employed a longitudinal study design to as-
sess these reading variables in the same children
in Grade 3 and Grade 5. All children in this study
attended the same school in Sarajevo. Teachers of
the children provided consent forms to the parents.
In Grade 3, there were 38 children assessed in this
school. In Grade 5, we received 36 consent forms,
and these children were tested. Children were test-
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ed individually in the morning hours in classrooms
available at school. Individual testing lasted about
40 minutes. Testing at Grade 3 took place in No-
vember and December 2019 and at Grade 5 — in
November and December 2021. The approval for
this study was obtained from the Ministry of Edu-
cation in Canton Sarajevo and the Ethical Board of
the Faculty of Educational Sciences at the Univer-
sity of Sarajevo.

Measures

The same tests were used previously in a
study of reading predictors in the third-grade chil-
dren [27]. More specifically, we used the following
tests:

1. Word reading. In this task, children were
asked to read aloud a list of real words increasing
in length. The result is the number of words read
correctly in one minute. The test-retest reliability
for this kind of task is reported to be high, above
.90 [13].

2. Pseudoword reading. As in the previous
task, children were asked to read aloud a list of
pseudowords increasing in length. The result is
the number of words read correctly in one min-
ute. The test-retest reliability for this kind of task
was reported to be .84 [8]. These first two tasks
served as a measure of decoding skills as they
have shown evidence of consistency and validity
in predicting reading ability [8].

3. Phoneme deletion task. In this task, children
were shown a list of 16 objects and were asked
to name the objects without the first sound. Three
demonstration items were given prior to the task.
The time to name all the objects was used as a
result. Faster time indicates better performance.
This test measures phonological awareness skills.

4. Rapid automatized naming of Letters (RAN:
Letters). This task comprises of five lowercase
letters (a, d, o, p, s) that are randomly repeated
10 times in an array of five rows for a total of 50
stimulus items [48]. The psychometric properties
of RAN tasks are excellent. According to the RAN
manual, interscorer reliability for this task was
.98, and test-retest reliability was .90 [48]. Time
to name all the letters was recorded, and faster
time indicates better performance.

5. Rapid automatized naming of Objects
(RAN: Obijects). This task comprises of five stim-
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ulus items (hand, book, dog, star, and chair) that
are randomly repeated 10 times in an array of five
rows for a total of 50 stimulus items [48]. Again,
the psychometric properties of this task are very
good, with test-retest reliability of .84, and inter-
scorer reliability .99 [48]. The time to name all
objects was recorded, and faster time indicates
better performance.

Statistical analysis

We first presented descriptive data for all the
tests in Grade 3 and Grade 5, along with paired
t-test measures and effect sizes. We then calcu-
lated correlations between the variables for both
Grade 3 and Grade 5. In addition, we converted
all the variables into ranks and calculated Spear-
man’s correlation coefficient. As a dependent

variable in the prediction models, we used word
reading and pseudoword reading in Grade 5, and
as predictors we used phoneme deletion task,
RAN: Letters, and RAN: Objects in Grade 3. The
statistical analysis was conducted using the sta-
tistical package IBM SPSS v.26. [21]. An alpha
level of .05 was used for all statistical tests.

Results

Table 1 presents mean scores, paired t-tests
and effect sizes for all the variables we used in
this study.

As can be seen from Table 1, there has been
a considerable, statistically significant improve-
ment in all measures from Grade 3 to Grade 5.

Next, we next present correlations between
all variables (Table 2).

Table 1

Mean scores, standard deviations, paired t-test,
and Cohen’s effect size for all reading variables

Variable Mean (SD) Grade 3 | Mean (SD) Grade 5 | Paired t-test° | Cohen’s effect size
Word list reading? 49.6 (13.8) 62.9 (13.9) 12.0 0.96
Pseudo word reading? 31.8(8.1) 39.7 (7.3) 9.8 1.02
Phoneme deletion® 68.4 (20.3) 56.2 (17.7) 4.1 0.64
RAN: Letters® 27.7 (5.9) 23.1 (3.4) 5.5 0.95
RAN: Objects® 49.6 (8.3) 44.4 (8.3) 4.9 0.63

Note: a number of words read in one minute; b time to complete the task in seconds; c all p values less than .001.

