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This study focuses on the relationship between students' early
academic skills and academic achievement. In this context, it is aimed
to examine the predictors of students' early literacy and numeracy skills
on their later math and science achievements across countries. A
quantitative research approach using a correlational survey design was
performed. The sample of this study consists of 15815 fifth-grade
students who participated in TIMSS-2019 from Norway, South Africa,
and Turkiye. Multiple linear regression analysis was used to analyze
data obtained from two different scales and students’ math and
science tests. The study's findings supported the essential roles that
early literacy and numeracy skills play in fifth-grade students' math and
science achievement in the three-country contexts. The results
revealed that the more frequent involvement of parents in early literacy
activities could increase children's later science achievement and that
children's ability to perform early numeracy tasks better when
beginning primary school could increase students' later mathematics
achievement. Another result of the study is that for countries where all
of the other early academic skills within the scope of this study are
statistically significant, they can contribute positively to students' later
mathematics and science achievement, which may be long-term.
Finally, it is recommended that activities and tasks to increase parental
participation can be included in preschool curricula. In addition,
support that can help children develop early academic skills can be
provided to children who have not yet started primary school and their
parents.
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Introduction

One of the leading indicators of the outcomes of the curriculum is academic achievement.
The academic achievement reflects the degree to which a student, teacher/instructor,
curriculum, and educational institution have met set educational goals (Kpolovie, Joe, & Okoto,
2014). It can be said that to the extent that academic achievement is high, students acquire the
curriculum objectives. One of the factors that make academic achievement necessary is that it
plays a decisive role in preparing students well-equipped for professional and social life and
shaping their future (Blcker, Nuraydin, Simonsmeier, Schneider, & Luhmann, 2018; Peng &
Kievit, 2020; Sarier, 2016; Yildirim, 2000). Academic achievement, in general, refers to the
thinking skills and competencies related to communication (speaking, reading, writing),
mathematics, science, and social sciences that enable a student to be successful “in school and
society” (Lindholm-Leary & Borsato, 2006, p. 176). Because these forms of achievement are
challenging to assess, a narrower definition is made that is generally limited to the results of
standardized achievement tests. Therefore, what is usually meant by academic achievement is
a result that shows the quality of their academic work, such as standardized achievement tests,
students' course grades, or grade point average (York, Gibson, & Rankin, 2015). However,
academic achievement is a product of recent and old familial, community, and educational
experiences (Rivkin, Hanushek, & Kain, 2005). One of these experiences is students' early
academic skills.

Early academic skills are literacy and numeracy skills in preschool (Uyanik & Kandir, 2010).
Early academic skills include basic literacy abilities such as letter recognition and phonemic
awareness and numeracy abilities such as knowledge of numbers and understanding the order
of numbers (Rabiner, Godwin, & Dodge, 2016). Before discussing the conceptual framework
for linking early academic skills and later academic achievement, a model that can help to
better establish this connection is presented in Figure 1.

] SCHOOL READINESS
Previous
preschool > Early Academic . Later.Academ|c
experience Skills Achievement

Figure 1. Early Academic Skills Framework. Adapted from "Ready for School? Systematic Review of
School Readiness and Later Achievement,” by Marilia Mariano et al,, 2019, Global Journal of Human-
Social Science Research, 19(10), p. 63. Copyright 2019 by the Global Journals.

The framework in Figure 1 shows that early academic skills in the school readiness phase
from previous preschool experiences are linked to later academic achievement. Some studies
in the literature showed the associations between early academic skills and later academic
achievement, as explained in Figure 1 (Duncan et al., 2007; La Paro & Pianta, 2000; Murrah I,
2010; Pagani, Fitzpatrick, Archambault, & Janosz, 2010; Rabiner et al., 2016; Romano,
Babchishin, Pagani, & Kohen, 2010; Stevenson & Newman, 1986). In one of these studies,
Stevenson and Newman's (1986) longitudinal study, a group of children was tested before
starting kindergarten, and these children were monitored in the first, second, third, fifth, and
tenth grades. In conclusion, these children's achievement test scores were associated with
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acquiring early academic skills in literacy and numeracy, such as recognizing letters and
numbers. While this study provided significant findings, it had a small sample (f=255) and was
conducted in Minneapolis, a city in the Midwest region of the United States. Therefore, since
this study has a specific and limited sample in terms of cultural, geographical, and educational
level, its results should be approached from this perspective.

Another study in the literature is the research of La Paro and Pianta (2000). This meta-
analysis examined 70 longitudinal studies reporting the relationships between
"academic/cognitive and social/behavioral measures administered in preschool or
kindergarten and similar measures administered in first and second grade” (La Paro & Pianta,
2000, p. 443). As a result of this study, it was found that there was a moderate correlation
(r=.48) in cognitive/academic skills from kindergarten to first or second grade. The sample sizes
of the 70 studies examined ranged from 9 to 866. In this meta-analysis study, almost half of
the samples were more than 50% Caucasian, and almost half involved children from primarily
middle or high socioeconomic status (SES) families. The available data indicate that the use of
variables such as ethnicity and development level is limited in this study.

An international consortium has investigated early academic skills that are important in
predicting later academic achievement, focusing on literacy and numeracy (Duncan et al.,
2007). Using six longitudinal datasets from the United States of America, Canada, and Great
Britain, Duncan et al. (2007, p. 1428) examined the relationship "between three key elements
of school readiness—school-entry academic, attention, and socioemotional skills—and later
school reading and math achievement.” All six studies concluded that the strongest predictors
of later academic success were math, reading, and attention skills at the beginning of school.
In a meta-analysis study, done by Duncan et al. (2007), early mathematics skills had the highest
predictive power, followed by reading and attention skills. This meta analysis study focused on
children from the USA, Great Britain, and Canada. Therefore, only the data of children from
highly-developed countries were examined. From this point of view, although it provides
crucial results for developed countries, it cannot give an idea about developing or
underdeveloped countries.

Pagani et al. (2010) conducted a study similar to that of Duncan et al. (2007). The similarity
between the two studies was that Pagani et al. (2010) used the data analysis strategy Duncan
et al. (2007) used. What differentiated the research was that it was conducted with data from
native French-speaking children in Canada. Pagani et al. (2010, p. 984) examined possible
relationships "between cognitive, attention, and socio-emotional characteristics underlying
kindergarten readiness and mathematics, reading, and general achievement” in second grade.
At the end of the study, it was reported that cognitive and attention characteristics in
kindergarten predict success at the end of the second grade. Pagani et al.'s (2010) study
focused on students from the developed country, Canada, as in the studies cited earlier.
Besides, student outcomes belong to the end of the second year and second grade is not that
far up the academic ladder. There is a need to see results from studies that reflect longer-term
outcomes.

Romano et al. (2010) conducted other research that augmented and extended the findings
of Duncan et al.'s (2007) study. The study examined the effects of kindergarten literacy and
math abilities, mother-reported attention, and socioemotional behaviors on third-grade math
and reading outcomes using data on 1521 children from the National Longitudinal Survey of
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Children and Youth (NLSCY) (Romano et al., 2010). Like Duncan et al. (2007), early literacy and
numeracy skills were the strongest predictors of later achievement. Romano et al.'s study also
has limitations encountered in other studies: developed country sample only and short-term
(end of third grade) student outcomes. Studies using samples of countries with different
cultural, geographical, and developmental levels and presenting longer-term results are
needed.

Murrah Il (2010) conducted a study using school readiness skills to find predictors of later
academic achievement in mathematics, reading, and science. The study's data were obtained
from the Early Childhood Longitudinal Study - 1998 database. The study's findings showed that
early literacy and numeracy abilities predict accomplishment later in life and that school entry
abilities can predict achievement in reading, math, and science later in life (Murrah IIl, 2010).
Compared to Pagani et al.'s (2010) and Romano et al.'s (2010) studies, this study used long-
term (fifth grade) student outcomes. However, a limitation encountered in other studies is also
evident in this study: the sample of the USA, a developed country, was used.

One of the issues that Rabiner et al. (2016) examined in their study is the relationship
between early childhood characteristics and academic outcomes in the fifth grade. One study
shows that early literacy skills predict reading and math achievement after the fifth grade. Early
numeracy skills predicted only mathematics achievement. Unfortunately, the small sample of
this study was not nationally representative, and all participants attended schools selected
because of high concentrations of students at risk for developing conduct problems. Moreover,
all of these participants were from the USA. Also, there was no mention of subsequent scientific
achievement in this study.

