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Abstract 

Previous literature has shown that spatial language input and gestural input are independently 

implicated in the development of children’s spatial skills. However, few studies have examined 

the effect of spatial and gestural input in tandem on children’s spatial skills. The current study 

investigated whether spatial language accompanied by gesture during parent-child interactions 

was predictive of children’s spatial skills above and beyond spatial language unaccompanied by 

gesture. We predicted that parent and child spatial talk would predict children’s spatial skills, but 

parent and child spatial talk accompanied by gesture would predict children’s spatial skills above 

and beyond spatial talk alone. To examine this hypothesis, parents and their 4-year-old children 

(N = 56 dyads) were observed completing a puzzle activity together. Results partially supported 

the hypothesis, as children’s spatial talk without gesture was significantly and positively 

correlated with their spatial skills. However, neither children’s spatial talk with gesture nor 

parents’ spatial talk with and without gesture were predictive of children’s spatial skills. These 

findings suggest that some aspects of children’s spatial talk are associated with their early spatial 

skill development. Future work should investigate further the specific role of gesture in early 

spatial skill development.   

Keywords: spatial talk, gesture, spatial skills, parent-child interaction, puzzle play, 
preschool children  
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Parent-child Puzzle Play: The Role of Gestural and Spatial Input in Children’s Early 
Spatial Skills 

The development of spatial thinking is crucial for children to understand the world 

around them. Whether it be through navigating the environment, assembling or fixing a toy, or 

understanding a map, children rely on their spatial skills to carry out these tasks successfully. 

Individual differences in children’s spatial ability have been observed even before formal 

schooling (Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2017); these differences often persist 

into adolescence and are strong predictors of STEM (Science, Technology, Engineering, and 

Math) achievement later in life (Verdine, Golinkoff, Hirsh-Pasek & Newcombe, 2014; Wai et al., 

2009). Thus, it is important to consider factors that explain variability in spatial skills among 

young children. One potential source of variability is the way parents and children engage in 

spatial talk at home and how their gestures coordinate with their spatial talk to communicate 

meaning.   

The role of spatial language input in children’s spatial skills 

 The study of language input is an emerging field in understanding the development of 

children’s spatial skills. The amount of speech children hear from their parents at the earliest 

stages of language development is positively correlated with their vocabulary comprehension 

(Hoff et al., 2001) and their overall language skills (Huttenlocher, 1998). Spatial language, 

speech that describes where objects are in space and what properties define them, is of particular 

interest in the development of children’s spatial skills. Past research has found that parents who 

produce more spatial language throughout their daily routines at home have children who also 

produce more spatial language (Pruden et al., 2011) and have better spatial word comprehension 

(Kısa et al., 2019). Further, the frequency with which children produce spatial language predicts 

their ability to solve spatial problem-solving tasks at a later age (Pruden et al., 2011). These 
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studies suggest that children may model the language input of their parents, which in turn may 

improve their spatial abilities.  

However, it is not just the mere production of spatial language by parents that has 

potential to support children’s development of spatial skills; the specific content of that spatial 

input matters as well. Maternal verbal support while children learn spatial concepts and complete 

spatial tasks predicts children’s math achievement several years later, as does maternal 

encouragement of creating a strategy before completing the tasks (Lombardi et al., 2017). 

Specifically, Szechter and Liben (2004) examined the role of parental input in children’s 

development of spatial abilities. Parents in this study were observed reading a picture book to 

their 3- to 5-year-old children, who then completed spatial comprehension tasks. Both the 

frequency and content of parents’ spatial-related language, such as noting the size of objects in 

the picture book or explaining the meaning of words like “zooming,” were associated with 

children’s performance in subsequent spatial tasks. More work is needed to further specify the 

combined role of parents and children in children’s spatial learning, perhaps with a focus on 

other types of communicative input, such as gestures.  

Potential contributions of gesture to children’s spatial development 

Gesturing remains an understudied factor in children’s early spatial learning, despite its 

uniqueness in its communicative use. Unlike verbal input, which parents tend to change based on 

the perceived intellect of their child, parental gestural input remains constant throughout 

children’s development (Kısa et al., 2019). This constancy suggests a particular importance of 

gestural input, as it does not seem to depend on parental sensitivity to children’s intellectual 

needs. Two commonly observed types of gesturing, pointing and iconic gestures, can potentially 

aid children as they learn. Pointing can encourage children to attend to specific important 
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information when problem-solving and iconic gestures (i.e., gestures that represent the semantic 

content of verbal speech) can help children better interpret what the speaker is trying to verbally 

communicate. For instance, pointing can be used to focus children on the spatial features of a 

shape, such as its roundness, and iconic gestures, such as creating the shape of a ball with both 

hands, can strengthen children’s understanding of the word “round.” 