Table 2
Correlations between all reading variables
Grades Variables Grade 3 Grade 5
1 2 3 4 5 1 2 3 4 5
1. Word list reading 1.00 | 0.87 | -0.54 | -0.54 | -0.68 | 0.89 | 0.79 | -0.46 | -0.40 | -0.60
2. Pseudoword reading 1.00 | -0.55 | -0.59 | -0.57 | 0.75 | 0.81 | -0.47 | -0.51 | -0.53
Grade 3 | 3. Phoneme deletion task 1.00 | 0.44 | 0.36 | -0.38 | -0.49 | 0.58 | 0.33 | 0.42
4. RAN letters 1.00 | 0.44 | -0.54 | -045 | 0.30 | 0.54 | 0.31
5. RAN objects 1.00 | -0.69 | -0.56 | 0.39 | 0.38 | 0.71
1. Word list reading 1.00 | 0.79 | -0.37 | -0.50 | 0.54
2. Pseudoword reading 1.00 | -0.56 | -0-56 | -0.58
Grade 5 | 3. Phoneme deletion task 1.00 | 0.37 | 0.47
4. RAN letters 1.00 | 0.29
5. RAN objects 1.00

Note. Bold values are not statistically significant. All other p values are statistically significant at p< .05 level except
for the relationships: 1. Phoneme deletion at Grade 5 and RAN_Letters at Grade 3; 2. RAN_Objects at Grade 5 and
RAN_Letters at Grade 3; and 3. RAN_Objects at Grade 5 and RAN_Letters at Grade 5.
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As shown in Table 2, most of the correlations
between reading variables were statistically signifi-
cant. However, an unexpected finding was the lack
of correlation between RAN_objects in Grade 5
and RAN_letters in Grade 3 and Grade 5. To better
elucidate the stability of the relationship between
the variables, we converted them into ranks and
calculated Spearman’s rank correlation coefficient
to assess the temporal stability of the measures.
These data are shown in Table 3.

As can be seen from Table 3, all reading vari-
ables have shown temporal stability over time
with word reading being the most stable reading
variable.

Lastly, we wanted to evaluate the models
predicting word list reading and pseudoword list
reading in Grade 5 from phoneme deletion task,
RAN_letters, and RAN_objects in Grade 3. The
stepwise multiple regression model (backward)

for word list reading is presented in Table 4, and
the model for pseudoword reading is presented in
Table 5. We did not present data for statistically
non-significant predictors.

As can be seen from Table 4, statistically
significant predictors of reading words at Grade
5 were the RAN_objects and RAN_|letters tasks,
and the excluded variable was the Phoneme de-
letion task.

Statistically significant predictors of pseudo-
word reading at Grade 5 were RAN_objects and
phoneme deletion tasks. RAN_letters was not a
statistically significant predictor of pseudoword
reading.

Discussion

The present paper aimed to examine the
developmental trends of decoding abilities in the

Table 3
Spearman's rank correlation between the reading variables at two time-points
Reading Variables Spearman's Correlation
Word reading Grade 3 Word reading Grade 5 .90
Pseudoword reading Grade 3 Pseudoword reading Grade 5 .76
Phoneme deletion Grade 3 Phoneme deletion Grade 5 .67
RAN_letters Grade 3 RAN_letters Grade 5 .65
RAN_objects Grade 3 RAN_objects Grade 5 71

Note. all p's < .01.

Table 4

A stepwise multiple regression predicting word list reading at Grade 5 from Phoneme
deletion task, RAN_letters and RAN_objects at Grade 3

Predictors at Grade 3 B SEB B t p
Intercept 128.67 10.57 - 12.17 <.001
RAN_objects -.95 .22 -.56 -4.3 .001
RAN_letters -.67 .31 -.29 2.2 .04

Note. R2 = .55 (unadjusted), R2 = .52 (adjusted).

Table 5

A stepwise multiple regression predicting pseudoword list reading at Grade 5 from Phoneme
deletion task, RAN_letters and RAN_objects at Grade 3

Predictors at Grade 3 B SEB B t p
Intercept 67.05 6.08 - 11.02 <.001
RAN_objects -.39 13 -.44 -3.1 .001
Phoneme_deletion -12 .05 -.33 -2.3 .03

Note. R? = .42 (unadjusted), R?= .37 (adjusted).
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Bosnian language from Grade 3, a phase of al-
phabetic readers, to Grade 5, a phase of interme-
diate readers. This study showed a large improve-
ment in decoding skills from Grade 3 to Grade 5,
for both, word reading and pseudoword reading.
We also found a large improvement in RAN tasks
and in phoneme deletion task. These findings in-
dicate significant improvements in decoding skills
happen between 3 and 5" Grades. In addition to
these findings, we have also found great temporal
stability in word reading from Grade 3 to Grade 5.
Children who were good readers in Grade 3, were
also good readers in Grade 5. In the same line,
children who were poor readers in Grade 3 were
also poor readers in Grade 5.

