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ABSTRACT 

 

Spatial ability is important to cognitive functioning and academic outcomes. However, 

many studies report a male advantage in spatial task performance which has been 

attributed to biological factors as well as environmental factors, such as play 

experience that is spatial. In the present study, we examine how parents of preschool-

aged children interact with daughters versus sons, examining if parent scaffolding 

during a structured spatial task differs with child sex. Participants were 45 (25 girls, 20 

boys) 4- and 5- year-olds (M = 4.82, SD = 0.42) and their parent. Parent-child dyads 

were invited to create a pattern using magnets of different shapes and sizes. Parents 

provided more guidance to younger children. The result yielded a significant effect of 

child sex on iconic parents’ gestures, but not any other parent behaviors. Parents, 

whether interacting with a son or daughter, actively guided their children using 

pedagogical questions, spatial language, gestures and correction.  
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INTRODUCTION 

Spatial ability is an important component of human intellect and is argued to be a 

principal complement to verbal intelligence (Newcombe & Frick, 2010). Defined as 

"the ability to generate, retain, retrieve, and transform well-structured visual images" 

(Lohman, 1996, p.98), spatial ability together with verbal ability captures more 

variance than any other dimensions in aptitude tests (Lohman, 1996). In addition, 

spatial ability is closely connected to mathematical performance (Cheng & Mix, 2014; 

Gilligan, Flouri, & Farran, 2017; Mix & Cheng, 2012; Verdine, Golinkoff, Hirsh-

Pasek, Newcombe, Filipowicz, & Chang, 2014) and academic performance in science, 

technology, engineering, and mathematic (STEM) fields (Uttal & Cohen, 2012; Wai, 

Lubinski, & Benbow, 2009).  

Many studies report a sex difference in spatial ability with males scoring higher on 

spatial tasks than females (Halpern, 2000; Lauer, Yhang, & Lourenco, 2019; Linn & 

Petersen, 1985; Maeda & Yoon, 2013; Voyer, Voyer, & Bryden, 1995). One 

influential meta-analysis by Linn and Petersen (1985) categorized spatial ability into 

three categories, spatial perception, mental rotation spatial visualization. They 

reported large sex differences for mental rotation, small sex differences for spatial 

perception and no evidence of sex differences in tasks of spatial visualization. Voyer 

et al. (1995) also conducted a meta-analysis and reported similar results as Linn and 

Petersen (1985) . Specifically, they found that tests of mental rotation were most likely 

to yield sex difference in performance (also in Maeda and Yoon, 2013) while sex 

differences were less evident for other spatial tasks, including Block Design, a subtest 
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of the Wechsler Adult Intelligence Scale (WAIS), the Spatial Relation subtest of the 

Differential Aptitude Test, and a Paper Folding task.  

A male advantage in mental rotation (Johnson & Meade, 1987; Kerns & Berenbaum, 

1991; Lauer et al., 2019; Tzuriel & Egozi, 2010; Vederhus & Krekling, 1996), spatial 

visualization Kerns and Berenbaum (1991), and spatial perception Vederhus and 

Krekling (1996) has been reported for children, including kindergarten children. 

Levine, Huttenlocher, Taylor, and Langrock (1999) reported stronger performance for 

male than female children of 4 1/2 to 7 years on the children’s mental transformation 

task (CMTT). Other studies that have used the CMTT have also reported that their 

male participants score higher on the task than the female children (Ehrlich, Levine, & 

Goldin-Meadow, 2006; Levine, Ratliff, Huttenlocher, & Cannon, 2012; McGuinness 

& Morley, 1991; Pruden, Levine, & Huttenlocher, 2011). Using a large, representative 

sample in the US, Jirout and Newcombe (2015) reported that boys outperformed girls 

on the Block Design subset of the WPPSI-IV. In addition, sex differences in spatial 

performance has been argued to increase with age (Johnson & Meade, 1987; Lauer et 

al., 2019; Voyer et al., 1995).  

However, not at all studies of spatial skill in children have found a male advantage, 

including studies of mental rotation (Frick, Daum, Walser, & Mast, 2009; Klein, Adi-

Japha, & Hakak-Benizri, 2010; Krüger & Krist, 2009; Lehmann, Quaiser-Pohl, & 

Jansen, 2014), a Spatial Analogies test and Block Design (Pruden et al., 2011), a 

spatial puzzle game (Frick, Hansen, & Newcombe, 2013), Raven’s Colored Matrices 

(Klein et al., 2010), and visual-spatial tasks (Caldera et al., 1999). The lack of sex 
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difference in spatial performance may be because the tasks were not sensitive for 

preschool-aged children. Consistent with this possibility, a meta-analysis reported a 

small and emerging sex difference in preschooler-aged children (Lauer et al., 2019). 

During the preschool years, spatial ability increases dramatically (Frick, Möhring, & 

Newcombe, 2014). Spatial education prior to school entry could help children’s school 

readiness (Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2014). Thereby, in current 

study we focus on preschoolers’ spatial ability, which is important to understand and 

narrow the gap in spatial performance in male versus female children.  

Explanations for Sex Difference 

Both biological and environmental factors have been raised to account for the sex 

difference in spatial ability (Levine, Foley, Lourenco, Ehrlich, & Ratliff, 2016). 

Evidence of biological factors for the sex difference are reported in studies about early 

emerging toy preferences in infants (Alexander, Wilcox, & Woods, 2009; Baron-

Cohen, 2009; Lauer, Udelson, Jeon, & Lourenco, 2015), sex hormones (M. S. 

Buchsbaum & Henkin, 1980; Constantinescu, Moore, Johnson, & Hines, 2018; 

Davison & Susman, 2001; Hooven, Chabris, Ellison, & Kosslyn, 2004; Pasterski et al., 

2005), and differences in brain structures and function (Goldstein et al., 2001; Hahn, 

Jansen, & Heil, 2010; Koscik, O’Leary, Moser, Andreasen, & Nopoulos, 2009).  

Many of the results cite to support biological factors could also be attributed to 

environment or nurture. For example, Hoffman, Gneezy, and List (2011), found no sex 

difference in a matrilineal society but a significant gap in male versus female spatial 
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performance in a biologically similar patrilineal society. One of most important 

environmental factors is play experience. Many studies attribute a male advantage in 

spatial ability to greater experience with activities that promote spatial learning, such 

as puzzles, building blocks, play with geometric shapes (Baenninger & Newcombe, 

1989; Levine et al., 2016; Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2014) and 

certain video games (Feng, Spence, & Pratt, 2007; Spence & Feng, 2010; Terlecki & 

Newcombe, 2005). For this reason, the current study focused on preschoolers’ 

engagement in a spatial activity.  

Children’s engagement in activities that are spatial are positively correlated with 

masculinity (Newcombe, Bandura, & Taylor, 1983). Boys are reported to spend more 

time in spatially-oriented activities than girls (Caldera et al., 1999; Cherney & London, 

2006; Nazareth, Herrera, & Pruden, 2013), even in a large sample that controlled for 

spatial ability (Jirout & Newcombe, 2015). The studies about children’s choice also 

supported such difference exists in children’s preference (Connor & Serbin, 1977; 

Krenzke, 1982; Tracy, 1987). Even when provided with the same toys, boys have a 

greater involvement or a higher quality engagement than girls in spatial play (Caldera 

et al., 1999; Caldera, Huston, & O’Brien, 1989). Such experience with spatial 

activities is important to spatial ability (Tracy, 1987). Children’s experience with 

spatial play is related to their spatial ability (Baenninger & Newcombe, 1989; Jirout & 

Newcombe, 2015; Levine et al., 2012; Nazareth et al., 2013; Newcombe et al., 1983; 

Serbin, Zelkowitz, Doyle, Gold, & Wheaton, 1990). Because spatial ability improves 

with training Uttal et al. (2013), it is critical to consider which experiences contribute 
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to promoting the development of spatial skill in young children (Casey et al., 2008; 

Ehrlich et al., 2006; Tzuriel & Egozi, 2010).  

