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Paper folding is a common activity in East Asian kindergartens, but its potential value
to early spatial skills have not been empirically explored. This study aims to investigate
whether and how paper folding skills can predict spatial ability (SA) in the early years.
Altogether 101 preschoolers (Ngi = 45, Mage = 4.54, SD = 0.75) were randomly sampled
from two Hong Kong kindergartens and invited to complete the map-use and the paper
folding tasks. The paper folding task taps two levels of children’s paper folding skills:
Basic Folding Skill (BFS) and Advanced Folding Skill (AFS). The parents reported the
demographic information and their involvement in spatial activities at home. The results
indicated the following: (1) there was a significant age-related increase in the paper
folding performance; (2) child age could significantly predict both BFS (B = 0.551,
p < 0.001) and AFS (B = 0.627, p < 0.001), while parental involvement could only
predict BFS (B = 0.246, p < 0.001); (3) after controlling for confounders, paper folding
skills could significantly predict SA as measured by the map-use task; (4) BFS was
found to mediate the relationship between parental involvement and SA. The educational
implications of these findings are also discussed.

Keywords: spatial ability, folding paper, early development, parental involvement, origami

INTRODUCTION

Paper folding activity (PFA) has a long history in China ("*ﬁ é&”) and Japan (‘Origami’) and has
thus been listed as an Intangible Cultural Heritage of Humanity by UNESCO. It has become a
popular and substantial part of Chinese and Japanese kindergartens’ learning and teaching activities
(Nishida, 2019). PFA is a kind of integrated learning experience requiring young children to
systematically and strategically apply their mathematic and fine motor skills; thus, it has been widely
regarded as a kind of art and craft activity in the early childhood classroom. However, its potential
contribution to the early development of spatial skills has not been thoroughly explored (Dinehart
and Manfra, 2013; Imaroonrak et al., 2018; Widayati et al., 2019). A recent study found that paper
folding skills were highly correlated with spatial ability (SA) (Taylor and Hutton, 2013), indicating
that there might be a predictive relationship between them. Therefore, for the first time, this study
explored the possible predictive relationships between parental involvement (PI), PFA, and early
spatial skills in the context of early education in Hong Kong.
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PFA in Early Educational Contexts

Paper folding activity refers to the action of folding paper into
representative shapes with some specific skills, which involves
visual-motor integration, considerable cognitive effort, and a
relatively competent level of mathematical conceptualization
(Wenciker and Flynn, 2004; Cakmak et al., 2014; Tenbrink
and Taylor, 2015; Arsl and Isiksal-Bostan, 2016). Usually, paper
folding skills could be divided into two levels: (1) the basic level,
which requires children to fold the paper in half equally and fold
along the midline of the paper and demands fine-motor skills and
visual-motor integrations (Harte and Spencer, 2014; Imaroonrak
et al., 2018); (2) the advanced level, which requires children to
fold the paper from multiple directions with different angles and
demands the children to mentally distinguish the folding step
from the next step and complete the folding as planned. The
advanced level depends more on high-level cognitive functions
such as movement planning (Yao and Dai, 2008) and working
memory (Sato et al., 2007; Zhang, 2017). This study aimed to
develop a new paper folding task including these two levels.

Paper folding activity has been considered as an origami-based
problem-solving context to facilitate mathematical learning and
teaching during primary to high school (Wenciker and Flynn,
2004; Cakmak et al., 2014; Tenbrink and Taylor, 2015; Arsl and
Isiksal-Bostan, 2016; Oberman, 2018). Some scholars believe that
origami could provide some unique mathematical experiences
and thus establish the linkage between mathematics and the arts,
lending varying pedagogical support to the learning and teaching
of math (Wenciker and Flynn, 2004). Some even believed that
paper folding could serve as a teaching tool in mathematics
classes (Boakes, 2009). Turkish teachers even believed that
origami might be a beneficial and effective method in primary
mathematics education (Arsl and Isiksal-Bostan, 2016).

However, in the early childhood context, PFA has been widely
regarded as a learning activity to develop young children’s fine
motor skills and the sense of artistry (Dinehart and Manfra, 2013;
Zhao, 2015; Nishida, 2019). The existing studies have widely
explored its educational values on early arts and motor skills:
(1) as an art education, PFA has been implemented in Japanese
kindergartens for over 140 years, serving as a kind of symbolic art
and craft culture (Nishida, 2019); (2) as an indicator of fine motor
skills, PFA has been used to measure young children’s fine motor
skills (Dinehart and Manfra, 2013; Vidoni et al., 2014; Saraiva
et al,, 2019); and (3) as training of visual-motor integration, PFA
has been proved to significantly improve the creativity and visual-
motor integration (Imaroonrak et al., 2018; Widayati et al., 2019)
in young children.

