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Abstract

The purpose of this study was to explore middle school students’ spatial skills self-efficacy in relation to
some variables. The sample consisted of 582 fifth-, sixth-, seventh-, and eighth-grade students in the
spring term of the 2021-2022 academic year. The data was collected using the Spatial Skills Self-Efficacy
Scale developed by the researchers. The study found that the middle school students had a moderate
level of spatial skills self-efficacy on the overall scale and the intrinsic dynamic and extrinsic static
subscales, while their level was high, although close to moderate, on the intrinsic static and extrinsic
dynamic subscales. Additionally, middle school students’ spatial skills self-efficacy differed significantly
according to gender, receiving preschool education, grade levels, the amount of time spent out of home,
the frequency of going out of town, and the type of game that they most often playing. However, grade
levels did not consistently lead to a significant increase in middle students’ spatial skills self-efficacy.
Accordingly, it is proposed to provide intensive technology-supported training that goes beyond
classical methods and practices, and to provide continuous spatial skills training
throughout the entire learning cycle of students, starting from preschool education. This study is
significant because it examined different dimensions of spatial skills in the same sample group and it
explored, for the first time, the affective dimension of middle school students’ spatial skills using a valid
and reliable scale.
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Arikan & Cetin

INTRODUCTION

Spatial skills are important, to varying degrees, in all human actions, whether simple or complex (Plumert
& Spencer, 2007). Approximately 80% of jobs depend on spatial skills rather than verbal skills (Bannatyne,
2003, p. 3). For example, surgeons, orthodontists, geologists, astronomers, and biologists often use
spatial skills in their jobs (Rule, 2016, p. 2). People need to use spatial skills in numerous actions, from
simple to complex, for example, when searching for an address or packing a suitcase (Hegarty & Waller,
2005), guessing whether a piece of clothing will fit or not, parking a car, playing computer games, or
taking selfies.

Spatial skills, as many researchers have noted, are among the basic and vital skills for individuals (Aladag,
Arikan & Ozenoglu, 2021). Therefore, spatial skills should be acquired in school life (Sanli, 2020). The
National Research Council (2006) stated that spatial skills education should be provided in schools, and
students should acquire these skills. Schools are convenient and strategic environments for developing
spatial skills. The process of developing spatial skills can be adapted to any learning activity (Arikan &
Aladag, 2019; Septia, Prahmana, Pebrianto & Wahyu, 2018). Evidence confirms that spatial skills training
programs in early childhood (including disadvantaged children) can improve learning and ensure better
success (Verdine, Golinkoff, Hirsh-Pasek, Newcombe, Filipowicz & Chang, 2014).

Spatial skills begin to develop in infancy and develop further in childhood (Frick & Wang, 2014). Most
of the studies so far have reported that spatial skills training is effective in developing spatial skills
(Fesliyen, Sanh & Pinar, 2019; Mulligan, Woolcott, Mitchelmore & Davis, 2018; Uttal, Meadow, Tipton,
Hand, Alden, Warren & Newcombe, 2013). However, despite their importance, spatial skills are not
incorporated into curricula as equally as verbal and numerical skills (Coxon, 2012; Ertekin 2017; Kara,
Sezer & Sanl, 2018). Spatial skills are neglected and not encouraged in learning environments
(Borzekowski, Chale & Cole, 2022; Mulligan et al., 2018). Spatial skills are among the skills that teachers
have the most difficulty developing in students, while students have the most difficulty comprehending
spatial skills and feel inadequate to improve spatial skills (Akengin, Bengi¢, Colak & Tas, 2011; Ayvaz,
2019; Celikkaya, 2015; Degirmenci, Bulut & Kuzey, 2021; Erol, 2017; Karakus & Karaman, 2019; Kuzey &
Degirmenci, 2020).

Little is still known about what spatial skills affect, how they affect, and what they are affected by (Morris,
2018). One of the most important variables affecting an individual's spatial skills may be self-efficacy.
Self-efficacy beliefs affect individuals' behaviors, cognitive, motivational, emotional, and choice-making
processes (Bandura, 1997), achievements (Yurt, 2014), strategy development (Maddux, 1995), and the
effort they will show when faced with difficulties (Bandura, 1991). Although the literature includes studies
that investigated middle school students’ spatial skills performance, no study has explored spatial skills
self-efficacy in middle school students using a valid and reliable scale. However, the age of 9 and 12
years is critical for spatial skills development. Spatial skills should be measured during this age range,
and deficiencies, if any, should be remedied (Soluki, Yazdani, Arjmandnia, Fathabadi, Hassanzadeh &
Nejati, 2021).

Literature Review

Spatial skill self-efficacy refers to an individual's belief in their ability to utilize their spatial skills and cope
with spatial situations or problems they encounter. To better understand this concept, it is useful to
examine the concept of spatial skills.

The concept of spatial ability was first mentioned by Sir Francis Galton (1883) in his book Inquiries into
Human Faculty and its Development. Galton used the concept of spatial ability when studying problem-
solving skills as part of systematic psychological research (Bishop, 1980, p. 1). The birth of modern studies
on spatial ability is also based on a study conducted by Galton in 1918 (Tekin, 2007).
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Looking at the history of research on spatial ability, it is seen that early research from 1883 to 1940 was
mostly psychometric studies that investigated the factor structure of spatial ability and whether spatial
ability differs from intelligence. During this period, the studies conducted by Thorndike (1921), Spearman
(1927), Kelley (1928), and Thurstone (1938) steered the literature. The results of the research conducted
during this period revealed that spatial ability consists of multiple factors, and accordingly, various tests
were developed to measure spatial ability (Mohler, 2008). Researchers concentrated their work on the
components of spatial ability between 1940 and 1960. During this period, several spatial ability tests
were administered, and the names, numbers, and definitions of the factors were determined using factor
analysis (Cooper & Mumaw, 1985). Psychometric studies on spatial ability were undertaken between
1960 and 1980; however, a greater emphasis was on developing and differentiating this ability. The focus
of these studies was to explore the development of spatial skills in children and adults. Piaget and
Inhelder (1956) were the first to conduct such studies. Since the 1980s, there has been a growing research
interest in the relationship between technology and spatial skills, the development of spatial skills, and
the definition of process models to make a theoretical explanation of spatial skills (Mohler, 2008).

Apart from these three periods, studies have today focused more on the development of spatial skills
using different methods and technological aids such as computers and telephones (Yildiz, 2009).
Additionally, there has recently been a growing interest in variables affecting spatial skills (e.g., gender,
technology use, etc.) and variables affected by spatial skills (e.g., STEM, academic achievement, etc.) to
better understand the nature of spatial skills.

The Factor Structure of Spatial Skills

The factor structure of spatial skills has been an object of study since the mid-1940s (Yilmaz, 2009, p.
84). Researchers have differing views on spatial skills; thus, they have divided spatial skills into different
factor categories. Looking at the studies that investigated the factor structure of spatial skills, it can be
stated that spatial skills do not consist of a single dimension but multiple interrelated factors. McGee
(1979) divided spatial skills into two components: spatial visualization and spatial orientation. According
to Lohman (1979-1988), spatial skills consist of three factors: spatial visualization, spatial relations
(speeded rotation), and spatial orientation. Likewise, Linn and Petersen (1985) divided spatial skill into
three components: spatial perception, mental rotation, and spatial visualization. Building on the Cattell-
Horn-Carroll theory of fluid and crystallized intelligence, Carroll (1993) divided spatial skills into eleven
components. Hegarty, Montello, Richardson, Ishikawa, and Lovelace (2006) divided spatial skills into
small-scale and large-scale spatial skills. Uttal and colleagues (2013) examined previous studies on
spatial skills from a linguistic, cognitive, and neuroscientific point of view. They proposed a 2X2
classification of spatial skills. The first distinction is between intrinsic and extrinsic information and the
second is between static and dynamic information. In recent years, this classification has been widely
accepted in the literature, and studies have been conducted on this classification (Geer, 2019; Jung et
al., 2020; McLaughlin & Bailey, 2022). In addition, the factor structure of the data collection tool used in
this study was created by taking into account self-efficacy, which is one of the most important concepts
in the Social Learning Theory, and this classification was proposed by Uttal and colleagues (2013).
Therefore, it seems useful to explain this classification in detail.

2x2 Classification of Spatial Skills

In their meta-analysis study, Uttal and colleagues (2013) divided spatial skills into four groups in a 2X2
formation. They are intrinsic static, intrinsic dynamic, extrinsic static, and extrinsic dynamic. Spatial
information is expressed intrinsically or extrinsically depending on whether a task is based on the object
itself or based on the object’s surroundings (Tlker, 2017; Uttal et al, 2013). The focus of intrinsic
information is on a specific feature of an object or the relations between its parts (Garcia, Dick & Pruden,
2021). These skills can be measured through embedded figure tasks, paper folding tasks, and mental
rotation tests. The focus of extrinsic information is on the identification of the relations between multiple
items or objects in relation to one another or a general framework. Extrinsic skills, on the other hand,
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can be measured through water-level tasks and Piaget's three mountains task. To better illustrate,
distinguishing rakes from hoes and shovels in the garden shed relates to intrinsic information while
discerning that the hoe stands between the rake and the shovel or determining the direction of the rake,
anchor, and shovel in relation to the garden shed relates to extrinsic information (Uttal et al. 2013).

It is possible to distinguish between static and dynamic spatial skills. Spatial activities in which the main
object is not moved are static. For example, in embedded figures and water-level tasks, the object in
hand does not change in direction, location, or size. The main object or frame of reference remains
constant to the respondent throughout the task. On the other hand, the main object moves physically
or in the mind of the respondent in dynamic spatial activities (Uttal et al., 2013; Okamoto, Kotsopoulos,
McGarvey & Hallowell, 2015).

Intrinsic static refers to skills needed for tasks that are performed without transforming objects, such as
embedded figures and pattern completion tasks (Xie, Zhang, Chen & Xin, 2020). Intrinsic dynamic refers
to skills needed for tasks that involve physically or mentally transforming or manipulating objects or
shapes, such as block design, mental rotation, and paper folding tasks (Xie et al., 2020). Studies have
shown that successful intrinsic dynamic activities can be observed since infancy (Hodgkiss, Gilligan-Lee,
Thomas, Tolmie & Farran, 2021).

Extrinsic static skills are needed when there are numerous alternative routes to get from point A to point
B. Extrinsic static skills mainly involve mapping or other perceptual tasks, such as choosing and planning
a route (Okamoto et al.,, 2015). These skills are needed for tasks that require processing relations among
objects or shapes without transformation, such as water-level and static map reading tasks (Xie et al,,
2020). It is more likely to learn extrinsic static skills through education and training compared to the
other three skills (Uttal et al., 2013). Frick and Newcombe (2012) stated that these skills begin to develop
between the ages of 3 and 6.

Extrinsic dynamic skills are needed for tasks such as perspective-taking tasks that involve determining
exactly how objects are perceived from different perspectives (Hodgkiss et al., 2021), and spatial
navigation and dynamic map reading tasks that involve processing relations among objects or shapes
through physical or mental transformation (Xie et al., 2020). For example, in Piaget’s three mountains
task, respondents are expected to rotate objects from their points of view. These processes require
dynamic interaction with the stimulus (Uttal et al., 2013).

It is assumed that intrinsic development precedes extrinsic development (Newcombe & Huttenlocher,
2006), and static development precedes dynamic development (Okamoto et al., 2015). In summary, the
hierarchical development of spatial skills is as follows: intrinsic static > intrinsic dynamic > extrinsic static
> extrinsic dynamic (Jung et al., 2020). Besides, static spatial skills may be an essential prerequisite for
dynamic spatial skills (Gilligan-Lee, Hodgkiss, Thomas, Patel & Farran, 2021). Table 1 summarizes the
factors of spatial skills proposed by Uttal and colleagues (2013).

Looking at Table 1, it is understood that spatial skills consist of four subsequent and cumulative
processes. This developmental process is comparable to the stages of a baby learning to walk, i.e.,
creeping, crawling, walking while holding onto objects, walking without help, and running. Individuals
learn new things and cumulatively develop their skills by layering experiences on top of each other.
During everyday routine activities (e.g., going to a destination, wandering, driving, playing games,
putting things in the closet, etc.), individuals need to use one of these spatial skills only, but most often
multiple spatial skills at one time. Although this intertwining situation makes spatial skills complicated,
it creates a strong need to work on spatial skills. The fact that spatial skills are often needed and used in
everyday life is an indication that these skills are vital.
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Table 1. Factors of Spatial Skills Proposed by Uttal and colleagues (2013)

Spatial Skills

Intrinsic Static

It involves distinguishing objects and shapes in a
distracting and complex background or sorting objects
according to their specific characteristics, such as size,
and color. It is similar to spatial visualization. It refers to
skills needed for tasks that do not require object
transformation, such as embedded figures and pattern
completion tasks.