Despite extensive previous research, it can be argued that there are significant gaps in the
knowledge of how early academic skills affect long-term academic achievement. One of these
gaps is the limitations in revealing the relationship of early academic skills with later science
achievement. In addition, studies that consider early academic skills as a predictor have been
conducted in high-income and developed countries and have not exceeded this limitation.
Although these studies play a pioneering role in preventive intervention, they are criticized for
their polarizing nature because they do not consider different social structures in terms of
cultural, geographical, and educational levels (Narayan et al., 2018). Although this aspect is
open to discussion, considering the importance of early academic skills in academic
achievement emphasized in these studies, conducting a similar study with different and
independent populations in terms of cultural, geographical, and educational levels may help
generalize the results and evaluate them from different perspectives. International examination
of the relationship of early academic skills to later academic achievement requires using the
same data collection tools and sampling method for each country, and such data are seldom
available. In the absence or absence of such data, studies examining the relationship between
early academic skills and academic achievement for a single grade level in different countries
may be particularly susceptible to ignoring validity and reliability factors. When seeking to
understand how early academic skills related to “later academic achievement, it is important to
consider how outcomes are measured, and test performance provides an important
independent assessment of academic achievement” (Duncan et al., 2007, p. 1431). One of the
large-scale assessment studies in which such data can be collected is the Trends in International
Mathematics and Science Study (TIMSS).
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The main aim of TIMSS is to measure students' knowledge and skill levels and to assess the
education system's outcomes (Oral & McGivney, 2013). In other words, TIMSS offers
comparative information on student accomplishment across nations over time and in
connection to significant factors in the home, school, and classroom (Mullis, Martin, Foy, Kelly,
& Fishbein, 2020). While TIMSS measures the performance of fourth- and eighth-grade
students in the fields of mathematics and science, data is also collected on the variables that
affect student success through questionnaires applied to the students participating in the
application, their teachers and parents, and school administrators (Suna, Sensoy, Parlak, &
Ozdemir, 2020). At TIMSS 2019, data was collected through a home questionnaire given to the
parents or caregivers of fourth-grade students to understand better the effects of early
academic skills on student achievement in mathematics and science (Hooper, Mullis, Martin, &
Fishbein, 2017).

While data on early academic skills are collected for different countries in the TIMSS-2019,
general projections on the subject are kept, and it is up to researchers interested in the issue
to clarify the details. On the other hand, based on the literature review conducted between
2019-2022, there is no cross-country comparative study investigating the relationship between
students' early academic skills (literacy and numeracy skills) and their later mathematics and
science achievements using the extensive data set provided by TIMSS-2019. Therefore, it can
be said that the role of early academic skills in students' academic achievement has not been
investigated significantly using a current and large data set. The present study focuses on the
relationship between students' early academic skills and academic achievement. In this context,
it is aimed to examine whether students' early literacy and numeracy skills predict their later
mathematics and science achievement, with a cross-country comparison involving Norway,
South Africa, and Turkiye. An attempt has been made to address the current gap in the research
field by investigating the two research questions:

Do the early literacy and numeracy skills of fifth-grade students in Norway, South Africa,
and Turkiye predict their;

1. Later mathematics achievement?
2. Later science achievements?

Considering the educational inequality between countries, differences in academic
achievement between countries are an important global problem in education today
(Organisation for Economic Co-operation and Development [OECD], 2018). Determining the
skills significant to academic achievement is critical in designing interventions to reduce these
achievement differences. Achievement differences may result from deficiencies in early
academic skills (Heckman, 2006). For this reason, its possible contribution to a better
understanding of how these early skills are related to academic achievement, especially for
children from different cultural, geographical, and educational levels, makes the study
important. An examination of the findings of studies in the literature showed that interventions
in the preschool period are more effective than later interventions (Heckman, Pinto, & Savelyev,
2013). Therefore, the results obtained from the present study may help suggest various
suggestions that can be implemented in preschool curricula to improve students' academic
achievement.
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Method

The present quantitative study, a relational survey design, analyzes whether the early
academic skills of fifth-grade students predict their academic achievement by analyzing the
secondary data obtained from TIMSS-2019. Correlational studies examine how closely
differences in one variable correspond to differences in one or more other variables (Leedy,
Ormrod, & Johnson, 2021). A study process known as secondary data analysis can be
characterized as an empirical exercise with procedural and evaluative steps, much like
gathering and analyzing primary data (Johnston, 2017). The reason for the preference of this
method in this research is that studies using secondary data allow reaching new and/or
additional findings that were not included in the original research (Sherif, 2018) and can "be
used to provide a comparison with other contexts, over other periods, and across other social
groups and cultures" (Corti, 2008, p. 801).

Population and Sample

TIMSS-2019 defines students attending the fourth and eighth grades of formal education
as the international target population. As an exceptional case, England, Norway, South Africa,
and Turkiye participated in the fourth-grade implementation of the TIMSS-2019 cycle at the
fifth-grade level (Suna et al.,, 2020). In the present study, countries that participated in TIMSS-
2019 at the fifth-grade level were included to understand the predictive power of early
academic skills on academic achievement over a longer period. However, it was not included
in the study in England because data on early academic skills were not collected. In addition to
the fact that Norway, South Africa, and Tirkiye participate at the fifth-grade level, their cultural,
geographical, and educational differences are another factor in their preference. Norway ranks
11th, Tirkiye 23rd, and South Africa 56th out of 58 countries in the TIMSS-2019 mathematics
ranking. Similarly, Norway ranks eighth, Turkiye 19th, and South Africa 56th out of 58 countries
in the TIMSS-2019 science rankings. In other words, it can be said that the countries that are
in the upper, middle, and last places in mathematics and science achievement are within the
scope of the study. From a geographical point of view, it is seen that the three countries are
on different continents. Norway is in Northern Europe, South Africa is the southernmost
country of the African continent, and Turkiye is a transcontinental country connecting Europe
and Asia. In terms of the level of human development, Norway ranks first, Turkiye 54th, and
South Africa 114th in the ranking, which includes 189 countries in the Human Development
Index (United Nations Development Programme, 2020). Therefore, it can be stated that the
countries within the study's scope are at different development levels.

The three countries are also culturally different from each other. Cultural difference is
socially acquired values, beliefs, and rules of conduct that can be distinguished from one
society to another (Jackson & Guerra, 2011). Since the first half of the 19th century, efforts have
been made to establish a national culture in Norway, and the traditional cultural structure has
been preserved for many years (Askan, 1998; Karpuz, 1999). Norway has also been included in
the globalization process, which has negative effects on the national culture, and
multiculturalism has been included in Norway's cultural policy (Bakke, 2001). At the beginning
of 2021, immigrants and those with two immigrant parents born in Norway made up 18.5% of
Norway's population (Norwegian Ministries, 2022). Norway's national population projections
imply that within a decade, the population will be made up of older people than children and
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teenagers, according to the national demographic forecasts for 2022, which show reduced
population growth paired with stronger aging (Thomas & Temmeras, 2022). In Norway, where
religious pluralism is increasingly established, the official religion is Christianity (Onal, 2016). In
Norway, equality is regarded as a key objective for society, and attempts to advance equality
are seen as obligations under human rights law (Norwegian Ministry of Children, Equality and
Social Inclusion, 2012).

When South Africa is examined in terms of cultural structure, it is striking that it has a very
heterogeneous structure in terms of ethnic origin, official spoken language (11 official
languages), and belief diversity (Ozoran, 2014; Sevim, 2019). South Africa is a country where
inequalities in income distribution and living standards are high and an important center of
attraction for immigrants (Adepoju, 2003). Following the first democratic elections in 1994,
South Africa has made remarkable progress in building a new nation in which all South Africans
have equal rights (The Department of International Relations and Cooperation [DIRCO], 2022).
Although South African women have fought for the nation's independence and gender equality
for a long time, they finally reached the 50/50 target for women in the Cabinet in 2019 (Burger,
2020).

Turkiye also has its cultural characteristics. Anatolia, in which Turkiye was founded, is one of
the oldest civilization centers in the world, and in this respect, it has thousands of years of
experience besides the dominant Turkish culture (Sancak, 2016). However, Turkish society has
been experiencing an international cultural interaction and change process with Western
culture for various reasons since the 18th century (Tirkkahraman, 2009). Turkiye has been
greatly affected by the cultural dimension of globalization, and as a result, a considerable
change and transformation process has begun in the tastes and interests of Turkish society
(Bayar, 2008). Despite this, global culture has not displaced local culture in Tirkiye, and the
trend towards Western culture has not excluded local culture (Rankin, Ergin, & Goksen, 2014).
Similarly, it is stated that although the social structure in Tirkiye has changed, some cultural
patterns have been preserved (Kasapoglu & Ecevit, 2004).

The TIMSS implementations employ a two-stage random sample design, with a first stage
of selecting a sample of schools and a second stage of choosing one or more entire classes of
students from each of the sampled schools (LaRoche, Joncas, & Foy, 2020). The population and
sample of the three countries within the scope of the study are given in Table 1.

Table 1. Population and Sample Sizes

Sample (Number of

Population Students Assessed) Participation Rates Analyzed

Country Schools  Students  Schools  Students (;lgss . Sty Qemf Sample”
N) N) N) N) Participation  Participation (N)
(%) (%)

Norway 1945 62012 150 3951 99 89 2327
South Africa 16254 943115 297 11891 100 96 9794
Turkiye 16205 1239900 180 4028 100 99 3694
Total 34404 2245027 627 19870 99.67 94.67 15815

Note. Population, sample, and participation rates were adapted from Methods and Procedures: TIMSS 2019
Technical Report by Michael O. Martin, Matthias von Davier, and Ina V.S. Mullis, 2020, p. 9.24-261. Copyright
2020 by the International Association for the Evaluation of Educational Achievement (IEA).
* The researcher calculated the analyzed sample.
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The sample size given in Table 1 is the number of students participating in the assessment.
The sample size calculated before the TIMSS-2019 assessment may be higher for schools or
students. TIMSS guidelines emphasize that the minimum acceptable participation rate for
sample participation is 85 percent for both schools and students. The participation rates given
in Table 1 show that all three countries fulfill the 85% criterion. However, the number of
students analyzed for mathematics and science is less than the number of participants due to
missing information. In exclusion of observations with lacking or missing data from the data
set, it can be assumed that these data are entirely randomly distributed (Cim, Demir, Gelbal,
& Kisla, 2018). The idea behind the utterly random distribution of data is that the likelihood of
missing data for a given variable is independent of the value of either that variable or any other
variable in the data set (Demir & Parlak, 2012). The remaining data can be viewed as a simple
random sampling from some vast population if this assumption holds valid for all variables in
the data set (Allison, 2002). Since the deleted data is student data, it can be accepted that the
remaining data represent the original data set since it does not affect its value or any other
variable in the data set. However, due to the large size of samples and the small number of
excluded students, the missing data were not completed with statistical techniques.