Guidance Supporting Learning 

In addition to the frequency of early spatial experiences, the quality of spatial 

experience may also contribute to children’s spatial learning. Several researchers 

argue that guided play, compared to free play, can promote spatial skills by eliciting 

more spatial language (Ferrara, Hirsh-Pasek, Newcombe, Golinkoff, & Lam, 2011) 

and helping children to improve their spatial skills (Casey, Dearing, Dulaney, Heyman, 

& Springer, 2014; K. R. Fisher, Hirsh-Pasek, Newcombe, & Golinkoff, 2013; 

Weisberg, Hirsh-Pasek, & Golinkoff, 2013). Situated between free play and direct 

instruction, guided play is posited to be child-directed, voluntary, flexible, playful and 

involving active engagement (K. R. Fisher et al., 2013; Weisberg et al., 2013). In 

guided play, adults play a central role by scaffolding children’s learning, including co-

playing with children, commenting on discoveries, asking questions, encouraging 

exploration in ways that children might not think do and providing structured games or 

activities (K. Fisher, Hirsh-Pasek, & Golinkoff, 2012; Weisberg et al., 2013). During 

the preschool years, caregivers are often the playmates. But adults also possess gender 

schemas and may be susceptible to gender stereotypes (Bem, 1981). Their guidance 

could be influenced by children’s gender. To create a more complete picture of 

possible sex differences in children’s spatial play experience, the primary purpose of 

the present study was to examine caregivers at play with their preschool child and 
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explore if parents’ guided play might differ as a function of their child’s gender when 

they guide their children in a spatial activity.  

Few studies have directly observed if caregivers differ in how they guide boys versus 

girls in spatial play. The results of these studies have been difficult to reconcile. 

Levine et al. (2012) reported that parental engagement during one type of spatial play, 

puzzle play, was higher for boys than girls. However, their coding of engagement was 

based on a subjective rating according to parental verbal and physical participation. 

There are also other observations of parent-child interaction during spatial play. 

Szechter and Liben (2004) observed how parents guide their children’s understanding 

of spatial-graphic representations. They described the quality of the strategies parent 

used during reading a picture book and qualitatively cataloged parents’ strategies into 

constant referent, attention to depicted size and verbal-gestural explanation or physical 

demonstration, and quantitatively reported parents’ behavior such as conveying spatial 

information, appearance-reality, aesthetics, enjoyment, distancing and labelling. They 

found that parents of girls and boys followed the same pattern. In contrast, Coyle and 

Liben (2018) found that boys’ mothers demonstrated building more while mothers 

with daughters read the toy’s narrative instructions. There was no sex difference in 

parents’ correction when playing with a STEM toy. In sum, the reports of parental 

scaffolding during spatial play was specific to tasks and not very closely connected 

with spatial ability. Next we will discuss some important scaffolding behaviors and 

language that have been linked to advances in spatial skill in children. 
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Spatial Language. Spatial language encompass terms that refer to the spatial 

properties of objects, such as their shape, size, orientation, and spatial features, as well 

as the location and spatial configuration of objects. Children’s spatial vocabulary is 

related to their performance on spatial tasks (Pruden, Levine, & Huttenlocher, 2010; 

Pruden et al., 2011), with children who know more spatial words performing better on 

spatial tasks those those with fewer spatial words in their vocabularies. What is more, 

providing children with spatial language enhances their performance on spatial tasks 

(Loewenstein & Gentner, 2005; Shusterman, Lee, & Spelke, 2011). Spatial language 

is argued to highlight spatial information which otherwise might go unnoticed 

(Dessalegn & Landau, 2013; Gentner & Loewenstein, 2002; Verdine, Golinkoff, 

Hirsh-Pasek, & Newcombe, 2014) and to bolster children’s spatial representation 

(Casasola, Wei, Suh, Donskoy, & Ransom, under review; Ferrara et al., 2011; 

Loewenstein & Gentner, 2005; Polinsky, Perez, Grehl, & McCrink, 2017; Pruden et 

al., 2011; Shusterman et al., 2011). A number of studies have documented that 

children’s exposure to spatial language predicts their spatial performance on several 

tasks, highlighting a potentially important role of spatial language input in the 

development of spatial skills (Pruden et al., 2011). Parents can differ in the amount of 

spatial language they provide to sons versus daughters. Specifically, Levine et al. 

(2012) found that parents provided more spatial language to boys than girls during 

puzzle play in one longitudinal study that examined parents’ language input to their 

young children. Likewise, Pruden and Levine (2017) reported that boys heard 

significantly more spatial language for the spatial properties of objects, such as those 

that describe object size, shape, and other spatial features, but did not find sex 
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differences for other types of language input. Parent’s spatial language to their 

children fully mediated boys’ advantage in producing more spatial language than girls 

in their longitudinal study. Yet, other studies have not found strong differences in the 

amount of spatial language that parents provide to their male versus female children. 

Pruden et al. (2011) only found a marginally significant difference in parents’ spatial 

language to boys versus girls. Finally, Ferrara et al. (2011) documented parents’ 

spatial language during guided play but did not report any in parents’ spatial language 

to their children as a function of child sex.  

Questions. Questions are key to children’s learning and development (Blewitt, Rump, 

Shealy, & Cook, 2009; Yu, Bonawitz, & Shafto, 2019). However, not all questions 

yields the same cognitive outcomes. For example, Rowe, Leech, and Cabrera (2017) 

found only wh- questions, and not other types of questions, were predicted gains in 

children’s vocabulary and verbal reasoning skills. Yu et al. (2019) examined 

pedagogical questions, those questions which capture the essence of teaching, and 

which have some overlap with wh- and open-ended questions. Yu et al. (2019) defined 

pedagogical questions as "questions for which the questioner already knows the 

answer and intended to help the questionee learn" (Yu et al., p.1), that is different from 

information-seeking questions eliciting information from others or rhetorical questions 

to make a point. Children are sensitive to adults’ teaching intention and also consider 

adults’ knowledgeable status (Bonawitz et al., 2011; Csibra & Gergely, 2009; 

Vredenburgh, Kushnir, & Casasola, 2015). For this reason, pedagogical questions do 

not limit children’s exploration (Yu, Landrum, Bonawitz, & Shafto, 2018) and can 
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facilitate learning in many domains (Bonawitz et al., 2011; 

D. Buchsbaum, Gopnik, Griffiths, & Shafto, 2011; Butler & Markman, 2014; Yu et al., 

2018). To date, studies have not found any evidence for a sex difference in children’s 

experience with pedagogical questions. Using CHILDES database, Yu et al. (2019) 

analyzed naturalistic parent-child interactions and did not find sex difference in the 

frequency and distribution of pedagogical questions. In the present study, we explore 

whether there are sex differences in the pedagogical questions parents provide in the 

context of spatial play.  

Labels. One aspect of parent-child interactions that is commonly analyzed is the 

amount and diversity of labels that parents provide during dyadic play (Coyle & Liben, 

2018; Szechter & Liben, 2004). Spatial toys, such as puzzles, blocks and geometric 

shapes, include multiple pieces, providing ample opportunities for parents to refer to 

these pieces during spatial play. Different labels address different aspect of the pieces 

and might yield an interesting pattern of results in possible sex differences in parent 

scaffolding. For example, parents might choose to label pieces by their shape, 

increasing children’s exposure to spatial language. Parents could also choose to use a 

metaphor rather than refer to the actual appearance of the piece, suggesting a likeness 

or analogy (e.g., "this piece is the elephant’s eye"). Such metaphor labels could 

provide children with an analogical comparison. In the analogical process, structural 

alignment and mapping would make similarity more salient, thus promoting 

abstraction, representation and transfer (Gentner, 2010; Gentner et al., 2016). What’s 

more, the analogies may also be beneficial for children to memorize novel knowledge 
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they just learned (Halpern, Hansen, & Riefer, 1990). There also is some evidences 

about how analogical comparison can support STEM learning (Alfieri, Nokes-Malach, 

& Schunn, 2013; Gentner et al., 2016; Rittle-Johnson & Star, 2007). Newcombe (2010) 

argued that analogies are also good for spatial thinking. Thus far, studies have not 

reported any differences in parents’ use of these kinds of labels with child sex.  