Extrinsic Static
These skills are needed for tasks that require processing
relations among objects or shapes without
transformation, such as map reading, spatial scaling, and
water-level tasks.

Intrinsic Dynamic
It involves mentally transforming objects from 2D to
3D or from 3D to 2D, rotating 2D and 3D objects,
putting together objects into more complicated
configurations, understanding part-whole
relationships, and spatial visualization. It is similar to
mental rotation and spatial visualization. These skills
are needed for tasks such as that involve
transforming or manipulating objects or shapes,
mental rotations, and paper folding tests.

Extrinsic Dynamic
These skills are needed for tasks such as perspective-
taking which involves determining how objects are
perceived from different points of view, navigation,
and direction-finding.

Current Study

Research shows that spatial skills exist and begin to develop at a very young age (Frick & Wang, 2010;
Lauer & Lourenco, 2016). Despite the importance of spatial skills, little is known about why differences
in spatial skills occur or what factors may affect their development (Garcia et al., 2021; Ramirez,
Gunderson, Levine & Beilock, 2012). There is limited information about the development of spatial skills
after the age of 8 due to the lack of research (Hodgkiss et al., 2021). However, the age range from 9 to
12 is a critical period for these skills (Soluki et al., 2021). Spatial skills are considered vital for an
individual’s life and thus need to be determined at an early age. Moreover, the identification of spatial
skills enables the discovery of one’s potential in other areas and the elimination of any deficiency
(Ozyaprak, 2012). Effective spatial skills training can unlock the potential of children, especially in low-
and middle-income countries, and promote their creativity (Borzekowski et al., 2022). It is noted that
deficiencies in spatial skills at an early age are associated with difficulties in learning mathematics at a
later age (Zhang, Rasanen, Koponen, Aunola, Lerkkanen & Nurmi, 2020). Middle school years, in
particular, are the most critical period in the development of spatial skills. Thus, it is of key importance
to determine students’ levels of spatial skills during the middle school period, to help students acquire
spatial skills in the teaching and learning process, and to remedy deficiencies, if any.

Thus, it is of critical importance to investigate the factors affecting spatial skills (Garcia et al., 2021). The
general view in the literature is that spatial skills are influenced by biological, cultural, and evolutionary
factors (lachini, Ruggiero, Conson & Trojano, 2009; Silverman & Eals, 1992; Yilmaz, 2009). Given these
factors, the present study investigated the following factors that may have an impact on spatial skills as
shown in the literature: gender (irioglu & Ertekin, 2012; Joh, 2016), receiving preschool education (Adak
Ozdemir, 2011), grade levels (Mulligan et al., 2018), the amount of time spent in out-of-home settings
other than school, (Baenninger & Newcombe, 1989), the frequency of getting out of town in the past
year (Ecuyer Dab & Robert, 2004), the type of most-played games at present (Ginn & Pickens, 2005).
However, the direction and extent of this effect, i.e, when the effect occurs and which dimensions of
spatial skills are affected, are important matters of discussion. In particular, little is known about the
variables that lead to individual differences in the developmental trajectory of spatial skills (Xiao &
Zhang, 2021). Very few studies have examined different dimensions of spatial skills within the same
sample group (Hodgkiss et al.,, 2021). Besides, the taxonomy that was proposed by Uttal and colleagues
(2013) and formed a basis for the scale used in the present study is predominantly based on
psychological tests. Thus, this taxonomy should be supported by different scientific research methods
(Mix, Hambrick, Satyam, Burgoyne & Levine, 2018).
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Against this background, the purpose of this study was to explore middle school students’ level of spatial
skills self-efficacy in relation to some variables. To this end, answers were sought to the following
research problems:

1. What is middle school students' level of spatial skills self-efficacy?

2. Does middle school students’ spatial skills self-efficacy differ significantly according to gender?

3. Does middle school students’ spatial skills self-efficacy differ significantly according to the
experience of receiving preschool education?

4. Does middle school students’ spatial skills self-efficacy differ significantly according to their grade
level?

5. Does middle school students’ spatial skills self-efficacy differ significantly according to the amount
of time spent in out-of-home settings other than school?

6. Does middle school students’ spatial skills self-efficacy differ significantly according to the
frequency of going out of town in the past year?

7. Does middle school students’ spatial skills self-efficacy differ significantly according to the type of
game that they most often play?

METHOD

This study used a relational survey design, which is a form of quantitative research method. First, ethical
approval was obtained from the Ethics Commission of Gazi University at session No. 12 held on August
3,2021.

Sample

The study population consisted of middle school students studying in the Efeler district of Aydn province
in the Aegean Region of Turkey in the 2021-2022 academic year. The sample consisted of students who
were attending four public middle schools selected using simple random sampling from the population.

A multistage sampling method was adopted in the sample selection. Stratified sampling was used in the
first stage to determine the socioeconomic status of schools in the relevant province. In this stage, seven
experts (three academicians, one administrator, and three teachers) who were living in the Efeler district
and well-informed about the conditions of the middle schools there were consulted for expert opinion
about the socioeconomic status and success level of the schools. Maximum variation sampling, which is
a type of purposive sampling, was used in the second stage. Accordingly, schools from three
socioeconomic levels (i.e., low, middle, and high) were randomly included in the study in proportion to
their distribution across the accessible population so that maximum variation could be achieved. Table
2 shows the demographics of the students from whom the data were collected.

Table 2. Demographics of the Participating Students

Grade Levels 5 6 7 8 Total
Number of Students in Grade Levels 199 122 145 116 582
Female 87 59 75 70 291
Gender
Male 112 63 70 46 291
10 17 - - - 17
11 141 16 - - 157
12 39 94 17 - 150
Age

13 2 12 119 35 168

14 - - 7 76 83

15 - - 2 5 7

According to the data reported by the Aydin Provincial Directorate of National Education (2022) for the
Efeler district of Aydin the number of middle school students was 15,197 in the 2021-2022 academic
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year. It is stated that a sample size of 370 to 377 students is sufficient for such a population at a reliability
level of 95% (Cohen, Manion, & Morrison, 2000). Looking at Table 2, it is seen that an adequate number
of students was reached in line with the literature.

Data Collection Instrument

The Spatial Skills Self-Efficacy Scale developed by the researcher was used as the data collection
instrument. The scale was developed to determine middle school students’ spatial skill self-efficacy. It is
rated on a 4-point Likert-type scale as follows: | certainly cannot (1), | cannot (2), | can (3), and | certainly
can (4). The scale consists of four subscales in keeping with the taxonomy proposed by Uttal and
colleagues (2013). The subscales are intrinsic static, intrinsic dynamic, extrinsic static, and extrinsic
dynamic. The data were collected from 1369 students for the pilot study and the validity and reliability
analysis to investigate the psychometric properties of the scale. Twenty-five subject matter experts were
asked for opinions, and Lawshe’s content validity ratio (1975) was used to measure the content validity
of the scale. The construct validity of the scale was tested using the exploratory factor analysis (EFA). The
analysis results yielded a four-factor structure consisting of 17 items, which accounted for 41.37% of the
total variance. According to the results of the confirmatory factor analysis (CFA), the goodness-of-fit
indices of the spatial skills self-efficacy scale were within the range of perfect or acceptable fit. The results
of the correlation analysis run to test the criterion-related validity of the scale showed that the factors
have a significant moderate positive correlation with other frequently used tests and scales that have
proven valid and reliable. The Cronbach’s alpha coefficient was found to be .77 for the total scale. The
results of the independent samples t-test for the upper and lower 27% groups showed a significant
difference between the groups for all scale items. The correlation coefficients of the subscales with one
another and with the total scale showed significant positive moderate and high correlations. The test-
retest reliability coefficients also showed significant positive moderate and high correlations.

Data Analysis

Statistical analysis was performed using SPSS software version 26.0. First, the normality of the data was
tested. It is recommended that for a normal distribution, skewness and kurtosis values should be within
the range of +1.0 to -1.0 (Hair, Black, Babin, Anderson & Tatham, 2013), +1.5 to -1.5 (Tabachnick &
Fidell, 2013), or +2.0 to -2.0 (George & Mallery, 2010). In the present study, the normality of data was
assessed using histograms and the range of skewness and kurtosis between -2 and +2 (George &
Mallery, 2010). Normality was also tested using the Kolmogorov—Smirnov and Shapiro -Wilk tests and
Q-Q plots. All the data were normally distributed based on the skewness and kurtosis values and
histograms; thus, parametric tests were used in the data analysis.

Additionally, effect size (Cohen'’s d, eta squared, and Pearson’s r) was computed and reported in this
study. Cohen’s d values were interpreted as follows: 1.45 < d as perfect, 1.10 < d < 1.45 as very large,
0.75 < d < 1.10 as large, 0.40 < d < 0.75 as moderate, 0.15 < d < 0.40 as small, and -0.15 < d < 0.15 as
trivial (Thalheimer & Cook, 2002). Considering eta squared values, n2 = .01 was interpreted as a small
effect size, n2 = .06 was interpreted as a medium effect size, and n2 =.14 was interpreted as a large
effect size (Buyukoztirk, 2020).

FINDINGS
Findings of the First Research Problem

The first research problem was “What is middle school students’ level of spatial skills self-efficacy?”. Table
3 shows the descriptive statistics regarding middle school students’ mean scores on the overall spatial
skills self-efficacy scale and its subscales.
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Table 3. The Results of Descriptive Statistics on Middle School Students’ Mean Scores on the Spatial
Skills Self-Efficacy Scale

Subscales N SD Se X Level
Intrinsic Static 582 2.00 08 13.34 High
Intrinsic Dynamic 582 2.68 11 14.02 Moderate
Extrinsic Static 582 225 .09 942 Moderate
Extrinsic Dynamic 582 227 .09 12.24 High
Overall Scale 582 6.56 27 49.02 Moderate

As seen in Table 3, middle school students’ mean score was X = 49.02 on the overall scale, X = 13.34 on
the intrinsic static subscale, X = 14.02 on the intrinsic dynamic subscale, X = 9.42 on the extrinsic static
subscale, and X = 12.24 on the extrinsic dynamic subscale. Based on these results, it can be said that the
middle school students had a moderate level of spatial skills self-efficacy on the overall scale and the
intrinsic dynamic and extrinsic static subscales, while they have a high level of spatial skills self-efficacy
on the intrinsic static and extrinsic dynamic subscales.

Findings of the Second Research Problem

The second research problem was “Does middle school students’ spatial skills self-efficacy differ
significantly according to gender?”. The data were normally distributed. Thus, an independent samples
t-test was performed to answer the research problem. Table 4 shows the test results.

Table 4. Independent Samples T-Test Results for Middle School Students’ Spatial Skills Self-Efficacy
according to Gender

Subscales Gender N X SD df t p Cohen’s d
L. . Female 291 13.36 1.92
Intrinsic Static 580 23 82 .02
Male 291 13.32 2.07
L. . Female 291 13.74 2.67
Intrinsic Dynamic 580 -2.58 01* 21
Male 291 14.31 2.67
L. . Female 291 9.01 2.18
Extrinsic Static 580 -4.48 .00* .37
Male 291 9.83 2.24
L. . Female 291 11.93 2.27
Extrinsic Dynamic 580 -3.35 .00* .28
Male 291 12.55 2.24
Female 291 48.03 6.11
Overall Scale 572.54 -3.68 .00* .31
Male 291 50.01 6.85
*p < .05

Based on the t-test results, middle school students’ spatial skills self-efficacy differed significantly
according to gender for the overall scale [t(572.54) = -3.68; p < .05; Cohen’s d = .31], for the intrinsic
dynamic subscale [t(580) = -2.58; p < .05; Cohen’s d = .21], for the extrinsic static subscale [t(580) = -
4.48; p < .05; Cohen's d = .37], and for the extrinsic dynamic subscale [t(580) = -3.35; p < .05; Cohen's d
= .28]; however, there was no significant difference for the intrinsic static subscale [t(580) = .23; p>.05;
Cohen’s d = .02]. Looking at these results, it seems that this difference was in favour of male students
and had a small effect size.