Recently, STEM education has become a global concern
and has been linked with PFA in the early years (Taylor and
Hutton, 2013; Lippard et al., 2019). For instance, Lippard et al.
(2019) regarded folding activity as a pre-engineering play in
early childhood classrooms and suggested that folding activity
should be considered a learning context for early engineer
education (EEE). Researchers have taken SA as one of the
core skills required for EEE and STEM, as empirical studies
have indicated that good spatial skills significantly predict
achievement in STEM (Uttal et al., 2013; Stieff and Uttal, 2015).
Recognizing the correlation between PFA and SA, researchers

have suggested promoting STEM education by implementing
PFA in kindergartens (Taylor and Hutton, 2013; Kuhl etal., 2019).
However, all these suggestions should be better justified with
empirical evidence about the complicated relationships between
PFA and early spatial skills.

Spatial Ability in the Early Years

Spatial ability refers to the capacity of understanding, reasoning,
and remembering the spatial relations among objects or space.
It has been documented as a fundamental cognitive skill with
three major constructs (Uttal et al., 2013; Mix et al., 2016; Burte
et al,, 2017; Rittle-Johnson et al., 2019): (1) spatial visualization,
which is the ability to imagine and mentally transform spatial
information; (2) form perception, which is the ability to copy
and distinguish shapes from other shapes, including symbols;
and (3) visual-spatial working memory, which is the ability
to hold the locations of different objects, landmarks, and so
on in working memory. There are significant age, gender, and
individual differences in the early development of spatial skills
(Voyer et al., 1995; Astur et al, 2004; Parsons et al., 2004;
Newcombe, 2010; Uttal et al., 2013; Rittle-Johnson et al., 2019).
For example, some scholars (Peters, 2005; Maeda and Yoon,
2013) have had different views on the gender difference in SA,
and Levine et al. (2016) argued that the gender gap in SA could
be bridged if there was appropriate training. Therefore, it is
important to ascertain the contributors from the family and
preschool to better design appropriate training programs of SA
(Rittle-Johnson et al., 2019).

The gender gap in SA has triggered another debate
surrounding the ‘nature-nurture controversy’ in child
development (Casey, 1996; Kass et al., 1998; Hoffman et al,
2011). On the one hand, Halpern (1992) indicated that hormones
could have provided men with a slight advantage to foster SA,
driving them to be willing to engage in related activities and
reinforcing their SA from infancy to adulthood. On the other
hand, Kass et al. (1998) argued that strong social encouragement
to engage both boys and girls in spatial tasks could help narrow
the gender gap in SA. Therefore, Tosto et al. (2014) conducted
a comparison study with 4,174 pairs of 12-year-old twins and
found that the environmental factors explained about 67% of
the variation in SA, implying that SA could be ‘nurtured.” Very
recently, however, Rimfeld et al. (2017) duplicated the study
of twins but found a greater effect of a genetic component
on general SA (69%) than the environmental component
(23%). They concluded that the genetic contribution to SA was
generated from various kinds of genes, each making a small
contribution. In Chinese children, studies have also identified
significant gender differences in early SA. For example, Seng
and Tan (2002) found there were cultural and gender differences
in spatial abilities. Chan (2007) found differentiated gender
differences: there were modest gender differences in visual arts
favoring girls, while there were variations in visual orientation
favoring boys. These mixed results have raised more questions
in terms of how SA could be nurtured in the school and family
contexts, which will be explored in this study with the newly
developed map-use task. In particular, this study was focused on
the relationship between PI in young children’s spatial-related
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activities at home and children’s performance on the PFA
and map-use tasks.

In this study, the map-use task was developed from the one
designed by Bluestein and Acredolo (1979) to evaluate early
spatial skills for the following reasons. First, it is technically
challenging to measure SA in young children because there
is a lack of consensus on the definition and age-appropriate
content (Rittle-Johnson et al., 2019). Second, two challenging
problems should be solved before designing the age-appropriate
measurement: (1) how to incorporate all the domains of SA into
one single indicator, as different spatial tasks could only gauge
different aspects of SA (Rittle-Johnson et al., 2019); and (2) how
to make it workable with young children, as the existing spatial
measures include paper-and-pencil tasks, the manipulation of
objects, or computer-based tasks that are not applicable for young
children (Ilen, 2016). Therefore, some scholars have tended to
use the map-use task to evaluate young children’s SA (Blades
and Spencer, 1986; Freundschuh, 1990; Liben et al., 2013). Third,
the map-use task mainly evaluates the ability to locate places
in the room, to indicate one’s own position in the room, to
plan routes on maps, and so on. All these abilities could reflect
(and would be affected by) the spatial visualization and spatial
working memory, the two major constructs of SA (Gilmartin
and Patton, 1984; Blades and Spencer, 1986; Sandberg and
Huttenlocher, 2001). Finally, the existing studies by Blades and
Spencer (1986) have confirmed that this task could apply to 3- to
5-year-old children. Therefore, this map-use task was revised and
adopted in this study.