Gesture. Goldin-Meadow and colleagues have contributed a number of finding 

documenting how gestures support learning (Goldin-Meadow, 2009; Goldin-Meadow 

& Alibali, 2013; Goldin-Meadow & Wagner, 2005; Novack & Goldin-Meadow, 2015). 

Importantly, gestures are argued to be well-suited to ground spatial language and 

convey spatial information (Cartmill, Pruden, Levine, Goldin-Meadow, & Center, 

2010; Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2014). Cartmill et al. (2010) 

found that parents’ spatial utterances along with gestures could predict children’s 

spatial language use after controlling for parental spatial language without gestures. In 

addition, Ehrlich et al. (2006) found that boys gestured more and performed better on 

mental rotation tasks, suggesting that gesture training may be effective in improving 

children’s spatial ability. Consistent with this possibility, Ping, Ratliff, Hickey, and 

Levine (2011) trained children to gesture about rotation and found that this training 

improved children’s mental rotation performance.  

The Present Study 

Given the many studies citing differences in children’s spatial play experiences as 

contributing to the sex differences in spatial skill, the goal of the present study was to 
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examine if girls receive the same guidance or scaffolding from their parents as boys 

during a spatial play activity. Previous studies have documented the important role of 

scaffolding for spatial learning (Casey et al., 2014; Ferrara et al., 2011; K. R. Fisher et 

al., 2013; Weisberg et al., 2013). Our specific research questions are:  

1. What behaviors do parents use to scaffold children when engaging in a spatial 

activity? 

2. Do these behaviors differ when parents are interacting with girls versus boys? 

The answers to these questions are meaningful. Describing parental scaffolding pattern 

during a spatial activity could provide a framework for guided play and help capture 

the key characteristics of guided play. Second, studies have shown that boys are more 

likely to engage in spatial play than girls (Caldera et al., 1999; Cherney & London, 

2006; Jirout & Newcombe, 2015; Nazareth et al., 2013). When provided with the same 

play materials, do boys and girls differ in their play? Of particular interest in the 

present study is whether parents differ in how they guide boys versus girls? The preset 

study will address this last question and in doing so, will enrich our understanding of 

whether parents may contribute to sex differences in spatial play experience and in 

turn, spatial ability.  

We addressed our research question by observing parent-child interactions during 

spatial activity, one in which parents and their child were invited to use magnets to 

create a pattern pictured on a card. To do so, participants needed to use magnets of 

different shapes and sizes to create the depicted figure. The spatial activity was well 



  - 12 - 

suited to capturing individual differences in parents’ use of spatial language, questions 

and gestures. In particular, we coded scaffolding behaviors as when parents assisted 

with locating or placing a particular magnet in the pattern, or when parents corrected 

or adjusted the magnetic shapes that their child placed in the pattern. Parents’ 

corrections of children’s play behaviors has been coded and analyzed in other research 

(e.g., Coyle and Liben, 2018).  

METHOD 

Participants 

We used a power analysis to determine the appropriate sample size for the present 

study. Effect size estimates were based on the previous study. Coyle and Liben (2018) 

was similar to our design. This study also included observations of parent-child play 

with a STEM toy and was designed to explore sex differences in this type of play. The 

effect size of sex difference that parents with daughters guided differently from parent 

with sons, was equivalent to ηp2 = .03. Sample size was calculated using an a priori F-

test analyses and G*Power version 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007). This 

analysis showed that a sample size of 30 would be required for the present study, 

based on using power=80%, an effect size based on previous research, and α = 0.05.  

Fifty-five children and their primary caregivers participated in the study. The parent–

child dyads were recruited from a database of participants. Data from ten dyads were 

excluded for the following reasons: participants did not complete the study (n=4), or 

the present task (n=3), dyads spoke in a foreign language that could not be transcribed  
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(n=1), experimenter error (n=1); two parents guided the child during the task (n=1). 

The final sample was 45 children (25 girls, 20 boys) and a parent. Children and their 

parent were fluent in English and were predominantly from middle-class, college- 

Table 1  

Demographical Information for Boys and Girls 

 Female Male Overall 

  (n=25) (n=20) (n=45) 

Age    

    Mean (SD) 4.79 (0.374) 4.87 (0.478) 4.82 (0.420) 

    Median [Min, Max] 4.83 [4.06, 5.36] 4.79 [4.09, 5.77] 4.79 [4.06, 5.77] 

Education    

    Advanced degree 8 (32.0%) 7 (35.0%) 15 (33.3%) 

    Becholar's degree 13 (52.0%) 8 (40.0%) 21 (46.7%) 

    Some college 3 (12.0%) 3 (15.0%) 6 (13.3%) 

    High school 1 (4.0%) 1 (5.0%) 2 (4.4%) 

    No high school 0 (0%) 1 (5.0%) 1 (2.2%) 

Ethnic    

    Biracial/multicultural 1 (4.0%) 0 (0%) 1 (2.2%) 

    Hispanic/latino 1 (4.0%) 0 (0%) 1 (2.2%) 

    Non-Hispanic White/Caucasian 22 (88.0%) 18 (90.0%) 40 (88.9%) 

    Asian 0 (0%) 1 (5.0%) 1 (2.2%) 

    Black/African American 0 (0%) 1 (5.0%) 1 (2.2%) 

    Other 1 (4.0%) 0 (0%) 1 (2.2%) 
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educated families. Children’s age, ethnic group, and parents’ education divided by 

child sex are shown in table 1. Given the small number of fathers (n=5), sex of parent 

was not included in the statistics reported.  

Materials 

A commercially available magnetic board and magnetic shapes, the MindWare® 

Imagination Magnets board set, was used for the spatial activity. One of the laminated 

cards of an elephant was used in the present study (see Figure 1). The magnet board 

 

Figure 1. Experiment Materials. MindWare® Imagination Magnets board set includes 
42 brightly-colored wooden magnetic blocks, which can be arranged on the board to 
create pictures depicted on laminated cards. 
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include 42 brightly-colored wooden magnetic blocks, which can be arranged on the 

board to create pictures depicted on laminated cards.  

 
Procedure 

Parents came to the lab for a single visit. Once they provided consent to participate in 

the study, parents completed a demographic survey. Children completed several 

spatial and vocabulary tasks that were part of a larger study but were not relevant to 

the present study. Next, parents and children were invited to play together. The 

experimenter provided a magnetic board and shapes to the parent and child. The 

magnet board included magnetic pieces of different shapes and sizes. Dyads were 

asked to use the magnetic pieces to create an elephant (see Figure 1). The 

experimenter left the room until dyads had completed the activity, typically after 5 to 7 

minutes. The parent-child interactions were video-recorded.  

Coding System  

Videos were coded for parent behaviors and transcribed for parent and child speech. 

The software CLAN was used to transcribe parental speech and to generate frequency 

counts of spatial and color words (MacWhinney & Wagner, 2010). Spatial words were 

identified using the spatial language coding system (Huttenlocher, Vasilyeva, 

Waterfall, Vevea, and Hedges, 2007). Color words were identified by creating a list of 

possible color words that parents might use. To ensure reliability, we selected a 

random 20% of transcripts and asked a second trained research assistant to 
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independently code 20% of parental utterances. Reliability was assessed at the 

utterance level; the first and second research assistant agreed on 95% of transcript 

decisions. For each parent, the total number of words (word tokens) produced was 

calculated and was the total number of unique words (word types). We calculated the 

cumulative number of “what” spatial types and tokens used during by parents during 

the parent-child interaction. According to the system for analyzing spatial language 

(Huttenlocher et al., 2007), we coded three categories of “what” spatial words for 

further analysis as follow:  

1. shape terms: shape terms are the names of two- and three-dimensional 

objects and spaces (e.g. circle, triangle, octagon, and the word shape).  

2. Dimension terms: dimension terms describe the size of objects, people, and 

spaces (e.g., big, little, tall, tiny, small, tall, short, and long).  

3. Spatial-features terms: spatial-features terms describe the features and 

properties of two- and three-dimensional objects, people, and spaces (e.g., 

bent, curvy, edge, side, line, and corner).  