Relatedly, children’s gesturing may be associated with their spatial skills. Iverson and 

Goldin-Meadow (2005) found that gesture both precedes and is tightly related to early language 

development. For children in the study, the age of onset of gesturing while speaking very 

strongly predicted the age of onset of two-word combinations, suggesting a close link between 

gesture and the facilitation of language development. Several studies have examined the 

discrepancy between information conveyed in gesture and information conveyed in speech. Two 

pertinent findings are that children express information in their gestures that they do not express 

in their speech (Goldin-Meadow et al., 1993) and that children improve their problem-solving 

abilities by observing the strategies conveyed through their teacher’s gestures (Cook & Goldin-

Meadow, 2006). Thus, gesturing, both from parents and by children themselves, plays an 

important role in early learning. Research is particularly lacking in the examination of both 

parents’ and children’s gestures simultaneously and the relation to children’s spatial skills. The 

current study attempts to address this gap in the literature by observing and analyzing parent and 

child gestures in parallel.  

Exploring how gestural and language input relate to spatial skills 

 Researching how gesture and language work in tandem to impact children’s spatial skills 

remains understudied. A recent study by Kısa et al. (2019) examined parents’ use of spatial 

gestures and language in relation to child factors like age and gender. They found that while 
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parental spatial talk was related to their children’s age, parents’ gestures with spatial talk did not 

change with their children’s age, which is often correlated with spatial ability. While this finding 

suggests that spatial support through gestural and language input may be differentially associated 

with children’s abilities, additional research is needed to probe these relations.  

Further, some researchers have debated the importance of gesture in language 

development. Krauss (1991) believes gestures have a minimal role in communication, as they 

convey information redundant with speech. According to this explanation, gestures would not 

contribute to the relation between spatial language input and children’s spatial skills. Other 

researchers contest this explanation, arguing that gestures often communicate information not 

conveyed in simultaneous speech (Cook & Goldin-Meadow, 2006; Goldin-Meadow et al., 1993) 

and that gestures that are in fact redundant with speech improve recall of that speech (Thompson 

et al., 1998). Despite the disagreement concerning gesture’s general role in communication, it is 

possible that gestural and language input play a significant role in the development of children’s 

spatial skills, given that gestures occur more often when using spatial language than non-spatial 

language (Krauss, 1998). One study found that children’s explanations of their strategies for 

solving a mental transformation task were correlated with the performance on the task itself only 

when their verbal explanations were accompanied by gestures (Ehrlich & Goldin-Meadow, 

2006). Evidently, children who seem to gesture more and are better able to communicate their 

spatial actions may have an advantage in completing spatial tasks.  

Additionally, the suggestion that both gesture and language input can positively impact 

children’s spatial skills is supported by work examining the gesturing of instructors. In a study 

conducted in a classroom setting, children learned twice as much information from their 

teachers’ math instructional tape when the teachers gestured along with their speech (Church et 
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al., 2004). In another study, children also learned more from their teachers when instructed with 

gestures, but only when the information that the gestures conveyed was different from what was 

conveyed in speech, possibly because gestures offered students a second approach to solving 

problems (Singer & Goldin-Meadow, 2005). The way gesture and language work together to 

teach children is complex, nuanced, and understudied, particularly when it concerns parents. 

Considering parents have the capacity to teach their children at home through games and 

enhance their children’s math skills (Ramani & Siegler, 2008), it is reasonable to hypothesize 

that the findings from studies reviewed here can be applied to parents as well.  