Folding Activity, Spatial Ability, and
Parental Involvement

The relationship between folding activity and SA has been
explored from two divergent perspectives: (1) folding activity
supports SA; and (2) folding activity is integrated into SA. In
particular, the first view has been widely employed to study early
spatial development. For example, the studies on young Japanese
and American children (Yuzawa et al., 1999), middle school
students (Boakes, 2009), and primary students (Cakmak et al,
2014) have jointly confirmed the first view that folding activity
could improve SA. Yuzawa and Bart (2002) specifically noted
that the experience of origami facilitated young children’s spatial
learning such as size comparison. However, the second view was
also supported by many psychologists who tended to use the
concept ‘mental folding skill’ to reflect a certain aspect of SA
(Milivojevic et al., 2003; Wright et al., 2008; Harris et al., 2013).
For example, both Milivojevic et al. (2003) and Wright et al.
(2008) employed mental folding skills as an indicator of spatial
skills in adults. Harris et al. (2013) developed a mental folding
test and found it applicable and reliable for young children. The
mental folding task in these studies, however, mainly involved
evaluating specific spatial skills (i.e., spatial transformation),
leaving out most of the other domains in a physical PFA such
as visual-motor integration. Thus, it should not be regarded
as equivalent to the typical PFA in an early childhood setting.
In this study, PFA is not a mental folding skill but a physical
activity to fold papers into the target figure, which may correlate

with spatial skills. Therefore, this study explored whether PFA
predicts early SA.

Parental involvement has been documented to have a
significant impact on children’s development and later academic
achievement (Fan and Chen, 2001; Jeynes, 2006, 2007; Lomax-
Bream et al., 2007; Lau et al, 2012; Castro et al., 2015).
According to Jeynes (2006), East Asian kindergartens, as faithful
practitioners of the Froebel model, have greatly promoted PI in
early educational practices. Therefore, considering PI in early SA
development is suitable for the Hong Kong context (Jeynes, 2006;
Lau et al., 2012). However, little is known about whether PI in
spatial-related activities can enhance children’s SA and whether
children’s performance on PFA can play a role in this relationship.
There has been no consensus on the relationship between PI
and SA due to the nature-versus-nurture debate of SA (Casey,
1996; Kass et al., 1998; Hoffman et al., 2011). Some researchers
have held the belief that SA is predetermined by nature, and
nurturing factors, such as PI, might thus play non-significant
roles (Halpern, 1992). In contrast, some other scholars believed
that SA could be influenced by educational factors including PI
(Tosto et al.,, 2014). The recent study by Rimfeld et al. (2017)
indicated that both the natural base and the environmental
components during the nurturing process could contribute to the
development of SA, implying that the effects of PI on SA might
not be so direct. In addition, the link between PI and folding
skills has been rarely explored. Therefore, this study is dedicated
to exploring whether and how PI could predict children’s SA
through the potential mediation of folding paper.

The Current Study

The literature review has indicated the following relationships
among PI, folding skills, and SA: (1) folding skills in early years
may be influenced by PI (Fan and Chen, 2001; Jeynes, 2007;
Castro et al,, 2015); (2) folding skills might correlate with the SA
(Boakes, 2009; Cakmak et al., 2014); and (3) PI might influence
the SA, while the effect of which might not be direct (Tosto
et al., 2014; Rimfeld et al., 2017). Theoretically, it is reasonable
to hypothesize that the effect of PI on SA might be mediated
by paper-folding skills. Therefore, an empirical exploration is
needed urgently to test this hypothesis.

To achieve this end, first, this study has developed a paper
folding task and analyzed its reliability and constructs with
Chinese preschoolers. The malleability of paper folding skills was
also examined with a focus on age and gender differences in
the early years. It particularly ascertained whether the widely
reported age and gender effects could be found in the two levels
of paper folding tasks. Second, this study has also explored
parent involvement’s influences on early folding performance
with those confounding variables being controlled for. Last, the
predictive relationships among PI, paper folding performance
(PFP), and spatial skills were investigated using a mediation
model. In particular, the following four research questions guided
this study:

(1) What are the reliability and potential constructs of the
paper folding task newly developed in this study?
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(2) Are there any age and gender differences in the folding
performance in Hong Kong preschoolers?

(3) How does PI predict early folding performance after
controlling for age, gender, and family SES?

(4) Does PFP mediate the relationship between PI and spatial
skills?

MATERIALS AND METHODS

Participants

This study was part of a larger study examining early child
development in Hong Kong. Altogether 101 children (N = 45)
aged from 3.08 to 5.92 (Mg = 4.54, SD = 0.75) were
randomly sampled from two kindergartens in Hong Kong. Both
kindergartens were non-profit-making organizations, providing
whole-day and half-day programs with the same story-based
curriculum. The Story Approach of Integrated Learning is the
dominant curricullum widely used by most of Hong Kong
kindergartens, allowing teachers to intergrade different learning
activities into an interesting story (Li and Chau, 2010; Li et al,,
2012). All the participating children were right-handed and not
diagnosed with any developmental delay. The research consent
forms were signed and obtained from the principals and parents in
advance of data collection. Before the formal test, the first author
observed and trained the participants to confirm whether they
have experience of doing similar tasks. Only the children without
previous exposure to the tasks were included in this study.