Second, other video codes were designed to capture parent scaffolding behaviors and 

language quality identified as potentially important for learning and play (e.g., deictic 

gestures, iconic gestures, pedagogical questions and spatial and color labels). Also 

coded were parent behaviors that were prevalent in the videos (correction and action). 

These target behaviors and language quality characteristics were coded in a video 

coding software, DataVyu (Team, 2014). Video coding was completed by a team of 

nine research assistants. Codes were developed, tested, and iteratively modified until a 
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reliable coding system was achieved. As coding progressed, a randomly selected 20% 

of the tapes was coded by two or three research assistants from the coding team to 

ensure the reliability. Data were extracted from coding as frequencies. The research 

asssistants’ coding was reliable, Spearman’s ρ = .90.  

The parent behaviors that were coded were deictic and iconic gestures, finding or 

placing magnet pieces, correcting or adjusting children’s placement of the magnet 

pieces, pedagogical questions, and spatial and color words. The two types of parent 

gestures, deictic, here referred to as indicating and iconic, here referred to as outlining, 

were defined following the guidelines outlined by Cartmill et al. (2010). The 

indicating (i.e., iconic) gestures were parent points to the laminated picture of the 

elephant, the magnet board, or the pattern that the child was creating. Outlining (i.e., 

iconic) gestures were those outlining motions that parents used to identify the shape of 

a piece. These gestures typically traced the outline of a magnet piece and differed from 

the deictic gestures in providing more specific iunformation about a particular piece. 

Pedagogical questions were identified using the definitions outlined in Yu et al. (2019) 

with one important exception. Yu et al. (2019) considered command questions as a 

kind of rhetorical question. But from our perspective, command question were 

considered as a type of instruction from which children could still learn (Yu et al., 

2018). So in our coding system, commands were categorized separately from 

rhetorical questions. The specific definition and examples of all the parent behaviors 

coded are shown in Table 2 and Table 3.  
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Table 2  

Play Video Codes For Behaviors 

Code Definition 

Indicating  

    Magnet  Parent directs child’s attention to the magnetic piece that they need to 
complete the elephant by extending finger towards the piece on the side 
of the board that they are working on, with or without physically touching 
the piece. 

    Board  Parent directs child’s attention to the position on board to indicate where 
the mag- net should go, by extending finger towards the board, with or 
without physically touching the board.  

    Picture  Parent directs child’s attention to the magnetic piece that they need to 
complete the elephant, by extending finger towards the picture, with or 
without physically touching the picture.  

Outlining 
 

    Magnet  Parent directs child’s attention to the magnetic piece that they need to 
complete the elephant by extending finger towards the piece, using that 
finger to trace the outer edge or the shape of that piece, with or without 
physically touching the piece. 

    Board   Parent directs child’s attention to the position on board to indicate where 
the magnetic piece should go, by extending their finger towards the 
board, using that finger to trace how the piece should be put on board, 
with or without physically touching the board.  

    Picture  Parent directs child’s attention to the magnetic piece that they need to 
complete the elephant, by extending their finger towards the picture, 
using that finger to trace the outer edge or the shape of that piece on the 
picture, with or without physically touching the picture.  

Action  
 

    Locating  Parent discovers the exact magnetic piece that they need to complete 
the elephant by extending their finger towards the piece on the side of 
the board where all magnetic pieces are (magnet side), with or without 
physically touching the piece. 

    Handing  Parent discovers the magnetic piece that he/she wants to use, picks it 
up and gives it to child, so the child can place it at right place, in order to 
complete the elephant shape.  

    Placing  Parent discovers the magnetic piece that he/she wants to use, picks it 
up, puts the magnetic piece at the correct place for child, without letting 
child try it first, and didn1’t give child the ownership of that piece.  

Correction   
 

    Adjustment Child may put the piece at a slightly tilted angle, or at a position which 
may affect the building process, but it wasn’t a mistakes, parent alters or 
moves that piece or pieces slightly within 15 seconds in order to achieve 
the desired fit, or appearance. After child made a mistake, parent reacts 
within 15 seconds in order to physically put right child’s mistake. 

    Correction   Parent may change the position of wrongly placed piece to the right 
place, or move that piece in a circle around its center, until it reaches the 
right position, without given child the ownership of that piece.  
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Table 3  

Play Video Codes For Language 

Code Definition Example 
Question  

  

     Command  This type of questions, although are grammat- 
ically interrogative, nevertheless serve as indi- 
rect expression of a command or instruction. It 
can start with “How about” or "Can you".  

Can you find the 
green piece?  

     Information- 
     seeking  

Questioner asks information seeking questions to 
seek answers from questionee, parent doesn’t 
know the answer. Parent may ask this kind of 
questions to get information about a specific 
object, child’s needs, opinions, or emotional 
status. They may also ask children to repeat what 
they just said, or ask for permission.  

What do you 
want? Can I 
move away this 
piece?  

     Pedagogical  Questions that questioner knows the answer, 
want questionee to learn. Parent may ask 
pedagogical questions in order to let child learn 
about kinds of objects, general concepts, or rules.  

What shape it 
is? What color is 
that piece?  

     Rhetorical  Questions that are not intended to be answered 
verbally. Parent doesn1’t expect to get an 
answer, but try to make a point or create a 
dramatic effect. Parent may try getting children1’s 
attention.  

Yellow huh? 
Maybe like that? 
See?  

Label 
  

     Word Color  Parent uses the word "color" and other forms in 
their utterances. 

Color, colorful, 
colors  

     Word Shape   Parent uses the word "shape" and other forms in 
their utterances.  

Shape, shapes, 
shaped  

     Specific Color Parent name specific color or use adjective of 
color in their utterances. 

Redish, yellow, 
blue 

     Specific Shape  Parent names specific shape or use adjective of 
shape in their utterances.  

 Circle, oval, 
zigzagy  

     Metaphor Instead of naming specific shapes, parents might 
use other words in place of the shape words to 
suggest a likeness or analogy between them.  

Trunk, tail, leg  
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Table 4 

Descriptive Statistics of Parent Behaviors for Boys and Girls  

 Boys Girls Overall 

 Mean (SD) Mean (SD) Mean (SD) 

 Median [range] Median [range] Median [range] 
Indicating    
    Magnet 2.56 (3.36) 4.89 (4.66) 3.60 (4.11) 
 2.00 [0.00, 13.5] 3.50 [0.00, 19.0] 2.00 [0.00, 19.0] 
   Board 3.44 (2.98) 5.45 (4.71) 4.33 (3.93) 
 3.00 [0.00, 11.5] 4.00 [0.00, 19.0] 3.00 [0.00, 19.0] 
   Picture 16.8 (13.1) 18.6 (15.9) 17.6 (14.2) 
 15.0 [0.00, 53.0] 16.0 [4.00, 65.0] 16.0 [0.00, 65.0] 
   Total 22.8 (17.4) 29.0 (24.1) 25.5 (20.6) 
 19.0 [1.00, 68.0] 23.3 [6.00, 103] 19.0 [1.00, 103] 
Outlining    

   Magnet 0.16 (0.35) 0.40 (0.88) 0.27 (0.65) 
 0.00 [0.00, 1.00] 0.00 [0.00, 3.00] 0.00 [0.00, 3.00] 
   Board 0.44 (0.82) 0.70 (1.13) 0.57 (0.967) 
 0.00 [0.00, 3.00] 0.00 [0.00, 4.00] 0.00 [0.00, 4.00] 
   Picture 2.34 (2.68) 4.46 (4.28) 3.28 (3.60) 
 1.00 [0.00, 11.0] 3.00 [0.00, 15.0] 2.00 [0.00, 15.0] 
   Total 2.94 (3.33) 5.56 (5.26) 4.10 (4.44) 
 2.00 [0.00, 14.0] 3.00 [0.00, 18.0] 3.00 [0.00, 18.0] 
Action    

