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ABSTRACT 

 Mental rotation skills predict later achievement in STEM (Wai, Lubinski, & Benbow, 

2009). Prior research shows that children’s mental rotation skills improve after training (Hawes, 

Gilligan-Lee, & Mix, 2022; Uttal et al., 2013). However, most studies have used dynamic stimuli 

where children see objects rotating. We hypothesized that reading books that practice mental 

rotation with only static images could improve children’ mental rotation skills. 

 We preregistered a pretest-training-posttest design with 4- and 5-year-olds (N = 80). 

Children completed a mental rotation assessment at pretest, four to six reading days with an 

experimenter over two weeks in one of two randomly-assigned conditions (Mental Rotation 

Book Condition versus Control Book Condition), and a mental rotation assessment at posttest. 

The Mental Rotation Books involved mental rotation practice while the Control Books did not. 

 Consistent with our hypothesis, condition was a significant predictor of posttest mental 

rotation accuracy, controlling for age, verbal ability, and pretest mental rotation accuracy. 

Children in the Mental Rotation Book condition significantly improved from pretest (M = .59, 

SD = .24) to posttest (M = .75, SD = .21), while the control group did not. However, condition 

was not a significant predictor of posttest mental transformation skills, math achievement, or 

spatial vocabulary, controlling for age, verbal ability, and respective pretest scores. 

Book-reading may be a scalable method for improving mental rotation skills in early 

childhood and warrants further intervention studies using book-reading at home or in schools to 

improve spatial skills. 
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CHAPTER 1 

USING BOOKS TO IMPROVE MENTAL ROTATION SKILLS WITH 4- AND 5-YEAR-
OLD CHILDREN 

 
Early spatial skills are strong predictors of later math achievement (Gunderson, Ramirez, 

Beilock, & Levine, 2012; Lauer & Lourenco, 2016; Mix et al., 2016; Verdine, Irwin, Golinkoff, 

& Hirsh-Pasek, 2014), success in science (Casey, Nuttall, & Pezaris, 1997; Casey, Nuttall, 

Pezaris, & Benbow, 1995), and achievement and pursuit of careers in science, technology, 

engineering, and mathematics (STEM) (Benbow, Lubinski, Shea, & Eftekhari-Sanjani, 2000; 

Humphreys, Lubinski, & Yao, 1993; Shea, Lubinski, & Benbow, 2001; Wai et al., 2009; Webb, 

Lubinski, & Benbow, 2007). The relationship between spatial skills and STEM could be due to 

spatial skills helping students understand dynamic processes, such as transformations involving 

chemical molecules and geological formations, and representations of those processes (e.g., 

through diagrams, maps, and graphs; Uttal et al., 2013). Spatial skills can also help strengthen 

math skills through utilizing spatial visualization (e.g., by creating mental visual models to 

represent complex math problems and relations) and spatial scaling (e.g., by helping children to 

develop a mental number line) (Mix et al., 2016). As early as three years of age, researchers have 

found a relationship between children’s spatial skills and math abilities (Verdine, Golinkoff, et 

al., 2014). Therefore, it is important for research to investigate the development of early spatial 

skills.  

There are significant individual differences in spatial skills even prior to school entry 

(Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2017) suggesting the importance of learning 

experiences children have in early childhood. Luckily, research has found that spatial skills are 

malleable (Uttal et al., 2013). Therefore, early intervention before the start of formal schooling 

could improve children’s spatial skills and support future academic success. Early interventions 
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and exposure to spatial activities may also be beneficial because of the possibility of compound 

gains in other subjects and increased interest and excitement around STEM. Thus, it is important 

to identify specific types of spatial skills that may be particularly beneficial for young children 

and to develop scalable home and school interventions (e.g., books and games) to improve these 

skills.  

In this study, I conducted a book reading intervention with 4- to 5-year-old children at 

school to improve mental rotation skills, a spatial skill that is a strong predictor of achievement 

and later success in STEM careers (Uttal et al., 2013; Wai et al., 2009). I also explored the role 

of the spatial and verbal home leaning environment (HLE) and the beliefs that parents hold about 

their children’s spatial and verbal abilities in order to shed light on whether these factors might 

moderate the effects of the book reading intervention.  
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CHAPTER 2 

MENTAL ROTATION AS A CRITICAL SPATIAL SKILL 

Mental rotation, the ability to mentally rotate an object in order to match it to a reference 

object, is one of the most studied forms of spatial skills since the 1970s (Shepard & Metzler, 

1971). Mental rotation is a type of mental transformation, where mental transformation includes 

both mental rotation and translation (Levine, Huttenlocher, Taylor, & Langrock, 1999). Mental 

rotation abilities are closely related to many areas of mathematics including geometry (Delgado 

& Prieto, 2004), numerical representations (Thompson, Nuerk, Moeller, & Cohen Kadosh, 

2013), and solving mental math problems (Kyttälä & Lehto, 2008). Therefore, it is important to 

study the early development of mental rotation skills as they can transfer to other STEM skills 

and abilities.  

Early Development of Mental Rotation Skills 

Because mental rotation skills are a strong predictor of achievement and later success in 

careers in STEM (Uttal et al., 2013; Wai et al., 2009), more recent research has focused on 

studying the emergence of mental rotation skill in very young children (Hespos & Rochat, 1997; 

Möhring & Frick, 2013). Some studies have found that infants as young as four months of age 

have some level of mental rotation skills, as shown using violation of expectation paradigms 

(Hespos & Rochat, 1997; Möhring & Frick, 2013). Between two and three years of age, toddlers 

begin to make more accurate pre-adjustments in the air when attempting to fit blocks into a shape 

sorter (Pedrett, Kaspar, & Frick, 2020). By three years of age children can more consistently 

choose the correct shaped objects in tasks where they need to use rotation skills to manually 

manipulate objects, such as rotating blocks to fit into a shape sorter (Shutts, Örnkloo, Von 

Hofsten, Keen, & Spelke, 2009).  
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The age at which preschoolers succeed at static mental rotation tasks, such as 

discriminating between different 2D images of rotated objects, ranges from 3 to 5 years (Estes, 

1998; Frick, Ferrara, & Newcombe, 2013; Frick, Hansen, & Newcombe, 2013; Hawes, Moss, 

Caswell, & Poliszczuk, 2015; Krüger, Kaiser, Mahler, Bartels, & Krist, 2014; Marmor, 1975; 

Noda, 2010). The earliest studies of preschoolers’ mental rotation skills used static images 

adapted from Shepard and Metzler’s (1971) adult mental rotation task. In the original task, adults 

were shown two images and had to use mental rotation to determine if the two images were the 

same or different when rotated in 3D space (see Figure 1a). The researchers found that as the 

angular discrepancy between the two stimuli increased, so did the mean reaction time. This result 

implicates an analog mental simulation of rotation through space, where the larger the angle of 

rotation, the longer the reaction time because it takes longer to mentally rotate the image. 

Marmor (1977) developed a simpler and less cognitively demanding version of the Shepard and 

Metzler task for 4- to 5-year-old children (see Figure 1b). In this simplified task, children were 

shown two images that were the same or two images that were different, where one image was 

the mirror image of the other. Preschoolers were asked to pull a lever on the left if they thought 

the images were the same, or pull a lever on the right if they thought the images were different. 

This task used more child-friendly images instead of abstract geometric shapes, and the images 

were rotated in a 2D plane rather than a 3D plane, making it easier and more age appropriate 

(Marmor, 1977). Despite these modifications, this task still placed relatively high cognitive 

demands for young children, as they had to mentally rotate images in their head while 

remembering which lever to pull.  

Although Marmor’s (1977) study found that 4-year-olds could perform above chance, 

researchers have challenged these findings as they could not be replicated (Estes, 1998; 



 

 
 

5 

Newcombe, 2002). Dean and Harvey (1979) failed to replicate Marmor's (1997) findings even 

when using a similar task with 4- to- 6-year-olds. They found that all children scored at chance 

levels for this task (Dean & Harvey, 1979). Another study by Krüger and Krist (2009) created a 

similar task but used pedals to select the correct answer. In that study, only 60% of 6-year-olds 

scored above chance (Krüger & Krist, 2009).  