Measures
Map-Use Task
The map-use task was adapted from the classical experimental
task developed by Bluestein and Acredolo (1979), who asked
young children to identify the pictures on the map and point to
the referents accordingly. This map-use task is a comprehensive
test of the three constructs of young children’s SA (Mix et al,,
2016; Burte et al., 2017; Rittle-Johnson et al., 2019): (1) spatial
visualization is the ability to imagine and mentally transform
spatial information; (2) form perception is the ability to copy
and distinguish shapes from other shapes, including symbols;
and (3) visual-spatial working memory is the ability to hold
the location information of different objects, landmarks, etc. in
working memory. The Cronbach’s Alpha for all the four scoring
items for map-use skills was 0.67, indicating acceptable reliability.
The map-use test was conducted in the setting, as shown in
Figure 1. The experimenter instructed the participating child as
follows: “This is the map of this room. Please have a look at this
map: you are here, and the bear is over there. Please, according
to this map and find the toy bear in the room.” It was conducted
during individual sessions with one experimenter following the
same procedure and protocol as follows.

Step 1: the child was guided by the examiner to walk around
in the room starting from the door, while the examiner
introduced the major referents in the room matching with
the map (the door and the equipment).

Step 2: the child was asked to read the map and to point out
the location of the testing table in the room (scoring item

Misleading bear 2

52 Target 2: chair

map
m 1 & { j:]]
child 5 adult

Misleading bear 1

Target 3: toy bear Misleading bear 3

/

map
21

N adult

[
child”

FIGURE 1 | The setting of the map-use task.

1), which mainly required the child to have the cognitive
foundation of visual-spatial working memory to hold the
location information of different objects and landmarks in
mind and to recognize them.

Step 3: the child was asked to point out the location of
the particular chair in the room (scoring item 2), which
mainly demanded spatial visualization so that the child
could imagine and mentally match the spatial information
in the room with that on the map.

Step 4: the child was asked to stand outside the room and
then find the toy bear as indicated by the map. In this step,
three similar toy bears were placed in the room, including
the target one and three distracting ones, to control the
chance probability. When the setting was ready, the child
was asked to return to his seat in the room, look at the
map on the table, and go to find the toy bear (scoring item
3). To complete the task, the child’s form perception was
mainly involved in this step, which facilitates the child to
copy and distinguish the targeted symbol on the map from
the misleading ones.

Step 5: two separate goals were contained in this step,
including the child’s behavioral result of getting the right
bear and the child’s correct reflection about this behavior.
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After the child got the toy bear, the experimenter asked
the child to reflect whether he or she got the right bear
as indicated on the map (scoring item 4). If the child
answered no, he or she would then be given a second
chance to find the toy bear. Then, the examiner would
repeat the question asking young children to confirm
whether the bear was taken from the target place marked
on the map. When the child doubted his or her choice
in the second time, the task was terminated, and the
performance of the second time would serve for scoring.
In this step, there were possible four levels of performance:
(1) the child got the wrong bear but did not know it
was wrong; (2) the child got the right bear but doubted
his or her choice; (3) the child got the wrong bear, and
realized it was wrong; (4) the child got the right bear and
confirmed his or her choice. More specifically, level (1)
shows that the child cannot accomplish the two separate
goals, while level (4) indicates two accomplishments,
and level (2) or level (3) demonstrates only
one accomplishment.

The scoring process started from step 2 (scoring item 1) when
the child executed the task and ended at step 5 (scoring item 4),
resulting in a maximum score of 5. Specifically, from step 2 to
step 4, one point was scored for each step completed, while zero
point was scored if the child failed to complete that step. For step
5, different points were scored for the four levels of performance:
zero points for level (1), one point for level (2) or level (3), and
two points for level (4).

Paper Folding Task

In this study, we developed the paper folding task to examine
children’s PFP based on the two criteria: first, it should be
equal to the daily folding activity in kindergartens (aged 3-
5), involving the fine motor skill and visual-motor integration;
second, it should involve different levels of folding competence.
Accordingly, ‘folding a paper tiger; similar to one of the
most popular paper folding tasks ‘folding a paper plane’ in
Chinese and Japanese kindergartens, was developed for this
study (see Figure 2). With the help of both the verbal
instructions provided by the experimenter and the demonstrative
flow diagram, the participating child went through 11 steps
to take different folding actions, which could be classified
into two levels of folding performance: the basic level (Basic
Folding Skills, BFS) and the advanced level (Advanced Folding
Skills, AFS).

