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Abstract. The aim of this study is to determine the relationship between preschool children's patterning
skills and language development. 67 children (39 girls and 28 boys) of 58-77-month-old (x=67.37;
SD=4.39), attending pre-school education have participated in the study. The correlational research
model was used to measure the two variables specified for the study and to determine the correlation
between them. Preschool Patterning Skills Test was used to measure children’s patterning skills and LAP-
3 Development Assessment Scale/Language Development Sub-Dimension was used to measure their
language development. As a result of the analysis, it was found that children's patterning skills and
language development did not differ according to the gender, but a significant difference was observed
according to the education of their parents, in favor of those whose parents have an associate degree or
above. Patterning skills and language development were observed to differ positively in favor of 68-77-
month-old children and those who perform more than one activity per week. Spearman correlation
analysis revealed a positive and significant relationship between children's patterning skills and language
development.
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INTRODUCTION

Recently, there has been an increase in studies on the importance of language skills for children's
mathematical development (Donlan, Cowan, Newton, & Lloyd, 2007; Gelman, & Butterworth, 2005;
Purpura, & Ganley, 2014; Vukovic, & Lesaux, 2013). Language is regarded to be related to conceptual
thinking because of the words and word combinations, and to mathematics because of the symbols and
symbol combinations (Nelson, 1996; Vinner, 2014). The results of various studies point the relationship
between language and mathematical cognition (Donlan et al., 2007) and the effect of language on the
process of learning mathematical concepts (Rittle-Johnson, Singer, & Alibali, 2001). Besides, researchers
underline that early number and language skills are related to each other and affect each other, just like
other cognitive skills (Dehaene, Piazza, Pinel, & Cohen, 2003; Gelman, & Buterworth, 2005). This fact
creates curiosity about the relationship between mathematics skills and language development of the
children in the preschool period, which is seen as a critical period in their development process.
Mathematics and Patterning skills

Early childhood, which includes the preschool years, is an advantageous period for introducing
young children to more formal mathematical operations, as they spontaneously show interest and
competence in mathematics (Green, & Gallagher, 2014). Children begin to learn mathematics by
observing their surrounding (Tirosh, Tsamir, Barkai, & Levenson, 2018). In early childhood, numbers,
measurement, geometry, spatial and algebraic thinking are the areas of mathematics education (NCCA,
2014). Mathematical skills gain meaning through the processes such as counting, distinguishing,
matching, classifying, sequencing, and patterning (Charlesworth, & Lind, 2007; Dinger, & Ergiil, 2017;
Gliven, 2005). In mathematics, children’s understanding goes beyond simple concepts related to numbers
(NCTM, 2006; Papic, Mulligan, & Mitchelmore, 2011). Mathematics is also seen as the science of
sequencing and patterning; it doesn’t only express the numbers and the operations made with numbers
(Steen, 1988; Resnik, 1982; Yaman, 2010).

Patterning is the skill of recognizing and using a predictable sequence (Rittle-Johnson, Zippert, &
Boice, 2018). In other words, a pattern is a component of the symbols, sounds, states or geometric shapes
in units (Papic, Mulligan, & Mitchelmore, 2011). Patterning, on the other hand, involves understanding
how the sequencing rules of a series are applied to the elements of the other series following it
(Burgoyne, Witteveen, Tolan, Malone, & Hulme 2017). There are many mathematical relationships and
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patterns both in our daily life and in nature (Yaman, & Umay, 2013). For example, seasonal cycles,
repetition of the days of the week, the route that the school bus takes from school to home-home to
school every day are the experiences involving patterns. Realizing the relationships in the patterns and
generalizing these relationships will contribute to the development of children’s ability to understand the
world around them (Ozdemir, 2013). In addition, patterning activities provide benefit to the development
of skills such as basic numerical processing and sequencing, and the development of cognitive abilities
such as reasoning and communication (Papic, & Mulligan, 2005; Warren, & Cooper, 2006). Including
predictable patterning skills in early stages without any knowledge of numbers is suggested to constitute
a basis for algebraic thinking in the future (Haciibrahimoglu, 2015; Papic, Mulligan, & Mitchelmore,
2011). Studies show that young children can understand patterns (Rittle-Johnson, Fyfe, McLean, &
McEldoon, 2013).