Findings on the Third Research Problem

The third research problem was “Does middle school students’ spatial skills self-efficacy differ
significantly according to the experience of receiving preschool education?”. Because the data were
normally distributed, an independent samples t-test was performed to answer the research problem.
Table 5 shows the test results.
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Table 5. Independent Samples T-Test Results for Middle School Students’ Spatial Skills Self-Efficacy
according to Receiving Preschool Education

Subscales Received Preschool Education N X SD df t Cohden s
L. . Yes 383 13.54 1.96
Intrinsic Static 580 340 .00* .30
No 199 12.95 2.01
L. i Yes 383 1425 2.76
Intrinsic Dynamic 580 2.89 .00* .25
No 199 13.58 248
L. . Yes 383 9.67 2.28
Extrinsic Static 580 3.78 .00* .33
No 199 893 2.1
L. . Yes 383 1252 2.25
Extrinsic Dynamic 580 420 .00* 37
No 199 11.70 2.22
Yes 383 4998 6.65
Overall Scale 43989 5.19 .00* 44
No 199 4717 5.98
*p <.05

Based on the t-test results, middle school students’ spatial skills self-efficacy differed significantly
according to the experience of receiving preschool education for the overall scale [t(439.89) = 5.19; p <
.05; Cohen’s d = .44], for the intrinsic static subscale [t(580) = 3.40; p < .05; Cohen’s d = .30], for the
intrinsic dynamic subscale [t(580) = 2.89; p < .05; Cohen’s d =.25], for the extrinsic static subscale [t(580)
= 3.78; p < .05; Cohen’s d =.33], and for the extrinsic dynamic subscale [t(580) = 4.20; p < .05; Cohen'’s
d = .37]. Given these results, this difference was in favour of those students who received preschool
education and the effect size of the difference was moderate for the overall scale and small for the
subscales.

Findings on the Fourth Research Problem

The fourth research problem was “Does middle school students’ spatial skills self-efficacy differ
significantly according to their grade level?”. A one-way analysis of variance (ANOVA) was performed to
answer the research problem. Table 6 shows the analysis results.

Based on the one-way ANOVA results, middle school students’ spatial skills self-efficacy differed significantly
according to their grade level for the overall scale [F(3, 578) = 10.91; p < .05; n2 =.05], for the intrinsic static
subscale [F(3, 578) = 11.67; p < .05; n2 = .06], for the intrinsic dynamic subscale [F(3, 578) = 7.05; p < .05; n2
= .04], for the extrinsic static subscale [F(3, 578) = 4.30; p < .05; n2 = .02], and for the extrinsic dynamic
subscale [F(3, 578) = 4.96; p < .05; n2 = .03]. Tukey's test was used to determine the direction of the
difference because the assumption of homogeneity of variance was met. Accordingly, there was a
statistically significant difference in students’ mean scores on the overall scale. The differences were between
5Sth-grade and 7th-grade students in favour of the latter, between 5th-grade and 8th-grade students in
favour of the latter, and between 6th-grade and 7th-grade students in favour of the latter. The effect size of
the differences was small. There was also a statistically significant difference in students’ mean scores on the
intrinsic static subscale between 5th-grade and 6th-grade students in favour of the latter, between 5th-
grade and 7th-grade students in favour of the latter, and between 5th-grade and 8th-grade students in
favour of the latter. The effect size of the differences was moderate. There was also a statistically significant
difference in students’ mean scores on the intrinsic dynamic subscale between 5th-grade and 7th-grade
students in favour of the latter, and between 5th-grade and 8th-grade students in favour of the latter. The
effect size of the differences was small. There was also a statistically significant in students’ mean scores on
the extrinsic static subscale difference between 5th-grade and 7th-grade students in favour of the latter.
The difference had a small effect size. There was also a statistically significant difference in students’ mean
scores on the extrinsic dynamic subscale between 5th-grade and 7th-grade students in favour of the latter,
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and between 6th-grade and 7th-grade students in favour of the latter. The effect size of the differences was
small.

Table 6. One-Way ANOVA Results for Middle School Students’ Spatial Skills Self-Efficacy according to
Grade Levels

Subscales Grade Levels N X SD F sslgf::rl::::
5 199 12.70 1.95
o 6 122 1345 190 5.6
Intrinsic Static 7 145 1377 199 1167  .00* 5-7 06
8 116 13.79 192 5-8
Total 582 13.34 2.00
5 199 13.38 2.55
6 122 14.01 2.69
Intrinsic Dynamic 7 145 1456 275 705 00* 5-7 04
8 116 14.47 261 >8
Total 582 14.02 2.68
5 199 9.13 2.18
6 122 9.10 2.26
Extrinsic Static 7 145 9.79 2.23 4.30 .01* 5-7 .02
8 116 9.78 2.27
Total 582 942 2.25
5 199 12.01 2.05
6 122 12.11 2.37
Extrinsic Dynamic 7 145 12.86 2.26 496 00* >7 03
8 116 1201 244 6-7
Total 582 12.24 2.27
5 199 47.22 5.67
6 122 48.66 6.56 5-7
Overall Scale 7 145 50.97 6.97 10.91 00* 5-8 05
8 116 5005 665 6-7
Total 582 49.02 6.56

*p < .05

Findings on the Fifth Research Problem

The fifth research problem was “Does middle school students’ spatial skills self-efficacy differ
significantly according to the amount of time spent in out-of-home settings other than school?”. A one-
way ANOVA was performed to answer the research problem. Table 7 shows the analysis results.

Based on the one-way ANOVA results, middle school students’ spatial skills self-efficacy differed significantly
according to the amount of time spent out of home for the overall scale [F(2, 579) = 18.09; p < .05; n2 =
.06], for the intrinsic static subscale [F(2, 579) = 3.20; p < .05; n2 = .01], for the intrinsic dynamic subscale
[F(2,579) = 11.10; p < .05; n2 = .04], for the extrinsic static subscale [F(2, 579) = 8.10; p < .05; n2 = .03], and
for the extrinsic dynamic subscale [F(2, 579) = 14.96; p < .05; n2 = .05]. Tukey's test was used to determine
the direction of the difference because the assumption of homogeneity of variance was met. Considering
the mean scores on the overall spatial skills self-efficacy scale, there was a significant difference between
students who do not spend time in out-of-home settings other than school and those who spend 1 to 2
hours in favour of the latter, between those who do not spend time and those who spend 3 to 4 hours in
favour of the latter, and between those who spend 1 to 2 hours and those who spend 3 to 4 hours in favour
of the latter. The effect size of the differences was moderate. Considering the mean scores on the intrinsic
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static subscale, a significant difference was observed between students who do not spend time in out-of-
home settings other than school and those who spend 3 to 4 hours in favour of the latter. The effect size of
the difference was small. Considering the mean scores on the intrinsic dynamic subscale, there was a
significant difference between students who do not spend time in out-of-home settings other than school
and those who spend 3 to 4 hours in favour of the latter, and between those who spend 1 to 2 hours and
those who spend 3 to 4 hours in favour of the latter. The effect size of the differences was small. Considering
the mean scores on the extrinsic static subscale, there was a significant difference between students who do
not spend time in out-of-home settings other than school and those who spend 1 to 2 hours in favour of
the latter, between those who do not spend time and those who spend 3 to 4 hours in favour of the latter,
and between those who spend 1 to 2 hours and those who spend 3 to 4 hours in favour of the latter. The
effect size of the differences was small. Considering the mean scores on the extrinsic dynamic subscale,
there was a significant difference between students who do not spend time in out-of-home settings other
than school and those who spend 1 to 2 hours in favour of the latter, between those who do not spend time
and those who spend 3 to 4 hours in favour of the latter, and between those who spend 1 to 2 hours and
those who spend 3 to 4 hours in favour of the latter. The effect size of the differences was small.

Table 7. One-Way ANOVA Results for Middle School Students’ Spatial Skills Self-Efficacy according to
the Amount of Time Spent Out of Home

. o Significant

Subscales Time N X SD F P Difference n2
Never 45 12.71 2.21
insi i 1-2 hrs. 323 13.31 1.95

Intrinsic Static 320 .04* Never — 3-4 hrs. 01
3-4 hrs. 214 13.52 1.99
Total 582 13.34 2.00
Never 45 12.82 3.14

Intrinsic Dynamic 1-2hrs. 323 1380 254 1110 00* Never - 3-4 hrs. o4

3-4 hrs. 214 14.61 2.67 1-2 hrs. — 3-4 hrs.

Total 582 1402 268
Never 45 842 233
Never — 1-2 hrs.
Extrinsic Static | > "s 323930221 810 .00 Never — 3-4 hrs. 03
3-4hrs. 214 980 221
1-2 hrs. — 3-4 hrs.

Total 582 9.42 2.25
Never 45 1098  2.21
o _ 1-2hrs. 323 1205 231 Never —1-2 hrs.
Extrinsic Dynamic 14.96 .00* Never — 3-4 hrs. 05
3-4hrs. 214 1279 208 1-2 hrs. — 3-4 hrs.
Total 582 1224 227
Never 45 4493  6.65
1-2hrs. 323 4846 639 Never —1-2 hrs.
Overall Scale 18.09 .00* Never — 3-4 hrs. 06
3-4hrs. 214 5072 629 1-2 hrs. — 3-4 hrs.

Total 582  49.02  6.56

*p < .05

Findings on the Sixth Research Problem

The sixth research problem was “"Does middle school students’ spatial skills self-efficacy differ
significantly according to the frequency of going out of town in the past year?”. A one-way ANOVA was
performed to answer the research problem. Table 8 shows the analysis results.
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Table 8. One-Way ANOVA Results for Middle School Students’ Spatial Skills Self-Efficacy according to
the Frequency of Going Out of Town

o Significant

Subscales Freq. N X SD F P Difference n2
Never 118 12.98 2.06
insi i 1-2 290 13.16 1.94 _3-
Intrinsic Static 10.21 00 Never — 3-4 03
3-4 174 13.90 1.94 1-2-3-4
Total 582 13.34 2.00
Never 118 13.67 2.76
- . 1-2 290 13.66 2.51 Never — 3-4
Intrinsic Dynamic 12.71 00* 04
3-4 174 1486 273 1-2-3-4
Total 582 14.02 2.68
Never 118 8.70 2.07 Never — 1-2.

. . 1-2 290 9.28 2.16 .
Extrinsic Static 3.4 174 1013 231 16.09 .00 Never — 3-4 .05

Total 582 942 225 1-2-3-4
Never 118 11.86 2.39
Extrinsic Dynamic 12 290 1202229 1013 00* Never —3-4 03
3-4 174 12.87 2.05 ' ) 1-2-3-4 :
Total 582 12.24 2.27
Never 118 47.21 6.24
Overall Scale 1-2 290 48.11 6.30 o431 - Never — 3-4 0
3-4 174 51.76 6.37 ' ) 1-2-3-4 :

Total 582 49.02 6.56

*p < .05

Based on the one-way ANOVA results, middle school students’ spatial skills self-efficacy differed significantly
according to the frequency of going out of town for the overall scale [F(2, 579) = 24.31; p < .05; n2 = .08],
for the intrinsic static subscale [F(2, 579) = 10.21; p < .05; n2 = .03], for the intrinsic dynamic subscale [F(2,
579) = 12.71; p < .05; n2 = .04], for the extrinsic static subscale [F(2, 579) = 16.09; p < .05; n2 = .05], and for
the extrinsic dynamic subscale [F(2, 579) = 10.13; p < .05; n2 = .03]. Tukey's test was used to determine the
direction of the difference because the assumption of homogeneity of variance was met. Considering the
mean scores on the overall scale, there was a significant difference between students who never went out
of town in the past year and those who went out of town 3 to 4 times in favour of the latter, and between
those who went out of town once to twice and those went out of town 3 to 4 times in favour of the latter.
The effect size of the differences was moderate. Considering the mean scores on the intrinsic static subscale,
there was a significant difference between students who never went out of town in the past year and those
who went out of town 3 to 4 times in favour of the latter, and between those who went out of town once
to twice and those went out of town 3 to 4 times in favour of the latter. The effect size of the differences
was small. Considering the mean scores on the intrinsic dynamic subscale, there was a significant difference
between students who never went out of town in the past year and those who went out of town 3 to 4 times
in favour of the latter, and between those who went out of town once to twice and those went out of town
3 to 4 times in favour of the latter. The effect size of the differences was small. Considering the mean scores
on the extrinsic static subscale, there was a significant difference between students who never went out of
town in the past year and those who went out of town once to twice in favour of the latter, between those
who never went out of town and those who went out of town 3 to 4 times in favour of the latter, and
between those who went out of town once to twice and those went out of town 3 to 4 times in favour of
the latter. The effect size of the differences was small. Considering the mean scores on the extrinsic dynamic
subscale, there was a significant difference between students who never went out of town in the past year
and those who went out of town 3 to 4 times in favour of the latter, and between those who went out of
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town once to twice and those went out of town 3 to 4 times in favour of the latter. The effect size of the
differences was small.