As shown in Figure 2, BFS includes three basic folding steps
and skills: Step 1 involved folding in half into a triangle; Step
2 involved folding to align the centerline; and Step 3 involved
folding the target shape as shown. AFS includes the following
folding actions and skills: Step 4 involves rotating the paper as
shown; Step 5 involves folding down, resulting in an upside-down
triangle; Step 6 involves folding up, resulting in an upside-down
triangle; Step 7 involves turn-over as shown; Step 8 involves, after
the turn-over, folding up, resulting in an upside-down triangle;
Step 9 involves, after turn-over, folding down to make an upside-
down triangle; Step 10 involves folding the two sides, resulting

two hidden triangles; and Step 11 involves adding the facial
characteristics of the tiger as shown. For each step, the child was
allowed to have one chance to receive a cue or prompt given
by the examiner. If the child failed to complete a certain step
even after receiving a cue, the task would end. For each step
completed, the child gets two points for successful completion
without prompts, 1 point for successful completion with prompt,
and 0 for failing to complete. The reliability and construct validity
of this task were examined.

Parent Survey

The parents of participating children were invited to complete
a parent questionnaire, which aimed to survey the demographic
information and PI. The demographic information part included
the monthly household income and education degrees of the
parents. The PI part used a five-point Likert scale containing
eight items to evaluate the frequency of parent-child activity
related with SA: how often do you (1) do crafts with your
child; (2) read or use a map with your child; (3) teach your
child spatial relations with the reference of his or her own
body; (4) teach your child spatial relations with the reference
of other objects; (5) teach your child to recognize, compare and
name the shapes; (6) teach your child to remember or describe
the routes from home to school; (7) ask your child to guide
you to somewhere familiar/playing blocks or puzzles together;
and (8) play puzzle or block building with your child? The
Cronbach’s Alpha of the survey was 0.84 showing good reliability
of the scale.

Procedures

All the tasks were administered in a classroom within the
kindergartens that participants were familiar with. One examiner
conducted all the tasks for each participant individually. It took
a total of 15-20 min on average for each participant to complete
the two tasks (5-10 min per task). Before the formal task, the first
author (the examiner) invited each participant to ‘participate in
classroom play’” and briefed them about the related information.
After the participant settled down, the examiner instructed the
tasks’ rules and encouraged the participant to complete the
task as required. To avoid the order bias, for each of the two
kindergartens, half of the participants conducted the task by
order of map-use task first and then the folding task, and the
other half of them conducted the task in the opposite order.
Participants were allowed to quit during the task for any reason.

Data Analysis

First, the reliability and construct validity of the paper folding
task were examined using the factor analysis. Second, the
age and gender effects in the map-use and paper folding
tasks were explored by MANOVA analysis with age (3) and
gender (2) as independent variables and SA and folding skills
as dependent variables. Third, the relationships between the
study variables were explored using the correlation analysis.
Fourth, the possible contributors to young children’s folding
performance and its predictive power of map-use performance
were investigated by two sets of hierarchical regression analyses.
Last, based on the above analyses, a bootstrapping analysis
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Step 1 Step 2 Step 3

Fold in half into Fold align the Fold the target

a triangle center line shape as shown
—_— —_
Step 5 Step 6
Fold down Fold up
resulting in a resulting in a
triangle up- triangle up-side-
side-down down
. e
Step 8 Step 9
After tumn-over, After tum-over,
fold up resulting fold down to
in a triangle up- make a triangle
side-down up-side-down
. e
Step 11 Finished!
Add facial
particles of the
tiger as shown
—

FIGURE 2 | The folding task (folding a tiger).

using IBM SPSS Statistics version 23.0 and macro-program
PROCESS 3.2 was conducted to test the mediation effect of
the paper-folding performance. The bias-corrected bootstrap
method with 5,000 resamples was employed to calculate the 95%
confidence intervals (CI).

RESULTS

Reliability and Exploratory Factor

Analysis (EFA) of the Folding Task

The Cronbach’s Alpha for all the 11 folding steps was 0.92,
indicating excellent reliability. Principle component analysis was
conducted on the sample to explore the construct validity of
the folding task. First, the adaptability of the predicted data was
tested, and the results indicated that the data were suitable for
exploratory factor analysis, KMO = 0.914, Bartlett spherical test
X2 = 664.748 (df =55, p < 0.001). Second, Principal Component
Analysis with the Varimax rotation method yielded a two-factor
model for the folding task, which could explain 9.81 and 56.04%
of the variance, respectively, accounting for 65.86% of the total
variation (see Table 1). The eigenvalues for the two constructs
were 1.08 and 6.17. The factor loadings of the two constructs
ranged between 0.62 and 0.87, and no cross-loading was above
0.30. These results indicated that the newly designed folding
task could be used for the targeted sample with the two-level
constructs of BFS and AFS.

TABLE 1 | Exploratory factor analysis and confirmatory cluster structures for the
paper folding task.