The current study 

Based on the aforementioned gaps in the literature, more research is required to 

understand how parents and children use both spatial language and gesture during dyadic 

interactions and the relation to children’s spatial skills. Although Iverson and Goldin-Meadow 

(2005) established a link between gesture and language development, they did not examine the 

specific types of gestures (e.g., pointing or iconic gestures) that may be linked to spatial skill 

development, nor did they examine spatial-specific language input simultaneously. Many studies 

examined language input in the context of math-specific domains, including spatial skills, but 

very few examined this input from both parents and their children as they interacted. The studies 

that did observe gestures and language in tandem either did not examine spatial language (Cook 

& Goldin-Meadow, 2006; Goldin-Meadow et al., 1993; Thompson et al., 1998) or did not 

examine the role of parents and children (Church et al., 2004; Ehrlich & Goldin-Meadow, 2006; 

Kısa et al, 2019; Singer & Goldin-Meadow, 2005).   

The current study addresses these research gaps by exploring the relation between both 

parents’ and children’s gestures and spatial talk and children’s spatial ability. We examined the 
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spatial-specific communicative input of parents and their children while they worked together on 

a puzzle, a game largely implicated in the use of spatial skills (Levine, Ratliff, et al., 2012). 

Children were administered three spatial comprehension assessments, and we investigated the 

relations between the observed gestures and spatial talk and children’s spatial skills. Specifically, 

we asked: 

Research Question #1 (RQ1): Is the frequency of parent spatial talk with gestures related 

to children’s spatial skills above and beyond spatial talk without gestures? 

RQ2: Is the frequency of child spatial talk with gestures related to children’s spatial skills 

above and beyond spatial talk without gestures? 

Methods 

Participants  

 The current study examined 56 parent-child dyads (Mean child age=4 years 5 months, 

SD=3.58 months). The families were recruited in the greater Pittsburgh, Pennsylvania area by 

distributing fliers and contacting preschools and childcare centers. Caregivers reported having 

less than a bachelor’s degree (32.14%), a bachelor’s degree (30.36%), or more than a bachelor’s 

(33.93%), while 3.57% did not indicate their level of education, and the average yearly income 

reported was $83,640.83 (SD=$59,199.84). The race and ethnicity of the parents were 69.64% 

White, 21.43% Black, and 3.57% Asian or Pacific Islander; 5.36% did not indicate their racial or 

ethnic background. The children were 54% male and 46% female, and the parents were 5% male 

and 95% female. Once recruited, the dyads were observed during structured activities in their 

homes, and children were tested either in our research lab or in the dyads’ homes on the same 

day or on a different day.  
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Materials and Procedure 

 All parent-child dyads completed three different structured activities, and children 

completed a long battery of cognitive assessments. For the purposes of the current study, we 

focused on only one of the activities as well as only the spatial child assessments. Specifically, 

we filmed the dyads as they completed a puzzle activity, in which they were given magnetized 

shapes and instructed to recreate an image of a giraffe from a model. The dyads were not told the 

study would be about spatial talk or gesture, so any instances of each were spontaneous. The 

interactions were approximately five minutes long, and the dyads were given more time if 

needed. The videos were then transcribed verbatim by trained research assistants and coded for 

gestures and spatial talk.  

Gestures 

Only instances of gesture that occurred with spatial talk were coded. These observed 

gestures of parents and their children were classified based on work by various researchers 

(Rohlfing, 2011; Rohlfing et al., 2013; Kısa et al., 2019). The specific gestures coded were 

deictic, iconic, and manipulative. Deictic gestures refer to instances in which the parent or child 

uses his or her body to direct the other’s attention to some area of interest. The most common 

deictic gesture among parents and children alike was pointing to an object, but similar gestures 

occurred as well, including but not limited to tapping on an object, holding up an object to show 

the other, and hand waving toward an object. Iconic gestures occurred only simultaneously with 

speech to express meaning in a way that is context-dependent and often would not make sense in 

the absence of speech. A common iconic gesture used by dyads in the current sample was 

shaping one’s hands to explain the form or size of a puzzle piece. We also labeled gestures that 

were demonstrative, such as moving one’s hand in the air in a specific direction to indicate 
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flipping, turning, or moving a piece up or down, as iconic. Manipulative gestures were only 

coded for the parents, and they are gestures that facilitate the other’s own action, such as a parent 

guiding the hands of his or her child to move a puzzle piece.  

The gestural input of each observed dyadic interaction was coded by two research 

assistants. Every coded video was reviewed to compare the categories of gesture, and the pair of 

coders was considered to be in agreement only if the categories matched. Disagreements were 

discussed between the pair of coders and the first author, who made the final decision regarding 

codes. To assess the degree of agreement between the pair of coders in identifying the type of 

gesture, kappa statistics (𝜅𝜅) were calculated for categorizing deictic gestures (.97), categorizing 

iconic gestures (.81), and categorizing manipulative gestures (.93).  