There are different types of patterning skills such as repeating, converting, finding the missing
part, extension and growing (Copley, 2000; Giiven, 2005; Giiven, Dibek, Bayindir, & Sackes, 2019; Rittle -
Johnson, Fyfe, McLean, & McEldoon, 2013; Yildirim Haciibrahimoglu, 2019). Preschool children first gain
experience with repetitive patterns and then continue to work with patterns that can be extended and
abstracted (Burgoyne, et al., 2017; Yesildere, & Akkog, 2010). Studies cite the importance of solving more
abstract patterns in relational reasoning, which is essential for cognitive development, and its
contribution to learning mathematics in the future (Collins, & Laski, 2015; Fyfe, McNeil, & Rittle-Johnson,
2015). Many research results are showing the relationship between the patterns and mathematics skills
(Lee, Ng, Bull, Pe, & Ho, 2011; Lee, Ng, Pe, Ang, Hasshim, & Bull, 2012). Many longitudinal studies also
show that this relationship continues (Rittle-Johnson, Fyfe, Hofer, & Farran, 2016; Vanderheyden,
Broussard, Snyder, George, Meche Lafleur, & Williams, 2011).

Language development

The term "language" is observed to have two meanings; the language used by humans and a
symbolic system structure such as a programming language (Berwick, & Chomsky, 2011). In humans,
language consists of various sub-components such as phonology, syntax, morphology, semantics and
pragmatics, and it is developed with the interaction of these components (Korkmaz, 2005). Phonology
includes the systematic and functional features of the sound (Wiese, 2006). Syntax indicates the nature of
the words and other structural units in a sentence, the relationship between the words and units in the
sentence structure and the rules of sequencing them (imer, Kocaman, & Ozsoy, 2011). Morphology is seen
as the relationship between the form and meaning of the words, which includes the formation processes
of word units and word forms (Bauer, 2006; imer, Kocaman, & Ozsoy, 2011). Semantics refers to the
meaning that the word conveys (Saeed, 2001), while pragmatics is explained as the use of language in
social experiences (Mey, 2006). As you can see, language is a complex system in which many structures
interact with each other.

In recent years, improvement has been made in understanding how the morphological properties
of languages are acquired through the studies defining the biological, sociocultural, cognitive, and
evolutionary mechanisms underlying language learning processes (Chater & Christiansen, 2010;
Christiansen, Chater, & Reali, 2009; Christiansen, & Chater, 2008). Language acquisition is the process of
creating lexical categories such as nouns, adjectives, verbs, and functional categories such as subject,
object, and verbs by dividing sound series into words, making generalizations and abstractions, and
creating rules by combining them (Aksu Kog, & Ketrez, 2016). From this point of view, language has a
structure that includes pattern-like rules (Pinker, 1999; Sapir, 1925; Nettle, 1998). While learning the
native language, the child learns the units of the language, the grammar of the language and the
requirements of communicating with the language extemporarily (Yapici, 2004). Newborns are
predisposed to acquire the sound systems of all languages, and basic phonological patterns are formed
early in life before the formation of the words. In the following process, syntactic units such as the rhythm
of the language and the syllable structure expand; the combination of the acquired words creates
syntactic rules around the age of two, whereas the morphology is formed up to the age of four
(Herschensohn, 2007). This information indicates that the basis of language skills is formed in the early
childhood and that this period is critical in the development of individuals' language skills (Muslugiime,
2015; Herschensohn, 2007; Sandra, 2019). In the literature, language development is analyzed by being
associated with different fields. The language development of preschool children is analyzed according to
various variables, such as age, gender, parents’ education level, number of siblings, birth order, and family
income (Arslan, 2013; Basaran, 2006; Kogak, Ergin, & Yal¢in, 2014 ; Lovas, 2010; Stolt, Haataja,
Lapinleium, & Lehtonen, 2008; Taner, & Basal, 2005; Yildirim, 2008).