Figure 1 

Examples of Prior Mental Rotation Tasks  

 

Note: (A) Shepard and Metzler (1971), (B) Marmor (1977), (C) Quaiser-Pohl (2003), (D) Frick, 
Hansen and Newcombe (2013) 

 
 In order to address these inconsistent findings, Quaiser-Pohl (2003) developed the Picture 

Rotation Test (PRT), a mental rotation test for children ages 4-6 years old (see Figure 1c). For 

this test, children saw a target image and three 2D rotated images beside the target, two of which 

were mirror images of the target and one that was identical. Children were asked to identify 

which one of the three images was identical to the target image if it were right side up. This task 

introduced several modifications to better capture children’s mental rotation skills. First, to 

increase child engagement, the images were chosen to be more child friendly and relatable than 
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those used in prior studies. Instead of black and white geometric shapes, this task used colorful 

pictures of people and animals. Second, children chose their response based on three possible 

answer choices rather than two, making it easier to detect above-chance responding. Third, 

children were able to point to their answer directly instead of pulling on a corresponding lever, 

making the task instructions less cognitively demanding. Lastly, their reaction time was not 

factored in, so children could take their time to choose their answer. Using this task, children 

ages 5 years and up on average scored above chance (Quaiser-Pohl, 2003). Consistent with 

previous studies’ findings, Quaiser-Pohl (2003) found that accuracy on this task decreased as 

angle of rotation disparity between the answer choices and the target image increased, suggesting 

that children used an analog mental rotation process similar to adults.  

 Another study by Frick, Hansen and Newcombe (2013) designed a 2D mental rotation 

task to further decrease the cognitive demands on 3- to 5-year-olds with the goal of more directly 

testing their mental rotation ability (Figure 1d). In this mental rotation task, children were shown 

a target image which was a circle with a shape cut out of it, and then two other images, one a 

mirror image of the other. If the two choice images were turned upright, one would fit in the 

target image hole. Preschoolers were asked to rotate the images in their mind to figure out which 

image would fit inside the hole. To lower the cognitive demand, children were allowed to choose 

the image directly instead of pulling a lever. They were also shown more engaging images of 

ghosts rather than abstract cubes. To make the task less difficult they also chose the correct 

answer out of two choices, rather than three (Quaiser-Pohl, 2003) or four (Vandenberg & Kuse, 

1978). Though having two choices makes it more difficult to detect above chance performance, it 

may make the task less cognitively demanding.  
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Using this task design, Frick, Hansen and Newcombe (2013) conducted two experiments, 

the first with 3- to 5-year-olds and the second with 4- to 5-year-olds. In the first experiment, 

children manipulated physical shapes and were able to pick up the two answer choices and rotate 

them to see if they would fit in the target image hole. They found that mental rotation 

significantly improved from age 3 to age 5, and that 10% of 3-year-olds, 40% of 4-year-olds and 

95% of 5-year-olds scored above chance. That translates to 54% accuracy for 3-year-olds and 

83% accuracy for 5-year-olds. Again, accuracy decreased as angle of rotation increased. These 

results suggest that reducing the answer choices to two options and giving children more 

informative feedback, along with the ability to physically manipulate the stimuli and test out 

their answers, made the task easier and less cognitively demanding for young children.  

 In their second experiment, Frick, Hansen and Newcombe (2013) focused on 4- to 5-

year-olds with a similar task except that the stimuli were 2D images that could not be physically 

manipulated. This is more in line with other mental rotation tasks that are in 2D format, for 

example, using plywood panels (Marmor, 1977), paper (Quaiser-Pohl, 2003; Vandenberg & 

Kuse, 1978) or computer screens (Estes, 1998; Frick, Daum, Walser, & Mast, 2009; Funk, 

Brugger, & Wilkening, 2005; Kosslyn, Margolis, Barrett, Goldknopf, & Daly, 1990; Krüger & 

Krist, 2009). The researchers found that 35% of 4-year-olds and 65% of 5-year-olds performed 

above chance (Frick, Hansen, et al., 2013). Compared to the first experiment, 4-year-olds 

performed similarly, but 5-year-olds performed significantly worse. It is possible that 5-year-olds 

performed worse in the second experiment because children were not able to physically 

manipulate the choices and gain that informative feedback of the ghost fitting in the hole or not. 

However, 4- and 5-year-olds still performed better than in previous mental rotation tasks, 

possibly due to the lower cognitive demands of the task.  
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In summary, even infants as young as 4 months have some level of understanding of 

mental rotation, as they are able to anticipate and identify the projected rotation of objects 

(Hespos & Rochat, 1997; Möhring & Frick, 2013). By two years of age, children are able to 

manually preadjust shapes in the air in anticipation of how they would fit into a shape sorter 

(Pedrett et al., 2020). Further, by decreasing the cognitive demands of tasks that involve mentally 

rotating static 2D images in a multiple-choice task, researchers showed that children as young as 

4 years old are able to score above chance.  

Interventions to Improve Young Children’s Mental Rotation Skills 

 Given the strong correlation between spatial skills such as mental rotation and math 

achievement, it is of interest to understand how interventions can be implemented to train these 

key spatial skills (Hawes et al., 2022; Uttal et al., 2013). In a meta-analysis, Uttal et al. (2013) 

found that across 217 studies of spatial skills training, studies that involved training mental 

rotation were effective not only in increasing accuracy and response time on mental rotation 

tasks but also led to improved accuracy on trials with objects that were rotated with greater 

angles. Another meta-analysis by Hawes, Gilligan-Lee, and Mix (2022) looked at 29 studies to 

assess the effects of spatial training interventions on spatial skills between ages 3 and 20 years. 

Their meta-analysis focused mainly on training of spatial visualization skills which include 

mental rotation and found medium effect sizes for spatial training on spatial skills for the training 

groups compared to control groups, indicating that spatial training did improve spatial thinking.  

However, despite overall positive effects of mental rotation training in these meta-

analyses, it is not clear whether these positive effects extend to preschoolers because most 

studies focused on older children. Uttal et al. (2013)’s meta-analysis focused on studies with 

children older than 6 years of age and found no moderation with age, meaning that the 
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magnitude of the effect of spatial training did not depend on students’ age. Alternatively, the 

more recent meta-analysis by Hawes, Gilligan-Lee, and Mix (2022), which included studies with 

children as young as 3 years of age, found that there were larger effects of spatial training on 

math outcomes at older ages than at younger ages. However, Hawes et al. (2022) did not 

examine whether age moderated the effect of spatial training on spatial skills, leaving open the 

question of whether spatial training is similarly effective among preschoolers as among older 

children and adults.  

Although there are interventions that involve spatial training for preschool age children to 

improve their math and executive functioning (Schmitt, Korucu, Napoli, Bryant, & Purpura, 

2018), mental transformation (Xu & LeFevre, 2016), and visuo-spatial ability (Cornu, Schiltz, 

Pazouki, & Martin, 2019), only a few studies to date have specifically studied mental rotation 

training effects on children younger than 6 years of age. One such study by Frick, Ferrara, and 

Newcombe (2013) tested a mental rotation training with preschool children between 3 ½ and 5 ½ 

years of age. In this study, children were randomly assigned to one of three training conditions: 

some children were trained by manually rotating images themselves, some children learned 

through observation, and some children received no experience before completing a mental 

rotation task on a touch screen. Children in the manual experience condition completed trials 

using blue pieces of cardboard with shapes cut out of them, with a shape that either fit or didn’t 

fit in the holes (see Figure 2a). Children manually turned the shapes to fit in the holes. On each 

trial, the piece either fit in the hole with translation and rotation, or the piece was a mirror image 

of the correct shape, so the shape wouldn’t fit in the hole when rotated. At the beginning of each 

trial, children were asked to guess whether the shape would fit in the holes, and then children 

manually checked their answers by rotating the shapes. Children in the observation condition 
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were presented with the same trials, but after the children made their initial guess, the 

experimenter manually rotated the shapes to see if they would fit in the holes. Lastly, in the no 

experience condition, children received no training and went straight into the main experiment.  