However, the question remains when this
developmental trajectory in decoding abilities
reaches its plateau. Previous studies in the Eng-
lish language have reported that the growth trajec-
tory in oral reading fluency sharply increases from
Grade 3 to Grade 5 and only a slight increase from
Grade 5 to Grade 6 [35]. We have also found the
same trend from Grade 3 to Grade 5 in the Bos-
nian language. However, the increase from Grade
5 to higher grades has yet to be examined in the
Bosnian language. The findings of our study sug-
gest that decoding skills in Grade 3 children can
accurately tell us how these children will decode
in Grade 5. This is very important information from
the interventionist perspective so that struggling
readers can be identified earlier and be provided
with adequate educational support.

As for the predictors of word reading skills at
Grade 5, we found that RAN of objects and let-
ters were both significant predictors and explained
52% of the variance in the word reading scores.
RAN tasks measure automaticity, a skill necessary
for successful reading [30]. It appears that differ-
ent RAN tasks have a different impact on reading.
Our study has shown that RAN of objects had a
stronger effect on reading than RAN of letters. This
is in line with Meyer, Wood [30] study that showed
RAN of colors and objects were better predictors
of reading than RAN of numbers and letters. On
the other hand, some studies showed a greater
effect of alphanumeric RAN tasks than non-alpha-
numeric RAN task on future reading [26].

Phoneme deletion task and RAN of objects
significantly affected pseudoword reading. These

two predictors explained 37% of the variance in
pseudoword reading task. Phoneme deletion
belongs to complex phonological skills related to
reading [4]. Although in this study it was not a sig-
nificant predictor of word reading, other studies
conducted in the Bosnian language have found
phoneme deletion task to be the most important
predictor of reading speed [27].

It is interesting to note a significant improve-
ment in both word reading and pseudoword read-
ing from Grade 3 to Grade 5. In this study, the
growth of pseudoword reading was slightly larger
than that of word reading. An earlier study by Car-
avolas [5] reported reverse findings for the Czech
and Slovak languages, where the growth was
larger for word than pseudoword reading efficien-
cy. However, it is important to note that children in
that study were younger (Grades 1 and 2) than the
children in our study. Another finding in this study
was the high correlation between word reading
and pseudoword reading at both times. In Grade
3, the correlation was slightly higher between word
reading and pseudoword (r = .87) reading than in
Grade 5 (r = .79). This finding is similar to findings
of van Setten, Hakvoort [45], in which the authors
found a strong association between reading flu-
ency in Grade 3 and reading in Grade 6.

This study pointed to the large improvements
in reading variables in children aged 8 to 10 years,
and it also showed the importance of PA and RAN
as predictors of reading. As demonstrated by pre-
vious studies, it seems that models of early literacy
development are very similar across different lan-
guages and orthographies [2; 12].

It is worth mentioning that the reading predic-
tors we used in this study are susceptible to train-
ing. This is especially relevant as the research
suggests that decoding skills should be one of
the main targets in intervening with poor read-
ers [25]. RAN can be significantly enhanced with
training [49]. Similarly, computerized remedial
training has shown great potential in improving
phonological awareness [33]. Children at risk of
phonological difficulties can greatly benefit from
teacher-delivered school-based interventions
[16]. Timely intervention in these domains can
have a positive impact on reading.

This study is not without limitations. The first
limitation is the small sample size. We assessed
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reading variables for only 36 students from the
original sample at Grade 5, which significantly
limits the generalizability of our results. Due to
the small sample, the obtained results may be
sample-specific. Thus the study needs to be rep-
licated in different samples with a larger number
of participants. We also did not consider some
cognitive variables, such as working memory,
that impact reading skills [24]. The inclusion of
variables such as working memory, processing
speed, and vocabulary might have created an
even better model of decoding skills. Another
limitation of this study is the situation with the CO-
VID-19 pandemic, as the children were attending
some portions of their education online. It is hard
to tell whether this form of schooling influenced
children’s reading development.
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