Findings on the Seventh Research Problem

The seventh research problem was "Does middle school students’ spatial skills self-efficacy differ
significantly according to the type of game that they most often play?”. A one-way ANOVA was
performed to answer the research problem. Table 9 shows the analysis results.

Table 9. One-Way ANOVA Results for Middle School Students' Spatial Skills Self-Efficacy according to
the Type of the Game They Play the Most

o Significant
Subscales Game Types N X SD F Difference
Computer games 265 13.66 1.89
Intrinsic Street/outdoor games 293 13.17 2.05 1-2
Static i 11.76 .00* 1-3 .04
Games played with toys 24 11.83 158
at home 2-3
Total 582 13.34 2.00
Computer games 265 14.38 2.69
Intrinsic Street/outdoor games 293 13.81 2.66 ) 122
Dynamic Games played with toys 24 1258 215 6.86 00 1-3 02
at home ' '
Total 582 14.02 2.68
Computer games 265 9.67 2.26
Extrinsic Street/outdoor games 293 9.19 2.25
. * -
Static Games played with toys 24 9.33 176 3.18 .04 1-2 .01
at home
Total 582 942 2.25
Computer games 265 12.46 2.24
.. Street/outdoor games 293 12.19 2.28
Extrinsic G laved with t . 1-3
Dynamic ~ ~aMes Played withtoys = 1033 163 1008 .00 2-3 03
at home
Total 582 12.24 2.27
Computer games 265 50.18 6.55
Street/outdoor games 293 48.38 6.46 1-2
Overall G laved with t . 13
Scale ames played with toys 24 24.08 432 12.87 .00 .04
at home 2-3
Total 582 49.02 6.56
*p < .05

Based on the one-way ANOVA results, middle school students’ spatial skills self-efficacy differed significantly
according to the type of the most-played game for the overall scale [F(2, 579) = 12.87; p < .05; n2 = .04], for
the intrinsic static subscale [F(2, 579) = 11.76; p < .05; n2 = .04], for the intrinsic dynamic subscale [F(2, 579)
= 6.86; p < .05; n2 = .02], for the extrinsic static subscale [F(2, 579) = 3.18; p < .05; n2 = .01], and for the
extrinsic dynamic subscale [F(2, 579) = 10.08; p < .05; n2 = .03]. Tukey's test was used to determine the
direction of the difference because the assumption of homogeneity of variance was met. Looking at the
mean scores on the overall spatial skills self-efficacy scale, a significant difference was observed between
students who most often play computer games and those who most often play outdoor games in the street
in favour of the former, between those who most often play computer games and those who most often
play with toys at home in favour of the former, and between those who most often play outdoor games in
the street and those who most often play with toys at home in favour of the former. The effect size of the
differences was small. Looking at the mean scores on the intrinsic static subscale, a significant difference
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was also observed between students who most often play computer games and those who most often play
outdoor games in the street in favour of the former, between those who most often play computer games
and those who most often play with toys at home in favour of the former, and between those who most
often play outdoor games in the street and those who most often play with toys at home in favour of the
former. The effect size of the differences was small. Looking at the mean scores on the intrinsic dynamic
subscale, a significant difference was also observed between students who most often play computer games
and those who most often play outdoor games in the street in favour of the former, and between those
who most often play computer games and those who most often play with toys at home in favour of the
former. The effect size of the differences was small. Looking at the mean scores on the extrinsic static
subscale, there was a significant difference between students who most often play computer games and
those who most often play outdoor games in the street in favour of the former. The effect size of the
difference was small. Looking at the mean scores on the extrinsic dynamic subscale, a significant difference
was also observed between students who most often play computer games and those who most often play
with toys at home in favour of the former, and between those who most often play outdoor games in the
street and those who most often play with toys at home in favour of the former. The effect size of the
differences was small.

DISCUSSION AND CONCLUSION

The purpose of this study was to explore middle school students’ spatial skills self-efficacy in relation to
some variables. To this end, the study first determined middle school students’ levels of spatial skills self-
efficacy and then examined whether their levels of spatial skills self-efficacy differ according to gender,
grade levels, the experience of receiving preschool education, the amount of time spent out of home,
the frequency of going out of town, the type of game that they most often play.

Middle school students’ mean scores on the spatial skills self-efficacy scale were analysed to answer the
first research problem. It was found that the middle school students had a moderate level of spatial skills
self-efficacy on the overall scale and the intrinsic dynamic and extrinsic static subscales, while their level
was high, although close to moderate, in the intrinsic static and extrinsic dynamic subscales. Earlier
studies reported that students’ levels of spatial skills were low (Ertugrul, 2008; Géniilacar & Oztiirk, 2019;
Turgut, 2007; Uziimci, 2007), moderate (Ada, 2016; Erol, 2017; Kosa & Kalay, 2018), and high (Uzun,
2019). Spatial skills begin to develop in infancy and develop further in childhood (Frick & Wang, 2014).
Most of the studies so far have reported that spatial skills training is effective in developing spatial skills
(Fesliyen et al., 2019; Mulligan et al., 2018; Uttal et al., 2013). However, spatial skills are not incorporated
into curricula as equally as verbal and numerical skills (Coxon, 2012; Ertekin 2017; Kara et al., 2018). To
improve spatial skills, educators may usefully equip learning environments with tools and materials that
increase students’ spatial awareness and help students realize spatial relations in their interactions with
the world (Harris, 2021). Thus, it is believed that intensive technology-supported training that goes
beyond traditional teaching methods and approaches and makes use of, for example, drones, virtual
reality glasses, and video clips recorded with 360-degree action cameras will help remedy deficiencies
in spatial skills and, by extension, improve spatial skills.

Whether middle school students’ mean scores on the spatial skills self-efficacy scale differ according to
gender was examined to answer the second research problem. There was a statistically significant
difference between male and female students in favour of male students in the overall scale and the
intrinsic dynamic, extrinsic static, and extrinsic dynamic subscales, while no significant difference was
found in the intrinsic static subscale. It is assumed that intrinsic development precedes extrinsic
development (Newcombe & Huttenlocher, 2006), and static development precedes dynamic
development (Okamoto et al., 2015). In summary, the hierarchical development of spatial skills is as
follows: intrinsic static > intrinsic dynamic > extrinsic static > extrinsic dynamic (Jung et al., 2020). Thus,
intrinsic static spatial skills are the most basic skills and are based on recognizing and distinguishing
objects. This might be a possible reason that intrinsic static spatial skills did not differ according to
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gender. Similarly, some earlier studies reported gender-related differences in spatial skills (Ben Chaim,
Lappan & Houang, 1988; Ehrlich, Levine & Goldin Meadow, 2006; Ferrini-Mundy, 1987; Guay &
McDaniel, 1977; Joh, 2016) Linn & Petersen, 1985, Mazman & Altun, 2013; McCoun, 1993;
Phunlapthawee, 2000; Walker, Krasnoff & Peaco, 1981). On the other hand, there are also studies that
reported no gender-related differences (irioglu & Ertekin, 2012; Olkun & Altun, 2003; Seng & Chan,
2000; Shavalier, 1999). The general opinion in the literature is that gender causes a difference in spatial
skills in favour of boys. This difference may result from biological factors (Annett, 1992; lachini et al.,
2009), cultural factors (Dearing, Casey, Ganley, Tillinger, Laski & Montecillo, 2012; Yilmaz, 2009),
evolutionary factors (Silverman, Choi, Mackewn, Fisher, Moro & Olshansky, 2000; Silverman & Eals, 1992),
and the use of different strategies by boys and girls to answer questions (Janssen & Geiser, 2010).
Dearing and colleagues (2012) found that the visual-spatial skills of girls were linked to the visual-spatial
skills of their mothers, especially the mental rotation skills of their mothers. The findings of the present
study seem to be consistent with the literature. Thus, female students can be encouraged to gain
adequate spatial experience and use their spatial skills in various tasks in low anxiety environments
(Okamoto et al., 2015). Encouraging female students to gain spatial experience can help bridge the
gender gap in spatial skills (Chan, 2007).

Middle school students’ mean scores on the spatial skills self-efficacy scale were also analysed in relation
to the experience of receiving preschool education to answer the third research problem. A statistically
significant difference was found in terms of receiving preschool education in the overall scale and all
subscales. It is emphasized that preschool education makes a difference in terms of mental rotation skills
in the subsequent years, and this difference is associated with activities and gaming experiences in the
preschool period (Adak Ozdemir, 2011).

Whether middle school students’ mean scores on the spatial skills self-efficacy scale differ according to
their grade level was examined to answer the fourth research problem. A statistically significant
difference was found in terms of grade levels in the overall scale and all subscales. The difference in the
mean scores on the overall scale was in favour of 7th- and 8th-grade students compared to 5th-grade
students and in favour of 7th-grade students compared to 6th-grade students. The difference in the
mean scores on the intrinsic static subscale was in favour of 6th-, 7th-, and 8th-grade students compared
to 5th-grade students. The difference in the mean scores on the intrinsic dynamic subscale was in favour
of 7th- and 8th-grade students compared to 5th-grade students. The difference in the mean scores on
the extrinsic static subscale was in favour of 7th-grade students compared to 5th-grade students. The
difference in the mean scores on the extrinsic static subscale was in favour of 7th-grade students
compared to 5th- and 6th-grade students. Looking at these findings, it is clear that grade levels did not
consistently lead to a significant increase in middle students’ spatial skills self-efficacy. Teachers’ beliefs
and perceptions about spatial skills directly affect the success of spatial skills activities conducted in the
classroom (Gagnier, Holochwost & Fisher, 2021). However, it is argued that spatial skills are often
neglected, given little attention, and are not encouraged adequately in classroom practices (Black, 2005;
Borzekowski et al., 2022; Mathewson, 1999; MclLaughlin & Bailey, 2022; Mulligan et al., 2018). In the
present study, the highest scores on the overall scale and subscales were attained by 7th-grade students.
A possible reason for this result might be that the 8th-grade curriculum does not involve social studies
which is one of the critical lessons for spatial skills. Additionally, looking at the middle school curriculum,
it is seen that some of the learning outcomes related to spatial skills (spatial visualization and rotation)
are incorporated in mathematics and science courses. However, looking at the textbooks, it is surprising
that these learning outcomes are treated contrary to the essence of the curriculum and are not handled
in an interdisciplinary manner. The fact that spatial skills are treated in a disconnected manner in different
lessons and at different times may have a negative impact on students’ acquisition of spatial skills. Thus,
a major conclusion of the present study is that the development of spatial skills does not receive due
care and attention in the curriculum and practice. Many studies support this finding (Coxon, 2012;
Borzekowski et al., 2022; McLaughlin & Bailey, 2022; Mulligan, et al., 2018).
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Another finding of the study is that there was a statistically significant difference in middle school
students’ mean scores on the overall scale and all subscales in terms of the amount of time spent out of
home. It should be noted that this difference is more pronounced in the extrinsic dynamic and extrinsic
static subscales. Earlier research found a statistically significant positive relationship between spatial
performance and participation in spatial activities (Baenninger & Newcombe 1989). A possible
explanation for this result might be that outdoor activities require students to use spatial skills more
often. Due to the different amounts of time allocated for spatial activities, some students could have
improved their spatial skills and, by extension, their self-efficacy.

Whether middle school students’ mean scores on the spatial skills self-efficacy scale differ according to
the frequency of going out of town was examined to answer the sixth research problem. Exploring the
effect of experiences on spatial skills or participation in activities that require spatial skills and
determining the extent of such an effect could help improve students’ spatial skills and bridge the gap
between students (Terlecki & Newcombe, 2005). The present study found a statistically significant
difference in students’ mean scores on the overall scale and all subscales in terms of the frequency of
going out of town. Students' spatial skills self-efficacy differed when the frequency of going out of town
in the past year was 3 to 4 times, and the difference was more pronounced in the extrinsic dynamic and
extrinsic static subscales. It would be reasonable to assume that children of middle school age go out of
town with their parents. A possible explanation for the significant difference in spatial skills self-efficacy
according to the frequency of going out of town might be that students search for information about
their destinations using maps or geographic information system (GIS) applications before or after going
out of town. Regarding spatial experiences, Webley (1981) noted that boys are allowed to explore new
environments more often than girls. Baenninger and Newcombe (1995) also argued that girls have
spatial experiences outside of school less often than boys. Having said that, spatial experiences have a
more noticeable effect on girls (Chan, 2007). According to Silverman and colleagues (2000), women in
hunter-gatherer societies usually foraged for food in familiar places, while men went to larger places to
chase and hunt for prey and discovered new areas; thus, this may cause gender-related differences in
spatial skills. Today, it is also expected that regardless of gender, people who more often go to different
and new places have a higher level of spatial skills, especially extrinsic dynamic spatial skills.