The Relationship between Patterning and Language Development

Language has an important role in the teaching and learning of mathematics (Austin, & Howson,

1979). Adequate language skills have been suggested to be a prerequisite for learning early mathematics
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(Dehaene, Piazza, Pinel, & Cohen, 2003) and a determinant of later mathematical performance (Purpura
et al, 2011; Hooper, Roberts, Sideris, Burchinal, & Zeisel, 2010). Besides, listening, speaking, reading and
writing processes should be used to acquire a mathematical language (Grandau, 2015). Children use
language to express their mathematical thoughts. As it is known, the words such as less, more, long, short,
half, full, below, and above, which are used in mathematics, are extremely important in terms of learning
and using mathematics. A mathematical language frequently used in mathematics is needed in learning
numbers (such as counting numbers, decimals), learning arithmetic (such as addition, subtraction),
problem solving (such as comparisons, increase, price), and learning mathematical concepts (such as
pattern, measurement, geometry, space) (Purpura et al.2011; Toll., & Van Luit, 2014). Teachers should be
able to realize that children use mathematical concepts in their daily speech in preschool years and
should transform the teaching moments into an advantage (Taskin, 2013). Children with less verbal
abilities exhibit lower mathematical knowledge (Hampden Thompson, Mulligan, Kinukawa, & Halle, 2008;
Klein, & Starkey, 2004). Studies indicate that children's language skills can play a critical role in pattern
abstraction. Patterns are at the center of all mathematical learnings and language learning (Fyfe, Evans,
Matz, Hunt, & Alibali, 2017). In addition, children with certain language disorders are at risk of
experiencing difficulties in mathematical skills (Cowan, Donlan, Newton, & Lloyd, 2005; Donlan, Cowan,
Newton, & Lloyd, 2007; Fazio, 1994). Fyfe, Eisenband Matz, Hunt, & Alibali (2018) found that children
with language development disorders have also difficulties in patterning skills. One reason for this is seen
as the limitations in the interpretation of the auditory or visual inputs, which are in the form of
consecutive patterns. For instance, when we hear a syllable, we predict the next syllable; which is
associated with forming a simple pattern (sequence). On the other hand, researchers state that
individuals' conversations by turns require organizational skills and point out the importance of
patterning skills in this issue (Armstrong, 1983; Fine, 1978; Ravignani, 2014; Sacks, Schegloff, & Jefferson,
1974; Welkowitz, Bond, Feldman. , & Tota; 1990). Again, researches particularly mention the predictive
effect of patterning on arithmetic and reading development (Burgoyne, Witteveen, Tolan, Malone., &
Hulme, 2017; Pasnak, Kidd, Gadzichowski, Gallington, Schmerold, Schmerold, & West, 2015).

Regarding the studies in this field, the number of studies based on children's patterning skills and
language development is found to be limited. Departing from this limitation, this study aims to examine
the relationship between patterning skills and language development of 58-77-month-old children
attending pre-school education institutions. In line with the purpose of the study, the following questions
were addressed:

1- Do the scores of children attending pre-school education institutions got from the Patterning
skills Scale and LAP-3 Development Assessment Scale/Language Development sub-dimension differ
according to the gender, age group (58-67-month-old and 68-77-month-old), parents' education level and
the frequency of patterning activities at school?

2- Is there a significant relationship between the scores that the children attending pre-school
education institutions got from the Patterning Skills Scale and LAP-3 Development Evaluation
Scale/Language Development sub-dimension?

METHODS
Research Model

This study was conducted according to the correlational research model, which is one of the quantitative
research models. Being a type of descriptive research, the correlational model involves the examination of
the relationship between two or more variables without any intervention (Biiyiikoztirk, Kili¢ Cakmak,
Akgiin, Karadeniz, & Demirel, 2017). In addition, in line with the sub-objectives of the research, children's
patterning skills and language development were described and compared according to various variables.

Study Group

The study group of the study consists of 67 children (39 girls, 28 boys), aged between 58-77 months
(x=67.37; sd=4.39), who were studying in six classes of three preschool education institutions in
Istanbul. 59% (n = 39) of the mothers of the children in the study group were graduated from high school
or below and 41% (n = 27) had an associate degree or above; whereas 42% (n = 38) of the fathers were
graduated from high school or below, and 48% (n = 27) had an associate degree or above. Education
levels of one mother and two fathers are unknown.
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Data Collection Tools

Personal Information Form
Personal Information Form consists of five questions collecting demographic information about gender,
date of birth, mother's education level, father's education level and the frequency of patterning activities
at school. Personal information was obtained from the school administration before the administration of
the study in pre-school educational institutions. Information on the frequency of patterning activities at
school was obtained by interviewing teachers.
Preschool Patterning Skills Test - Short Form