After the experimental manipulation, all children  played a similar game on the computer 

(Frick, Ferrara, et al., 2013), in which they were shown a shape and two holes and asked to point 

to whichever hole the shape would fit in (see Figure 2b). One hole was always a mirror image of 

the other one. There were 16 trials, and the shapes were shown in 8 different angle disparities 

from 0° to 180°. The researchers found that 3.5- to 4.5-year-olds performed at chance at all 

angular disparities whereas error rate and reaction time increased as the angular disparity 

increased for 4.5- to 5.5-year-olds. There were no training effects for 3.5- to 4.5-year-olds. 

However, manual and observational training were both successful for improving response 

accuracy for 4.5- to 5.5-year-olds. Interestingly, the findings showed no evidence that manual 

training was any more successful than learning through observation; it was equally beneficial if 

the child observed the object being rotated or physically manipulated it themselves (Frick, 

Ferrara, et al., 2013; Levine, Goldin-Meadow, Carlson, & Hemani-Lopez, 2018). 
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Figure 2 

Mental Rotation Task by Frick, Ferrara, et al. (2013) 

 

Note: Stimuli presented in mental rotation task from Frick, Ferrara, et al. (2013). (A) Training 
trials. (B) Test trials.  
 
 A more recent mental rotation training study with 3- to 5-year-olds had a much higher 

dosage of training (Fernández-Méndez, Contreras, & Elosúa, 2018). This study took place over 

three days instead of one and included 48 mental rotation trials and 14 practice trials that 

increased in difficulty in terms of angle of rotation with each training day. The training sessions 

involved a modified ghost puzzle task where children needed to select which of two images 

could be translated or rotated to fit in a target image (Frick, Hansen, et al., 2013). Children were 

able to manually manipulate the images once they selected their answer to see if the image could 

be rotated to fit in the target image, a procedure which allowed them to receive feedback on their 

correctness. Researchers measured improvement in mental rotation ability by having children 

complete the Picture Rotation task (Quaiser-Pohl, 2003) at pretest and posttest. They found that 

4- to 5-year-old children, but not 3-year-old children, significantly improved their mental 

rotation abilities from pretest to posttest in the training condition compared to a control condition 

that did not complete any mental rotation training. It is possible that their success in training 
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children younger than 5 years could be due to the increased dosage in comparison to Frick and 

colleagues’ (2013) study.    

 In order to explore further whether increasing the dosage of mental rotation training 

could improve success for younger children, Hawes et al. (2017) implemented a longer 32-week 

teacher led spatial training intervention with kindergarten through second grade students. Over 

the course of the 32-week intervention, children completed on average 47 hours of spatial 

training by their teacher in their classroom. Children worked on spatial training intervention 

activities to improve skills such as their spatial language, visual-spatial reasoning, 2D mental 

rotation, and symbolic number comparison. The researchers  found that compared to an active 

control group, 4- to 7-year-old children in the spatial intervention group significantly improved 

their mental rotation skills (Hawes, Moss, Caswell, Naqvi, & MacKinnon, 2017). This study 

showed that 4- to 7-year-old children can improve their mental rotation skills in a classroom 

when the intervention is carried out by their teacher for multiple weeks.  

 In a related line of research, Wakefield et al. (2019) investigated the impact of mental 

rotation training with children gesturing rotation versus physically rotating an object. In an initial 

study, 4- to 6-year-olds participated in various training conditions, including physically rotating 

stimuli (Act condition), gesturing rotation on a touchscreen and seeing the image move in 

response (Enact condition), tracing the rotation path with their finger and seeing the image move 

in response (Trace condition), making rotational hand gestures without seeing the image move in 

response (Gesture condition), and tapping the image on a touchscreen and seeing the image 

move in response (Tap condition). While all children improved, boys benefited most from the 

Gesture condition where they gestured rotation without seeing the outcome, whereas girls 

benefited from all conditions. In a second study, the researchers explored the Gesture condition 
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further, introducing an Imagine condition where children imagined rotation without gesturing. 

Boys performed better in both Gesture and Imagine conditions compared to a condition with 

visible outcomes, suggesting they benefit from not seeing the outcome of rotation rather than the 

gesturing itself. Conversely, girls improved significantly only in the Gesture condition, 

indicating they benefit most from gesturing movements (Wakefield et al., 2019). 

Although not focused on mental rotation, several other studies involving spatial training 

with children younger than six years provide support for the malleability of children’s spatial 

skills at this age (C. A. Bower & Liben, 2021; C. Bower et al., 2020; Cornu et al., 2019; Hawes 

et al., 2022, 2017; Schmitt et al., 2018; Xu & LeFevre, 2016). For example, a spatial training 

study by Bower et al. (2020) didn’t investigate mental rotation as a dependent variable explicitly, 

but did show that young children can improve their spatial skills through spatial training that 

includes mental rotation training. This study investigated only 3-year-olds and focused on 

training multiple spatial skills (e.g., mental rotation, spatial visualization, and spatial scaling) 

using a variety of strategies to teach these skills (C. Bower et al., 2020). For spatial training, this 

study used a modified Test of Spatial Assembly (2D TOSA; adapted from Verdine et al., 2017), 

where children were asked to build various objects to match a target image using 2D cutout 

shapes. Spatial training took place once a week for five weeks, for ten minutes per session with a 

trained experimenter. This study investigated whether spatial assembly skills could improve 

through training, and whether 2D spatial assembly skills could transfer to 3D spatial assembly 

skills (3D TOSA; adapted from Verdine et al., 2017). Experimenters also manipulated what type 

of corrective feedback children received during training. Children were randomly assigned to 

either receive simple corrective modeling feedback, informative gesture feedback, corrective 

spatial language feedback, or a “business-as-usual” control group. They found that children in all 
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training conditions increased their 2D TOSA skills from pretest to posttest compared to the 

“business-as-usual” control group, although this did not transfer to 3D TOSA skills or math 

achievement. Although this study didn’t directly focus on mental rotation training, it did show 

that children as young as 3 years of age can benefit from all types of spatial training tested, and 

that modeling feedback and gesture feedback showed the greatest gains in spatial skills. 

However, we cannot make any conclusions about how spatial training could lead to gains in 

mental rotation ability with this age group since mental rotation wasn’t explicitly investigated as 

a dependent variable.  

In sum, there is limited research on mental rotation training studies with preschoolers, 

and there is a lack of consensus among researchers about what age mental rotation training 

interventions are useful and effective. There is some evidence that mental rotation training can 

be useful for even 4- to 5-year-olds (Fernández-Méndez et al., 2018). However, other researchers 

have argued that mental rotation interventions are not helpful for children younger than 5 years 

of age (Frick, Ferrara, et al., 2013). More research is needed to determine at what age mental 

rotation training is most effective and what methods to use in order to improve early mental 

rotation abilities.  

Gender Differences in Mental Rotation Skills 

 There has also been a large body of research on gender differences in mental rotation 

ability (Halpern et al., 2007; Levine et al., 1999; Linn & Petersen, 1985). However, research is 

split on the age of onset and strength of these gender differences. Some researchers found this 

gender gap to only consistently begin around adolescence and adulthood (Halpern et al., 2007; 

Hyde, 1981; Linn & Petersen, 1985), whereas others have found this gender gap to begin as early 

as preschool (Levine et al., 1999). Further, although some studies find large and consistent 



 

 
 

15 

gender differences in mental rotation ability favoring males (Masters & Sanders, 1993; Nordvik 

& Amponsah, 1998), others find only small effect sizes (Delgado & Prieto, 2004; Voyer, Voyer, 

& Bryden, 1995). A meta-analysis by Lauer, Yhang, and Lourenco (2019) reviewed 303 effect 

sizes of gender differences in mental rotation over development and found that while there was 

only a slight male advantage during early childhood (effect size of g = .20 at age 3 to 7 years, the 

effect size of the gender difference grew to a moderate effect size during adolescence (g = .54 by 

age 13 to 17 years).  