Spatial talk 

Every instance of spatial talk was coded, regardless of whether there was an 

accompanying gesture or not. We coded the type of spatial language used verbally by a parent or 

child based on work by Cannon, Levine, and Huttenlocher (2007). The coding was done at the 

level of spatial utterances, rather than at the level of specific spatial words. Utterances are 

defined as talk by one speaker bounded either by transition in speaker, by grammatical closure, 

or by a pause of more than two seconds (Pan et al., 2004). The spatial talk code was not used if 

the speech accompanying the gesture was not related to spatial concepts. The specific spatial 

codes included: shapes (e.g., “Find the green square.”), spatial features (e.g., “Is the piece you 

need curvy or straight?), continuous amount (e.g., “This is one half of the giraffe’s body.”), 

deictics (e.g., “Bring that piece here.”), location and direction (e.g., “Move the piece up 

higher.”), and spatial dimensions (“We need the tall, skinny piece.”).  
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The spatial input of each observed dyadic interaction was coded by pairs of research 

assistants. Every coded video was reviewed to compare the category of spatial talk, and the pairs 

of coders were considered to be in agreement only if the categories matched. Disagreements 

were discussed between the pairs of coders and the first author, who made the final decision 

regarding codes. To assess the degree of agreement between the pairs of coders in identifying the 

type of spatial talk, kappa statistics (𝜅𝜅) were calculated for categorizing shapes (.94 for parents, 

.85 for children), spatial features (.74 for parents, .40 for children), continuous amount (.87 for 

parents, .82 for children), deictics (.89 for parents, .89 for children), location and direction (.87 

for parents, .86 for children), and spatial dimensions (.92 for parents, .91 for children).  

Child spatial assessments 

Children were given three assessments to test their spatial abilities. The teacher-based 

patterning assessment (TBPA; Rittle-Johnson et al., 2018) tested the children’s ability to 

recognize patterns. Children were given ten questions, which asked them to either indicate the 

next object in an arrangement, find the missing object in the middle of a pattern, complete a 

pattern by indicating the next four objects, or create the same kind of pattern that was presented 

to them albeit with different objects. They completed two practice trials at the beginning of the 

task and were not given feedback on the test trials.  

The geometric sensitivity (GS) task (Dehaene et al., 2006) tested children’s ability to 

recognize different geometric properties of shapes. This assessment comprised of twelve trials; 

in each trial, the children were presented with six images of shapes in which one of the six did 

not share a certain geometric property with the others. The children were then asked to identify 

the image that did not match. The children were given three practice trials, during which they 



GESTURAL AND SPATIAL INPUT AND CHILD SPATIAL SKILLS 12 
 

were given feedback and explanations for the correct answer, before they began the twelve test 

questions.  

The Children’s Mental Transformation Task (CMTT; Levine, Huttenlocher, et al., 1999) 

comprised of sixteen trials; in each trial, the children were shown two shapes that were rotated or 

translated to create one of the four images shown. The children were instructed to choose the 

only possible option provided that the shapes did not change shape.  

All three assessments were individually scored according to the percentage of correct 

responses, and a composite score of children’s spatial skills was obtained by averaging the z-

scores of the three assessments.  

Planned Analyses 

To answer RQ1, linear regression analyses were run to determine the relations between 

the frequency of parental spatial talk with and without gestures and children’s spatial skills. To 

address RQ2, similar regression analyses were conducted to observe whether children’s spatial 

gestures and talk are related to their skills. We hypothesized that both parent and child spatial 

talk without gestures would predict children’s spatial skills, but parent and child spatial talk with 

gestures would predict their spatial skills above and beyond spatial talk alone.  