The finding regarding the seventh research problem is that there was a statistically significant difference
in students’ mean scores on the overall scale and all subscales in terms of the type of the most-played
game. The difference was in favour of computer games compared to outdoor games played in the street
and indoor games played at home, and in favour of outdoor games compared to indoor games. It is
thought that computer games have a positive effect on the development of geometric and spatial skills.
Using computers involves switching between 2D and 3D spaces and rotating, enlarging, cutting, copying,
pasting, overlapping, and transforming objects or content; thus, the use of computers is valuable for the
development of spatial skills (Pollman, 2010; Turgut, 2007). In parallel with the development of mobile
technologies today, mobile games played on smartphones and tablets as well as computer games may
also be useful in spatial skills training. Uysal and Degirmenci (2021), for example, found a direct
relationship between location-based mobile games and students' map skills and topography knowledge.
In a meta-analysis study, Di and Zheng (2022) found that virtual technologies have a moderate effect on
the development of spatial skills with a total effect size of 0.617. Computer games provide children with
important opportunities for developing mental rotation, spatial visualization (Okagaki & Frensch, 1994),
and spatial orientation skills (Chen, Lin & Lou, 2014). Considering outdoor games, men are more willing
to play sports such as football and ice hockey, which especially require targeting skills (Kimura, 1999;
Voyer, Nolan & Voyer, 2000). It may be useful to refer to Sherman’s (1978) theory suggesting that there
is an innate predisposition to certain abilities. The choice of activities might also be informed by this
innate predisposition to the ability required by a specific activity. According to this theory, men may
tend to do activities that involve more spatial skills due to their innate predisposition to spatial activities.
Earlier studies have shown that boys are more often engaged in various spatial activities from an early
age compared to girls (Schug, 2016). It can thus be said that men who engage in activities that require
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more spatial skills have an advantage in terms of spatial skills (Lawton & Morrin, 1999; Yiimaz, 2009). It
is also argued that experiences gained through spatial activities (e.g., basketball, volleyball, musical
performances in artistic activities, etc.) result in an increase in mental rotation performance (Ginn &
Pickens, 2005). One way to develop spatial skills in children is to give them opportunities to participate
in spatial activities (Gilligan-Lee et al., 2022, p. 4). In their 6-week experimental study, Denier and Serbin
(1978) gave 3-year-old children male-preferred toys. The children in the experimental group were given
blocks, dominoes, cube blocks, drawing papers, and materials. They observed an increase in the visual-
spatial performance of the experimental group at the end of the experiment. Cockburn (1995) suggested
that children’s spatial skills are influenced by toys that they play with. In Grossman and Grossman (1994),
12- and 18-month-old girls preferred stuffed toys, dolls, toy kitchen items, and toy animals, while male
peers preferred trucks, toy tools, and robots. It is known that boys get more opportunities to have spatial
experiences compared to girls because boys play or prefer playing exploration games, team sports,
block/brick construction games, and video games from early childhood. It is thought that boys’
performance in spatial skills and girls’ performance in verbal skills are based on these early experiences
(Cockburn, 1995).

This study set out to examine middle school students’ spatial skills self-efficacy in relation to a set of
variables. This study is important because it is the first study that obtained findings on how middle
school students’ spatial skills self-efficacy differed according to some widely discussed variables using a
valid and reliable scale. It is also believed that this study will contribute to the growing body of literature
as it examined different dimensions of spatial skills with the same sample group and explored the
affective dimension of spatial skills.

Recommendations

The data collected in this study were cross-sectional. Thus, longitudinal studies could offer further
insights. This research found that female students had lower levels of spatial skill self-efficacy compared
to male students. Female students’ spatial skills self-efficacy can be improved by guiding them towards
appropriate sports activities such as orienteering and plogging, by reinforcing these skills using
computer games and similar applications in learning environments, and by raising parents’ awareness
of the importance of these skills. A major finding of this study was that spatial skills self-efficacy
significantly differed between students who received preschool education and those who did not in
favour of the former. In this regard, preschool education institutions could be expanded to promote the
development of spatial skills in children. It may be useful to provide continuous spatial skills training
throughout the entire learning cycle of individuals, starting from preschool education. For example, a
module or course focused on spatial skills could be incorporated into the 8th-grade curriculum. This
study examined some of the variables affecting spatial skills. Thus, further research could usefully explore
other variables that were not explored in this study (e.g., grade point average, socioeconomic status,
etc.) using structural equation modelling or hierarchical linear modelling. Another major finding of this
study was that spatial skills self-efficacy significantly differed in favour of students who more often go
out of town and play outdoor games compared to their peers. In this sense, it may be helpful to use
outdoor learning/nature education activities or in-town and out-of-town sightseeing/observation
activities to promote the development of spatial skills. Last but not least, the development of spatial
skills could be supported through intensive technology-supported training that goes beyond traditional
teaching approaches and makes use of, for example, drones, virtual reality glasses, and video clips
recorded with 360-degree action cameras.

Statement of Researchers

Researchers contribution rate statement: The researchers contributed equally to the study
Conflict statement: The authors declare no conflict of interest.

JIRTE =



Arikan & Cetin

Support and thanks: This research was funded under project no. 122K777 within the framework of the
Scientific and Technological Research Council of Turkey 1002 — A Short-Term Support Module Funding
Program.

REFERENCES

Ada, K. (2016). Beyin temelli 6grenme kuramina ydnelik tasarlanan egitim ortaminda 7. sinif
ogrencilerinin uzamsal becerilerinin incelenmesi [Investigation of 7th grade students' spatial
thinking ability in a learning environment designed according to brain-based learning theoryl.
(Unpublished Master's Thesis). Recep Tayyip Erdodan University, Rize. Retrieved from
https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 08/09/2021

Adak Ozdemir, A. (2011). Mekansal beceri egitim programinin okuléncesi dénem ¢ocuklarinin mekansal
becerilerine etkisi [The effect of spatial skill education program on spatial skills of pre-school
children's].  (Doctoral dissertation). Marmara University, Istanbul. Retrieved from
https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 22/07/2022

Akengin, H., Bengig, G., Colak, K., & Tas, E. (2011). Students’ opinions about reaching levels of 6th grade
social studies course attainments. Journal of Educational Sciences, (34), 5-23. Retrieved from
https://dergipark.org.tr/en/pub/maruaebd/issue/376/2552 Access Date: 22/07/2022

Aladag, E., Arikan, A, & Ozenoglu, H. (2021). Nature education: Outdoor learning of map literacy skills
and reflective thinking skill towards problem-solving. Thinking Skills and Creativity, 40, 1-12.
https://doi.org/10.1016/j.tsc.2021.100815

Annett, M. (1992). Spatial ability in subgroups of left- and right-handers. British Journal of Psychology,
83(4), 493-515. https://doi.org/10.1111/].2044-8295.1992.tb02455 x

Arikan, A, & Aladag, E. (2019). The effect of orienteering course on map literacy skills of students at
school of physical education and sports. International Journal of Geography and Geography
Education (IGGE), 40, 124-138. https://doi.org/10.32003/iggei.555103

Aydin Provincial Directorate of National Education. (2022). Ortaokullar derslik-6grenci-6gretmen ve
iletisim bilgiler. [Secondary schools classrooms-student-teacher and contact information]. Retrieved
from http://aydin.meb.gov.tr/www/istatistikler/icerik/181 Access Date: 09/09/2021

Ayvaz, M. (2019). Sosyal bilgiler 6gretmen adaylarinin 6. sinif yeryiiziinde yasam (nitesine iliskin
teknolojik pedagojik alan bilgisiyle ilgili diizeylerinin incelenmesi [Investigating the level of social
studies teacher candidates on technological and pedagogical content knowledge related to life on
earth's surface unit in 6th grade]. (Unpublished master thesis). Trabzon University, Trabzon.
Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 05/09/2021

Baenninger, M., & Newcombe, N. (1989). The role of experience in spatial test performance: A meta-
analysis. Sex Roles: A Journal of Research, 20(5-6), 327-344. https://doi.org/10.1007/BF00287729

Baenninger, M., & Newcombe, N. (1995). Environmental input to the development of sex-related
differences in spatial and mathematical ability. Learning and Individual Differences, 7(4), 363-379.
https://doi.org/10.1016/1041-6080(95)90007-1

Bandura, A. (1991). Social cognitive theory of self-regulation. Organizational Behavior and Human
Decision Processes, 50(2), 248-287. https://doi.org/10.1016/0749-5978(91)90022-L

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: Freeman.

Bannatyne, A. (2003). Multiple intelligences. Bannatyne reading, writing, spelling and language program.
Retrieved from http://www.bannatynereadingprogram.com/BP12MULT.htm Access Date:
11/10/2021

Ben Chaim, D., Lappan, G., & Houang, R. T. (1988). The effect of instruction on spatial visualization skills

Journal of Innovative Research in Teacher Education, 4(1), 51-76 68


https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://dergipark.org.tr/en/pub/maruaebd/issue/376/2552
https://dergipark.org.tr/en/pub/maruaebd/issue/376/2552
https://doi.org/10.1016/j.tsc.2021.100815
https://doi.org/10.1016/j.tsc.2021.100815
https://doi.org/10.1111/j.2044-8295.1992.tb02455.x
https://doi.org/10.1111/j.2044-8295.1992.tb02455.x
https://doi.org/10.32003/iggei.555103
https://doi.org/10.32003/iggei.555103
http://aydin.meb.gov.tr/www/istatistikler/icerik/181
http://aydin.meb.gov.tr/www/istatistikler/icerik/181
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://doi.org/10.1007/BF00287729
https://doi.org/10.1016/1041-6080(95)90007-1
https://doi.org/10.1016/1041-6080(95)90007-1
https://doi.org/10.1016/0749-5978(91)90022-L
https://doi.org/10.1016/0749-5978(91)90022-L
http://www.bannatynereadingprogram.com/BP12MULT.htm
http://www.bannatynereadingprogram.com/BP12MULT.htm

Exploring middle school students’ spatial skills self-efficacy...

of middle school boys and girls. American Educational Research Journal, 25(1), 51-71.
https://doi.org/10.3102/00028312025001051

Bishop, A. J. (1980). Spatial abilities and mathematics education-A review. Educational Studies in
Mathematics, 11(3), 257-269. https://doi.org/10.1007/BF00697739

Black, A. (2005). Spatial ability and earth science conceptual understanding. Journal of Geoscience
Education, 53(4), 402-414. https://doi.org/10.5408/1089-9995-53.4.402

Borzekowski, D. L., Chale, M. L., & Cole, C. (2022). Spatial skills among young children in morogoro,
tanzania: examining the effectiveness of a school-based intervention. International Journal of Early
Childhood, 1-27. https://doi.org/10.1007/s13158-022-00317-y

Buyikoztirk, S. (2020). Sosyal bilimler icin veri analizi el kitabt: istatistik, arastirma deseni SPSS
uygulamalart ve yorum [Data analysis handbook for social sciences: Statistics, research design,
SPSS applications and interpretation]. Ankara: Pegem.

Carroll, J. B. (1993). Human cognitive abilities: A survey of factor-analytic studies. Cambridge: Cambridge
University Press.

Chan, D. W. (2007). Gender differences in spatial ability: Relationship to spatial experience among
Chinese  gifted students in Hong Kong. Roeper Review, 29(4), 277-282.
https://doi.org/10.1080/02783190709554423

Chen, C. M,, Lin, C. H,, & Lou, Y. C. (2014). Developing spatial orientation and spatial memory with a
treasure hunting game. Educational Technology & Society, 17(3), 79-92. Retrieved from
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=57df774a76104e3fbad87d3
44ce2731930cc5bfa Access Date: 22/07/2022

Cockburn, K. S. (1995). Effects of specific toy playing experiences on the spatial visualization skills of girls
ages 4 & 6. (Doctoral dissertation). Washington State University, Pullman. Retrieved from
https://www.proquest.com/ Access Date: 09/12/2021

Cohen, L., Manion, L., & Morrison, K. (2000). Research methods in education. London: Routledge.