Data Collection Instruments

The study's data were obtained from two different scales developed by the collaboration of
“the questionnaire development team at the TIMSS & PIRLS International Study Center and the
TIMSS Questionnaire Item Review Committee” and students' mathematics and science tests
(Hooper et al.,, 2017, p. 59). The "Early Literacy and Numeracy Activities Scale" and the "Early
Literacy and Numeracy Tasks Scale."

The Early Literacy and Numeracy Activities Scale

One of the scales used was the Early Literacy and Numeracy Activities scale. This scale, which
consists of 18 items, was answered by the parents. The question "before your child began
primary/elementary school, how often did you or someone else in your home do the following
activities with him/her?" was asked to parents via the survey (Yin & Fishbein, 2020, p. 16.25).
Parents answered the questions as "often," "sometimes," or "never or rarely" (Yin & Fishbein,
2020, p. 16.25). Some of the statements were "read books," "play word games," "count different
things," and "write numbers" (Yin & Fishbein, 2020, p. 16.25).

The Early Literacy and Numeracy Tasks Scale

Another scale from which data was obtained is the Early Literacy and Numeracy Tasks scale.
Parents responded to twelve items under three questions through the Early Literacy and
Numeracy Tasks scale. The first question was “"How well could your child do the following when
he/she began the first grade of primary/elementary school?” (Yin & Fishbein, 2020, p. 16.32).
There were seven statements associated with the question, such as "read some words", "write
letters of the alphabet"”, and "write his / her name" (Yin & Fishbein, 2020, p. 16.32). Parents
matched them with the appropriate one of “very well”, “moderately well”, “"not very well”, and
“not at all” (Yin & Fishbein, 2020, p. 16.32). The second question was “"Could your child do the
following when he/she began the first grade of primary/elementary school?” (Yin & Fishbein,
2020, p. 16.32). The tasks associated with the question were “count by himself/herself”,
“recognize written numbers”, and “write numbers” (Yin & Fishbein, 2020, p. 16.32). Parents

marked one of “up to 100 or higher”, “up to 20", "up to 10", and "not at all” for the tasks (Yin
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& Fishbein, 2020, p. 16.32). Finally, the question "Could your child do the following when he/she
began the first grade of primary/elementary school" was asked again to the parents (Yin &
Fishbein, 2020, p. 16.32). The parents answered as “yes” or "no” to the expressions given for
the question as “do simple addition” and “do simple subtraction” (Yin & Fishbein, 2020, p.
16.32).

The Cronbach's Alpha reliability coefficient and percent of variance explained by the Early
Literacy and Numeracy Activities scale, and the Early Literacy and Numeracy Tasks scale are
given in Table 2.

Table 2. Cronbach's Alpha Reliability Coefficient and Percent of Variance Explained of the Scales

Early Literacy and Numeracy Activities Early Literacy and Numeracy Tasks Scale
Country
Scale
Cronbach's a Reliability Variance Cronbach's a Reliability Variance
Coefficient Explained, % Coefficient Explained, %
Norway .87 31 .90 48
South Africa .88 32 .85 39
Turkiye .94 50 95 64

Note. From Methods and Procedures: TIMSS 2019 Technical Report by Michael O. Martin, Matthias von
Davier, and Ina V.S. Mullis, 2020, p. 16.29-36. Copyright 2020 by the International Association for the
Evaluation of Educational Achievement (IEA).

Cronbach's alpha coefficients given in Table 2 are .70 and above, so the scales can be
considered reliable with countries' samples (Pallant, 2005). In addition, it is deemed sufficient
for single-factor designs to explain 30% or more of the variance (Buyukoztlrk, 2003). The
variance explained values in Table 2 are greater than 30%, indicating that the relevant
structures are well measured in all three countries.

Mathematics and science scores of students were used as an indicator of academic
achievement, which is the dependent variable of the current study. Five plausible values were
calculated for math and science tests in TIMSS-2019. OECD (2017, p. 145) stated that "the
plausible value methodology uses proficiency distributions and accounts for error (or
uncertainty) at the individual level by using multiple imputed proficiency values (plausible
values) rather than assuming that this type of uncertainty is zero." In simpler terms, plausible
values represent the range of plausible proficiency a student may have based on students'’
responses to items (Wu, 2005). Plausible values are random scores derived “from the
distribution of scores that can be reasonably assigned to each” student (Monseur & Adams,
2009, p. 6), and “plausible values are generated using students' responses to the items and
conditioning them according to all available background data” (Laukaityte & Wiberg, 2017, p.
11344). Therefore, five different plausible values are calculated for students. Using only one of
the five plausible values or the mean may cause the standard error values to be miscalculated
(Rutkowski, Gonzalez, Joncas, & von Davier, 2010). It is recommended that all five reasonable
values be included in the calculations for the analyses (OECD, 2009). In the current study, all
five plausible values were included in the analysis as dependent variables at the same time to
obtain unbiased and stable estimates, and suggestions were made on using probable values
in large-scale international evaluations (OECD, 2009; Rutkowski et al., 2010) were taken into
account.
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Data Analysis

Multiple linear regression (MLR) analysis was used in the data analysis. In social science
research, MLR is a potent approach for spotting intricate relationships between data (Nimon,
2010). MLR makes it possible to investigate the relationships between more than one
continuous or categorical independent variable and one continuous dependent variable (Coxe,
West, & Aiken, 2013). The bilateral correlations between dependent and independent variables
in this study are presented in Table 3.

Table 3. The Bilateral Correlations (r) between Dependent and Independent Variables

Correlations (r)

Variables

Country

(1) 2) (3) 4) (5) (6)

Early literacy activities before school (1) 1.00
Early numeracy activities before school (2) .74 1.00

Norway Early literacy tasks beginning school (3) 37 33 1.00
Early numeracy tasks beginning school (4) .24 .26 .54 1.00
Mathematics achievement scores (5) 12 12 .29 .26 1.00
Science achievement scores (6) .18 12 25 .15 78 1.00
Early literacy activities before school (1) 1.00
Early numeracy activities before school (2) 73 1.00

South Early literacy tasks beginning school (3) .38 34 1.00

Africa Early numeracy tasks beginning school (4) .15 A3 .33 1.00
Mathematics achievement scores (5) 21 .18 .19 .22 1.00
Science achievement scores (6) 22 .18 .18 22 91 1.00
Early literacy activities before school (1) 1.00
Early numeracy activities before school (2) .81 1.00

Tiirkiye Early literacy tasks beginning school (3) .52 .50 1.00
Early numeracy tasks beginning school (4) .48 A48 .65 1.00
Mathematics achievement scores (5) 40 .39 27 .35 1.00
Science achievement scores (6) 46 43 30 .36 .89 1.00

The correlation values given in Table 3 indicate a relationship between the variables in this
study. Four are the predictor variable, and the other two are the predicted variables. There are
low-level correlations among some variables (r=.10 - .29), moderate-level correlations among
some (r=.30 - .49), and high-level correlations between some variables (r=.50 — 1.00). It was
found that there were positive relations between all variables.

MLR is typically used to assess how independent or explanatory factors affect output (Farina,
San Martin, Preiss, Claro, & Jara, 2015). Considering that students' academic achievement is
related to multiple factors related to early academic skills in the current study, the dependent
variable can be predicted accurately and realistically by employing the MLR model's optimal
arrangement of several independent variables (Xiao, Liu, & Hu, 2019). In standard algebraic
notation, the general expression of the MLR model is:

y=PBo+Pix1+Box2+Bsxz+Paxa+ €
In this model;
y: Mathematics and science achievement scores (1-5 plausible values),

Bn: Partial regression coefficient,
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x1: Early literacy activities before school (ASBHELA),

xo: Early numeracy activities before school (ASBHENA),
x3: Early literacy tasks beginning school (ASBHELT),

xa: Early numeracy tasks beginning school (ASBHENT),
&: Error term.

For the analysis, the students' mathematics and science scores and the scales used were
matched one-to-one using TIMSS-2019 Student IDs. After the matching process, the data
generated for each country were analyzed with the IEA International Database Analyzer Version
4.0.36 (IDB Analyzer) software. IDB Analyzer can perform statistical analysis by considering
sample design and sample weights. IDB Analyzer provides convenient tools for estimating
sampling errors and coefficients that reflect the sample design, but assumptions about multiple
linear regression must be verified (Mirazchiyski, 2014).