Results 

We observed substantial variability in the frequency of parent-child spatial talk and 

gestures when interacting. Parents’ total spatial talk ranged from 24 to 142 utterances (M=66.57, 

SD=27.76), and their accompanying gestures ranged from 4 to 61 instances (M=21.77, 

SD=11.70). Parents used spatial talk with gesture an average of 22.36 times (SD=12.24) and 

without gesture an average of 44.21 times (SD=18.39). Children’s total spatial talk ranged from 0 

to 52 utterances (M=20.55, SD=11.47), and their accompanying gestures ranged from 0 to 15 
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instances (M=3.88, SD=3.59). Children used spatial talk with gesture an average of 3.88 times 

(SD=3.59) and without gesture an average of 16.68 times (SD=9.99). Overall, the spatial talk 

about “location and direction” (M=10.96, SD=7.97) and deictic gestures (M=24.13, SD=12.36) 

were used more than any other type of spatial talk or gesture. Children scored an average of 

35.71% correct answers on the TBPA (SD=27.87%), 33.54% (SD=17.53%) correct on the GS 

task, and 45.61% (SD=15.93%) correct on the CMTT. A one-sample t-test was run for each child 

spatial assessment to determine whether these scores were different from chance, defined as a 

score of 20% correct on the TBPA, 16.67% on the GS task, and 25% on the CMTT. All three 

spatial assessment mean scores were significantly different from chance: the mean TBPA score, 

t(55) = 4.87, p < .001, the mean GS task score, t(55) = 7.20, p < .001, and the mean CMTT score, 

t(55) = 9.68, p < .001. Table 1 displays descriptive statistics of spatial talk and gestural input 

across all categories for the parents, and Table 2 displays these statistics for the children. 

Pearson’s correlations were computed to assess the relation between parent spatial talk 

with gesture and child spatial talk with gesture. There was a positive correlation between parent 

and child spatial talk with gesture, r(54) = .27, p < .05. However, the relation between parent and 

child spatial talk without gesture was nonsignificant, r(54) = .19, p = .17. Additional pairwise 

correlations were run between parent and child input and child spatial skills. These correlations 

are shown in in Table 3.  

Relation between parental spatial talk with gesture and children’s spatial skills  

 The relation between parental spatial talk with gesture and children’s spatial skills was 

assessed with linear regression analyses. To control for variability in the lengths of the parent-

child interactions, and thus, the possibility of using varying amounts of spatial talk and gesture, 

we controlled for total time taken to complete the puzzle activity. We hypothesized that parental 
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spatial talk with gesture would predict children’s spatial skills above and beyond spatial talk 

alone. Overall, the relations between both parental spatial talk with gesture and without gesture 

and children’s spatial skills were nonsignificant. Regression statistics are shown in Table 4. 

Relation between child spatial talk with gesture and children’s spatial skills  

 The relation between child spatial talk with gesture and children’s spatial skills was 

assessed with similar linear regression analyses, controlling for total task time. We hypothesized 

that child spatial talk with gesture would relate to children’s spatial skills above and beyond 

spatial talk alone. The analysis revealed a significant relation between child spatial talk without 

gesture (𝛽𝛽=.35, p < .017) and a nonsignificant relation between child spatial talk that occurred 

with gesture. Regression statistics are shown in Table 4. 

Discussion 

The present study explored the relation between spatial language, gesture, and children’s 

spatial skills in the context of puzzle play. Specifically, we were interested in whether parent and 

child spatial talk accompanied by gesture has a specific role in developing children’s spatial 

skills above and beyond spatial talk alone because few studies have examined this. Although no 

significant associations were found to support our hypothesis that parent spatial talk with gesture 

would predict children’s spatial skills above and beyond spatial talk alone, our hypothesis 

regarding child spatial talk was partially supported: children’s spatial talk unaccompanied by 

gesture was positively correlated with children’s spatial skills, controlling for the total time taken 

to complete the puzzle.  

In line with previous findings, children who used more spatial talk tended to have higher 

scores on the spatial assessments. For instance, Pruden et al. (2011) found that 1- to 3-year-old 

children who produced more spatial language with their parents at home were more likely to 
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perform better on spatial problem-solving tasks at a later age. The current study adds to this past 

finding by replicating the results for children of preschool age and in the context of puzzle play. 

However, the past study measured spatial skills after a period of 8 to 40 months, whereas the 

current study measured spatial skills concurrently. Our finding shows that children who employ 

more spatial talk perform better on spatial assessments at the time that they employ more spatial 

talk, but future work should examine this association for preschool-aged children longitudinally.   

There are several possibilities for why children’s spatial talk with gestures may not have 

been significantly associated with their spatial skills. First, it may be that the children gestured 

naturally during the puzzle activity (e.g., in order to point out and select puzzle pieces) but in 

their daily lives do not normally engage in activities that would facilitate the use of gesture. 