   Locating 1.98 (4.44) 1.95 (3.41) 1.97 (3.97) 
 0.50 [0.00, 21.0] 0.75 [0.00, 11.0] 0.50 [0.00, 21.0] 
   Handing 0.90 (1.01) 1.78 (2.84) 1.29 (2.06) 
 0.50 [0.00, 3.00] 0.50 [0.00, 11.0] 0.50 [0.00, 11.0] 
   Placing 1.82 (3.69) 2.08 (2.53) 1.93 (3.19) 
 0.00 [0.00, 13.0] 1.00 [0.00, 8.00] 0.500 [0.00, 13.0] 
   Total 4.70 (5.86) 5.80 (5.37) 5.19 (5.61) 
 2.00 [0.00, 21.0] 4.50 [0.00, 18.5] 3.00 [0.00, 21.0] 
Correction    

   Adjustment 5.44 (5.01) 5.60 (4.64) 5.51 (4.79) 
 4.00 [0.00, 19.0] 4.50 [0.00, 19.0] 4.00 [0.00, 19.0] 
   Movement 2.90 (4.05) 3.10 (3.08) 2.99 (3.61) 
 1.00 [0.00, 18.0] 3.00 [0.00, 12.0] 2.00 [0.00, 18.0] 
   Total 8.34 (7.21) 8.70 (7.52) 8.50 (7.27) 

  7.00 [0.00, 25.0] 8.00 [0.00, 31.0] 7.00 [0.00, 31.0] 
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RESULTS 

Indicating 

The descriptive data of parental indicating behaviors divided by gender are shown in 

Table 4 and Figure 2. For most parents, indicating towards the board or magnet was 

rare. Instead, almost every parent indicated towards the laminated picture of the 

elephant. To determine the need for covariates, we examined correlations among 

demographic variables (child’s age and parent education). And we also examined the 

correlations between indicating different objects. The results were reported in Table 5. 

There was a significant correlation of child age and the frequency of parent indicating 

towards the board and laminated picture. Parents’ indicating gestures increased as 

child as decreased. Parent education was not related to their indicating behavior. Child 

age was thus included as a covariate in subsequent analyses. Even after controlling for 

child age, the positive correlation between indicating different objects remained 

significant. Parents who indicated more to the board were more likely to indicate to 

the magnet and the picture. In order to test for sex differences in parent behaviors 

towards their male vs. female children, we conducted a 3 (indicating object: board, 

magnet vs. picture) × 2 (child gender: boy vs. girl) mixed model, controlling for child 

age, with indicating object (board, magnet, picture) as a within-subjects variable and 

child sex as a between-subjects variable. The analysis yielded a significant main effect 

of indicating object, F(2, 84) = 67.029, p < .0001. Parents indicated to the picture 

significantly more than the board (p < .0001) or magnet (p < .0001), as depicted in 

Figure 2. The analysis provided no evidence of an effect of child sex, F(1, 42) = 1.80,  
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Table 5 

Correlation between Child Age, Parental Education and Indicating Behavior  

 Board Magnet Picture 

Age -0.33* -0.23 -0.4** 

Education 0.19 -0.02 0.17 

Board -- 0.72*** 0.7*** 

Magnet 0.71*** -- 0.76*** 

Picture 0.66*** 0.74*** -- 

Note: the correlations among child age, parental education and the parental indicating 
behaviors are listed in the bottom half of the table, blow the diagonal. Above the diagonal are 
partial correlations that control for child age. Statistically significant correlations are noted 
with an asterisk.  
*p < .05, **p < .01, ***p < .001 
 

 

Figure 2. Parental Indicating Behaviors toward Individual Boy and Girl. Mean values are 
represented by horizontal lines.  
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p = .187, nor a significant interaction between child sex and indicating object, F(2, 84) 

= .034, p = .967. The results suggested that boys and girls parents followed similar 

indicating-gesture patterns and were more likely draw their children’s attention to the 

laminated picture of the elephant rather than the magnets or the board on which they 

placed the pieces during the spatial activity.  

Outlining 

The descriptive data of parental outlining behaviors divided by gender are shown in 

Table 4 and Figure 3. Most parents rarely outlined the board or magnet and instead, 

focused on outlining the picture. To determine the need for covariates, we examined 

correlations among demographic variables (child’s age and parent education) and 

parental outlining behaviors. And we also examined the correlations between outlining 

different objects. The results were reported in Table 6. When children were younger, 

their parents outlined the magnet and the picture more. Parents with higher levels of 

education also outlined the board more. Child age and parent education were thus 

included as covariates in subsequent analyses. Even after controlling child’s age and 

parent education, the positive correlation between outlining different objects remained 

significant. Like indicating behavior, parents who outlined the board more frequently 

were also more likely to outline the magnet and the picture. In order to examine an 

effect of child sex on parent outlining gestures, we conducted a 3 (indicating object: 

board, magnet vs. picutre) × 2 (child sex: boy vs. girl) mixed model ANOVA, 

controlling for child age and parent education, with outlining object as a within-

subjects variable and child sex as a between-subjects variable. The analysis yielded a  
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Table 6 

Correlation between Child Age, Parental Education and Outlining Behavior  

 
Board Magnet Picture 

Age -0.18 -0.3* -0.28† 

Education -0.34* -0.23 0.19 

Board -- 0.45** 0.44** 

Magnet 0.36* -- 0.4** 

Picture 0.52*** 0.41** -- 

Note: the correlations among child age, parental education and the parental outlining 
behaviors are listed in the bottom half of the table, blow the diagonal. Above the diagonal are 
partial correlations that control for child age. Statistically significant correlations are noted 
with an asterisk.  
*p < .05, **p < .01, ***p < .001, †p < .01 
 

 

Figure 3. Parental Outlining Behaviors toward Individual Boy and Girl. Mean values are 
represented by horizontal lines.  
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Figure 4. Scatter Plot with Linear Smooth between Parental Outlining Behaviors and 
Education for Boys and Girls. For parent Education, 0 is No High School, 1 is High School, 2 
is Some College, 3 is Bachelor’s Degree, and 4 is Advanced Degree.  

 

significant main effect of outlining object, F(2, 80) = 48.593, p < .0001. The analysis 

also yielded a significant outlining object × Child Sex interaction, F(2, 80) = 5.959, p 

= .0039. As depicted in Figure 3, parents outlined the picture more frequently with 

sons than with daughters (p < .0001), but did not differ in their outlining behaviors for 

son versus daughters for the board (p = .710) and magnet (p = .640). There also was a 

main effect of child sex, F(1, 40) = 5.611, p = .0228. Parents of male children outlined 

more than parents of female children. We also found the covariate, parent education, 

had effect on outlining behaviors toward boys versus girls. The three-way interaction 
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(outlining objects, gender, and parent education) was significant, F(2, 80) = 5.883, p 

= .00413. As shown in Figure 4 if the education of parents with sons increased, the 

frequency of outlining picture increased significantly, β = 1.53, p = .0003 while 

parents with daughters didn’t outline the picture more with education increased, β = -

0.485, p = .347. It suggests that family background also mattered. These results 

indicate that parents with boys, particularly more educated parents, were more likely 

to highlight the shape of the pieces by outlining the picture than parents with girls.  

Action 

The descriptive data of parents’ action behaviors, divided by child sex, are shown in 

Table 4 and Figure 5. Only some parents engaged in these behaviors of finding a piece, 

directly handing the piece to the child, and placing the pieces for their children. 

Instead, most parents would let their children do these actions by themselves. To 

determine the need for covariates, we examined correlations among demographic 

variables (child age and parent education) and the parent action behaviors. We also 

examined the correlations between different action behaviors. The results are reported 

in Table 7. There was no significant correlation between different parent actions but 

parents with lower levels of education were more likely to point out the piece their 

child needed rather than encourage their child to find pieces by themselves. In order to 

examine the sex differences in these parent action, we conducted a 3 (action: hand, 

locate vs. place) × 2 (child sex: boy vs. girl) mixed model, controlling for parent 

education, with action as a within-subjects variable and child sex as a between-

subjects variable. The analysis did not yield any significant effects, including no main  
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Table 7 

Correlation between Child Age, Parental Education and Action Behavior  

 Handing Locating Placing 

Age 0.03 -0.22 -0.17 

Education -0.17 -0.3* -0.09 

Handing -- -0.09 0.09 

Locating -0.15 -- 0.03 

Placing 0.08 0.00 -- 

Note: the correlations among child age, parental education and the parental action behaviors 
are listed in the bottom half of the table, blow the diagonal. Above the diagonal are partial 
correlations that control for child age. Statistically significant correlations are noted with an 
asterisk.  
*p < .05, **p < .01, ***p < .001 
 

 

Figure 5. Parental Action Behaviors toward Individual Boy and Girl. Mean values are 
represented by horizontal lines.  
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effect of action, F(2, 84) = .56, p = .573, no significant interaction between correction 

and child sex, F(2, 84) = .234, p = .792, and no main effect of child sex, F(1, 42) 

= .239, p = .627. The results suggested that parents’ action were neither related to chil 

age nor were these actions correlated with each other. These actions were particular to 

parents: some parents used one kind of action but not the other kinds of actions. in 

addition, there was no evidence of sex differences between boys’ versus girls’ parents.  