There is no definitive explanation for why these gender differences emerge. One possible 

theory to explain the gender differences in mental rotation ability is environmental factors. 

Playing with more male-gendered activities such as blocks and construction toys has been shown 

to positively correlate with mental rotation abilities (Baenninger & Newcombe, 1989; Jirout & 

Newcombe, 2015). Therefore, it could be that activities that promote mental rotation skills are 

being gender stereotyped, leading to parents encouraging boys to play with them more than girls.  

Overall, research has shown only a slight male advantage in mental rotation skills during 

early childhood, but that the effect size of the gender difference grew to a moderate effect size 

during adolescence (Lauer et al., 2019). However, it is uncertain where these gender differences 

arise from. Future research is needed to better understand the causes of gender differences in 

mental rotation skills. Here, we chose to investigate the impact of training spatial skills via 

books, which are viewed as more gender neutral compared to other spatial toys such as blocks. If 

effective, the present study may lead to scalable intervention materials that engage more young 

girls to practice these critical spatial skills. 
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CHAPTER 3 

THE SPATIAL HOME LEARNING ENVIRONMENT 

Gender Differences in Children’s Spatial Home Learning Environment 

 Many spatial activities such as blocks, construction toys, and computer games that have 

been shown to improve spatial skills have been gender stereotyped and considered mostly male 

gendered activities (Connor & Serbin, 1977; De Lisi & Wolford, 2002). For example, Connor 

and Serbin (1977) created a list of activities that preschoolers engage in and categorized each 

activity as male-gendered or female-gendered. They then tested these categorizations by 

observing children in their classrooms to see what types of activities preschool boys and girls 

actually chose to play with. Their results showed that boys played with male-gendered toys such 

as blocks and construction toys significantly more than girls did. The finding that boys played 

more with male-gendered spatial toys is important because these types of toys elicit more spatial 

language from parents (e.g., Casasola et al., 2020). Spatial language refers to language such as 

“above”, “near”, “rotate”, “upside down”, etc. (Pruden, Levine, & Huttenlocher, 2011) and 

research has shown that children who hear more spatial language have higher spatial skills 

(Casasola et al., 2020; Polinsky, Perez, Grehl, & McCrink, 2017; Pruden & Levine, 2017; 

Pruden et al., 2011). Therefore, boys may have an advantage over girls due to parents being more 

engaged and using more spatial language during spatial play. 

Even spatial activities that are not strongly gender-stereotyped, such as puzzles, which 

boys and girls have been found to play with equally often, may still differ in the quality of play 

that children experience when playing with their parents (Levine, Ratliff, Huttenlocher, & 

Cannon, 2012). Specifically, Levine et al. (2012) found that parents were more engaged and used 

more spatial language when playing with puzzles with their sons than their daughters. Previous 
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studies have also found that parents use more spatial language with boys during play in 

naturalistic play activities (Levine et al., 2012; Pruden & Levine, 2017). However, other studies 

have found no gender differences in parents’ spatial language. In a study where parents were 

explicitly encouraged to use spatial language with their 4-year-old children during block play, 

parents used a similar amount of spatial language with their sons and daughters (Polinsky et al., 

2017). In another study examining 7-8-year-olds completing structured spatial tasks with their 

fathers and mothers (e.g., Etch-a-Sketch and block construction tasks), there were again no 

differences in parents’ spatial language to sons versus daughters (Ren, Wang, Weinraub, 

Newcombe, & Gunderson, 2022). Based on these findings, the differences between boys’ and 

girls’ engagement in spatial activities could be due to children's interests, children’s abilities, or 

parent’s beliefs about their children's interest and abilities influencing what activities they 

purchase for and engage in with their children. Therefore, our current study creates a more 

gender-neutral activity, book-reading, that incorporates spatial language and encourages gesture 

naturally instead of relying on parents to engage in these activities to promote learning on their 

own.  

Challenges to Current Spatial Activities as Scalable Interventions 

Although studies have shown repeatedly that spatial activities are beneficial for children's 

developing spatial skills, increasing the quantity of spatial activities at home such as play with 

blocks, puzzles, and video games has some practical challenges. First, these types of spatial 

activities are expensive, and families of low socioeconomic status (SES) may not be able to 

afford them. Consistent with this, Levine et al. (2005) found that children from higher SES 

groups performed better than lower SES groups on spatial transformation tasks and argued that 

lack of funds to buy spatial activities may be the cause, although this was not explicitly tested 
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(Levine, Vasilyeva, Lourenco, Newcombe, & Huttenlocher, 2005). Among studies that have 

explicitly investigated SES differences in spatial home learning environments, there have been 

mixed findings on frequency of home spatial play for low-SES and high-SES children. A study 

by Jirout and Newcombe (2015) found no SES differences in parent-reported frequency of 

engaging their children in spatial activities at home compared to high-SES parents. In contrast, 

Levine et al. (2012) found that parents who had more years of education and greater income 

were observed at home playing more frequently with puzzles. Although there are several 

differences between these studies, one possible explanation for the discrepant findings is a 

disconnect between self-reported frequency of play and observed frequency of play.  

Second, gender biases in parents’ beliefs about their children’s toy preferences could 

discourage parents from buying spatial activities for their daughters and encourage buying them 

for their sons. Many spatial activities are targeted towards boys in stores, so parents might 

simply purchase activities that are marketed to make them believe these toys align with their 

child’s interests. This could be why girls have been found to play with spatial toys less than boys 

and could be a contributing factor to the gender gap in spatial skills (Jirout & Newcombe, 2015).  

Third, having spatial activities at home doesn't guarantee that there will be high-quality 

parent-child interactions with these activities. Having high-quality parent-child interactions 

requires parents to have the time and motivation to engage in spatial play activities with their 

child (rather than allowing the child to play alone) and may require parents to know of the 

importance of spatial language and gesture while engaging with their children (Borriello & 

Liben, 2018; Polinsky et al., 2017). To address these issues this current study uses books that 

practice spatial skills, a less expensive educational activity that encourages parent-child  
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interactions and reduces the reliance on parents’ prior knowledge by creating a more guided play 

experience (Weisberg, Hirsh-Pasek, & Golinkoff, 2013; Zosh et al., 2018). 
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CHAPTER 4 

BENEFITS OF BOOK READING FOR EARLY COGNITIVE DEVELOPMENT 

 Considering the drawbacks of dynamic spatial toys such as blocks, an alternative learning 

activity that mitigates these drawbacks is book-reading. Books can be inexpensive or free at 

schools and libraries, are gender neutral and appealing to both girls and boys (Baroody & 

Diamond, 2013), and create opportunities for high quality parent-child interactions through 

reading. Book reading has been successfully used in previous research as a tool to promote 

higher quality parent-child interactions (Gibson, Gunderson, & Levine, 2020; Mol, Bus, De 

Jong, & Smeets, 2008; Purpura et al., 2021; Szechter & Liben, 2004) and teacher-child 

interactions (van den Heuvel-Panhuizen, Elia, & Robitzsch, 2016) in many different subjects.  

Books may also be especially helpful in addressing the gender gap between boys and 

girls as girls might be more likely to learn from books than boys (van den Heuvel-Panhuizen et 

al., 2016). Supporting this, in a study from the Netherlands, teachers were trained by researchers 

to read books that incorporated math learning in order to improve kindergartners’ math skills 

(van den Heuvel-Panhuizen et al., 2016). Teachers were randomly assigned to a book-reading 

intervention group or a business-as-usual control group. After the three-month intervention, the 

children were assessed on their number, measurement, and geometry skills. The children in the 

intervention group did better at posttest than the control group, but not significantly. However, 

girls in the intervention group significantly increased their number, measurement, and geometry 

scores while boys did not, and the effect size for girls was three times higher than boys (van den 

Heuvel-Panhuizen et al., 2016). The finding that girls improved so much more than boys 

suggests that girls may learn better from book-reading contexts than boys (Casey, Erkut, Ceder, 
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& Young, 2008), or that girls have more positive beliefs about book-reading than boys (Wigfield 

& Guthrie, 1997). 