One of the assumptions of MLR analysis is the normal distribution. According to Lumley,
Diehr, Emerson, and Chen (2002), no assumption of the normal distribution is necessary for
sufficiently large samples. For large samples, "the law of large numbers and the central limit
theorem mechanism both work" because "the sample mean of a large number of observations
will be close to the mean or will have a distribution close to normal, even if the observations
themselves do not have normal distribution” (Shatskikh & Melkumova, 2016, p. 767). Based on
the law of large numbers and central limit theorem theories, it can be said that the normal
distribution is provided in the TIMSS-2019 sample (DasGupta, 2010). In addition, the
assumption that the relationship between the predictor and the predicted variables is linear
was investigated with scatter plots. In the investigation, it was seen that the variables had a
linear relationship, and the points showed the values of the variables gathered around the
regression line.

Further, in large-scale assessments, the plausible values such as mathematics and science
achievement scores assume a flat linear regression with all students' background variables as
regressors, and “like most linear models, homoscedasticity and normality of the conditional
variance are assumed” (Monseur & Adams, 2009, p. 1). Another assumption is that there is no
multicollinearity. One of the ways to determine multicollinearity is to use a correlation matrix.
However, variance inflation factor (VIF) values were investigated instead of the correlation
matrix in the current study since linearity may occur between three or more variables even if
the independent variables are not highly correlated in pairs (Lavery, Acharya, Sivo, & Xu, 2019).
Since the IDB Analyzer software used in data analysis did not calculate the VIF values,
independent regression equations using each independent variable as the dependent variable
were created, and VIF values were calculated using the formula VIF=1/(1-R? (Robinson &
Schumacker, 2009). R? in this formula is the coefficient of determination from the linear
regression model. The VIF values calculated to control whether there is a problem of
multicollinearity among the predictive variables are given in Table 4.
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Table 4. VIF Values

VIF values
Variables - -
Norway South Africa Tiirkiye
ASBHELA 2.27 2.27 3.02
ATHENA 2.22 2.17 2.99
ASPHALT 1.54 1.30 1.96
ASBHENT 143 1.12 1.85

Since all of the VIF values given in Table 4 are values less than five, it can be said that there
is no multicollinearity problem among the predictive variables (Bowerman, O’'Connell, &
Murphree, 2015).

The "enter" method, the default method in IDB Analyzer, was selected when performing
multiple regression analyses. All specified variables were entered simultaneously, regardless of
their significance level (George & Mallery, 2020). Based on the study's conceptual framework,
the "enter" method was used in this analysis since one independent variable was not
considered more important than the others (Hinton, Brownlow, McMurray, & Cozens, 2004).

Results

This section presents the results reported in line with the research questions. First,
descriptive statistics to facilitate the interpretation of the results were included. Then, the
results obtained for the two research questions were reported and interpreted.

Descriptive Statistics

Knowing the descriptive statistics for each country can facilitate the interpretation of the
findings in the present study, which aims to make a cross-country examination. Therefore,
descriptive statistics for all predictor and predicted variables used in the study are reported in
Table 5. The values were calculated for each country using the IDB Analyzer program to take
care of sampling weights based on the TIMSS-2019 sampling procedure.

Table 5. Descriptive Statistics of Variables

Variables Countries Minimum Maximum M SD
Norway 10.47 1.92

Early Literacy Activities

South Africa 1.90 14.98 9.73 2.05
Before School
Tirkiye 8.95 2.91
Early Numeracy Norway 10.17 1.76
Activities Before South Africa 2.61 15.33 9.83 2.18
School Tiirkiye 9.26 2.89
. Norway 9.06 1.71
Farly Literacy Tasks South Africa 456 13.47 10.47 174
Beginning School
Tirkiye 8.87 2.66
Norway 9.48 1.76
Farly Numeracy Tasks South Africa 474 13.05 9.83 191
Beginning School
Turkiye 9.51 2.38
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Table 5 (Cont.)

. Norway 251.19 806.65 542.67 74.12
Mathematics South Africa 67.61 78644 37356 100.21
achievement*

Turkiye 113.22 844.85 522.86 99.50
Norway 262.64 762.74 539.40 66.67
Science achievement* South Africa 5.00 821.13 324.23 133.03
Turkiye 107.55 786.98 526.36 90.90

* The minimum and maximum scores in mathematics and science achievement are the minima and
maximal scores within five plausible values.

In mathematics and science achievement, Norway had the highest mean and South Africa
the lowest. In countries other than Turkiye, the mean mathematics scores were higher than the
science mean. It is worth noting that parents of Norwegian students stated that they
participated more frequently in preschool early literacy and numeracy activities. Parents of
South African students also stated that they did better in early literacy and numeracy tasks
when their child began the first grade of primary/elementary school. In addition, Turkiye, which
had a lower average score than South Africa in all early academic skills, had a much higher
average than South Africa in mathematics and science scores.

The Results on the Prediction of Early Literacy and Numeracy Skills of Fifth-Grade
Students in Norway, South Africa, and Tiirkiye in Their Later Mathematics Achievement

MLR analyzes were conducted using each country's data to answer the first research
question. The findings showed that early literacy and numeracy skills could be used to predict
the later mathematics achievement of students in high-, medium-, and low-achieving
countries. MLR analysis results are presented in Table 6.

Table 6. MLR Analyzes Results Investigating the Associations between the Early Academic Skills and
Students’ Mathematics Achievement

MLR Coefficients

. MLR Model Unstandardized weight ~ Standardized weight
Countries Summary Independent
Variables B Std. Error B t
R2= 10 (Constant) 409.67 15.84
Adjusted R2=.10 ASBHELA .02 1.56 .00 .02
Norway Fis232=86.04 ATHENA 9.35 1.34 22 6.86*
p'<.01 ASPHALT A5 1.54 .01 29
ASBHENT 573 1.41 14 4.13*
R2= 09 (ansta nt) 1293.87 1146961 . 16
ASBHELA 34 . . 16*
South Adjusted R?>=.09
oS F(3i790)= 20> 7c ATHENA 447 1.27 08 3.46*
p'<.01 ASPHALT 1.75 1.04 .04 1.70
ASBHENT 9.34 .93 18 10.77*
R2= 20 (Constant) 342.74 14.62
Adjusted R?=.20 ASBHELA 7.39 1.17 21 6.55*
Turkiye r -307.50 ATHENA -2.06 1.20 -.05 -1.71
(3'36301) ' ASPHALT 5.10 134 15 3.80*
p<. ASBHENT 8.98 1.19 21 7.91*
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* Statistically significant t values at p < 0.01 level.

Early academic skill variables explained variance in mathematics achievement differently for
each country, from 9% (in South Africa) to 20% (in Turkiye). The variance among countries
implied that the multilevel model of the study was more effective for Tirkiye than other
countries. This means that for Norway and South Africa, other student-level variables might
explain differences among students. Early numeracy tasks beginning school (ASBHENT) was a
variable that predicted mathematics achievement positively in all countries. Accordingly,
students who did better at various numeracy tasks when they first began the first grade of
primary/elementary school had higher math scores. As expected, parents' frequent
involvement in numeracy activities with their children before school (ASBHENA) positively
predicted mathematics achievement in Norway and South Africa.

On the other hand, surprisingly, ASBHENA is not a significant predictor of students'
mathematics achievement in Turkiye. More frequent involvement of parents with their children
in literacy activities before school (ASBHELA) positively predicted mathematics achievement in
the middle- and low-achieving countries. These results mean that a student whose parent
participates more often in early literacy activities gets higher scores in math. However, in
Norway, which ranks high in mathematics achievement, no relationship was found between
ASBHELA and mathematics achievement. Therefore, it was concluded that ASBHELA has no
role in predicting mathematics achievement for high-achieving countries. Early literacy tasks
beginning school (ASBHELT), one of the early academic skill variables, positively predicted
mathematics achievement only for Turkiye.

The Results on the Prediction of Early Literacy and Numeracy Skills of Fifth-Grade
Students in Norway, South Africa, and Tiirkiye in Their Later Science Achievement

It investigated whether early literacy and numeracy skills predicted the later science
achievement of students in the countries surveyed to answer the second research question.
The findings showed that it is possible to use students' early literacy and numeracy skills in
diverse countries to predict their later science achievement. MLR analyzes results regarding
science achievement are presented in Table 7.

Early academic skill variables explained variance in science achievement differently for each
country, from 7% (in Norway) to 24% (in Turkiye). The variance among countries implied that
the multilevel model of the study was more effective for Tlrkiye compared to other countries
in science achievement. This means that for Norway and South Africa, other student-level
variables might explain science achievement differences among students. Early literacy
activities before school (ASBHELA) was a variable that predicted science achievement positively
in all countries. Therefore, students whose parents participated more frequently in early literacy
activities had higher science scores. More frequent involvement of parents in numeracy
activities with their children before school (ASBHENA) positively predicted students' science
achievement in Norway and South Africa. However, ASBHENA was not a significant predictor
of the science achievement of students in Turkiye. Early numeracy tasks beginning school
(ASBHENT) positively predicted science achievement in countries with medium and low
achievement in science. This finding means that students who could do various numeracy tasks
better when he or they first began primary school scored higher in science in later grades than
students who could not. However, in Norway (eighth), which ranked high in the TIMSS-2019
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science achievement rankings, there was no relationship between ASBHENT and science
achievement. Therefore, it was concluded that ASBHENT did not predict science achievement
for high-achieving countries. Early literacy tasks beginning school (ASBHELT), another early
academic skill variable, positively predicted science achievement only for Turkiye, as was the
case with mathematics achievement.