Cooper, L. A, & Mumaw, R. J. (1985). Spatial aptitude. In R. F. Dillon (Ed.), Individual differences in
cognition (pp. 67-94). New York: Academic Press.

Coxon, S. V. (2012). Innovative allies: Spatial and creative abilities. Gifted Child Today, 35(4), 277-284.
https://doi.org/10.1177/1076217512455480

Celikkaya, T. (2015). Student views regarding social studies instruction and education. Journal of
Educational Science, 3(4), 30-46. Retrieved from
https://dergipark.org.tr/en/pub/jedus/issue/16127/168718 Access Date: 24/09/2021

Dearing, E., Casey, B. M., Ganley, C. M., Tillinger, M., Laski, E., & Montecillo, C. (2012). Young girls’
arithmetic and spatial skills: The distal and proximal roles of family socioeconomics and home
learning experiences. Early Childhood Research Quarterly, 27(3), 458-
470. https://doi.org/10.1016/j.ecresq.2012.01.002

Degirmenci, Y., Bulut, A., & Kuzey, M. (2021). Investigation of teachers’ opinions about space perception
and direction skills of preschool students. Journal of Bayburt Education Faculty, 16(31), 21-38.
https://doi.org/10.35675/befdergi.069069

Di, X, & Zheng, X. (2022). A meta-analysis of the impact of virtual technologies on students’ spatial
ability.  Educational ~ Technology =~ Research  and  Development, 70(1),  73-98.
https://doi.org/10.1007/s11423-022-10082-3

JIRTE -


https://doi.org/10.3102/00028312025001051
https://doi.org/10.3102/00028312025001051
https://doi.org/10.1007/BF00697739
https://doi.org/10.5408/1089-9995-53.4.402
https://doi.org/10.1007/s13158-022-00317-y
https://doi.org/10.1007/s13158-022-00317-y
https://doi.org/10.1080/02783190709554423
https://doi.org/10.1080/02783190709554423
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=57df774a76104e3fba487d344ce2731930cc5bfa
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=57df774a76104e3fba487d344ce2731930cc5bfa
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=57df774a76104e3fba487d344ce2731930cc5bfa
https://www.proquest.com/
https://www.proquest.com/
https://doi.org/10.1177/1076217512455480
https://doi.org/10.1177/1076217512455480
https://dergipark.org.tr/en/pub/jedus/issue/16127/168718
https://dergipark.org.tr/en/pub/jedus/issue/16127/168718
https://doi.org/10.1016/j.ecresq.2012.01.002
https://doi.org/10.1016/j.ecresq.2012.01.002
https://doi.org/10.35675/befdergi.069069
https://doi.org/10.35675/befdergi.069069
https://doi.org/10.1007/s11423-022-10082-3
https://doi.org/10.1007/s11423-022-10082-3

Arikan & Cetin

Ecuyer Dab, I., & Robert, M. (2004). Have sex differences in spatial ability evolved from male competition
for mating and female concern for survival?.  Cognition, 91(3), 221-257.
https://doi.org/10.1016/j.cognition.2003.09.007

Ehrlich, S. B., Levine, S. C., & Goldin Meadow, S. (2006). The importance of gesture in children's spatial
reasoning. Developmental  Psychology,  42(6), 1259-1268. https://doi.org/10.1037/0012-
1649.42.6.1259

Erol, H. (2017). An evaluation on secondary school students’ map literacy skills. Anadolu Journal of
Educational Sciences International, 7(3), 425-457. https://doi.org/10.18039/ajesi.371633

Ertekin, P. (2017). Ustiin yetenekli ortaokul égrencilerinin uzamsal akil yiiriitme becerilerinin astronomi
konularina yonelik kavramsal anlayislari ve akademik basarilari ile iliskisinin incelenmesi
[Investigating the relationship of middle school gifted students' spatial reasoning skills with their
conceptual understanding of astronomy subjects and academic achievement]. (Doctoral
dissertation). inénii University, Malatya. Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/
Access Date: 24/03/2022

Ertugrul, Z. (2008). ilkégretim 6. sinif dgrencilerinin harita ve kiire kullanim becerilerinin tespiti [The
determination of 6th grade primary school students? Map and globe usage skills]. (Unpublished
master thesis). Gazi University, Ankara. Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/
Access Date: 05/02/2020

Ferrini-Mundy, J. (1987). Spatial training for calculus students: Sex differences in achievement and in
visualization ability. Journal for Research in Mathematics Education, 18(2), 126-140.
https://doi.org/10.2307/749247

Fesliyen, Z, Sanl, C., & Pinar, A. (2019). Ortadgretim 6grencilerinin harita beceri diizeylerine yénelik bir
eylem arastirmasi: kulu 6rnegi [An action research on map reading skill levels of secondary school
students: A Kulu sample]. Future Visions Journal, 3(3), 9-23. https://doi.org/10.29345/futvis.91

Frick, A., & Newcombe, N. S. (2012). Getting the big picture: Development of spatial scaling abilities.
Cognitive Development, 27(3), 270-282. https://doi.org/10.1016/j.cogdev.2012.05.004

Frick, A., & Wang, S. (2010). Round and round she goes: Efects of hands-on training on mental rotation in
13-to 16-month-olds. [Poster presentation]. the 17t Biennial International Conference on Infant
Studies, Baltimore, United States

Frick, A., & Wang, S. H. (2014). Mental spatial transformations in 14-and 16-month-old infants: Effects of
action and observational experience. Child  development, 85(1), 278-293.
https://doi.org/10.1111/cdev.12116

Gagpnier, K., Holochwost, S., & Fisher, K. (2021). Spatial thinking in science, technology, engineering, and
mathematics: Elementary teachers' beliefs, perceptions, and self-efficacy. Journal of Research in
Science Teaching, 59(1), 95-126 https://doi.org/10.1002/tea.21722

Galton, F. (1883). Inquiries into human faculty and its development. London: Macmillan.

Garcia, N. L, Dick, A, & Pruden, S. M. (2021, August 31, preprint). Contributions of Executive Function to
Spatial Thinking in Preschool Children. https://doi.org/10.31234/osf.io/dcjx5

Geer, E. A. (2019). The development and construct validation of the revised spatial anxiety scale. (Doctoral
dissertation). Florida State University, Tallahassee. Retrieved from https://www.proquest.com/
Access Date: 05/11/2021

George, D., & Mallery, M. (2010). SPSS for Windows step by step: A simple guide and reference. Boston:
Pearson

Gilligan-Lee, K. A, Bradbury, A, Bradley, C,, Farran, E. K., Van Herwegen, J., Wyse, D., & Outhwaite, L. A.
(2022, March 14, preprint). Spatial thinking in practice: A snapshot of teacher’s spatial activity use

Journal of Innovative Research in Teacher Education, 4(1), 51-76 70


https://doi.org/10.1016/j.cognition.2003.09.007
https://doi.org/10.1016/j.cognition.2003.09.007
https://doi.org/10.1037/0012-1649.42.6.1259
https://doi.org/10.1037/0012-1649.42.6.1259
https://doi.org/10.1037/0012-1649.42.6.1259
https://doi.org/10.18039/ajesi.371633
https://doi.org/10.18039/ajesi.371633
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://doi.org/10.2307/749247
https://doi.org/10.2307/749247
https://doi.org/10.29345/futvis.91
https://doi.org/10.29345/futvis.91
https://doi.org/10.1016/j.cogdev.2012.05.004
https://doi.org/10.1016/j.cogdev.2012.05.004
https://doi.org/10.1111/cdev.12116
https://doi.org/10.1111/cdev.12116
https://doi.org/10.1002/tea.21722
https://doi.org/10.1002/tea.21722
https://doi.org/10.31234/osf.io/dcjx5
https://doi.org/10.31234/osf.io/dcjx5
https://www.proquest.com/
https://www.proquest.com/

Exploring middle school students’ spatial skills self-efficacy...

in the early years’ classroom. https://doi.org/10.31234/0sf.io/zqc2x

Gilligan-Lee, K. A,, Hodgkiss, A., Thomas, M. S., Patel, P. K, & Farran, E. K. (2021). Aged-based differences
in spatial language skills from 6 to 10 years: Relations with spatial and mathematics skills. Learning
and instruction, 73, 101417. https://doi.org/10.1016/].learninstruc.2020.101417

Ginn, S. R, & Pickens, S. J. (2005). Relationships between spatial activities and scores on the mental
rotation test as a function of sex. Perceptual and Motor Skills, 700(3), 877-881.
https://doi.org/10.2466/PMS.100.3.877-881

Gonilacar, H., & Oztiirk, M. (2019). Ortaokul &grencilerinin mekénsal diisinme becerileri [Spatial
thinking skills of secondary school students]. Milli Egitim Dergisi, 49(227), 217-243. Retrieved from
https://dergipark.org.tr/tr/pub/millieqgitim/issue/56322/630596 Access Date: 24/09/2021

Grossman, H., & Grossman, S. (1994). Gender issues in education. Boston: Allyn & Bacon.

Guay, R. B., & McDaniel, E. D. (1977). The relationship between mathematics achievement and spatial
abilities among elementary school children. Journal for Research in Mathematics Education, 8(3),
211-215. https://doi.org/10.2307/748522

Hair, J. F., Black, W. C,, Babin, B. J., Anderson, R. E, & Tatham, R. L. (2013). Multivariate data analysis:
London: Pearson Education Limited.

Harris, D. (2021). Spatial ability, skills, reasoning or thinking: What does it mean for mathematics? [Paper
presentation]. 43rd Annual Conference of the Mathematics Education Research Group of
Australasia, Singapore, Australasia.

Hegarty, M., Montello, D. R, Richardson, A. E., Ishikawa, T., & Lovelace, K. (2006). Spatial abilities at
different scales: Individual differences in aptitude-test performance and spatial-layout
learning. Intelligence, 34(2), 151-176. https://doi.org/10.1016/j.intell.2005.09.005

Hegarty, M., & Waller, D. A. (2005). Individual differences in spatial abilities. In P. Shah & A. Miyake
(Eds.), The Cambridge handbook of visuospatial thinking (pp. 121-169). Cambridge: Cambridge
University Press.

Hodgkiss, A., Gilligan-Lee, K. A, Thomas, M. S., Tolmie, A. K., & Farran, E. K. (2021). The developmental
trajectories of spatial skills in middle childhood. British Journal of Developmental Psychology, 39(4),
566-583. https://doi.org/10.1111/bjdp.12380

lachini, T., Ruggiero, G., Conson, M., & Trojano, L. (2009). Lateralization of egocentric and allocentric
spatial processing after parietal brain lesions. Brain and Cognition, 69(3), 514-520.
https://doi.org/10.1016/J.BANDC.2008.11.001

irioglu, Z., & Ertekin, E. (2012). ilkdégretim ikinci kademe égrencilerinin zihinsel déndiirme becerilerinin
bazi degiskenler agisindan incelenmesi [Examining the mental rotation skills of elementary school
second level students in terms of some variables]. Journal of Educational and Instructional Studies
in the World, 2(1), 75-81. Retrieved from http://www.ajindex.com/dosyalar/makale/acarindex-
1423906127.pdf Access Date: 24/09/2021

Janssen, A. B., & Geiser, C. (2010). On the relationship between solution strategies in two mental rotation
tasks. Learning and Individual Differences, 20(5), 473-
478. https://doi.org/10.1016/].lindif.2010.03.002

Joh, A. S. (2016). Training effects and sex difference in preschoolers’ spatial reasoning ability.
Developmental  Psychobiology, 58(7), 896-908. https://doi.org/10.1002/dev.21445

Jung, S., Meinhardt, A., Braeuning, D., Roesch, S., Cornu, V., Pazouki, T., Schiltz, C, Lonnemann, J., &
Moeller, K. (2020). Hierarchical development of early visual-spatial abilities—a taxonomy based

JIRTE o


https://doi.org/10.31234/osf.io/zqc2x
https://doi.org/10.31234/osf.io/zqc2x
https://doi.org/10.1016/j.learninstruc.2020.101417
https://doi.org/10.1016/j.learninstruc.2020.101417
https://doi.org/10.2466/PMS.100.3.877-881
https://doi.org/10.2466/PMS.100.3.877-881
https://dergipark.org.tr/tr/pub/milliegitim/issue/56322/630596
https://dergipark.org.tr/tr/pub/milliegitim/issue/56322/630596
https://doi.org/10.2307/748522
https://doi.org/10.2307/748522
https://doi.org/10.1016/j.intell.2005.09.005
https://doi.org/10.1016/j.intell.2005.09.005
https://doi.org/10.1111/bjdp.12380
https://doi.org/10.1111/bjdp.12380
https://doi.org/10.1016/J.BANDC.2008.11.001
http://www.ajindex.com/dosyalar/makale/acarindex-1423906127.pdf
http://www.ajindex.com/dosyalar/makale/acarindex-1423906127.pdf
http://www.ajindex.com/dosyalar/makale/acarindex-1423906127.pdf
https://doi.org/10.1016/j.lindif.2010.03.002
https://doi.org/10.1016/j.lindif.2010.03.002
https://doi.org/10.1002/dev.21445
https://doi.org/10.1002/dev.21445

Arikan & Cetin

assessment  using the maGrid app. Frontiers in  Psychology, 11, 1-14.
https://doi.org/10.3389/fpsyg.2020.00871

Kara, H., Sezer, A, & Sanli, C. (2018). Use of maps in secondary school geography textbooks. International
Journal of Geography and Geography Education, 38, 20-39. https://doi.org/10.32003/iggei.425182

Karakus, U, & Karaman, B. (2019). Sosyal bilgiler dersinde cografya konularinin dgretimine iligkin
ogretmen gortisleri. [Teachers' opinions on teaching geography subjects in social studies course].
[Congress presentation]. /l. International Congress on Geographical Education, Eskisehir, Turkey.