Preschool Patterning Skills Test was developed by Giiven, Dibek, Bayindir, & Sackes (2019) to
measure the patterning skills of 61-76-month-old children. As a result of the validity and reliability
analysis, two measurement tools were developed: the long form is comprised of 26 items, and the short
form is comprised of 17 items. In this study, the short form of the measurement tool was used. Taking
into consideration the content validity, a total of nine items were excluded from the scale and a 17-item
form was created. Observations in the data collection process and the difficulty and overlap of the items
in the Wright Map were taken into consideration in reducing the number of items. By considering the
content validity, a total of nine items (E1, U1, D1, U2, E3, D3, US1, BB3, and 003) were excluded from the
data set and the analysis was repeated. The results showed that all of the 17 items in the short form had
INFIT and OUTFIT values of less than 2 MSNQ values. Item measure values ranged from -4.99 to 2.88. The
item separation index calculated for the short form was 4.90 and the person separation index was
calculated as 1.65. The person reliability coefficient was found to be 0.73 and the item reliability
coefficient was found to be 0.96. The reliability coefficient calculated by K-R20 was 0.81. These results
indicate that the scores obtained from the short form of the Pattern Test have an acceptable level of
reliability. Coefficient of stability calculated for the short form was 0.84.
LAP-3 Development Assessment Scale/Language Development Sub-Dimension: LAP - 3 Development
Assessment Scale

It is a criterion-dependent scale developed by Anna R. Sanford et al. in 1969, titled as "The
Learning Accomplishment Profile 3rd Edition (LAP-3)" and revised between 1981-2003; it is comprised a
total of 383 items that allow the evaluation of the development of 36-72-month-old children. The original
scale consists of seven sub-dimensions that were hierarchically prepared considering the chronological
periods; gross motor skills (54 items), fine motor skills (40 items), preparation for literacy skills (38
items), cognitive skills (87 items), language skills (69 items), self-care skills (50 items) and
personal/social development skills (45 items). Internal consistency coefficients of the original scale were
between .96 to .99 for the whole scale, whereas they were found to vary between .78 and .97 (language
development) for its sub-dimensions. The adaptation study of the scale into Turkish was done by Tunceli
(2018). In the adaptation study, the developmental areas of the original scale were preserved, and it was
rearranged as a 256 item-scale evaluating the development of 42-72-month-old children. In the
adaptation study, the sub-dimensions were revised by decreasing the number of items as follows; gross
motor skills - 36 items, fine motor skills - 23 items, preparation for literacy skills - 26 items, cognitive
skills - 68 items, language skills - 48 items, self-care skills - 29 items, personal/social development skills -
26 items. Internal consistency coefficients were between .91 to .98 for the whole scale, whereas they were
found to vary between .70 and .97 (language development) for its sub-dimensions. The test-retest
coefficients of the original scale were .96 and .99, whereas the test-retest coefficients of the adaptation
study were .93 and .99. The Language Development subtest used in this study includes the receptive
language (understanding the information provided by various sources such as sounds, words, gestures
and gestures-mimics) and expressive language (our thoughts and emotions through words, gestures-
mimics and symbols) and phonological awareness skills.

Data Collection

To collect research data, firstly, the principals and teachers of preschool education institutions, whose
school facilities were already known to be suitable for individual testing of children, were visited. In these
schools, the purpose of the research and the implementation process was explained and their opinions
about their participation in the study were asked. After three preschool education institutions have
accepted to participate in the study, the researchers met the children in their classroom under the
supervision of their teachers and briefly told them what to do. Researchers carried out the applications
related to children's patterning skills and language development in a quiet and bright classroom within
the school, while the education process was continuing, by calling the children one by one. Individual
applications involving children's skills were carried out by two researchers, the first researcher applied

1002 I YILDIZ GUVEN The Relationship between Pre-School Children’s Patterning

Skills and Language Development



patterning skills test, and the second applied language development test. Both applications took about 15-
20 minutes.