Table 7. MLR Analyzes Results Investigating the Associations between the Early Academic Skills and
Students’ Science Achievement

MLR Coefficients

. MLR Model Unstandardized weight  Standardized weight
Countries Summary Independent
Variables B Std. Error B t
R2= 07 (Constant) 436.02 17.13
Adjusted R=.07 ASBHELA 5.10 1.55 14 3.40*
Norway r _588 ATHENA 7.95 1.29 .20 5.94*
(3'23831) : ASPHALT 217 1.48 -.06 -1.46
p<. ASBHENT 98 139 03 71
R#=.09 fgg ;t:&? 49553431 11949: 14 6.60*
South Adjusted R?=.09 ' ' ’ '
ol F(gfm): S, ATHENA 457 1.69 06 2,69
pl<.0 1 ASPHALT 2.37 1.44 04 1.66
ASBHENT 12.28 1.27 A7 10.14*
R2= 24 (Constant) 349.62 14.85
Adjusted Ri=.24 ASBHELA 9.34 1.10 29 9.06*
Tiirkiye ] 38840 ATHENA -.99 1.06 -03 -93
(3'36801) ' ASPHALT 3.82 1.16 12 3.30*
p=. ASBHENT 7.01 1.05 18 6.89*

* Statistically significant t values at p < 0.01 level.
Discussion, Conclusion, and Implications

In the current study, early academic skills that predict later mathematics and science
achievement of students in Norway, South Africa, and Tirkiye were determined with TIMSS-
2019 data. A comparable set of regression analyzes was conducted to assess whether early
academic skills were predictors of later academic achievement. Mathematics and science
achievements measured as late in the data set as possible were regressed on early literacy and
numeracy activities before primary school and early literacy tasks beginning school.

The first research question focused on whether the early literacy and numeracy skills of fifth-
grade students in different countries predicted their later mathematics achievement. As
expected, the MLR results showed that students' numeracy tasks skills when they first began
the first grade of primary/elementary school were statistically significant predictors of
subsequent mathematics achievement, with standard coefficients ranging from .14 to .21. This
result is compatible with the results of studies in the literature (Duncan et al., 2007; Murrah lll,
2010; Pagani et al,, 2010; Rabiner et al., 2016; Romano et al,, 2010). Early math skills were
significantly positively linked with interest and self-confidence in mathematics (Balala,
Areepattamannil, & Cairns, 2021). Students who were confident in their knowledge and skills
in mathematics and found mathematics interesting had higher mathematics scores than the
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others (Akylz, 2014; Arikan, Van de Vijver, & Yagmur, 2016; Tavsancil & Yalcin, 2015; Yavuz,
Demirtash, Yalgin, & Dibek, 2017). Moreover, successfully practicing and completing early
numeracy tasks can offer opportunities to increase math self-efficacy that can contribute to
later mathematics achievement (Zhu & Chiu, 2019). For this reason, students who do numeracy
tasks better at the beginning of school may have higher success in mathematics later on.

Parental involvement in preschool literacy activities was a statistically significant predictor
of later mathematics achievement in Turkiye and South Africa, but not Norway. A similar
conclusion was reached in the study of LeFevre, Polyzoi, Skwarchuk, Fast, and Sowinski (2010).
In the study by LeFevre et al. (2010), the relationship between parents' participation in literacy
activities and students' mathematics outcomes in Greece and Canada, which have math
achievements similar’ Tirkiye and Norway were investigated. As in the present study's
comparison between Turkiye and Norway, Greek parents' participation in literacy activities was
less frequent than Canadian parents (as seen in Table 5, the frequency of participation of
Turkish parents in literacy activities is lower than that of Norwegian parents), and, for Greek
children only, home literacy activities also predicted math outcomes for Turkish children only.
The conversations and interactions promoted by parents' participation in early literacy activities
enable children to develop specific skills and attitudes, such as increasing their vocabulary,
decoding, and word recognition (Sénéchal & LeFevre, 2002). Students who have developed
these skills and attitudes can more easily understand mathematical facts, concepts, procedures,
conceptual understanding, unusual situations, complex contexts, multi-step problems, and
reading and interpreting data. There may be various reasons why the variable is not a
significant predictor of Norwegian students’ mathematics achievement. One might be that the
power of the relationship between academic achievement and early literacy has diminished
over the years, depending on factors such as the quality of teachers, schools, and education
(Bulut, 2021). Because Norway, which ranks first in the Human Development Index and also
ranks high in the TIMSS-2019 ranking, provides more qualified education services compared
to the other two countries, the predictive power of the variable for the other two countries may
be lost over time. Here is an issue that needs to be discussed. These results mean that while
parental involvement in preschool literacy activities in Norway was predictive of students’
science achievement, it was not a predictive factor in the mathematics achievement of
Norwegian students with the same qualification. In other words, parent involvement in
preschool literacy activities was a significant predictor of Norwegian students' science
achievement, but why was it not a significant predictor of math achievement? As mentioned
before, the scope of science is related to real-life, and learning in these subjects is more
permanent learning. However, 80% of the content of the TIMSS-2019 math test consisted of
knowing the cognitive domain and applying it (Mullis et al., 2020). The content included simple
equations, algebra, fractions and decimals, geometry, and angles. Thus, the quality
mathematics education in the first five years of primary school in Norway may have become
the dominant predictor of Norwegian students’ mathematics achievement, rather than
preschool literacy activities with their parents.

The frequency of parent involvement in early numeracy activities (ASBHENA) was positively
associated with math achievement in the highest and lowest performing countries (Norway

! Since Greece did not participate in TIMSS-2019, the comparison was made according to the results of
PISA-2018.
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and South Africa). This result aligns with the previous research (Huang, Zhang, Liu, Yang, &
Song, 2017; Hwang, 2020; LeFevre et al., 2009; Zhu & Chiu, 2019). The regression coefficient
for Turkiye was not statistically significant. This result is similar to Blevins-Knabe, Austin,
Museum, Eddy, and Jones' (2000) study. Blevins-Knabe et al.'s (2000) study revealed that limited
frequency numeracy activities were not significantly associated with children's math
achievement scores. Descriptive statistics (Table 5) can answer why ASBHENA is not a
significant predictor of students' subsequent mathematics achievement in Turkiye. According
to descriptive statistics, Turkiye's ASBHENA average score was lower than other countries. For
Turkish students with a low parental involvement in early numeracy activities, effective
mathematics classroom instruction may have compensated for ASBHENA, thus reducing its
importance for mathematics achievement. Manolitsis, Georgiou, and Tziraki's (2013) study
results in Greece, a country similar to Turkiye in terms of geographical location and
mathematical achievement, can be used as a basis for this assumption. Manolitsis et al. (2013)
showed that the relationship between Greek children doing numeracy activities at home with
their parents and counting at the beginning of kindergarten becomes negligible. Accordingly,
the ASBHENA variable may have lost its importance on mathematics achievement in the fifth
grade for Turkish students whose parents' participation in early numeracy activities was already
low.

The second research question focused on the early literacy and numeracy skills of fifth-
grade students in different countries and was identified as the predictor of students' later
science achievement. The study's findings showed that parent involvement in preschool literacy
activities (ASBHELA) was a statistically significant predictor of later science achievement for all
three countries. In general, the content element of the science curriculum consists of popular
and directly related to real-life topics such as health-related phenomena (student's body,
health, and diseases), unexplained space and phenomena, sexuality and reproduction,
environmental problems, biodiversity (Jidesjo, Oscarsson, Karlsson, & Strémdahl, 2009).
Therefore, science is a part of everyday life, and all people, regardless of age, want to know the
fundamental scientific principles that govern the world they live in (Andrée, 2005; Aniashi,
Okaba, Anake, & Akomaye, 2019; Girdal, 1992). The scope of the TIMSS-2019 science test also
coincided with this content (Mullis et al., 2020). Students whose parents frequently participate
in preschool literacy activities begin to contact their parents and ask questions about the things
they are curious about and want to learn and start doing research (Hayes, Berthelsen,
Nicholson, & Walker, 2018; Lin et al., 2019; Uyanik & Kandir, 2010). Children who examine
written and visual sources about science subjects, which are a part of daily life with their
parents, and reach the answers to the questions together, can increase their knowledge about
science and their interest in science. The increase in students' knowledge and interests may
have contributed to the growth in students' science achievement.

Early numeracy activities before school (ASBHENA) positively predicted science achievement
in Norway and South Africa. ASBHENA was not a meaningful predictor for Turkiye. Descriptive
statistics showed that Tirkiye's ASBHENA means lower than other countries. Although there is
no similar study in the literature, it is noteworthy that this result parallels the one in
mathematics achievement. It seems consistent that ASBHENA was not a significant predictor
of mathematics and science achievement for Turkish students whose parents had a low
frequency of participation in early numeracy activities. Therefore, as with mathematics
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achievement, the limited participation of parents in early numeracy activities may have led to
the loss of ASBHENA's importance on science achievement over time.

The variable ASBHENT, a significant predictor of later mathematics achievement in all three
countries, also significantly predicted science achievement for South Africa and Turkiye but was
not significant for Norwegian students' later science achievement. ASBHENT was measured as
the ability to perform operations on numbers, such as counting by oneself, recognizing written
numbers, writing numbers, and performing simple addition and subtraction (Yin & Fishbein,
2020). Both because of the level of complexity and because of the nature of science courses
that require mechanisms specific to relational reasoning (Blums, Belsky, Grimm, & Chen, 2017),
the predictive of basic numeracy skills in the science achievement of Norwegian students with
high science achievement may not be as strong as that of students in the other two countries
with lower science achievement averages. As a result, it can be said that while ASBHENT was a
significant predictor of science achievement of students with medium and low science
achievement, it was not a significant predictor of science achievement of students with high
science achievement.