Item Factor1 Factor2
Basic Folding Skill
Step 1 0.870
Step 2 0.802
Step 3 0.667
Advanced Folding Skill
Step 4 0.683
Step 5 0.723
Step 6 0.624
Step 7 0.710
Step 8 0.682
Step 9 0.785
Step 10 0.791
Step 11 0.710
Eigenvalue 1.079 6.165
Explained Variance 9.814% 56.041%
Total Explained Variance 65.855%

KMO = 0.914; Approx. Chi-Square (df) = 664.748 (55), p < 0.001.

Age and Gender Differences in Folding
Performance and Spatial Ability

First, the descriptive analysis showed that there was an increasing
trend in folding performance from age 3-5 (Mygeqs = 7.154;
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SD = 5.583; Mygeds = 14.625; SD = 5.504; Mygeqs = 18.086;
SD = 3.293) and a growing trend in SA of the participating
preschoolers (Mygeqs = 2.039; SD = 1.455; Mygeq4 = 3.200;
SD = 1.548; Mageqs = 3.943; SD = 1.130) (Table 2). Second,
MANOVAs was employed to examine the age and gender effects
as well as age x gender effects in both the SA and folding
skills. The results showed that there were significant age effects
in both SA (p < 0.001) and folding skills (p < 0.001). In
contrast, no significant gender effects or age x gender effect
were found for either tasks (ps > 0.05). Specifically, for the
SA, the Post Hoc Tests indicated that there were significant
age differences in early SA between children aged 3 and 4
(p < 0.01), and between children aged 3 and 5 (p < 0.001),
but no significant age difference was found between children
aged 4 and 5. For the folding skills, the Post Hoc tests showed
that for the AFS level, a significant age difference was found
between each two age groups (ps < 0.001). However, there were
no significant age differences between the 4-year-olds and the
5-year-olds for the BES level. All these results jointly indicated
a significant age difference in the PFP, while the 4-year-old
and 5-year-old children had no performance differences at the
BES level.

Hierarchical Regression Analyses

Predicting Paper Folding Performance

First, to explore the variables associated with early folding
performance, we conducted Spearman correlation analysis on the
variables involved (Table 3). The correlation matrix indicated
that there were significant positive associations between folding

performance and the following factors: map-use skills (r = 0.505,
p < 0.01) and child age (r = 0.644, p < 0.01). Next, to explore
the possible predictors of the two levels of folding performance
in the early years, we entered the child age, household income,
parents’ educational levels, and PI in the three-step hierarchical
regression model (Table 4). The results showed that: (1) child
age could significantly predict both Basic (f = 0.551, p < 0.001)
and Advanced (f = 0.627, p < 0.001) levels of folding; (2) and PI
only predicted the BFSs in early years but could not predict the
variation in AFSs (B = 0.246, p < 0.001). This finding indicated
that PI might play a vital role in developing children’s BFSs in the
early years.

Path Analysis of Parental Involvement,
Two-Level Folding Performance, and
Spatial Ability

First, to determine the predictive power of paper-folding
performance to the SA in the early years, we conducted four-
step hierarchical regression analyses with map-use skills as the
dependent variable. The results are shown in Table 5. In Step
1, we entered age and gender to control for their effects. In
Step 2, household income, father’s education level, and mother’s
education level were entered. In Step 3, we entered PI to control
for its effects. In Step 4, the folding performance was entered by
full folding skills (FS), BES, and AFS, respectively. The change
in R? between the four steps indicated that (1) the children’s
age and gender could jointly explain 21.9% of the variation in
map-use performance. Additionally, age was found to be the

TABLE 2 | Mean, SD, and age difference in the paper folding and map-use tasks.

3;6 4;6 5;6
N =26 N =40 N=35
Task Mean SD Mean SD Mean SD F p-Value
Map-use 2.039 1.455 3.200 1.548 3.943 1.130 14.001* 0.000
Folding (Whole) 7.154 5.5683 14.625 5.504 18.086 3.293 38.230** 0.000
BFS 3.654 1.917 5.400 1.105 5.829 0.382 25.967** 0.000
AFS 3.500 4.188 9.225 4.875 12.257 3.128 33.3563** 0.000

**p < 0.001. BFS, Basic Folding Skills; AFS, Advanced Folding Skills. Post Hoc Tests indicated no significant age difference between the 4-year-old and 5-year-old

children during the BFS part (p = 0.284).

TABLE 3 | Correlations among the study variables.

1 2 3 4 5 6 7 8
(1) Map -
(2) Folding 0.505** -
(8) Parent Involvement 0.118 0.184 -
(4) Child Age 0.467* 0.644** —0.041 -
(5) Child Gender 0.072 0.011 —0.042 0.078 -
(6) Mother Education 0.047 —0.071 0.154 —0.072 0.096 -
(7) Father Education —0.02 —0.004 —0.021 —0.058 0.121 0.493** -
(8) Household Income —0.014 —0.036 —0.01 -0.072 —0.092 0.546™ 0.291* -
N=101. *p < 0.01 (two-tailed).
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TABLE 4 | Summary of hierarchical regression analyses predicting paper folding skills.