Correction 

The descriptive statistics of parental correction behaviors divided by child sex are 

shown in Table 4 and Figure 6. Adjustment and correction were frequent for the 

majority of parents. To determine the need for covariates, we examined correlations 

among demographic variables (child age and parent education) and parental correction 

behaviors. And we also examined the correlations between correction and adjustment. 

These results are reported in Table 8. When children were younger, parents had a 

higher frequency of adjusting their child’s pieces and correcting their mistakes. 

Parents’ education was not correlated with correction behaviors. Child age were thus 

included as a covariate in subsequent analyses. Even after controlling child’s age, 

there was also a positive and significant correlation between adjustment and correction 

behaviors. In order to examine for an effect of child sex, we conducted a 2 (correction: 

adjustment vs. correction) × 2 (child sex: boy vs. girl) mixed model ANCOVA, 

controlling for child age, with correction as a within-subjects variable and child sex as 

a between-subjects variable. There was a main effect of correction, F(1, 42) = 14.576, 

p = .0004, with parents producing adjustments significantly more than correction. The  
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Table 8 

Correlation between Child Age, Parental Education and Correction Behavior  

  Adjustment Correction 

Age -0.49*** -0.42** 

Education 0.06 -0.02 

Adjustment -- 0.48*** 

Correction 0.35* -- 

Note: the correlations among child age, parental education and the parental correction 
behaviors are listed in the bottom half of the table, blow the diagonal. Above the diagonal 
are partial correlations that control for child age. Statistically significant correlations are 
noted with an asterisk.  
*p < .05, **p < .01, ***p < .001 

 

Figure 6. Parental Correction Behaviors toward Individual Boy and Girl. Mean values are 
represented by horizontal lines.  
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analysis did not provide evidence to support an effect of child sex. There was no 

interaction between correction and gender, F(1, 42) = .007, p = .934, nor a main effect 

of gender, F(1, 42) = .320, p = .575. The results suggested that parents’ adjustment 

and correction were sensitive to child age for both boys’ and girls’ parents. Also, 

parents who did more adjustments also would correct their child’s mistakes more, 

even after controlling child age.  

Spatial Language 

The descriptive statistics of spatial language divided by child sex are shown in Table 9. 

The correlation between language, child age, and parent education are shown in Table 

10. When children were younger, parents would use more language and spatial 

language, both types and tokens. However, after controlling child age, the correlation 

between spatial language tokens and types was still very significant. A t-test assessing 

there were sex differences in parental "what" spatial types did not show significant 

difference in the "what" spatial types provided to male versus female children, t[43] = 

-.719, p= .476). The same pattern of results held for "what" spatial tokens, total spatial 

tokens and types, and total tokens and types.  

Pedagogical Question 

The descriptive statistics of parent questions divided by child sex are shown in Table 

11 and Figure 7. Most parents would use questions to guide their children, especially 

pedagogical questions. The proportion of pedagogical questions to total questions is 

46.6% for parents with sons and 43.2% for parents with daughters. To determine the  
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Table 9 

Descriptive Statistics of Parent Spatial Language Input for Boys and Girls  

 
Boys Girls Overall 

 
Mean (SD) Mean (SD) Mean (SD) 

 
Median [range] Median [range] Median [range] 

Types    

    Shape 3.05 (2.04) 2.88 (1.96) 2.96 (1.98) 

 3.00 [0.00, 8.00] 3.00 [0.00, 7.00] 3.00 [0.00, 8.00] 

    Dimension 2.55 (2.04) 2.04 (1.17) 2.27 (1.62) 

 2.50 [0.00, 8.00] 2.00 [0.00, 5.00] 2.00 [0.00, 8.00] 

    Feature 2.30 (2.05) 2.08 (2.04) 2.18 (2.03) 

 2.00 [0.00, 7.00] 2.00 [0.00, 8.00] 2.00 [0.00, 8.00] 

    "What" Spatial Word 7.90 (4.66) 7.00 (3.74) 7.40 (4.15) 

 7.00 [1.00, 16.0] 7.00 [0.00, 16.0] 7.00 [0.00, 16.0] 

    Spatial Word Total 30.5 (9.91) 26.2 (12.9) 28.1 (11.7) 

 29.0 [11.0, 44.0] 28.0 [0.00, 51.0] 28.0 [0.00, 51.0] 

    Total 150 (47.0) 137 (52.8) 143 (50.2) 

 146 [90.0, 244] 132 [18.0, 264] 143 [18.0, 264] 

Tokens    

    Shape 9.25 (9.14) 7.12 (5.75) 8.07 (7.43) 

 6.00 [0.00, 31.0] 7.00 [0.00, 21.0] 7.00 [0.00, 31.0] 

    Dimension 7.10 (6.32) 4.28 (3.26) 5.53 (5.01) 

 6.00 [0.00, 20.0] 3.00 [0.00, 12.0] 4.00 [0.00, 20.0] 

    Feature 3.35 (3.36) 3.32 (4.47) 3.33 (3.97) 

 3.00 [0.00, 13.0] 3.00 [0.00, 22.0] 3.00 [0.00, 22.0] 

    "What" Spatial Word 19.7 (15.4) 14.7 (10.5) 16.9 (13.0) 

 16.0 [1.00, 52.0] 14.0 [0.00, 42.0] 14.0 [0.00, 52.0] 

    Spatial Word Total 3.35 (3.36) 3.32 (4.47) 3.33 (3.97) 

 3.00 [0.00, 13.0] 3.00 [0.00, 22.0] 3.00 [0.00, 22.0] 

    Total 549 (269) 443 (256) 490 (264) 

  620 [189, 1000] 401 [19.0, 912] 409 [19.0, 1000] 
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Table 10 

Correlation between Child Age, Parental Education and Parental Language  

  
Total 
Type 

Spatial 
Type 

"What" 
Type 

Total 
Tokens 

Spatial 
Tokens 

"What" 
Tokens 

Age -0.34* -0.45*** -0.48*** -0.46** -0.51*** -0.49*** 

Education 0.19 0.14 0.14 0.21 0.11 0.16 

Total Type -- 0.83*** 0.73*** 0.92*** 0.8*** 0.67*** 

Spatial Type 0.8*** -- 0.78*** 0.8*** 0.87*** 0.71*** 

"What" Type 0.69*** 0.72*** -- 0.72*** 0.75*** 0.9*** 

Total Tokens 0.91*** 0.74*** 0.64*** -- 0.92*** 0.77*** 

Spatial Tokens 0.77*** 0.84*** 0.67*** 0.89*** -- 0.83*** 

"What" Tokens 0.62*** 0.63*** 0.87*** 0.71*** 0.77*** -- 

Note: the correlations among child age, parental education and the parental language are 
listed in the bottom half of the table, blow the diagonal. Above the diagonal are partial 
correlations that control for child age. Statistically significant correlations are noted with an 
asterisk.  
*p < .05, **p < .01, ***p < .001, †p < .01 

need for covariates, we examined correlations among demographic variables (child’s 

age and parent education), parental total tokens and parental questions. And we also 

examined the correlations between different kinds of questions. The results were 

reported in Table 12. Child age was negatively correlated with the number of 

questions that parents used. Importantly, after controlling child age and parental total 

tokens, all kinds of questions were no longer correlated with each other. In order to 

examine for effects of child sex, we conducted a 3 (question: command, information-

seeking, pedagogical vs. rhetorical) × 2 (child sex: boy vs. girl) mixed model,  
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controlling for child age and parental total tokens, with question as a within-subjects 

variable and child sex as a between-subjects variable. The analysis yielded a main 

effect of question, F(3, 123) = 34.232, p = <.0001, with parents producing 

significantly more pedagogical questions than the other three kinds of questions (p 