Concerning the first and second research questions, a common research finding showed
that ASBHELT (early literacy tasks beginning school) variable was a significant predictor of
Turkish students' achievement in both mathematics and science. ASPHALT was not a significant
predictor of either mathematics or science achievement in the other two countries. Makin and
Whitehead (2004) stated that children's literacy skills are related to the opportunities provided
to children. One of these opportunities is participation in preschool education. Only 24% of
Turkish students in TIMSS-2019 had attended preschool education for two years or more,
compared to 68% for South African students and 97% for Norwegian students (Mullis et al,,
2020). Thus, it may have made no meaning that Norwegian and South African students who
benefited more from preschool education were able to perform early literacy tasks to predict
their later mathematics and science achievement. Because they may have acquired skills that
can predict later mathematics and science achievement in the preschool education period, and
that can be more dominant than being able to perform early literacy tasks. However, Turkish
students who did not benefit much from preschool education better performed early literacy
tasks, which reflect the development of other cognitive and academic skills (Haney, 2002), and
may have been a significant predictor of their later mathematics and science achievement.

The study's limitations should be considered when evaluating the current study's findings.
First, a limited number of variables related to early academic skills were included in the study.
Also, these variables were obtained from scales answered by parents in TIMSS-2019. Huang et
al. (2017) emphasize that parents' responses to scales can be affected by social desirability.
Secondly, since TIMSS-2019 did not administer a test for reading comprehension skills,
students did not have reading literacy scores. Therefore, whether early literacy and numeracy
skills predict students' later literacy achievement could not be examined. Third, the cross-
country generalizability of the study's findings may be limited, as the nature and extent of
parents' involvement in their children's early literacy and numeracy activities can vary
considerably from one country to another.

In conclusion, despite the study's limitations, empirical support was provided for the crucial
roles that early literacy and numeracy skills play in fifth-grade students' math and science
achievement in the three-country context. More frequent involvement of parents in early
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literacy activities can help grow later science achievement regardless of country. In addition,
better performance of early numeracy tasks at the beginning of primary school can increase
students' later mathematics achievement without being affected by international differences.
These results suggest that the link between ASBHENT and mathematics achievement and
between ASBHELA and science achievement does not immediately break. Instead, it remains
essential even in the fifth year of formal education. Other early academic skills within the scope
of this study (ASBHENA and ASBHELT) can contribute positively to students' later mathematics
and science achievement in countries where they are statistically significant, and this
contribution may be long-term.

The results of the study have important implications for curricula and practices. The first
implication is that mathematics and science achievement depends not only on variables in the
formal primary school process but also on the frequency with which parents participate in early
academic activities and students' ability to perform early academic tasks. The preschool
curricula of South Africa and Turkiye, and Norway's framework plan for kindergartens
emphasize the importance of parent involvement in early academic activities and tasks
(Department of Basic Education, 2015; Directorate for Education and Training, 2017; Ministry
of National Education, 2013). Examples of early academic activities and tasks are not found in
the curricula implemented in Norway and Turkiye. It can be said that the examples of early
academic activities and tasks are included in the Family Support Education Guide, which is
prepared in an integrated manner with the preschool curriculum in Turkiye, but these examples
are few. It can be said that the Family Support Education Guide (Ministry of National Education,
2013Db) is teacher-centered rather than parents-centered. Such activities and tasks are written
for the areas of early learning and development in The United Nations International Children's
Emergency Fund (UNICEF)-funded curriculum implemented in South Africa (Department of
Basic Education, 2015). For example, for early mathematics learning and development area,
“Help young children make books about numbers and counting," “Repeat the counting words
children use and show them how counting helps us to find out how many," “Adults and young
children can sing songs and rhymes about numbers and counting” activities are available in
The South African National Curriculum (Department of Basic Education, 2015, p. 52). Such and
more developed and enriched early academic activities and tasks that parents can participate
in at home can be included in preschool curricula to increase students' later mathematics and
science achievement.

One of the present study results is that children's ability to do preschool math tasks predicts
math achievement. Mononen, Audio, Koponen, and Aro's (2014, p. 25) study also showed “that
different types of instructional design features (explicit instruction, computer-assisted
instruction, game playing, or the use of concrete-representational-abstract levels in
representations of math concepts, etc.) lead to improvements in mathematics performance." If
these two results are considered together, another implication can be made: In order to
develop children's ability to do preschool math tasks, activities for the use of game-based
computer-assisted teaching that can facilitate the transition from concrete to abstract can be
included in the learning situations element of preschool curricula. Since ASBHENT is a positive
predictor of later mathematics achievement for three countries, support activities can be
carried out by a teacher specialized in mathematics through individual and small-group
instruction for students who have difficulty doing numeracy tasks.
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Given the essential roles that early literacy skills play in improving students' mathematics
and science achievement, parents and teachers are vital in supporting young children's literacy
development. However, not all parents have the necessary skills to participate effectively in the
literacy activities of their young children. From this perspective, it is essential to support parents
to enable their young children to contribute to literacy development. Parent-teacher
partnerships can be encouraged and supported to empower parents in this field. This issue was
extensively covered in the Framework Plan for the content and tasks of kindergartens in force
in Norway, and it was recommended to establish a “parents' council” and “the co-ordinating
committee” for parent-teacher partnerships (Directorate for Education and Training, 2017, p.
29-30). The National Curriculum Framework in South Africa has no statement on establishing
parent-teacher partnerships (Department of Basic Education, 2015). Partnerships such as “visits
to children's houses, group and individual parent meetings” (Ministry of National Education,
2013, p. 50), emphasized in the preschool education program implemented in Turkiye, seem
insufficient. Since it may be challenging to establish parent-teacher partnerships in countries
with low-income or low pre-primary education rates, such as Tirkiye and South Africa,
cooperation with educational institutions and relevant social actors can be made to design and
implement such supports.

Considering the results of the present study, which showed that literacy and numeracy
activities at home and children's ability to perform literacy and numeracy tasks at the beginning
of primary school positively contribute to later mathematics and science success, it was
concluded that educational interventions to improve students with difficulties in early literacy
and numeracy skills should be developed and implemented. Educational intervention is
intended by early intervention programs that integrate information and skill learning to create
competency or alter practice behavior (Wilkes and Bligh, 1999). Niklas, Cohrssen, and Tayler
(2016) and Vukovic, Roberts, and Wright (2013) reported that these educational interventions
improved preschool children's abilities and academic achievement. Therefore, early
intervention programs can be developed for children who have not yet started primary school,
which can help them improve their early literacy and mathematics skills by making use of good
examples from other countries but also by taking into account the characteristics of their
country/culture. These early intervention programs can provide easy-to-use and effective
printed and visual resources. For these resources to be used efficiently, children and parents
can be provided with continuous and proactive support by preschool teachers.

Finally, some implications can be made for future research. Future research may consider
cultural factors related to early literacy and numeracy skills. The causal relationships between
this study's dependent and independent variables, a cross-sectional study by the nature of
TIMSS-2019, cannot be revealed. Longitudinal and experimental studies can be designed to
investigate possible causal relationships between predictor and predicted variables.
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TURKCE GENiS OZET

Erken Akademik Beceriler ve Sonraki Akademik Basari Arasinda
Baglantilar Kurmak: Ulkelerarasi Bir Analiz

Giris

Egitim programinin ¢iktilarinin temel gostergelerinden birisi akademik basardir. Akademik
basari; dgrencinin, 6gretmenin, egitim programinin ve egitim kurumunun 6nceden belirlenmis
egitim hedeflerine ne dlclide ulastigini gosterir (Kpolovie, Joe & Okoto, 2014). Akademik
basarinin yuksek oldugu olcude 6grencilerin program kazanimlarini edindikleri sdylenebilir.
Akademik basari; genel olarak, bir 6grencinin okulda ve toplumda basarili olmasini saglayan
iletisim (konusma, okuma, yazma), matematik, fen bilimleri, sosyal bilimler ile ilgili diisiinme
becerilerini ve yeterliklerini ifade eder (Lindholm-Leary & Borsato, 2006). Bununla birlikte
akademik basari; gegmisteki ve glincel durumdaki aile, toplum ve okul deneyimlerinin kimulatif
bir islevidir (Rivkin, Hanushek & Kain, 2005). Bu deneyimlerden birisi 6grencilerin erken
akademik becerileridir.

Erken akademik beceriler, okul 6ncesi donemde yer alan okuma yazma becerileri ve
matematik becerileridir (Uyanik & Kandir, 2010). Erken akademik beceriler, harfleri taniyabilme
ve ses birimsel farkindalik gibi temel okuryazarlik yetenekleri ve bunun yaninda sayilar bilgisi
ve sayllarin sirasini anlama gibi aritmetik yetenekleri icerir (Rabiner, Godwin, & Dodge, 2016).
Alanyazindaki bazi calismalar, akademik basarinin 6grencilerin erken akademik becerileri
kazanmasiyla iliskili oldugunu gostermektedir (Duncan & dig., 2007; La Paro & Pianta, 2000;
Murrah [ll, 2010; Pagani, Fitzpatrick, Archambault & Janosz, 2010; Rabiner & dig. 2016;
Romano, Babchishin, Pagani & Kohen, 2010; Stevenson & Newman, 1986).