Level 1: Basic Folding Skills

Level 2: Advanced Folding Skills

B R2 AR2 F for models B R2 AR? F for models
Step 1 0.302 - 21.186"** 0.391 - 31.446"
Child gender —0.050 —0.033
Child age 0.551** 0.627**
Step 2 0.305 0.003 8.331** 0.395 0.004 12,411
Household income 0.057 0.144
Father education 0.030 0.734
Mother education —0.047 —-0.616
Step 3 0.362 0.057 8.895"* 0.409 0.013 10.825"*
Parent involvement 0.246™ 0.119
P < 0.01, P < 0.001.
TABLE 5 | Summary of hierarchical regressions predicting spatial ability (map-use).
Beta R2 AR? F Beta R2 AR? F Beta R2 AR? F
Step 1 0.219 - 13.759***  Step 1 0.219 13.759"*  Step 1 0.219 13.759***
Gender 0.036 Gender 0.036 Gender 0.036
Age 0.464** Age 0.464** Age 0.464**
Step 2 0.227 0.008 5.593** Step 2 0.227 0.008 5.593**  Step2 0.227 0.008 5.593**
SES —0.028 SES —0.028 SES —0.028
Dad Edu —0.045 Dad Edu —0.045 Dad Edu —0.045
Mom Edu 0.116 Mom Edu 0.116 Mom Edu 0.116
Step 3 0.242 0.014 4.993** Step 3 0.242 0.014 4.993** Step 3 0.242 0.014  4.993**
PI 0.123 Pl -0.123 Pl -0.123
Step 4 0.308 0.066 5.901** Step 4 0.303 0.061 5.774** Step 4 0.294 0.052 5.531***
FS 0.344*** BFS 0.310** AFS 0.297*

N=101."p < 0.05; *p < 0.01; **p < 0.001. Dad/Mom Edu, Father/Mother education degree obtained; PI, parental involvement in teaching children’s spatial knowledge

in daily life; FS, folding skills; BFS, basic folding skills;, AFS, advanced folding skills.

most significant predictor of this SA; (2) household income,
father education, and mother education could jointly explain
0.8% of the variation in children’s performance in using a map.
However, none of them was a significant predictor; (3) parent
involvement could only explain 1.4% of the variation in children’s
map-use skills. However, it was not the significant predictor
of the map-use skills; (4) full folding skills as the significant
predictor of the map-use skills could explain 6.6% of the variation
in map-use skills, while, specifically, BFS (6.1%) could explain
more variation in map-use skills than the AFS (5.2%). The
findings indicated that folding performance could serve as a
significant predictor of SA when controlling for child age, gender,
SES, and PI.

Second, based on the literature review and the correlation
matrix, we conducted the mediation analysis using the Bootstrap
(model 4, sampling 5000 times) method to examine the direct
and indirect effects of PI and Paper Folding Performance (PFP,
BFS, and AFS, respectively) on SA. As shown in Table 6, the
results indicated that in the significant full model: (1) PI had no
significant direct influence on SA (B = 0.0081, 95% CI ranged
from —0.1744 to 0.1906); but (2) the indirect effect of PI — BFS
— SA was significant (p = 0.4798, 95% CI ranged from —0.2511
to —0.0299). No significant results were found in other paths
and other indirect effects (see Table 6). All these findings jointly

TABLE 6 | Direct and indirect effects of parental involvement on spatial
ability in early years.

Paths Full

Effect 95% CI
Paper Folding Performance as Mediator
Parental Involvement — Spatial Ability —0.0400 [-0.3149, 0.2349]
Parental Involvement — Paper Folding —0.1439 [-0.3298, 0.0067]
Performance — Spatial Ability
Basic Folding Skill as Mediator
Parental Involvement — Spatial Ability 0.0081 [-0.1744, 0.1906]
Parental Involvement — Basic Folding Skill —0.1259 [-0.2511, —0.0299]
— Spatial Ability
Advanced Folding Skill as Mediator
Parental Involvement — Spatial Ability —0.0479 [-0.2260, 0.1302]
Parental Involvement — Advanced Folding —0.0698 [-0.1847, 0.0197]

Skill —Spatial Ability

All the raw scores were transformed into z score to indicate Parental Involvement
level, spatial ability, and paper folding performance.

support the mediating role of BFS in this model in which PI
indirectly influenced SA through BFS. The final model for this
sample is presented in Figure 3.
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FIGURE 3 | The confirmed mediation model.
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DISCUSSION

The primary objective of this study was to explore the predictive
relationship between PI, PFP, and SA in Chinese preschoolers.
The results indicated a mediation of BES between PI and early
spatial skills.

Developmental Patterns of Paper Folding

Skills and Spatial Skills

This study has developed and validated a paper folding task
that could be used for young children aged 3-5. Factor analysis
results have yielded two constructs: the BFS and the AFS. The
psychometric results indicated that it has satisfactory reliabilities
and construct validity thus could be used as a reliable measure to
evaluate young children’s paper folding skills. This two-construct
model is consistent with the existing studies (Wenciker and
Flynn, 2004; Cakmak et al., 2014; Tenbrink and Taylor, 2015;
Alebna et al., 2016).