Thus, children who gestured as they interacted with their parents for the study may not gesture 

often otherwise. Second, it is possible that children who employ a large amount of spatial talk 

communicate spatial math concepts adequately and, therefore, do not need to use gesture to 

communicate meaning. As such, gesture may be something that children with smaller spatial 

vocabulary use more often. Similarly, children with high spatial skills may not need to use 

gesture to communicate in the same way children who have lower spatial skills might need to.  If 

the results for child spatial talk and gesture are due to any combination of these possibilities, it 

would reflect past literature by indicating that gesture has a specified role in the development and 

facilitation of spatial learning (Goldin-Meadow et al., 1993; Ehrlich & Goldin-Meadow, 2006). 

Moreover, individual differences in children’s spatial skills may determine the extent to which 

they rely on gesturing to learn.  

The null associations between parent input and children’s spatial skills closely align with 

the findings of Kısa et al. (2019), who found that children’s early spatial comprehension did not 
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predict parents’ spatial talk with gesture. In other words, regardless of whether children aged 16- 

to 21-months-old old had strong or weak spatial comprehension, parents would use spatial talk 

accompanied by gesture with the same frequency. Just as this past study measured parent spatial 

talk, parent gestures, and children’s spatial skills concurrently, the current study’s findings may 

relate to our concurrent measurement of the same variables. It is possible that for preschool-aged 

children, it takes time for spatial talk, accompanied or unaccompanied by gesture, to have an 

effect on children’s spatial skills. Therefore, it is possible that children whose parents employed 

more spatial talk and gestures would perform better on spatial skills assessments after time has 

passed.  

Despite the null associations between parent spatial talk and child spatial skills, child 

spatial talk with gesture was significantly correlated with overall parent spatial talk, parent 

spatial talk accompanied by gesture, and parent spatial talk unaccompanied by gesture. These 

findings replicate those of Pruden et al. (2011), who found that parents who employed more 

spatial talk had children who employed more spatial talk. Considering this association between 

parent and child spatial input, along with the finding that parents’ spatial word production was 

correlated with children’s early spatial word comprehension (Kısa et al., 2019), there is a 

potential association: more parental spatial input may lead to more child spatial language, which 

in turn may be associated with better child spatial comprehension. Combining the findings from 

Pruden et al. (2011) and the current study, it is possible that parent spatial talk operates through 

child spatial talk to affect child spatial skills. Although the study by Pruden et al. (2011) used 52 

parent-child dyads, the instances of spatial talk were recorded during naturalistic observations 

over nine visits, yielding much higher frequencies. In their study, the effect size of the relation 

between parent and child spatial talk was r = .70. In contrast, in the current study the effect sizes 
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between parent total spatial talk, spatial talk with and without gesture, and the corresponding 

child spatial talk ranged from .19-.27 only. It is possible that the nature of our task, a goal-

directed spatial assembly task, elicited varying levels of parent and child spatial talk and thus 

much smaller associations, possibly also resulting in the lack of an association between parents’ 

spatial talk and children’s spatial skills.  

Future longitudinal research is needed to further examine the role of spatial talk with and 

without gestures on children’s spatial skills. Overall, the findings highlight that gesture may have 

a specific role in facilitating early learning, and they lay the groundwork for future studies to 

explore this role further.  

Strengths and Limitations 

 One strength of the current study is that we controlled for the total time taken to complete 

the task. Because some parents took longer to complete the puzzle with their children, they had 

more opportunities for spatial talk and gesture. By controlling for total task time, we could adjust 

for the possibility that these dyads with higher frequencies of gesture and spatial talk would not be 

judged as using spatial talk and gesture more than dyads who completed the puzzle faster. 

Additionally, our sample very closely reflects the racial and ethnic diversity of the Pittsburgh 

population, purposefully including a large proportion of dyads from backgrounds typically 

underrepresented in research, and thereby increasing the generalizability of our results.  