Erken akademik becerilerin uzun vadeli akademik basariyi nasil etkiledigine dair alanyazinda
kapsamli arastirmalar olmasina ragmen, bu alandaki bilgi birikiminde énemli bosluklar oldugu
soylenebilir. Bu bosluklardan biri, erken akademik becerilerin sonraki fen basarisiyla olan
iliskisinin ortaya koyulmasindaki kisitliliklardir ki alanyazinda Murrah Il (2010) tarafindan
yapilan ¢alisma disinda bir calismaya rastlanilmamistir. Bununla birlikte, erken akademik
becerileri yordayici olarak kabul eden calismalar yiiksek gelirli ve gelismis olarak nitelendirilen
ulkelerde yirutilmus ve bu sinirlandirmanin 6tesine gegcmemistir (Duncan & dig., 2007; Murrah
[, 2010; Pagani, Fitzpatrick, Archambault & Janosz, 2010; Rabiner & dig., 2016; Romano,
Babchishin, Pagani & Kohen, 2010). Bu yonlyle tartismaya agik olsalar da bu ¢alismalarda
vurgulanan akademik basarida erken akademik becerilerin dnemi g6z online alindiginda
benzer bir ¢alismanin kilturel, cografi ve egitim seviyesi olarak farkli ve birbirinden bagimsiz
nufuslarla yapilmasi, sonugclarin genellestirilebilirligine  ve  farkh acilardan
degerlendirilebilirligine yardimci olabilir. Bu ¢alismada, 6grencilerin erken okuma yazma ve
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matematik becerileri ile matematik ve fen basarilar arasindaki iliskiye odaklaniimakta ve bu
kapsamda 6grencilerin erken okuma yazma ve matematik becerilerinin sonraki matematik ve
fen basarilari Uzerindeki yordayicihigini Ulkeler arasi karsilastirmali olarak incelemek
amaclanmaktadir. Bu amac¢ dogrultusunda iki arastirma sorusu cevaplanmaya calisiimistir:
Norveg, Guiney Afrika ve Turkiye'deki besinci sinif 6grencilerinin erken okuryazarlk ve
matematik becerileri;

1. Sonraki matematik basarilarini yordamakta midir?

2. Sonraki fen basarilarini yordamakta midir?
Yontem

Bu calisma iliskisel tarama tlriinde nicel bir arastirmadir. Calismanin 6rneklemi, TIMSS-
2019'a Norveg, Gliney Afrika ve Turkiye'den katilan besinci sinif 6grencileridir. Norvec¢'ten 2327,
Guney Afrika’dan 9794 ve Tirkiye'den 3694 besinci sinif dgrencisinin verileri analiz edilmistir.
Arastirmanin verileri, “TIMSS ve PIRLS uluslararasi calisma merkezindeki anket gelistirme ekibi
ve TIMSS anket maddesi inceleme komitesinin is birligi ile gelistirilen Erken Okuryazarlk ve
Matematik Etkinlikleri ve Erken Okuryazarlik ve Matematik Gorevleri dlcekleri” ile dgrencilerin
matematik ve fen testlerinden elde edilmistir (Hooper, Mullis, Martin, & Fishbein, 2017, p. 59).
Her iki Olcek de 6grencilerin aileleri tarafindan cevaplandiriimistir. TIMSS-2019 uygulamasina
ait olan bu veriler, TIMSS & PIRLS'in internet sitesinde halka acik olarak sunulmaktadir. Elde
edilen verilerin analizinde ¢oklu dogrusal regresyon analizi kullanilmistir. Verilerin analizleri IDB
Analyzer yazihmi ile yapilmistir.

Bulgular

Bulgular; erken okuryazarlik ve matematik becerilerini kullanarak yuksek, orta ve dusuk
basarili Glkelerdeki 6grencilerin sonraki matematik ve fen basarilarini tahmin etmenin miimkin
oldugunu gostermektedir. Erken akademik beceriler, matematik basarisindaki toplam varyansi
her tilke icin %9'dan (Giiney Afrika) %20'ye (Tirkiye) degisen oranlarda aciklamaktadir. Ulkeler
arasinda aciklanan varyans farki, calismanin ¢ok dizeyli modelinin Tirkiye icin diger Ulkelere
gére daha etkili oldugunu goéstermistir. ilkokula bagslarken erken matematik gérevlerini
yapabilme, tim Ulkelerde matematik basarisini pozitif olarak éngoren bir degiskendir. Bu
nedenle, ilkokula ilk basladiginda cesitli matematik gorevlerini daha iyi bir sekilde yerine
getirebilen o6grencilerin matematik puanlari daha yiksek olmustur. Cocuklarn ilkokula
baslamadan 6nce ebeveynlerin matematik etkinliklerine daha sik katilmasi, Norve¢ ve Glney
Afrika'da matematik basarisini pozitif yonde yordamistir. Ancak, bu degisken Turkiye'deki
ogrencilerin matematik basarisi icin anlamh bir yordayici degildir. Cocuklari ilkokula
baslamadan once ebeveynlerin okuma yazma etkinliklerine daha sik katilmasi, matematikte
orta ve dusik dizeyde basarili tlkeler olan sirasiyla Tiurkiye ve Gliney Afrika’da matematik
basarisini pozitif yonde yordamistir. Ancak, matematik basari siralamasinda Ust siralarda yer
alan Norveg'te, soz konusu degisken ile matematik basarisi arasinda bir iliski bulunamamistir.
Erken akademik beceri degiskenleri arasinda okula baslangigta okuma yazma gorevlerini
yapabilme degiskeni sadece Tirkiye icin matematik basarisini pozitif olarak yordamistir.

Erken akademik beceriler, fen basarisindaki toplam varyansi her (lke igin %7'den (Norveg)
%24'e (Tirkiye) farkli degerlerde aciklamaktadir. Ulkeler arasinda aciklanan varyans farki,
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calismanin ¢ok diizeyli modelinin fen basarisi icin de Turkiye icin diger Ulkelere gore daha etkili
oldugunu gdstermistir. Okul 6ncesi erken okuma yazma etkinliklerine ebeveynlerin katilimi,
tum Ulkelerde fen basarisini pozitif olarak yordamaktadir. Bu nedenle, erken okuma yazma
etkinliklerine ebeveyni daha sik katilan o6grencilerin fen puanlan daha ylksek olmustur.
Gocuklarr ilkokula baslamadan dnce ebeveynlerin matematik etkinliklerine daha fazla katilmasi,
Norve¢ ve Gliney Afrika'da fen basarisini pozitif yonde yordamistir. Ancak, bu degisken
Turkiye'deki ogrencilerin fen basarisi igin anlaml bir yordayici degildir. Cocuklarin ilkokul
baslangicinda matematik gorevlerini yapabilmesi, fende orta ve duslik diizeyde basarili tlkeler
olan sirasiyla Turkiye ve Gliney Afrika'da fen basarisini pozitif yonde yordamistir. Ancak, TIMSS-
2019 fen basari siralamasinda Ust siralarda yer alan Norveg'te, s6z konusu degisken ile fen
basarisi arasinda bir iliski bulunamamistir. Erken akademik beceri degiskenleri arasinda okula
baslangicta okuma yazma gorevlerini yapabilme degiskeni, matematik basarisinda oldugu gibi
sadece Turkiye icin fen basarisini pozitif olarak yordamistir.

Tartisma, Sonuc ve Oneriler

Calismada ulasilan sonuclar erken akademik becerilerin sonraki matematik basarisinin
istatistiksel olarak anlaml yordayicisi oldugunu gdstermektedir. Bu sonug, alanyazindaki
calismalarin (Duncan & dig., 2007; Huang, Zhang, Liu, Yang & Song, 2017; Hwang, 2020,
LeFevre, Polyzoi, Skwarchuk, Fast & Sowinski, 2010; Murrah 1ll, 2010; Pagani & dig., 2010;
Rabiner & dig., 2016; Romano & dig., 2010; Zhu & Chiu, 2019) sonuglariyla uyumludur. Erken
matematik becerileri, matematige ilgi ve matematikte kendine gliven ile 6nemli 6lclide pozitif
iliskilidir (Balala, Areepattamannil & Cairns, 2021) ve matematikte kendi bilgisine ve becerilerine
glivenen ve matematigi ilging bulan 6grencilerin matematik puanlari digerlerine gére daha
yuksektir (Akylz, 2014; Arikan, Van de Vijver & Yagmur, 2016; Tavsancil & Yalgin, 2015; Yavuz,
Demirtasl, Yalgin & Dibek, 2017). Buna ilave olarak, erken matematik gorevlerini basarili bir
sekilde uygulama ve tamamlama, daha sonraki matematik basarilarina katkida bulunabilecek
matematik 6z-yeterliliklerini artirma firsatlar sunabilir (Zhu & Chiu, 2019). Ebeveynlerin erken
okuryazarlik etkinliklerine katiiminin tesvik ettigi konusmalar ve etkilesimler; cocuklarin kelime
dagarciginin artmasi, kelime ¢6zme ve kelime tanima gibi belirli beceriler ve tutumlar
gelistirmelerini saglar (Sénéchal & LeFevre, 2002). Bu beceri ve tutumlari gelismis olan
ogrenciler; matematiksel olgulari, kavramlari, prosedurleri, kavramsal anlayisi, alisiimamis
durumlari, karmasik baglamlar, ¢cok adimli problemleri, verileri okumalari ve yorumlamalari
daha kolay anlayabilir. Bu nedenle, erken matematik etkinliklerine ebeveynleri daha sik katilan
ve okula giriste matematik gorevlerini daha iyi yapan dgrencilerin sonraki matematik basarilari
daha yuksek olabilir.