Correlations Between Book Reading and Children's Spatial Skills  

 While there is much research on the benefits of book-reading for children's math (Gibson 

et al., 2020; Purpura, Napoli, Wehrspann, & Gold, 2017; Purpura et al., 2021; Szechter & Liben, 

2004; van den Heuvel-Panhuizen et al., 2016) and literacy skills (Huebner & Meltzoff, 2005); 

Lever & Sénéchal, 2011; Mol et al., 2008), there is limited research on the potential benefits of 

book-reading for children's spatial skills. One study by Szechter and Liben (2004) investigated 

whether the quantity and quality of parent spatial talk and behaviors during book-reading 

significantly related to children's performance on spatial-graphic measures, which involve 

representations such as drawings or maps. In this study, experimenters observed parents reading 

the book Zoom to their preschool children to understand the role of parent input in children's 

spatial-graphic understanding. This particular book was chosen because it offers opportunities to 

talk about spatial-graphic representations as each page is a more distant zoomed out vantage 

point of a picture. Parents were recorded reading to their children, and those recordings were 

coded for behaviors such as using spatial language, asking questions, and gesturing. After the 

book-reading session, children completed spatial-graphic assessment, which included showing 

children six pictures of the same object taken from farther and farther distances and arranging the 

pictures in the correct order. The researchers found that parents who spoke and gestured more 

about spatial relations and concepts had children who scored higher on the spatial-graphic 

assessments. Although this study found a correlation between these parent behaviors and 

children's spatial skills, it does not prove a causal relationship. Our current study aims to further  
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our understanding of this relationship by using book reading as means to encourage spatial talk 

and gesture during mental rotation practice in order to improve children’s mental rotation skills. 
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CHAPTER 5 

THE CURRENT STUDY 

The current study aims to determine whether a book-reading intervention can be used to 

improve children’s spatial skills, specifically focusing on mental rotation skills with 4- and 5-

year-old children. Although the ultimate goal of this line of research is to determine whether 

book-reading can be an effective intervention for mental rotation skills when implemented by 

parents and teachers, this initial study tested the effectiveness of the books when read by an 

experimenter. This ensured more consistency in the book-reading experience between children 

and fewer distractions compared to parents reading to their children at home. Using a book 

format is also significant because, other than the first two practice questions in each book, 

children cannot see the outcome of the rotation. Nearly all prior studies have used either physical 

intervention materials such as blocks and puzzles or animated rotated images on a tablet screen 

in which children could see the outcome of the rotation by physically manipulating the pieces or 

observing them on a screen. However, at least one prior study supports the concept that children 

seeing the outcome of the rotation isn’t necessary for them to improve their mental rotation skills 

(Wakefield et al., 2019).  

The current study used a pretest-intervention-posttest design. Additionally, we included 

an optional parent questionnaire to explore the spatial and verbal home learning environment and 

the beliefs that parents hold about their children’s spatial and verbal abilities. We chose this 

study design in order to assess the impact of our intervention books on children’s mental rotation 

skills. We used an active control group in order to address practice effects from seeing the pretest 

measures or any improvement due to having more familiarity with the experimenter. This age 

group was chosen because of the significant individual differences in spatial skills prior to school 
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entry (Verdine et al., 2017). By intervening early, the gains that children make in their mental 

rotation skills could lead to greater success in STEM fields in the future.  

The study’s design and analysis plan were preregistered on Open Science Framework 

(OSF; https://doi.org/10.17605/OSF.IO/7EG53). The first hypothesis was that an experimental 

group that read books that incorporate mental rotation skill practice would result in higher mental 

rotation scores at posttest compared to a control group who read books that didn’t practice 

mental rotation skills. The second hypothesis was that the experimental group would have higher 

scores on a mental transformation task – a near transfer task - compared to a control group at 

posttest. We also explored whether improving mental rotation skills led to far transfer to math 

skills or spatial vocabulary skills. Further exploratory analyses investigated whether there was a 

greater effect of book reading for children who scored lower in mental rotation skills at pretest to 

examine whether the intervention was most beneficial for children having the most difficulty 

initially. We used the optional parent questionnaire to explore whether the spatial or verbal home 

learning environment moderated the effects of the book reading intervention. Finally, although 

gender differences to appear this young would be unlikely, we investigated whether there were 

any sex differences in any of the measures at pretest or posttest.  
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CHAPTER 6 

METHODS 

Participants 

We recruited 80 4- to 5-year-old children to participate in this study. This sample size 

was determined from a power analysis to obtain a medium sized effect of f=.317, with power = 

.80 at the standard .05 alpha level, consistent with the meta-analytic effect size of spatial training 

on spatial skills found by Hawes et al. (2022). We used G*Power to conduct a power analysis. 

Children were recruited from Catholic and private schools in the greater Philadelphia area. Of 

the total sample, 54% were White, 3% were Black, 8% were Hispanic, 5% were Asian, 8% were 

Multiracial, and 24% chose not to report their race. The average highest level of parent education 

was 16.5 (SD = 2.01) years which is the equivalent to more than a bachelor’s degree, and the 

average household income was $87,500 (SD = $27,660). Our sample included 42 girls and 38 

boys. Descriptive statistics of these demographic variables broken down by condition can be 

found in Table 1. 

Pretest and Posttest Materials 

The Picture Rotation Task (PRT). The PRT (see Figure 3A), originally created by 

Quaiser-Pohl (2003) and adapted by Casasola et al. (2020), assesses children’s mental rotation 

skills. The adapted task has two versions with three different practice items and 12 different test 

items in each version. We used two versions, A and B, that both have the same practice items but 

different test items to reduce practice effect at posttest due to the children having seen the same 

questions before. Children completed either version A or B at pretest, and children who 

completed version A at pretest completed version B at posttest and vice versa. For each question, 

children were shown three images rotated either 45°, 90°, 130°, or 180° degrees clockwise or 
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counterclockwise next to an upright target image. Children were asked to choose which of the 

three rotated images would be facing in the same direction as the target image if it were right 

side up. Children must mentally rotate the images in order to select the correct answer. This 

assessment was scored by calculating the total percent accuracy. Cronbach’s alpha for pretest 

PRT was .69 for version A and .76 for version B. Cronbach’s alpha for posttest PRT was .84 for 

version A and .79 for version B. 

Children’s Mental Transformation Task (CMTT). The CMTT (see Figure 3b) was 

developed by Levine et al. (1999). For this task children were shown a target image with two 

halves of a picture and four different completed pictures below them. Children were asked to 

point to one of the four pictures that the two half pieces would make if they were put together. 

There were 24 items total that include: six involving mental rotation and translation, six 

involving mental rotation only, six involving translation only, and six that only involve direct 

movement. The same version of the task was used for pretest and posttest with the same items in 

the same order. This assessment was scored by calculating the total percent accuracy. 

Cronbach’s alpha for the CMTT was .75 at pretest and .82 at posttest. 

Spatial Vocabulary.  Children’s receptive vocabulary for spatial terms was measured 

using an abbreviated version of a spatial vocabulary assessment developed by Casasola et al. 

(2020) (see Figure 3C). For this study, we selected only the nine items that related to spatial 

relations and configurations and omitted the items identifying shapes. For this task children were 

shown nine images of a bear in different configurations relative to a red cup (e.g., “point to the 

picture where the bear is in the cup.”). The spatial terms tested were “in”, “under”, “behind”, 

“below”, “far away”, “to the left of”, “in the middle”, “to the right”, and “upside down”. The 

same version of the task was used for pretest and posttest with the same items in the same order. 
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This assessment was scored by calculating the total percent accuracy. Cronbach’s alpha for 

spatial vocabulary was very low for pretest at .36 and low for posttest at .41. 