 However, the current study also has several limitations. As mentioned before, the data for 

the study were collected concurrently and were based on observations. Not only does this prevent 

us from knowing whether it may take time to see an effect of spatial talk and gesture on children’s 

spatial skills, but we also do not know the direction of the relation of our significant finding. It is 

possible that children who use spatial talk without gesture develop better spatial skills, and it is 
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also possible that children’s spatial talk without gesture reflects the extent of their spatial 

knowledge. Experimental studies are needed to determine whether child spatial talk without 

gesture is causally related to children’s spatial skills. For example, children’s spatial skills can be 

assessed before and after dyadic interactions involving various spatial tasks between randomly 

selected parents and their children.  

 Furthermore, due to the structured nature of the puzzle activity, the task may not be 

reflective of daily interactions between parents and children. Although the puzzle activity was 

selected to allow parents and their children to use spatial talk (e.g., rotation, translation, location, 

direction) and gesture (e.g., pointing to shapes, drawing shapes in the air), it may be atypical for 

some participants to complete a puzzle with their parent in a limited amount of time. The task 

structure also may not be conducive to the types of gesture that are most beneficial for children’s 

learning. Parents and children by far used more deictic gestures than iconic (or manipulative for 

parents), but it is possible that these underrepresented gestures are more beneficial for early 

learning. According to past research, iconic gestures convey additional information and relations 

between spatial concepts that are not found in the accompanying speech (Stanfield & Özçalişkan, 

2014). Thus, a task that is more conducive to iconic gestures may uncover important findings about 

children’s spatial learning. For example, a virtual game that uses shapes with changing features 

may elicit iconic gestures more than a puzzle where only the location of the shapes changes, not 

the shapes themselves. 

 Another limitation of the study is the sample size. Because the sample size is relatively 

small, the study may have low statistical power, increasing the likelihood of a false negative 

association. In other words, some null associations may become significant with a larger sample 

size. Considering that a Pearson’s correlation revealed a positive correlation between parent and 
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child spatial talk with gesture, we might see a link between parent spatial talk and child spatial 

skills with a larger sample. Additionally, the small sample size prevented us from controlling for 

factors that are commonly associated with children’s development, like parent education and 

socioeconomic status. 

Future Directions 

 The current study is the first to examine spatial talk, gesture, and spatial skills in the context 

of parent-child interactions. Its limitations lay the groundwork for future studies to explore this 

topic further. First, future research should aim to perform a longitudinal study that measures 

children’s spatial skills and parent-child use of spatial talk and gesture at various time points. This 

will allow us to investigate whether parental use of spatial talk and gesture takes time to have an 

effect on children’s spatial skills, and it will allow us to speculate about direction of causality.  

 To address the limitation concerning the structure of the puzzle activity, future studies 

should investigate spatial talk and gesture through naturalistic observation. Some parents and 

children rarely have the opportunity to sit down and complete uninterrupted learning activities, so 

to observe the parent-child dyads naturalistically would help generalize the results to their 

everyday interactions. One study naturalistically observed parents and children in their homes and 

found that there is variability in the language and gestural input that parents provide (Kyger, 2014), 

indicating that this study design is a plausible way to study parent-child interactions. Future studies 

could also focus on the diversity of spatial talk and gesture rather than the frequency. For example, 

investigating associations within specific categories of spatial talk and gesture can reveal which 

types of spatial talk and gesture are most beneficial for children’s spatial skills.  

 Another potential future direction of this research can explore what might facilitate 

children’s spatial talk. Our significant finding for children’s spatial talk in relation to their spatial 



GESTURAL AND SPATIAL INPUT AND CHILD SPATIAL SKILLS 20 
 

skills suggests that it is important for children to employ spatial talk. Because this study examined 

frequencies of spatial talk, however, we do not know whether children’s spatial utterances were 

simply responses to parent spatial utterances or if children were motivated to use spatial talk in 

particular periods of the conversation (e.g., if the parent asked more questions, if the puzzle activity 

was just beginning). Thus, a conversational or sequential analysis of parent-child interactions is 

warranted. Future research can also examine whether spatial and gestural input is more beneficial 

for children of different ages. Perhaps gesture is more beneficial at an earlier age when children 

have a less expressive spatial vocabulary, and perhaps spatial talk is more beneficial at a later age 

when their spatial word comprehension improves. It is also possible that gestures are used 

differently by parents and children once children’s spatial skills surpass a certain threshold. For 

example, maybe children begin using more iconic gestures once they can more easily understand 

the spatial concepts that typically accompany these gestures.  

 As previously mentioned, the sample can be improved for future studies. Increasing the 

sample size will increase statistical power and reduce the chance of false negative associations. 