< .0001) , as depicted in Figure 7. But there was no interaction between question and 

child sex, F(3, 123) = .661 , p = .578, and nor a significant main effect of child sex, 

F(1, 41) = .004, p = .949. The results suggested that, for both girls’ parents and boys’ 

parents, pedagogical questions were the major part of total questions parents used, 

which were significantly more than other types of questions. Questions were sensitive  

Table 11 

Descriptive Results of Parental Questions for Boys and Girls  

 
Boys Girls Overall  

 
Mean (SD) Mean (SD) Mean (SD) 

  Median [range] Median [range] Median [range] 

Command 7.25 (6.50) 5.20 (5.57) 6.11 (6.02) 

 
5.00 [0.00, 22.0] 3.00 [0.00, 21.0] 4.00 [0.00, 22.0] 

Information 9.60 (8.08) 7.76 (5.97) 8.58 (6.96) 

 
8.00 [0.00, 28.0] 6.00 [0.00, 25.0] 7.00 [0.00, 28.0] 

Pedagogical 19.4 (11.9) 14.6 (11.3) 16.8 (11.7) 

 
16.0 [4.00, 44.0] 12.0 [0.00, 52.0] 14.0 [0.00, 52.0] 

Rhetorical 5.30 (3.25) 6.24 (6.16) 5.82 (5.05) 

 5.00 [1.00, 13.0] 4.00 [0.00, 26.0] 5.00 [0.00, 26.0] 

Question Total 41.6 (19.8) 33.8 (22.9) 37.3 (21.7) 

 
44.0 [8.00, 69.0] 27.0 [0.00, 90.0] 30.0 [0.00, 90.0] 

Other Utterance 68.4 (31.4) 54.1 (25.0) 60.4 (28.6) 

  62.5 [20.0, 123] 51.0 [21.0, 107] 59.0 [20.0, 123] 
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Table 12 

Correlation between Child Age, Parental Education and Parental Questions  

  Command Information- 
seeking Pedagogical Rhetorical 

Age -0.37* -0.22 -0.29† -0.41** 

Education 0.14 0.19 0.07 0.1 

Tokens 0.63*** 0.59*** 0.73*** 0.65*** 

Command -- 0.16 0.33* 0.35* 

Information-seeking -0.34 -- 0.4** 0.47** 

Pedagogical -0.25 -0.07 -- 0.37* 

Rhetorical -0.12 0.15 -0.2 -- 

Note: the correlations among child age, parental education and the parental questions are 
listed in the bottom half of the table, blow the diagonal. Above the diagonal are partial 
correlations that control for child age. Statistically significant correlations are noted with an 
asterisk.  
*p < .05, **p < .01, ***p < .001, †p < .01 

 
Figure 7. Parental Questions toward Individual Boy and Girl. Mean values are represented by 
horizontal lines.  
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to child age and younger kids would receive more commands, pedagogical and 

rhetorical questions.  

Label 

The descriptive statistics of parent labels divided by child sex are shown in Table 13 

and Figure 8. Parents did not use the words "color" and "shape" frequently. However, 

parents used metaphors, such as referring to a specific piece as the elephant’s eye or 

leg. They would also refer to a particular magnet piece by its specific color (e.g., red, 

green) or its specific shape (e.g., triangle, square). To determine the need for 

covariates, we examined correlations among the demographic variables (child’s age 

and parent education), parent total tokens and parent labels. We also examined the 

correlations between different kinds of labels. The results are shown in the Table 14. 

When children were younger, parents would use more labels. And the number of 

labels that parents used was positively related with parental tokens. We thus used child 

age and parent tokens as covariates. Importantly, after controlling child age and 

parental tokens, parents’ use of the word "shape" was significantly correlated with the 

word "color," and their reference to a specific geometric shape (e.g., "triangle") was 

significantly correlated with their use of a specific color (e.g., "red"). This result 

suggests that when parents referred to a particular piece using color, they also would 

mention the shape of the piece. In order to explore the effect of child sex on parent use 

of the words, we conducted a 5 (label: word color, word shape, specific color, specific 

shape vs. metaphor) × 2 (child sex: boy vs. girl) mixed model, controlling for child 

age and parent total tokens, with label as a within-subjects variable and child sex as a  
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between-subjects variable. The analysis yielded a significant main effect of label, F(4, 

164) = 48.985, p <.0001. Parents labeled specific color, shape and used body-part 

metaphors significantly more than the word "color" (respectively, p < .0001, p = .0003, 

and p < .0001 ) and the word "shape" (respectively, p < .0001, p = .0003, and p 

< .0001 ). In addition, parents used metaphors and specific color labels significantly 

more than shape labels (p < .0001). Even when the word shape and the specific shape 

labels were combined into a single category, the number of parent references to total 

shape labels was still significantly less than their references to total color labels (p 

< .0001 ) and metaphor labels (p = .006). There was no significant difference between 

parents’ use of total color labels and metaphor labels (p = .474). Finally, the analysis  

Table 13 

Descriptive Results of Parental Labels Use for Boys and Girls  

 
Boys Girls Overall  

 
Mean (SD) Mean (SD) Mean (SD) 

  Median [range] Median [range] Median [range] 

Word Color 2.70 (4.18) 2.08 (2.80) 2.36 (3.45) 

 
1.00 [0.00, 16.0] 1.00 [0.00, 13.0] 1.00 [0.00, 16.0] 

Specific Color 15.1 (13.4) 11.4 (8.70) 13.0 (11.1) 

 
12.5 [2.00, 55.0] 10.0 [0.00, 30.0] 10.0 [0.00, 55.0] 

Word Shape 2.98 (3.77) 2.00 (2.38) 2.43 (3.08) 

 
1.50 [0.00, 15.0] 1.00 [0.00, 9.00] 1.00 [0.00, 15.0] 

Specific Shape 7.10 (8.81) 7.16 (6.30) 7.13 (7.43) 

 
3.50 [0.00, 33.0] 6.00 [0.00, 21.0] 5.00 [0.00, 33.0] 

Metaphor 13.9 (9.83) 13.7 (10.7) 13.8 (10.2) 

  11.5 [0.00, 33.0] 13.0 [1.00, 44.0] 12.0 [0.00, 44.0] 
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Table 14 

Correlation between Child Age, Parental Education and Parental Labels  

 
Word Color Word Shape Specific Color Specific Shape Metaphor 

Age -0.05 0.03 -0.31* -0.44** -0.55*** 

Education 0.02 -0.02 -0.03 0.06 0.2 

Tokens 0.41** 0.28† 0.7*** 0.66*** 0.73*** 

Word Color -- 0.63*** 0.26† 0.36* 0.3* 

Word Shape 0.57*** -- 0.13 0.32* 0.15 

Specific Color -0.05 -0.1 -- 0.84*** 0.53*** 

Specific Shape 0.18 0.23 0.72*** -- 0.56*** 

Metaphor 0.07† -0.02 0.06 0.09 -- 

Note: the correlations among child age, parental education and the parental labels are listed in 
the bottom half of the table, blow the diagonal. Above the diagonal are partial correlations that 
control for child age. Statistically significant correlations are noted with an asterisk.  
*p < .05, **p < .01, ***p < .001, †p < .01 

 
Figure 8. Parental Labels toward Individual Boy and Girl. Mean values are represented by 
horizontal lines.  
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did not provide any evidence for an effect of child sex. There was no interaction 

between question and child sex, F(4, 164) = .506, p = .732, and no main effect of child 

sex, F(1, 41) = .325, p = .572. Both boys’ parents and girls’ parents preferred to use 

colors and metaphors to refer to a piece than use shape names.  

DISCUSSION 

What is Parents’ Scaffolding Pattern in Spatial Play?  

Parents engaged in a number of behaviors to scaffold children as they recreated the 

elephant with the magnetic shapes. Most parents used gestures to guide their children. 