Kelley, T. L. (1928). Crossroads in the mind of man. Stanford: Stanford University Press.
Kimura, D. (1999). Sex and cognition. Cambridge: The MIT Press.

K&sa, T., & Kalay, H. (2018). Evaluation of the learning environment designed for developing 7th grade
students’ spatial orientation skills. Kastamonu  Education Journal, 26(1), 83-92.
https://doi.org/10.24106/kefdergi.348100

Kuzey, M., & Degirmenci, Y. (2020). Examination of the metaphors of classroom and social sciences
teacher candidates related to the concept of direction. Review of International Geographical
Education (RIGEQ), 10(1), Special Issue, 207-225. https://doi.org/10.33403/rigeo.641614

Lauer, J. E,, & Lourenco, S. F. (2016). Spatial processing in infancy predicts both spatial and mathematical
aptitude in childhood. Psychological science, 27(10), 1291-1298.
https://doi.org/10.1177/0956797616655977

Lawshe, C. H. (1975). A quantitative approach to content validity. Personnel Psychology, 28(4), 563-575.
https://doi.org/10.1111/j.1744-6570.1975.tb01393.x

Lawton, C. A., & Morrin, K. A. (1999). Gender differences in pointing accuracy in computer-simulated 3D
mazes. Sex Roles: A Journal of Research, 40(1-2), 73-92. https://doi.org/10.1023/A:1018830401088

Linn, M. C,, & Petersen, A. C. (1985). Emergence and characterization of sex differences in spatial ability:
A meta-analysis. Child Development, 56(6), 1479-1498. https://doi.org/10.2307/1130467

Lohman, D. F. (1979). Spatial ability: Review and re-analysis of the correlational literature. Stanford
University Technical Report No. 8. Retrieved from https://apps.dtic.mil/sti/pdfs/ADA075972.pdf
Access Date: 24/09/2021

Lohman, D. F. (1988). Spatial abilities as traits, processes, and knowledge. In R. J. Sternberg (Ed.), Advances
in the psychology of human intelligence (pp. 181- 248). Hillside, NJ: Erlbaum Associates Publishers.

Maddusx, J. E. (1995). Self-efficacy Theory: An introduction. In J. E. Maddux (Ed.), Self-efficacy, adaptation,
and adjustment: theory, research, and application (pp.3-33). Boston: Plenum Press.

Mathewson, J. H. (1999). Visual-spatial thinking: An aspect of science overlooked by educators. Science
education,  83(1), 33-54.  https://doi.org/10.1002/(SICI)1098-237X(199901)83:1<33::AlID-
SCE2>3.0.CO;2-Z

Mazman, G. Z, & Altun, A. (2013). Individual differences in spatial orientation performances: an eye
tracking study. World Journal on Educational Technology, 5(2), 266-280. Retrieved from
http://archives.un-pub.eu/index.php/wjet/article/view/2615/pdf 186 Access Date: 24/09/2021

McCoun, P. K. C. (1993). Gender differences in attitudes, spatial visualization ability, and learning styles of
remedial mathematics students. (Doctoral dissertation). Texas Tech University, Lubbock. Retrieved
from https://www.proquest.com/ Access Date: 05/11/2021

McGee, M. G. (1979). Human spatial abilities: Psychometric studies and environmental, genetic,
hormonal, and neurological influences. Psychological Bulletin, 86(5), 889-
918. https://doi.org/10.1037/0033-2909.86.5.889

Journal of Innovative Research in Teacher Education, 4(1), 51-76 72


https://doi.org/10.3389/fpsyg.2020.00871
https://doi.org/10.3389/fpsyg.2020.00871
https://doi.org/10.32003/iggei.425182
https://doi.org/10.32003/iggei.425182
https://doi.org/10.24106/kefdergi.348100
https://doi.org/10.24106/kefdergi.348100
https://doi.org/10.33403/rigeo.641614
https://doi.org/10.33403/rigeo.641614
https://doi.org/10.1177/0956797616655977
https://doi.org/10.1177/0956797616655977
https://doi.org/10.1111/j.1744-6570.1975.tb01393.x
https://doi.org/10.1111/j.1744-6570.1975.tb01393.x
https://doi.org/10.1023/A:1018830401088
https://doi.org/10.1023/A:1018830401088
https://doi.org/10.2307/1130467
https://doi.org/10.2307/1130467
https://apps.dtic.mil/sti/pdfs/ADA075972.pdf
https://apps.dtic.mil/sti/pdfs/ADA075972.pdf
https://doi.org/10.1002/(SICI)1098-237X(199901)83:1%3c33::AID-SCE2%3e3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1098-237X(199901)83:1%3c33::AID-SCE2%3e3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1098-237X(199901)83:1%3c33::AID-SCE2%3e3.0.CO;2-Z
http://archives.un-pub.eu/index.php/wjet/article/view/2615/pdf_186
http://archives.un-pub.eu/index.php/wjet/article/view/2615/pdf_186
https://www.proquest.com/
https://www.proquest.com/
https://doi.org/10.1037/0033-2909.86.5.889
https://doi.org/10.1037/0033-2909.86.5.889

Exploring middle school students’ spatial skills self-efficacy...

McLaughlin, J. A, & Bailey, J. M. (2022). Students need more practice with spatial thinking in geoscience
education: a systematic review of the literature. Studies in Science Education, 1-58.
https://doi.org/10.1080/03057267.2022.2029305

Mix, K. S., Hambrick, D. Z., Satyam, V. R, Burgoyne, A. P., & Levine, S. C. (2018). The latent structure of
spatial  skill: A test of the 2 x 2 typology. Cognition, 180, 268-278.
https://doi.org/10.1016/j.cognition.2018.07.012

Mohler, J. L. (2008). A review of spatial ability research. Engineering Design Graphics Journal, 72 (3), 19-
30. Retrieved from https://core.ac.uk/download/pdf/229786602.pdf Access Date: 20/10/2021

Morris, S. W. (2018). The effect of gender on spatial ability and spatial reasoning among students in grades
2-8. (Doctoral dissertation). Liberty  University,  Lynchburg. Retrieved from
https://www.proquest.com/ Access Date: 05/11/2021

Mulligan, J., Woolcott, G., Mitchelmore, M., & Davis, B. (2018). Connecting mathematics learning through
spatial reasoning. Mathematics Education Research Journal, 30(1), 77-87.
https://doi.org/10.1007/513394-017-0210-x

National Research Council. (2006). Learning to think spatially. Washington: The National Academies
Press.

Newcombe, N. S., & Huttenlocher, J. (2006). Development of spatial cognition. In D. Kuhn, R. S. Siegler,
W. Damon, & R. M. Lerner (Eds.), Handbook of child psychology: Cognition, perception, and
language (pp. 734-776). Hoboken, NJ: John Wiley & Sons Inc.

Okagaki, L., & Frensch, P. A. (1994). Effects of video game playing on measures of spatial performance:
Gender effects in late adolescence. Journal of Applied Developmental Psychology, 15(1), 33-58.
https://doi.org/10.1016/0193-3973(94)90005-1

Okamoto, Y., Kotsopoulos, D., McGarvey, L., & Hallowell, D. (2015). The development of spatial reasoning
in young children. In B. Davis & Spatial Reasoning Study Group (Eds.), Spatial reasoning in the
early years (pp. 15-28). New York: Routledge.

Olkun, S., & Altun, A. (2003). ilkégretim dgrencilerinin bilgisayar deneyimleri ile uzamsal distinme ve
geometri basarilar arasindaki iliski [The relationship between elementary school students'
computer experiences and their spatial thinking and geometry achievement]. The Turkish Online
Journal of Educational Technology, 2(4), 86-91. Retrieved from
http://www.tojet.net/articles/v2i4/2413.pdf Access Date: 03/01/2022

Ozyaprak, M. (2012). A comparison of spatial-analytical ability levels of gifted and average students.
Turkish  Journal of Giftedness and Education, 2(2), 137-153. Retrieved from
http://www.tuzed.org/publications/cilt2/sayi2/2012 2 2 ozyaprak.pdf Access Date: 04/02/2022

Phunlapthawee, K. (2000). An analysis of constructures for spatial and error pattern scores associated with
the spatial ability and related gender differences of twelfth grade students in Thailand. (Doctoral
dissertation). Ohio State University, Columbus. Retrieved from https://www.progquest.com/ Access
Date: 06/11/2021

Piaget, J., & Inhelder, B. (1956). The child's conception of space. New York: Norton.
Plumert, J. M., & Spencer, J. P. (2007). Emerging spatial mind. Oxford, UK: Oxford University Press.

Pollman, M. J. (2010). Blocks and beyond: Strengthening early math and science skills through spatial
learning. Baltimore, MD: Paul Brookes Publishing Co.

Ramirez, G., Gunderson, E. A, Levine, S. C,, & Beilock, S. L. (2012). Spatial anxiety relates to spatial abilities
as a function of working memory in children. The Quarterly Journal of Experimental Psychology,
65(3), 474-487. https://doi.org/10.1080/17470218.2011.616214

JIRTE \


https://doi.org/10.1080/03057267.2022.2029305
https://doi.org/10.1080/03057267.2022.2029305
https://doi.org/10.1016/j.cognition.2018.07.012
https://doi.org/10.1016/j.cognition.2018.07.012
https://core.ac.uk/download/pdf/229786602.pdf
https://core.ac.uk/download/pdf/229786602.pdf
https://www.proquest.com/
https://www.proquest.com/
https://doi.org/10.1007/s13394-017-0210-x
https://doi.org/10.1016/0193-3973(94)90005-1
https://doi.org/10.1016/0193-3973(94)90005-1
http://www.tojet.net/articles/v2i4/2413.pdf
http://www.tojet.net/articles/v2i4/2413.pdf
http://www.tuzed.org/publications/cilt2/sayi2/2012_2_2_ozyaprak.pdf
http://www.tuzed.org/publications/cilt2/sayi2/2012_2_2_ozyaprak.pdf
https://www.proquest.com/
https://www.proquest.com/
https://doi.org/10.1080/17470218.2011.616214
https://doi.org/10.1080/17470218.2011.616214

Arikan & Cetin

Rule, A. C. (2016). Spatial thinking skills and STEM connections: How does this issue address them?.
Journal of STEM Arts, Craftss, and Constructions, 1(2), 1-8. Retrieved from
https://scholarworks.uni.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=1007&context
=journal-stem-arts Access Date: 14/01/2022

Schug, M. G. (2016). Factors in the development of spatial cognition in boys and girls. Boyhood Studies,
9(2), 44-55. https://doi.org/10.3167/bhs.2016.090204

Seng, S., & Chan, B. (2000). Spatial ability and mathematical performance: gender differences in an
elementary school. National Institude of Education. 18 1-12. Retrieved from
https://files.eric.ed.gov/fulltext/ED438937.pdf Access Date: 24/05/2022

Septia, T., Prahmana, R. C. |, Pebrianto, P., & Wahyu, R. (2018). Improving students spatial reasoning with
course lab. Journal on Mathematics Education, 9(2), 327-336.
https://doi.org/10.22342/ime.9.2.3462.327-336

Shavalier, M. E. (1999). A study of the effects of structured activities using CAD-Like software on the spatial
ability of fourth, fifth and sixth grade students. (Doctoral dissertation). University of Wyoming,
Laramie. Retrieved from https://www.proquest.com/ Access Date: 06/11/2021

Sherman, J. (1978). Sex-related cognitive differences: An essay on theory and evidence. Springfield, IL:
Charles C. Thomas.