Math Achievement. The Woodcock-Johnson IV Tests of Early Cognitive and Academic 

Development (ECAD) Number Sense subtest (ECAD; Schrank et al., 2015) assessed children’s 

math skills, such as number recognition, counting, and estimating quantities, and was used to 

measure children’s math achievement (see Figure 3D). Questions included items that were 

similar to questions like “Count these items out loud” and “What number comes between five 

and six?”. This assessment was scored using W scores (a Rasch-based metric; Wendling, Mather, 

LaForte, McGrew, & Schrank, 2015), which were calculated from the Woodcock-Johnson 

Online Scoring and Reporting Program (Schrank & Dailey, 2014, 2015). The Number Sense 

subtest is normed for children ages 2 to 7 years, with a published median test reliability of .79 

(LaForte, McGrew, & Schrank, 2015).  

Verbal IQ. As a control, we assessed verbal IQ using the Kaufman Brief Intelligence 

Test Verbal Knowledge and Riddles subtests (KBIT-2; see Figure 3E; Kaufman & Kaufman, 

2004). For the verbal knowledge subtest, children were assessed on their receptive vocabulary. 

Children were shown six images and asked to point to the picture that matched a given word, 

e.g., “Point to dog.” For the riddles subtest children were assessed on their expressive 

vocabulary. An example of a question was, “What is pointy and is used to eat food?” This 

assessment was scored by converting raw score and child age into a standard score. Both the 

Verbal Knowledge and Riddles subtests are normed for ages 4 to 90 years. Internal-consistency 

reliabilities for Verbal Knowledge subtest for 4-year-olds and 5-year-olds is .87 and .85 

respectively. Internal-consistency reliabilities for Riddles subtest for 4-year-olds and 5-year-olds 

is .72 and .77 respectively (Kaufman & Kaufman, 2004). 
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Figure 3  

Pretest and Posttest Measures 

 
Note: (A) Picture Rotation Task, (B) Cognitive Mental Transformation Task (CMTT), (C) 
Spatial Vocabulary, (D) ECAD Number Sense, (E) KBIT-2. 
 

Intervention Books 

 The research team designed two versions of both the mental rotation books and the 

control books, one with human characters and one with animal characters. The books were 

designed using images from Shutterstock, edited using Photoshop, and then printed and bound. 

All books contain fourteen problems with four different question types. The first two problems 

are always practice problems where children could see the outcome of their answer choice. All 

four books were matched for word count and page count. Children were always given feedback 

on questions they got wrong and the experimenter worked with the child until they answered the 

question correctly in order to move to the next page. The books were designed to encourage the 

child and the adult reader to interact through prompts without excessive distractions on each 
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page. The books did not follow a narrative but were designed to prompt a series of sequential 

questions to solve.  

After each reading session the experimenter asked the child questions about how much 

they enjoyed reading the books. Children were asked how much they liked reading the book on a 

6-point Likert scale where 1=really did not like them, to 6=really liked them. We then asked if 

the book today made them feel happy or sad on a 6-point Likert scale were 1=really sad, to 

6=really happy. Lastly children were asked how much fun reading the book was: not that fun, a 

little fun, or really fun. We created these questions for this intervention in order to examine 

whether the children enjoyed reading the books each day and if their level of enjoyment changed 

from the first reading day to the last reading day.  

 Mental Rotation Books. The mental rotation intervention books consisted of four 

question formats that all practiced mental rotation (see Figure 4 for example pages). There were 

two versions of the book, one with animals and one with people. The question formats and 

angles of rotation were matched between both books. The questions were all loosely influenced 

by existing mental rotation tasks. The two practice questions were inspired by the format of the 

Ghost Puzzle Task (Frick, Hansen, et al., 2013). For each practice problem, children were shown 

two rotated images and asked which one would match the target image if it were right side up 

(See Figure 4A). The two practice problems explained the incorrect and correct answer and 

showed the outcome of the rotation. The next three pages followed the same format as the 

practice problems but did not show the outcome of the rotation (see Figure 4B). The next two 

questions were loosely inspired by the Picture Rotation Task (Quaiser-Pohl, 2003) (see Figure 

4C). For the next five questions children had to choose which direction the animal or person 

would be walking towards if they were turned over (See Figure 4D). Finally, on the last two 
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questions, children needed to choose which image would also be marching in the direction of the 

parade if they were right side up (See Figure 4E). If children answered a question incorrectly, 

experimenters were trained to prompt the child by saying “That’s not quite right, try and turn it 

in your mind”, followed by a grasping and turning gesture. 
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Figure 4  
Mental Rotation Book Example Pages 

 

 
 
 
 
 
 
 



 

 
 

32 

Figure 4. (continued) 

 
Note: (A) An example of a practice question, on which children were shown the outcome of 
rotation, (B) the first question type where children needed to choose which rotated image 
matches the target image on the top if they were right side up, (C) the second question type 
where children needed to choose which rotated image on the right would be walking in the same 
direction as the target image on the left if they were standing up, (D) the third question type 
where children needed to choose which direction the rotated image on the right would be going if 
it were turned over, (E) the fourth question type where children needed to choose which rotated 
image on the right would be going in the same direction as the images on the left if they were 
right side up. 
 
 Control Books. The control books were designed to closely match the mental rotation 

books in terms of page count, word count, style, and types of images, while replacing all mental 

rotation practice with other questions (see Figure 5 for example pages). There were two versions 

of the book, one with animals and one with people. The first two practice questions involved a 

matching game where children needed to identify which item on the page matched the target 

image (see Figure 5A). The two practice problems explained the incorrect and correct answers 

and showed the correct answer. The next three questions followed the same format as the 

practice problems but did not explain the correct answer (see Figure 5B). The next two questions 
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had the same layout as the Picture Rotation Task (Quaiser-Pohl, 2003), but there was no rotation 

involved and it was simply a matching task (see Figure 5C). On the next five questions, children 

had to choose which direction the animal or person was walking towards (see Figure 5D). 

Finally, on the last two questions, children needed to choose which image matches the animals or 

people in the parade (see Figure 5E).  If children answered a question incorrectly, experimenters 

were trained to use pointing gestures and verbally prompt the child by repeating the question and 

then drawing attention to relevant clues on the page (e.g., “look at the bows, are these bows the 

same?”). 

 

Figure 5  

Control Book Page Example Pages 
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Figure 5. (continued) 

 

 
Note: (A) An example of a practice question where children were shown the correct answer to a 
matching question, (B) the first question type where children needed to choose which image 
matches the target image on the top, (C) the second question type where children needed to 
choose which image on the right matches the target image on the left, (D) the third question type 
where children needed to choose which direction the image on the right was going, (E) the fourth 
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question type where children needed to choose which image on the right matched the images on 
the left.  
 

Parent Questionnaire  

Home Learning Environment. We measured the spatial and verbal home learning 

environment by using recognition checklists and parent-reported frequency of play activities. We 

use two checklists, the Spatial Toys and Activities Checklist (STAC) and the Children’s Title 

Checklist (CTC). The STAC is a novel checklist based off the CTC (Sénéchal et al., 1996). The 

STAC contained 40 titles of spatial games and activities (e.g., LEGOs and Tangrams) and 20 

plausible foils (e.g., Linderhop and Snapweez). The split-half reliability of the STAC was .55. 

Parents were told some titles were real and some were made up and instructed to check off all 

titles that they recognize and not any of the foils (Tian et al., 2023). The measure is scored by 

subtracting the proportion of foils from the proportion of correctly chosen real titles. The CTC 

follows the same format and includes a list of 40 titles of popular children’s books (e.g., Curious 

George and Goodnight Moon) and 20 plausible foils (e.g., Big Old Trucks and Terry Road). The 

split-half reliability for the CTC was .58. Parents were again asked to check off all titles that they 

recognize and not any of the foils. The measure was scored by subtracting the proportion of foils 

from the proportion of correctly chosen real titles. 