First, this study found a significant age difference in both
BFS and AFS, indicating a developmental trend of paper folding
skills in the early years. This finding suggests that folding skills
are malleable during the preschool years and develop from age
3 to 5. However, no significant age-related increase was found
between children aged 4 and 5, suggesting that children may
acquire the BFS at age 4 and maintain it to age 5. In contrast, a
significant age-related increase was found in AFS between age 4
and age 5, indicating that the AFS might still develop during the
2 years. Along with the development of folding skills, significant
age effects were also found in the map-use performance, implying
a developing trend of SA during early childhood. Nevertheless, all
these findings have jointly indicated an age-related increase in the
early years, providing sound evidence to support the malleability
of both abilities (Taylor and Hutton, 2013; Lippard et al., 2019).

Second, this study found no significant gender differences
in both paper folding and map-use performance. This finding
has provided empirical evidence to challenge the belief that
spatial abilities should be biologically determined by gender-
related hormones (Halpern, 1992; Rimfeld et al., 2017). This
finding, however, is inconsistent with that reported by Seng and
Tan (2002) and Chan (2007), who both found some significant
gender differences in SA. This discrepancy might be caused by
the differences in the spatial tasks, indicating that more empirical

studies with consistent measures and tasks should be conducted
to further explore the gender differences in SA.

Predictors of Paper Folding Performance
This study found that PI could predict the variation in BEFSs,
after controlling for age and gender. This finding indicated that
PI might play a critical role in developing young children’s BESs
(instead of advanced skills) in the early years. This is consistent
with the existing studies that have found that interactive
parenting enhanced children’s fine motor skills (Gutman and
Feinstein, 2010). Other studies have also found that parenting
behaviors could predict young children’s cognitive development
(Rubin et al., 2002). The PFA requires the integrated involvement
of both cognitive and fine motor skills; thus, it should be affected
by PI, as found in this study. However, the impact of PI on PFP
could only be found in developing basic skills. Those advanced
skills in PFP could not be predicted by PI, indicating that there
might be some intrinsic or even genetic factors contributing to
its development. This possibility, however, cannot be ruled out in
this study, warranting further studies.

The Mediating Role of Paper Folding

Performance

This study found that the BFS played the mediating role between
PI and early SA. This finding has highlighted the important role
of PFA in promoting early SA, providing empirical evidence to
support the new trend to treat the PFA as a learning context for
EEE (Taylor and Hutton, 2013; Lippard et al., 2019). Also, the
finding that PFA could predict early SA has provided empirical
evidence to support Taylor and Hutton (2013) to promote
STEM education through implementing folding activity in early
childhood settings. However, this study also found the AFS did
not play any roles in the relationship between PI and Early Spatial
Ability. This finding indicated that PI could only predict young
children’s BFSs, thus indirectly facilitating their SA. In addition,
this study found that PI could not predict the AFS, indicating that
these skills might be influenced by other confounding factors,
such as cognitive level, which is more genetic-oriented thus
could not be facilitated by the ‘nurturing’ measures. Therefore,
well-designed experimental or large-scale longitudinal studies
should be conducted in the future to confirm the cause-effect
relationships between them and to evaluate the intervention
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effects. This study, however, can only confirm the predictive
relationship using the cross-sectional data.

CONCLUSION, LIMITATIONS, AND
IMPLICATIONS

This study has achieved the following conclusions. First,
significant age differences were found in the PFP and early
SA, indicating that both of them were still developing in the
early years. No significant age differences were found in the
BFSs between the 4-year-old and 5-year-old children. Second, no
significant gender differences were found in the PFP and early
SA, challenging the belief that there are gender differences in
Chinese children’s SA. Third, PI could significantly contribute to
the BFS level of the paper folding task in Chinese preschoolers.
Fourth, paper folding skills could significantly predict SA after
controlling for age, gender, SES, parental education levels, and
PI. Last, BFSs played a mediating role in the relationship between
PI and early SA.

This study, however, has some limitations. First, a cross-
sectional study cannot explore the cause-effect relationships
between PI and children’s SA. Well-designed experimental or
large-scale longitudinal studies should be conducted in the future
to confirm the causality. Second, the paper folding task was newly
developed and validated in this study, and the map-use task was
adapted from Bluestein and Acredolo (1979). They should be
further validated by a large-scale sample in the future.

Nevertheless, this study has some implications for future
directions and parental education. First, the finding that there
were predictive relationships between PI, paper folding, and SA
implies that PFA might potentially facilitate the development of
spatial abilities thus deserves further studies. Second, the finding
that there were no significant age differences in the BFSs between
the Age 4 and Age 5 groups implies that more attention should
be paid to younger children’s training under Age 4. Third, the
finding that there were no significant gender differences in paper
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