Additionally, because the current study did not control for socioeconomic status (SES), and 

because past research has shown that there are SES differences in children’s early math skills 

(Elliott & Bachman, 2018), future research should examine dyadic interactions with families from 

varying SES backgrounds. 

Conclusion 

 Spatial language input has the potential to aid children’s development of spatial skills, and 

gesture may have a specific role in facilitating this aid. We found that child spatial talk without 

gesture is positively associated with children’s spatial skills, controlling for total task time. Our 

results provide insight into the role of gesture in the context of spatial talk, adding to an area of 
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work that is primarily concerned with spatial talk alone. This study also has broader implications 

for parent-child interactions in the context of play; activities in the home as simple as completing 

a puzzle together are potentially significant in the development of children’s spatial skills, and 

parents can help their children by facilitating these interactions throughout their day.  
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Table 1  

Frequencies of Parent Gesture and Spatial Talk Types During Puzzle Activity  

 Gesture Type 
   
 

Spatial Talk Type 

Deictic Iconic Manipulative 
M (min-max) SD M (min-max) SD M (min-max) SD 

Shapes 
 

4.98 (0-19) 4.24 .55 (0-5) .97 0 (0-0) 0 

Spatial features 
 

.91 (0-8) 1.70 .27 (0-3) .70 0 (0-0) 0 

Continuous amount 
 

4.38 (0-20) 4.02 .70 (0-5) 1.19 .05 (0-1) .23 

Location and direction 
 

8.57 (1-42) 6.88 1.25 (0-8) 1.71 .13 (0-2) .38 

Deictic 
 

7.96 (1-17) 4.27 .63 (0-5) 1.07 0 (0-0) 0 

Spatial dimensions 4.98 (0-19) 4.24 .46 (0-8) 1.28 0 (0-0) 0 
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Table 2 

Frequencies of Child Gesture and Spatial Talk Types During Puzzle Activity

 Gesture Type 
 Deictic Iconic 
 
Spatial Talk Type 

M (min-max) SD M (min-max) SD 

Shapes 
 

.75 (0-5) 1.24 .07 (0-1) .26 

Spatial features 
 

.20 (0-2) .52 .02 (0-1) .13 

Continuous amount 
 

.45 (0-4) .83 .04 (0-1) .19 

Location and direction .89 (0-5) 1.32 .13 (0-2) .38 

Deictic 
 

1.68 (0-10) 2.27 .07 (0-1) .26 

Spatial dimensions .75 (0-5) 1.24 .05 (0-1) .23 
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Table 3 

Correlations Between Parent and Child Spatial Input and Child Spatial Skills 

*p<.05, **p<.01, ***p<.001 

 

 

 

  

Variable M SD 1 2 3 4 5 6 7 8 9 10 
1. Parent spatial 
talk (ST) 

66.57 27.76 ––          

2. Parent ST w/  
    gesture 

22.36 12.24 .86*** ––         

3. Parent ST w/o  
    gesture 

44.21 18.39 .94*** .63*** ––        

4. Child ST 20.55 11.47 .26 .18 .27* ––       

5. Child ST w/  
    gesture 

3.88 3.59 .34* .27* .33* .54*** ––      

6. Child ST w/o  
    gesture 

16.68 9.99 .18 .12 .19 .95*** .26 ––     

7. TBPA scores .36 .28 -.03 -.03 -.02 .19 -.17 .28* ––    

8. GS scores .34 .18 -.08 -.09 -.05 .13 -.15 .21 .57*** ––   

9. CMTT scores .46 .16 -.06 -.19 .04 .20 -.08 .20 .50*** .42** ––  

10. Spatial skills  
      composite 

.03 .81 -.07 -.13 -.01 .22 -.10 .28* .85*** .81*** .78*** –– 
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Table 4 

Regression Analysis Summary for Spatial Talk and Gesture Predicting Children’s Spatial Skills 

 Parent talk Child talk 
Variables B (𝛽𝛽)  SE B (𝛽𝛽)  SE 
Spatial talk  
    with gesture 
 

-.01 (-.21) .01 -.04 (-.17) .03 

Spatial talk     
    without gesture 
 

.003 (.08) .01 .03* (.35) .01 

Interaction time .03 (.06) .08 -.03 (-.06) .07 
*p<.05 

 