Parents also completed a questionnaire to report how frequently they engage with various 

spatial and verbal activities with their children at home. A spatial HLE questionnaire (Zippert & 

Rittle-Johnson, 2018) included 6 items asking how frequently parents engage in specific spatial 

activities with their child. Activities included playing with puzzles, connecting the dots, or 

building with construction toys. For each activity, parents answered using a 7-point Likert scale 

where 0=never, 1=once a month, 2=2-3 times a month, 3=1-2 times a week, 4=3-4 times a week, 
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5=5-6 times a week, and 6=daily. This measure was scored by averaging the responses to create 

a composite score. Parents also completed a similar literacy HLE questionnaire adapted from 

Sénéchal et al. (1996, 1998) to report how frequently they engage in verbal activities with their 

child. The questionnaire asked parents to report the frequency with which they read to their child 

before bedtime and other times, the frequency that their child-initiated book reading, the 

frequency they visited the library, the number of books they owned in their home, and what age 

their child was when they started reading to their child. The questions that involved frequency 

used the same 7-point Likert scale as the spatial HLE questionnaire. The question about the 

number of books in the home used a 6-point scale where 0=none and 5= more than 80. The 

question about the age their child was when they started reading to their child was reverse coded 

so the younger the age the children started being read to corresponded with more years of 

literacy experience. Since the literacy HLE questionnaire used different scales for each question, 

each item was z-scored so that they could have similar scales. The literacy HLEQ was scored by 

averaging the z-scores for each item. We omitted question five on the spatial HLEQ (“How 

frequently do you engage in the following activities with your child?: Play computer games, apps 

or visit interactive websites that involve building things”) in order to increase the reliability of 

the questionnaire from α = .70 to α =.72, and we omitted question four on the verbal HLEQ 

(“How often does your child go to the library? (Please answer this question based on your 

experience before the COVID-19 pandemic)”) in order to increase the reliability of the 

questionnaire from α = .67 to α = .72.  

Beliefs about Child’s Ability, Interest, and Importance of Child’s Ability. Parents 

completed a questionnaire measuring their beliefs about their child’s ability and interest in 

spatial and verbal activities as well as how important they feel it is for their child to succeed in 
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spatial and verbal activities. There were three questions for the verbal domain (α =.60) and three 

questions for the spatial domain (α =.76) answered using a 7-point Likert scale. An example of a 

question is “How much does your child like spatial activities?” where 1=not very much to 

7=very much. This questionnaire was adapted from a questionnaire by Zippert and Rittle-

Johnson (2018). This measure was scored by averaging the responses to create a composite score 

for spatial beliefs and another for verbal beliefs. 

Procedure 

This study used a between-subjects design with a training group where children were 

read books by an experimenter that practice mental rotation skills (Mental Rotation Book 

Condition) and an active control group where children are read books by an experimenter that 

did not contain mental rotation practice (Control Book Condition). The study used a pretest-

training-posttest design. Both conditions received the same measures at pretest and posttest. 

Pretest and posttest included the following tasks in this order: a mental rotation task (PRT 

Version A or B – counterbalanced so that children who completed version A at pretest completed 

version B at posttest and vice versa), spatial vocabulary, a mental transformation task (CMTT), 

and a math achievement assessment (ECAD Number Sense). Children also completed a verbal 

IQ test (KBIT) at pretest only.  

There were eight sessions total over two weeks. At session one, an experimenter 

administered the pretest measures. During sessions two to seven, an experimenter read to the 

children, one book per session. During session eight, an experimenter administered the posttest 

measures. Posttest was administered 7-18 days after the pretest. Children completed no more 

than one book-reading session per day. In each condition, two parallel versions of the book were 

provided (matched within the Mental Rotation Book condition for number of examples of 
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rotation and angles of rotation; matched across all conditions for word count and number of 

pages). The child was allowed to pick one of the books from their condition to read during each 

book-reading session. There was also an optional questionnaire given to parents to assess the 

home learning environment and parent beliefs. Parents received the questionnaire immediately 

after providing consent, and could complete it at any time up to the end of the study. 

Exclusion Criteria  

An additional five participants were excluded because they didn’t complete at least 4 of 

the 6 reading days (n = 3), did not complete at least 50% of the PRT and CMTT items at both 

pretest and posttest (n = 1), or scored three standard deviations below the national norm in their 

verbal IQ score (KBIT) (n = 1) as this might have been an indication of a developmental 

disability or poor English language proficiency. We had planned to exclude children based on 

the following criteria, but did not need to do so because these scenarios did not occur: if the 

experimenter read a book from a different condition to the child (a type of experimenter error) or 

if the posttest was not completed by 18 days after pretest, then that participant would be 

excluded. We had also planned the following task-wise exclusion criteria, but no tasks were 

excluded for these reasons: data from the ECAD Number Sense and KBIT would be excluded if 

basal and ceiling were not met (a type of experimenter error), and pretest and posttest data on 

other measures would be excluded if the participant completed less than 50% of the assessment.   
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CHAPTER 7 

RESULTS 

Preliminary Analyses 
 

The means and standard deviations for all measures can be found in Table 1, and the 

correlations between variables can be found in Table 2. 

 
 
 
 
Table 1  
Descriptive Statistics of Variables M (SD) 
 Mental Rotation Condition Control Condition 
Variables n M (SD) n M (SD) 
Age (years) 40 5.16 (.56) 40 5.14 (.45) 
Gender 

Female 
Male 

 
21 
19 

  
20 
20 

 

Parent Education (years) 34 16.65 (2.07) 32 16.34 (1.96) 
Income (thousands) 32 91.80 (22.14) 30 79.33 (31.66) 
Pretest Measures     

PMR 40 .59 (.24) 40 .58 (.23) 
CMTT 40 .42 (18) 40 .40 (.19) 
Spatial Vocabulary 40 .79 (.14) 40 74 (.17) 
Number Sense (W) 40 446.95 (15.97) 40 440.72 (17.11) 
KBIT (SS) 40 115.6 (12.44) 40 114.72 (13.11) 

Posttest Measures     
PMR 40 .75 (21) 40 .58 (.27) 
CMTT 40 .49 (.21) 40 .48 (.22) 
Spatial Vocabulary 40 .81 (.14) 40 .82 (.16) 
Number Sense (W) 40 448.28 (13.03) 40 443.18 (16.93) 
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Table 2 
Correlations Between Study Variables 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1. Gender (girl=0, 
boy=1) 

1                

2. Age (pretest) -.09 1               
3. Mental Rotation 
(Pre) 

.06 .24* 1              

4. Mental Rotation 
(Post) 

.05 .27* .61*** 1             

5. Mental 
Transformation 
(Pre) 

.16 .23* .34** .23** 1            

6. Mental 
Transformation 
(Post) 

.07 .24* .26* .21 .74*** 1           

7. Spatial 
Vocabulary (Pre) 

.05 .20 .37** .34** .23** .25* 1          

8. Spatial 
Vocabulary (Post) 

-.03 .08 .23* .23* .22* .39*** .32** 1         

9. Number Sense 
W Score (Pre) 

-.09 .40*** .45*** .56*** .52*** .44*** .50*** .48*** 1        

10. Number Sense 
W Score (Post) 

-.08 .35** .36*** .23*** .51*** .43*** .41*** .40*** .84*** 1       

11. KBIT SS -.07 -.12 .31** .35*** .28* .12 .22 .38*** .53*** .46*** 1      
12. STAC -.28 .07 .02 .44* .06 .06 .30 .13 .32 .48* .41* 1     
13. CTC -.10 .33 .05 .55** .27 .30 .41* .35 .48* .50* .48* .70*** 1    
14. Spatial HLEQ  .05 -.02 -.03 .19 .20 .28 .04 -.04 .29 .23 .33 .24 .20 1   
15. Verbal HLEQ -.17 .01 -.13 -.06 .19 .16 .04 .08 .12 -.01 .51* .14 .23 .29 1  
16. Parent Beliefs 
about Child- 
Spatial 

.05 -.47* -.30 -.33 -.24 -.20 -.25 -.29 -.25 -.27 -.16 -.22 -.29 .05 -.37 1 

17. Parent Beliefs 
about Child- 
Verbal 

-.60** -.15 .03 .13 -.26 -.21 -.39 -.15 -.15 -.25 .09 .09 .05 -.25 -.12 .44* 

*p < .05. **p < .01. ***p < .001. 
Note: KBIT SS= Kaufman Brief Intelligence Test Standard Score, STAC=Spatial Toys and Activities Checklist, CTC=Children’s 
Title Checklist, Spatial HLEQ=Spatial Home Learning Environment Questionnaire, Verbal HLEQ= Verbal Home Learning 
Environment Questionnaire  
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Preregistered Analyses 