They usually used their fingers to guide children’s attention and also highlight edges 

and shapes, especially in reference to the picture. Indeed, parents directed attention to 

the laminated picture of the elephant more than the board and magnet. The higher 

number of gestures to the picture suggests that parents were guiding rather than doing 

the activity for their child in creating the elephant. Additionally, nearly half of parents’ 

questions were pedagogical, significantly more than other types of questions. This 

percentage is much higher than that reported by Yu et al. (2019) who analyzed the 

parent-child conversations from the CHILDES database and found only 30% 

questions were pedagogical questions in daily life. The difference between their 

results and the present findings suggest that the spatial activity may have encouraged 

to provide more scaffolding and teaching than the interactions captured in the 

CHILDES database parent-child conversations. Similarly, for parents’ language, the 

portion of "what" spatial words and total spatial words in total tokens were much more 

than day-to-day life observed by (Pruden & Levine, 2017; Pruden et al., 2011). Such 
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guided play could elicit more spatial language also supported by Ferrara et al. (2011). 

In general, parents played an active role in guiding their children during the spatial-

play activity in the present study.  

Most parents seemed to prefer to give their child autonomy and provided opportunities 

for children to complete the tasks by themselves. Parents did more adjustments than 

correcting directly. An adjustment was only a slight movement, such as tilting the 

angle of a piece in order to align the pieces and make placing subsequent pieces easier. 

Although some parents did engage in corrections when their child, most parents were 

instead more likely to make an adjustment than a correction. This result suggests that, 

in most circumstances, parents gave their child ownership and autonomy to complete 

the spatial activity. Results from parent actions were also consistent with this 

conclusion. The parent actions of locating, handing and placing, are important steps of 

creating the elephant from the magnets. Parents who frequently engaged in these 

actions could be viewed as not allowing their child to have the autonomy to complete 

the spatial task on their own. However, the three actions only occurred in some parents. 

These actions were not highly correlated with each other. It seemed that some parents 

preferred just one of the three actions. Parents’ engagement in one action was not 

correlated with their engagement of the other two actions. In addition, the correlation 

between these three actions and child age was very weak. So, unlike the other 

scaffolding behaviors, action could be interpreted as some parents’ characteristics 

rather than a universal pattern.  
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There were also a number of interesting results related to parents’ speech during the 

dyadic spatial task. Parents preferred to use specific labels to refer the pieces. The 

word "color" and "shape" were significantly less frequent than parents’ use of specific 

colors, shapes and metaphor labels. After controlling for total parent tokens and child 

age, shape and color label remained significantly correlated with each other. This 

positive correlation suggests that parents’ labeling of magnet shape and color may co-

occur. In other words, when parents mentioned color, they likely also mentioned shape, 

using multiple cues to refer to a specific magnet piece. Another interesting finding in 

relation to parents’ use of labels was their more frequent use of metaphor labels and 

specific color labels than shape labels. It was might due to metaphors and colors were 

more obvious for parents and children than geometric shapes.  

Parents’ scaffolding in the present study was very sensitive to child age, even though 

our sample’s age range was very small. Parental indicating, outlining, correction, 

spatial language, questions, and labels were negatively correlated with child age. As 

child’s age increased, such scaffolding decreased. So for these scaffolding except 

actions, we could consider them as a whole and a universal pattern for how parents 

guided children in the spatial activity.  

Does the Scaffolding Pattern Differs when with Girls and Boys?  

For most scaffolding, we did not find evidence to support a significant effect of child 

sex and parents’ scaffolding behavior. The one exception was parental outlining, 

which was significantly more frequent in parents interacting with sons than the parents 
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interacting with daughters, particularly the more educated parents. Outlining is an 

iconic gesture that highlighted the geometric shape of a particular magnetic piece. This 

result sheds light on the findings of Ehrlich et al. (2006), who reported that boys 

gestured more when did they completed a spatial task and also outperformed girls.  

The lack of strong effect of child sex on parents’ scaffolding behaviors could be 

viewed as a positive. Similar to boys’ parents, girls’ parents also played an active role 

in guidance, provided daughters with autonomy and opportunities to be trained, and 

preferred to using more specific information to refer piece as boys’ parents. The non-

significant results of child sex for most of the scaffolding behaviors suggests that 

when male and female preschool children engage in the same spatial activity, parents 

provide an equivalent amount of scaffolding. Take spatial language as an example, 

Pruden et al. (2011) and Pruden and Levine (2017) found, in natural and home setting, 

parents produced more spatial language towards boys than girls. But in the present 

study, such significant differences in parental spatial language to boys versus girls 

disappeared. Also, as mentioned before, in free play, boys are more likely to choose 

the toys and activities that are spatial compared to girls (Caldera et al., 1999; Cherney 

& London, 2006; Jirout & Newcombe, 2015; Nazareth et al., 2013). Even when given 

the same materials, boys and girls might play differently (Caldera et al., 1999, 1989; 

Ramani, Zippert, Schweitzer, & Pan, 2014). But generally speaking, in the context of 

guided play, boys and girls did not receive significantly different guidance from their 

parent. To some degree, girls might benefit more from guided play (Ramani et al., 
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2014). The present results suggest that parents could play an important role in 

narrowing the gender gap in spatial ability.  

Alternatively, our non-significant results of child sex could be attributed to the spatial 

activity itself. The imagination magnets game was gender-neutral. Coyle and Liben 

(2018) found mothers’ guidance was influenced by the packaging of a toy. 

Specifically, when given a toy packaged for boys, mothers provided more building 

behaviors than mothers given the same toy packaged for girls.  

Limitation and Future Direction  

The present study is a first step in exploring how parents’ interactions with their 

preschool child might contribute to the development of spatial skills. An important 

direction in future work is to document if the present studies replicate when parents 

and their preschool children interact with other types of spatial activities. Additional 

studies with other spatial activities would allow us to draw stronger conclusions about 

whether child sex impacts parental scaffolding. In particular, examining the effect of 

spatial activities that are gender-stereotyped may be especially insightful for testing 

whether child sex shapes parents’ scaffolding behaviors.  

An important piece missing from the present work is children’s language and 

behaviors during the spatial dyadic activity. Because our focus was on parents’ 

behavior, the child’s speech and behaviors was beyond the scope of the present study. 

However, a comparison of boys and girls in the present task is critical for appreciating 

the dynamic between parents and children and how child sex might contribute to the 
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sex differences reported in previous work. Including children’s behaviors would also 

yield insights into how guided play can be harnessed to narrow gender difference in 

free play.  

Another limitation of the present study is that we did not link parents’ scaffolding to 

children’s performance on spatial tasks. We thus cannot know how parent scaffolding 

might relate to children’s spatial ability. Future work could explore this link. Ideally, a 

longitudinal, naturalistic study would yield insights into the the relationship between 

parent scaffolding and advances in children’s spatial ability.  

Our results showed that parents used a lot of metaphors. For the imagination magnets 

activity, the metaphors, working as an analogy, made it possible for children to 

connect more familiar references to body parts to the pictures of the pieces. Several 

studies have shown how spatial learning is bolstered through analogy, which can 

promote abstraction (Gentner, 2010; Gentner et al., 2016). Considering the prevalence 

of metaphor labels used by parents, future work should explore further how these 

metaphors impact children’s spatial learning.  

In sum, the present results offer a number of new insights into parents’ scaffolding 

behaviors as they interact with their preschool-aged child. Most relevant to the goals 

of the present study, there was not strong evidence that child sex shaped parents’ 

scaffolding behaviors with the exception of parents’ use of iconic gestures. Second, 

parents’ behaviors were significantly related to child age. Perhaps not surprisingly, 

parents provided more scaffolding to younger children in our age range. They also 
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engaged in scaffolding behaviors linked to stronger spatial skills, such as the use of 

gestures, spatial language and, more generally for learning, pedagogical questions. Of 

course, our sample was middle-income, college-educated families. The pattern of 

results reported here may diverge if the educational background of the families were to 

be more diverse and in particular, to include more low-income families. Although 

preliminary, the present study represents an important first step in capturing children’s 

interactions with a parent during a spatial activity.  
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