Data Analysis

SPSS 21 package program was used to analyze the data of the study. Descriptive analysis showed that
language development data were not distributed normally; in addition, although patterning skills data
were distributed normally, the amount of data falling in the variable categories was less than 30,
therefore the analyzes were performed using non-parametric tests. In the analysis of patterning skills and
language development data, U-test was performed to reveal if there is a differentiation in terms of gender,
parents' education level and age. In addition, Kruskal Wallis H analysis was performed to determine
whether patterning skills differ according to the frequency of patterning activities. Finally, Spearman
correlation analysis was performed to determine the relationship between children's patterning skills
and language development.

RESULTS
Table 1. U-test results of patterning skills and language development scores according to gender
Gender |N x U Z p
Patterning skills Female [39 [36.05 [466.00 -1.020 208

Male 28 [31.14

Female (39 [37.12
Language Development Male 58 129.66 424.50 -1.548 .122
p>.05

As a result of the analysis performed to compare Patterning skills scores (U = 466.00; p>.05) and
Language Development scores (U = 424.500; p> .05) of the children in the study group according to the
gender, no significant difference was found according to gender.

Table 2. U-test results of patterning skills and language development scores according to mother’s
and father’s education level

Education Level N x U Z p
High  school and
P below 39 27.79
= |Mother’s Education Level . 304.00 |-2.910 |.004*
2 Associate degree and
» 27  |41.74
50 above
= High  school and
£
£ _ below 38 28.61
+  |Father’s Education Level : 346.00 |-2.230 |.026*
= Associate degree and
g 27 39.19
above
High  school and 39 2781
Mother’s Education Level below 304.50 |-2.902 |.004*
= Associate degree and
5 27 4172
o B above
&0 o, High  school and
]
E£0o _ below 38 27.45
80 £ |Father’s Education Level . 302.00 |-2.815 |.005*
5 0 Associate degree and27 40.81
= A above )
p<.05

As a result of the analysis, children's Patterning skills scores were observed to differ significantly
according to mother's education (U = 304.000; p <.05) and father's education (U = 346.000; p <.05), in
favor of mothers and fathers having an associate degree or above. Again, children's Language
Development scores showed a significant difference according to the mother’s education (U = 304,500; p
<.05) and father’s education level (U = 302.00; p <.05), in favor of mothers and fathers having an associate
degree or above.
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Table 3. U-test results of patterning skills and language development scores according to age
range

Age N x u Z
. . 58-67-month-old 38 [27.28 "
Patterning skills 63-77-monthold 29 14281 295.50 |-3.243 .001
Language 58-67-month-old |38 [28.99 i "
Development 68-77-month-old [29 [40.57 360.500 |-2.416 016

p<.05

As a result of the analysis performed to compare Patterning skills scores (U = 295.50; p>.05) and
Language Development scores (U = 360.500; p>.05) of the children in the study group according to age, a
significant difference was observed in favor of 68-77-month-old children.

Table 4. U-test results of patterning skills scores according to patterning frequency

Patterning Frequency N x U Z P
Less than once a week 41 29.85 "
More than once a week 26  140.54 363.000 2194 028
p<.05

As a result of the U test performed to compare patterning skill scores of the children in the study
group according to the frequency of patterning activities, a significant difference was observed in favor of
those who do more than one activity per week (U = 363.00; p <.05).

Table 5. Results of spearman correlation analysis performed to determine the relationship
between "lap-3 development assessment scale/language development sub-dimension” and
"patterning skills scale” scores

N r p
Patterning skills -
Language 67 446 .000**
Development
**p<0.01

As a result of the Spearman correlation analysis performed to determine the relationship
between patterning skills scores and Language Development scores of the children in the study group, a
moderate positive correlation (Durmus, Yurtkoru, & Zinc, 2018) was found (r =, 446; p <0.01). This shows
that children's patterning skills scores increase as their language development scores increase.