Arastirmanin bir diger sonucu, erken akademik becerilerin sonraki fen basarisinin istatistiksel
olarak anlamli bir yordayicisi oldugudur. Genel bir bakis acisiyla, fen 6gretim programlarinin
iceriginin  6grencinin  kendi vicudu, saghgr ve hastaliklari gibi saglikla ilgili olgular,
acitklanamayan uzay ve fenomenler, cinsellik ve tireme, cevreyle ilgili sorunlar, biyolojik cesitlilik
gibi populer ve gercek yasamla dogrudan baglantili konularla ilgili oldugu sdylenebilir (Jidesjo,
Oscarsson, Karlsson & Stromdahl, 2009). Dolayisiyla, fen dersi gtinlik hayatin bir parcasidir ve
hangi yasta olursa olsun, bitln insanlar icinde yasadiklari diinyayr yoneten temel fen
prensiplerini bilmek isterler (Andrée, 2005; Aniashi, Okaba, Anake & Akomaye, 2019; Girdal,
1992). TIMSS-2019 fen testinin kapsami da bu icerikle drtismektedir (Mullis, Martin, Foy, Kelly

334



International Journal of Curriculum and Instructional Studies, 12(2), 2022, 305-336 Ozkan

ve Fishbein, 2020). Okul 6ncesi okuma ve matematik etkinliklerine ebeveynleri siklikla katilan
ogrenciler ebeveynleriyle iletisime gecerek merak ettikleri ve 6grenmek istedikleriyle ilgili
sorular sormaya ve arastirmalar yapmaya bagslarlar (Hayes, Berthelsen, Nicholson & Walker,
2018; Lin & dig., 2019; Uyanik & Kandir, 2010). Ebeveynleriyle birlikte guinlik hayatin bir parcasi
olan fen konularyla ilgili olarak yazili ve goérsel kaynaklardan tarama yapma ve sorularina
cevaplar bulma gibi etkinlikler, cocuklarin hem fenle ilgili bilgisini hem de fene yonelik ilgisini
artirabilir. Bu durum, okul oncesi okuma yazma etkinliklerine katihmin &grencilerin fen
basarisini artirmasina katkida bulunmus olabilir.

Calismanin sonuglarinin egitim programlari ve uygulamalari icin 6nemli gikarimlari vardir.
Guney Afrika ve Turkiye'nin okul 6ncesi egitim programlarinda ve Norve¢'in anaokullar icin
cerceve planinda, erken akademik faaliyetlere ve gorevlere veli katiliminin  dnemi
vurgulanmaktadir (Department of Basic Education, 2015; Directorate for Education and
Training, 2017; Ministry of National Education, 2013a). Bununla birlikte, Norve¢'te ve Turkiye'de
uygulanan okul oOncesi egitim programlarinda erken akademik etkinlik ve gorevlerin
bulunmadigi (Directorate for Education and Training, 2017; Ministry of National Education,
2013a); Gliney Afrika'daki okul dncesi egitim programinda ise 6grenme ve gelisim alanlari igin
acikca yazildigi (Department of Basic Education, 2015) gorilmektedir. Diger iki tlkeden farkli
olarak Turkiye'de, erken akademik etkinlik ve gérev 6rnekleri, okul dncesi egitim programi ile
butlnlestirilmis olarak hazirlanan Aile Destek Egitim Rehberi'nde yer almaktadir (Ministry of
National Education, 2013b) ancak bu &rneklerin sayisinin az oldugu ve Aile Destek Egitim
Rehberi'nin ebeveynlerden ziyade 6égretmen merkezli oldugu séylenebilir. Ogrencilerin ilkokul
sonundaki matematik ve fen basarisini artirmak icin, Gliney Afrika icin gelistirilen okul dncesi
egitim programinda ve Turkiye'deki Aile Destek Egitim Rehberi'nde yer alan evde ebeveynlerin
katilabilecegi etkinlik ve gorevler sayica zenginlestirilerek, icerigi gelistirilerek ve ebeveyn
merkezli olacak sekilde dizenlenerek okul 6ncesi egitim programlarina dahil edilebilir.
GCocuklarin okul 6ncesi matematik gérevlerini yapma becerilerini gelistirmek icin, bu ¢calismanin
kapsamindaki ulkelerde uygulanan okul 6ncesi egitim programlarinda yer almayan, somuttan
soyuta gecisi kolaylastirabilecek oyun tabanl bilgisayar destekli 6gretim kullanimina yonelik
etkinliklere egitim programlarinda yer verilebilir.

Evde okuma yazma ve matematik etkinliklerinin ve ¢ocuklarin ilkokulun basinda okuma
yazma ve matematik gorevlerini yerine getirme becerilerinin sonraki matematik ve fen
basarisina olumlu katki yaptigini gosteren bu calismanin sonuglar géz 6nline alinarak, bu
konuda guglik ceken dgrencileri gelistirmeye yonelik egitimsel mudahalelerin gelistiriimesi ve
uygulanmasi gerektigi sonucuna varilmistir. Egitimsel muidahale ile kastedilen, yeterlilik
olusturmak veya uygulama davranisini degistirmek igin bilgi ve beceri kazanimini birlestiren
erken mudahale programlaridir (Wilkes & Bligh, 1999). Niklas, Cohrssen ve Tayler (2016) ve
Vukovic, Roberts ve Wright (2013) erken miidahale programlar gibi egitimsel midahalelerin
okul oncesi ¢cocuklarin yeteneklerini ve akademik basarilarini gelistirdigini bildirmistir. Ayrica;
calismaya dahil edilen ulkelerin okul 6ncesi egitim programlarinda erken akademik gorevlerini
yapmakta zorluk c¢eken ogrencileri desteklemeye yonelik bir midahale programindan
bahsedilmemektedir. Tirkiye'deki okul dncesi egitim programinda 6zel gereksinimli cocuklari
desteklemede dikkat edilmesi gereken noktalar belirtiimektedir fakat erken akademik
gorevlerini yapmakta zorluk ceken &6grenciler bu kapsamda degerlendiriimemektedir. Bu
nedenle, henuz ilkokula baslamamis c¢ocuklara yonelik erken akademik becerilerini
gelistirmelerine yardimci olabilecek, diger Ulkelerdeki iyi orneklerden yararlanilarak ve
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Ulkelerinin kiltirel 6zellikleri de dikkate alinarak erken miidahale programlari tasarlanabilir ve
bunlara egitim programlarinda yer verilebilir. Bu erken miidahale programlarinda okul dncesi
yas grubundaki cocuklara erken akademik gorevlerin 6gretimi konusunda deneyimli bir
ogretmen tarafindan kicuk grup calismalariyla veya bireysel 6gretim yoluyla destekleme
calismalan yaptirilabilir. Bununla birlikte, bu ¢alismalarda kullanilabilecek, kullanimi kolay ve
etkili basili ve gorsel kaynaklar verilebilir. Bu kaynaklarin verimli kullanilabilmesi igin okul dncesi
ogretmenleri tarafindan hem c¢ocuklara hem de ebeveynlere sirekli ve proaktif destekler
(ebeveynler yardim istemek zorunda kalmadan, 6netkin sekilde saglanan destekler) verilmesi
saglanabilir.

Mevcut calismanin sonuclari, calismanin sinirhiliklar ile birlikte degerlendirilmelidir. ilk olarak,
erken akademik becerilerle ilgili sinirli sayida degisken calismaya dahil edilmistir. Ayrica bu
degiskenler veliler tarafindan TIMSS-2019'da yanitlanan &lgeklerden elde edilmistir. Huang ve
dig. (2017), ebeveynlerin olceklere verdikleri yanitlarin sosyal istenirlikten etkilenebilecegini
vurgulamaktadir. ikinci olarak, TIMSS-2019 &grencilerin okudugunu anlama becerilerine
yonelik bir test uygulamadigindan &grencilerin  okuma yazma becerileri puanlari
bulunmamaktadir. Bu nedenle erken akademik becerilerin 6grencilerin daha sonraki okuma
yazma basarilarini  yordayip yordamadigi incelenememistir. Uciinciisii, ebeveynlerin
cocuklarinin erken okuryazarlik ve matematik etkinliklerine katiliminin dogasi ve kapsami bir
ulkeden digerine 6nemli olcide degisebileceginden, calismanin bulgularinin Glkeler arasi
genellenebilirligi sinirli olabilir. Ayrica, TIMSS-2019'un dogasi geregi kesitsel bir ¢calisma olan
bu calismanin bagimh ve bagimsiz degiskenleri arasindaki nedensel iliskiler ortaya
konulamamaktadir. Farkli degiskenler arasindaki olasi nedensel iliskileri arastirmak icin
boylamsal ve deneysel calismalar tasarlanabilir.
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