Silverman, 1., Choi, J., Mackewn, A, Fisher, M., Moro, J., & Olshansky, E. (2000). Evolved mechanisms
underlying wayfindmg: Further studies on the hunter-gatherer theory of spatial sex differences.
Evolution and Human Behavior, 21(3), 201-213. https://doi.org/10.1016/5S1090-5138(00)00036-2

Silverman, 1., & Eals, M. (1992). Sex differences in spatial abilities: Evolutionary theory and data. In J. H.
Barkow, L. Cosmides, & J. Tooby (Eds.), The adapted mind (pp. 533-549). Oxford, UK: Oxford
University Press.

Soluki, S., Yazdani, S. Arjmandnia, A. A. Fathabadi, J., Hassanzadeh, S., & Nejati, V. (2021).
Comprehensive assessment of spatial ability in children: A computerized tasks battery. Advances
in Cognitive Psychology, 17(1), 38-48. https://doi.org/10.5709/acp-0315-0

Spearman, C. (1927). The measurement of intelligence. Nature, 120(3025), 577-578.
https://doi.org/10.1038/120577a0

Sanl, C. (2020). The analysis of spatial thinking skills in the questions included within social sciences
coursebooks. International Journal of Geography and Geography Education (IGGE), 42, 118-132.
https://doi.org/10.32003/igge.724028

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics. Boston, MA: Pearson.

Tekin, A. T. (2007). Dokuzuncu ve on birinci sinif dgrencilerinin zihinde déndirme ve uzamsal
gorsellestirme yeteneklerinin karsilastirmali olarak incelenmesi [Comparative investigation of
nineth and eleventh grade students? mental rotation and spatial visualization abilities].
(Unpublished master thesis). Ankara University, Ankara. Retrieved from
https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 05/02/2020

Terlecki, M. S., & Newcombe, N. S. (2005). How important is the digital divide? The relation of computer
and videogame usage to gender differences in mental rotation ability. Sex Roles, 53, 433-441.
https://doi.org/10.1007/s11199-005-6765-0

Thalheimer, W., & Cook, S. (2002). How to calculate effect size from published research: a simplified
methodology. Retrieved from

http://www.bwariffin.com/gsu/courses/edur9131/content/Effect Sizes pdf5.pdf Access Date:
08/07/2022

Thorndike, E. L. (1921). On the organization of the intellect. Psychological Review, 28, 141-151.

Journal of Innovative Research in Teacher Education, 4(1), 51-76 74


https://scholarworks.uni.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=1007&context=journal-stem-arts
https://scholarworks.uni.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=1007&context=journal-stem-arts
https://scholarworks.uni.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=1007&context=journal-stem-arts
https://doi.org/10.3167/bhs.2016.090204
https://doi.org/10.3167/bhs.2016.090204
https://files.eric.ed.gov/fulltext/ED438937.pdf
https://files.eric.ed.gov/fulltext/ED438937.pdf
https://doi.org/10.22342/jme.9.2.3462.327-336
https://doi.org/10.22342/jme.9.2.3462.327-336
https://www.proquest.com/
https://www.proquest.com/
https://doi.org/10.1016/S1090-5138(00)00036-2
https://doi.org/10.1016/S1090-5138(00)00036-2
https://doi.org/10.5709/acp-0315-0
https://doi.org/10.5709/acp-0315-0
https://doi.org/10.1038/120577a0
https://doi.org/10.1038/120577a0
https://doi.org/10.32003/igge.724028
https://doi.org/10.32003/igge.724028
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://doi.org/10.1007/s11199-005-6765-0
https://doi.org/10.1007/s11199-005-6765-0
http://www.bwgriffin.com/gsu/courses/edur9131/content/Effect_Sizes_pdf5.pdf
http://www.bwgriffin.com/gsu/courses/edur9131/content/Effect_Sizes_pdf5.pdf

Exploring middle school students’ spatial skills self-efficacy...

https://doi.org/10.1037/h0070821

Thurstone, L. L. (1938). Primary Mental Abilities, Psychometric Monographs, 1-121. Retrieved from
https://psycnet.apa.org/record/1938-03756-001 Access Date: 24/05/2022

Turgut, M. (2007). ilkégretim Il. kademede 6grencilerin uzamsal yeteneklerinin incelenmesi [Investigation
of 6, 7 and 8 grade students' spatial ability]. (Unpublished master thesis). Dokuz Eylul University,
izmir. Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 01/03/2022

Tuker, C. (2017). Tasarim dgrencilerinin uzamsal becerilerinin egitsel oyun tabanl bilgisayar yazilimlari
ile gelistirilmesi Proje No: 2017 / 26 [Improving design students' spatial skills with educational
game-based computer software Project No: 2017 / 26]. Retrieved from
https://scholar.google.com.tr/scholar?g=Tasarim+dgrencilerinin+uzamsal+becerilerinin+editsel
+oyun+tabanli+bilgisayar+yazilimlari+ile+gelistiriimesi&hl=tr&as sdt=0&as vis=1&oi=scholart
Access Date: 01/03/2022

Uttal, D. H., Meadow, N. G, Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N. S. (2013). The
malleability of spatial skills: A meta-analysis of training studies. Psychological Bulletin, 139(2), 352—
402. https://doi.org/10.1037/a0028446

Uysal, A., & Degirmenci, Y. (2021). Cografya egitiminde konum tabanli mobil oyunlar ve kullanimi
[Location-based mobile games and their use in geography education]. In E. Artvinli and Y.
Degirmenci, (eds.). Cografya egitiminde yeni yaklasimlar [New approaches in geography
education]. Ankara: Nobel.

Uzun, Z. B. (2019). Ortaokul &grencilerinin geometrik disinme dizeyleri, uzamsal yetenekleri ve
geometriye yonelik tutumlari [Middle school students geometric thinking levels, spatial abilities and
attitudes towards geometry]. (Unpublished master thesis). Balikesir University, Balikesir. Retrieved
from https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 05/02/2022

Uziimcd, O. N. (2007). ilkégretim 6. sinif sosyal bilgiler dersinde harita okuma becerisinin aktif 6grenme
yontemiyle kazandiriimasi [The acquisition of the ability of reading map using the technic of active
learning in the 6th grade of primary school]. (Unpublished master thesis). Gazi University, Ankara.
Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 05/02/2022

Xie, F., Zhang, L, Chen, X,, & Xin, Z. (2020). Is spatial ability related to mathematical ability: A meta-
analysis. Educational Psychology Review, 32(1), 113-155. https://doi.org/10.1007/s10648-019-

09496-y
Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., Newcombe, N. S., Filipowicz, A. T, & Chang, A. (2014).

Deconstructing building blocks: Preschoolers' spatial assembly performance relates to early
mathematical skills. Child Development,85(3), 1062—1076. https://doi.org/10.1111/cdev.12165

Voyer, D., Nolan, C., & Voyer, S. (2000). The relation between experience and spatial performance in men
and women. Sex Roles: A Journal of Research, 43(11-12), 891-
915. https://doi.org/10.1023/A:1011041006679

Walker, J. T., Krasnoff, A. G., & Peaco, D. (1981). Visual spatial perception in adolescents and their parents:
The X-linked recessive hypothesis. Behavior Genetics, 11, 403-413.
https://doi.org/10.1007/BF01070823

Webley, P. (1981). Sex differences in home range and cognitive maps in eight-year old children. Journal
of Environmental Psychology, 1(4), 293-302. https://doi.org/10.1016/S0272-4944(81)80027-8

Xiao, N., & Zhang, X. (2021). Interest in spatial activities predicts young children’s spatial ability
development: A two-year longitudinal study. Contemporary Educational Psychology, 64,1-9.
https://doi.org/10.1016/j.cedpsych.2021.101943

JIRTE 7


https://doi.org/10.1037/h0070821
https://doi.org/10.1037/h0070821
https://psycnet.apa.org/record/1938-03756-001
https://psycnet.apa.org/record/1938-03756-001
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://scholar.google.com.tr/scholar?q=Tasar%C4%B1m+%C3%B6%C4%9Frencilerinin+uzamsal+becerilerinin+e%C4%9Fitsel+oyun+tabanl%C4%B1+bilgisayar+yaz%C4%B1l%C4%B1mlar%C4%B1+ile+geli%C5%9Ftirilmesi&hl=tr&as_sdt=0&as_vis=1&oi=scholart
https://scholar.google.com.tr/scholar?q=Tasar%C4%B1m+%C3%B6%C4%9Frencilerinin+uzamsal+becerilerinin+e%C4%9Fitsel+oyun+tabanl%C4%B1+bilgisayar+yaz%C4%B1l%C4%B1mlar%C4%B1+ile+geli%C5%9Ftirilmesi&hl=tr&as_sdt=0&as_vis=1&oi=scholart
https://scholar.google.com.tr/scholar?q=Tasar%C4%B1m+%C3%B6%C4%9Frencilerinin+uzamsal+becerilerinin+e%C4%9Fitsel+oyun+tabanl%C4%B1+bilgisayar+yaz%C4%B1l%C4%B1mlar%C4%B1+ile+geli%C5%9Ftirilmesi&hl=tr&as_sdt=0&as_vis=1&oi=scholart
https://doi.org/10.1037/a0028446
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://doi.org/10.1007/s10648-019-09496-y
https://doi.org/10.1007/s10648-019-09496-y
https://doi.org/10.1007/s10648-019-09496-y
https://doi.org/10.1111/cdev.12165
https://doi.org/10.1111/cdev.12165
https://doi.org/10.1023/A:1011041006679
https://doi.org/10.1023/A:1011041006679
https://doi.org/10.1007/BF01070823
https://doi.org/10.1016/S0272-4944(81)80027-8
https://doi.org/10.1016/S0272-4944(81)80027-8
https://doi.org/10.1016/j.cedpsych.2021.101943
https://doi.org/10.1016/j.cedpsych.2021.101943

Arikan & Cetin

Yilmaz, H. B. (2009). On the development and measurement of spatial Ability. International Electronic
Journal of Elementary Education, 12), 83-96. Retrieved from
https://www.iejee.com/index.php/IEJEE/article/view/279 Access Date: 24/05/2022

Yildiz, B. (2009). U¢-boyutlu sanal ortam ve somut materyal kullaniminin uzamsal gérsellestirme ve
zihinsel dondiirme becerilerine etkileri [The effects of using three-dimensional virtual environments
and concrete manipulatives on spatial visualisation and mental rotation abilities]. (Unpublished
master thesis). Hacettepe University, Ankara. Retrieved from
https://tez.yok.gov.tr/UlusalTezMerkezi/ Access Date: 01/03/2022

Yurt, E. (2014). The predictive power of self-efficacy sources for mathematics achievement. Education
and Science, 39(176), 159-169. http://dx.doi.org/10.15390/EB.2014.3443

Zhang, X.,, Rasanen, P., Koponen, T., Aunola, K., Lerkkanen, M. K., & Nurmi, J. E. (2020). Early cognitive
precursors of children’s mathematics learning disability and persistent low achievement: A 5-year
longitudinal study. Child Development, 91, 7-27. https://doi.org/10.1111/cdev.13123

Authors Biographies

Alaattin Arikan works as a research assistant in the department of social studies education at the Aydin
Adnan Menderes University. He is currently continuing his doctoral education at Gazi University. His
research interests are spatial skills, context-based learning, nature education, quantum learning, and
disaster education.

Turhan Cetin works as a professor in the department of social studies education at the Gazi University.
His research interests are cultural heritage, tourism perception, environmental education, and migration.

Journal of Innovative Research in Teacher Education, 4(1), 51-76 76


https://www.iejee.com/index.php/IEJEE/article/view/279
https://www.iejee.com/index.php/IEJEE/article/view/279
https://tez.yok.gov.tr/UlusalTezMerkezi/
https://tez.yok.gov.tr/UlusalTezMerkezi/
http://dx.doi.org/10.15390/EB.2014.3443
http://dx.doi.org/10.15390/EB.2014.3443
https://doi.org/10.1111/cdev.13123
https://doi.org/10.1111/cdev.13123