DISCUSSION AND CONCLUSIONS

As a result of the study, it was found that gender did not create a significant difference in the patterning
skills and language skills of the participating children. Kesicioglu (2013) also reached the result that
gender does not create a significant difference in patterning skills. Similarly, in some studies involving
language development, gender did not create a significant difference on language development, which is
in line with the results of our study (Ergin, 2012; Yildirim, 2008), but there are also results showing that
gender makes a significant difference on language development in favor of girls (Eryilmaz, Uardi, Geyik, &
Oztiirk, 2019; Stolt, Haataja, Lapinleium, & Lehtonen, 2008) and boys (Kogak, Ergin, & Yalcin, 2014).
Differences in Language Development according to gender is explained by the ability and early age. It has
been reported that this difference does not exist in later ages. Similarly, it is thought that since the
preschool period is a period of rapid development, the impact of individual differences causes differences
in the research results (Penn, 2008; Fox, & Field, 1989). Therefore, to determine the cause of the
differentiation in patterning and language development, they should be tested in more samples.

Another finding obtained from the research is that significant differences were observed on
patterning skills and language development according to parents' education levels, in favor of those
having an associate degree or above. Based on these findings, it can be said that the education levels of
parents affect patterning skills and language development scores. Regarding the studies on mathematics
skills and parents' education level in the literature, results are indicating that the education level of the
parents creates a significant difference on mathematics skills (Kodippili, 2011; Giiven, 1997). This also
supports the findings of our research involving patterning skills, which is the basis of mathematics.
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Similarly, the review of the studies on language development and parents' education level also showed
that the results are in line with the results of our study (Kocak et al., 2014; Yildirim 2008; Hoff 2003). The
findings obtained from the studies show that the education levels of the parents are effective on
patterning and language development, which suggests that as the education level of the parents increases,
their awareness also increase and thus they can approach child-rearing processes more consciously. In
the study the number of parents having an education below and above associate degree was not equal,
therefore it may be healthier to conduct the study once more with different samples.

The analysis of children’s patterning skills according to age revealed a significant difference in
favor of older children (68-77-month-old). Based on this finding, it can be said that the age group affects
patterning skill scores. Regarding the studies on patterning skills according to age group in the literature,
results are indicating that the age group makes a significant difference on patterning skills (Fyfe, McNeil,
& Rittle-Johnson, 2015), which are in line with the results of our study; on the other hand, there are also
results indicating that the age group does not create a significant difference on patterning skills
(Kesicioglu, 2013). Regarding the studies on language development according to age group, findings are
showing that age group creates a significant difference on language development in favor of the older age
group, which is in parallel with the results of our study, (Kogak et al, 2014; Ergin, 2012; Yildirim 2008;
Aksu-Kog, & Ketrez, 2016). This is an expected result of the development process.

In the study, it was found that patterning skill scores showed a significant difference according to
the frequency of patterning activities included in the education process in favor of more frequent
patterning activities. Based on this finding, it can be said that the frequency of patterning activities in the
educational setting affects patterning skill scores. Researchers believe that the inclusion of patterning
activities in preschool settings makes a difference in patterning skills (Clements, Sarama, & Liu, 2008;
Papic et al,, 2011; Starkey, Klein, & Wakeley, 2004). In the experimental studies on the development of
patterning skills in the literature, the experimental group were found to get better results than the control
group (Papic, & Mulligan, 2007; Papic, & Mulligan, 2005). These results overlap with the results of our
study and show that the systematic and frequent use of patterning activities affects the development of
these skills.

The finding obtained from the research shows a positive moderate association between
patterning skills and language development. Based on this, it can be said that as the patterning skills of
children increase, their language development increases. Regarding the literature, although few studies
are focusing on language development and patterning skills, the studies addressing mathematics skills
and language development support this finding of our research (Abedi, & Lord, 2001; McClelland,
Cameron, Connor, Farris, Jewkes, & Morrison, 2007; Miller, Miiller, Giesbrecht, Carpendale, & Kerns,
2013; Tagkin, 2013).

In future studies, relationships between preschool children's patterning skills and skills such as
reasoning and creative thinking can be examined. The factors that affect these skills can be tested with
experimental studies. The relationship between these two skills and children's school achievement can be
investigated through longitudinal studies. Similar studies can be extended to children with bilingual
development. In addition to these, the further contribution can be made to the literature by diversifying
variables (such as socio-economic level, education program, age, parents’ mathematics knowledge,
mathematics at the home setting).

Finally, this study was carried out with 67 children aged between 58-77 months. Studies on
Language Development and patterning skills with younger and older age groups can be conducted and
the results can be compared. Other researches to be conducted in line with the purposes of this study can
be formed to cover different provinces and more study groups.
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