To test Hypothesis 1, we conducted an analysis of covariance (ANCOVA) with mean 

accuracy on PMR at posttest as the dependent variable. We included condition as a between-

subjects factor, and age, verbal IQ, and mean accuracy on PMR at pretest were entered as 

covariates. Consistent with our first hypothesis, condition was a significant predictor of posttest 

PMR mean accuracy in this model, F(1, 75) = 14.40, p < .001, ƞp2=.16, such that children in the 

Mental Rotation Book condition outperformed those in the Control Book condition in PMR 

accuracy at posttest. Further, children in the Mental Rotation Book condition significantly 

improved their PMR mean accuracy from pretest (M = .58, SD = .27) to posttest (M = .75, SD = 

.21) (t(39) = -4.64, p < .001; d = .73), whereas those in the control group did not (t(39) = -.07, p 

= .945; d = .01) (see Figure 6).  

Figure 6 

Mental Rotation Accuracy by Condition and Test 
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Inconsistent with our second hypothesis, condition was not a significant predictor of 

posttest mental transformation accuracy, F(1, 75) = .14, p = .708, ƞp2=.00, controlling for age, 

pretest mental transformation accuracy, and verbal IQ. Children in the Mental Rotation Book 

condition and the control group condition both significantly improved from pretest (Mental 

Rotation Book Condition: M = .42, SD = .18; Control Condition: M = .40, SD = .19) to posttest 

(Mental Rotation Book Condition: M = .49, SD = .21; Control Condition: M = .48, SD = .22) 

(Mental Rotation Book Condition: t(39)=-2.66, p = .011; d = .42; Control Condition: t(39)=-

3.59, p < .001; d = .57) (see Figure 7). We also examined only the mental transformation task 

items that required mental rotation or mental rotation and translation and still found condition 

was not a significant predictor.  

Figure 7 

Mental Transformation Accuracy by Condition and Test 
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Preregistered Exploratory Analyses 

Our preregistered exploratory analyses first examined whether mental rotation training 

transferred to math skills. Specifically, we conducted an ANCOVA with ECAD-Number Sense 

W score at posttest as the dependent variable. We included condition as a between-subjects 

factor, and age, verbal IQ, and ECAD-Number Sense W score at pretest as covariates. We found 

that condition was not a significant predictor of posttest math achievement, F(1, 75) = .04, p 

= .837, ƞp2=.001, controlling for age, pretest math achievement, and verbal IQ. We also found 

that math achievement did not significantly improve in either condition from pretest to posttest 

(ps > .05).  

Our second preregistered exploratory analyses considered whether there was a greater 

effect of mental rotation book reading for children who scored lower in mental rotation skill at 

pretest. We conducted an ANCOVA with mean accuracy on PMR at posttest as the dependent 

variable, with predictors of condition and a condition x pretest PMR interaction. We also 

included age, verbal IQ, and mean accuracy on PMR at pretest as covariates. We found the 

interaction of condition x pretest PMR accuracy was not a significant predictor of posttest PMR 

accuracy, F(1, 74) = 2.816, p = .098, ƞp2=.09.  

Additional Exploratory Analyses  

We next examined whether mental rotation training transferred to spatial vocabulary 

skill. Specifically, we conducted an ANCOVA with spatial vocabulary accuracy at posttest as the 

dependent variable. We included condition as a between-subjects factor, and age, verbal IQ, and 

spatial vocabulary accuracy at pretest as covariates. We found that condition was not a 

significant predictor of posttest spatial vocabulary, F(1, 75)= 1.12, p = .294, ƞp2=.114.  
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 Next, we considered the role of the home learning environment measured by the optional 

parent questionnaire. Of the 80 participants in the study, 24 parents completed the optional 

questionnaire (14 in the Spatial Book group and 10 in the control group). Therefore, these 

analyses do not hold sufficient power and are purely exploratory. We first examined whether 

parents’ self-reported frequency of spatial play (Spatial HLEQ) or familiarity with spatial 

activities (STAC) correlated with children’s mental rotation skills at pretest. We found that 

neither the spatial HLEQ (r(22) = -.025, p = .908) nor the STAC (r(22) = .021, p = .924) were 

significantly correlated with children’s PMR mean accuracy at pretest.  

We then examined whether children are more likely to improve their mental rotation 

skills from our intervention if they read more frequently at home. We found that the interaction 

between the verbal HLEQ and condition was not predictive of posttest PMR accuracy, F(1, 20) = 

3.299, p = .084, ƞp2=.19. We also found that the interaction between the CTC and condition was 

not predictive of posttest PMR accuracy, F(1, 20) = .749, p = .397, ƞp2=.03.  

We also examined children’s ratings of their enjoyment of the books that was collected 

after each reading session. We collected children’s ratings after each session in order to ensure 

that children in both conditions similarly enjoyed the books and to measure whether enjoyment 

declined from the first day of reading to the sixth day of reading. We found that there was no 

decrease in enjoyment of the books from the first reading day (M = 5.57, SD = .82) to the sixth 

reading day (M = 5.42, SD = .89) in the mental rotation book reading condition (t(32)=.96, p 

= .346; d= .167). There was also no decrease in enjoyment of the books from the first reading 

day (M = 5.74, SD = .41) to the sixth reading day (M = 5.75, SD = 54) in the control book 

reading condition (t(36)= -.31, p = .755; d = .052). We also found no significant difference 

between enjoyment on the first day of book reading (M = 5.66, SD = .65) in either condition 
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(t(55.56) = -1.15, p = .253, d = .262) or the sixth day (M = 5.60 ; SD = .74) in either condition 

(t(51.20) = -1.81, p = .075, d = .446). 

Lastly, we examined whether there were any gender differences for any of the measures 

used or if there were any significant interaction between gender and condition within any of the 

ANCOVAs = Consistent with other studies finding no gender differences in math and spatial 

skills at this age (Lauer et al., 2019), we found no gender for any measure and no significant 

interactions between gender and condition in any ANCOVA.  
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CHAPTER 8 

DISCUSSION 

Here, we explored whether children younger than six can improve their mental rotation 

skills through use of a static 2D book, a novel training method. There is evidence that 

interventions to improve mental rotation skills can be effective across all ages, although only a 

few studies have attempted to improve mental rotation skills in children under six years of age.    

Consistent with our first hypothesis, children as young as 4 years of age improved their mental 

rotation skills from a two-week book reading intervention. This finding is significant as books 

are a more inclusive and accessible way to practice mental rotation compared to other more 

expensive and less compact activities such as blocks and puzzles. Books also have the potential 

to be more easily scalable for large school classrooms and can be low-cost or free through public 

libraries. Using books may also create more equitable learning experiences at home as parents 

are more likely to use more spatial language and be more engaged when playing with blocks and 

puzzles with their sons compared to their daughters (Levine et al., 2012) 

However, inconsistent with our second hypothesis, practicing mental rotation did not 

transfer to improvements on a mental transformation task. Even when examining only items that 

included mental rotation, training condition was still not a significant predictor of posttest mental 

transformation accuracy. The lack of transfer of mental rotation skills to mental transformation 

skills could be due to the dosage of the intervention. It could be possible that a longer 

intervention could show transfer to mental transformation later. The lack of transfer to items 

using mental rotation on the CMTT was a particularly surprising finding, but it is possible that 

even though the PRT and those select items on the CMTT both test mental rotation, the format of 
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the questions in the CMTT may be too dissimilar from the intervention books compared to the 

PRT that is very similar to the intervention books.  

 We also found no transfer of improvement of mental rotation skills to math achievement 

or spatial vocabulary. Regarding the lack of transfer to math achievement gains, it is possible 

that a higher dosage of intervention would be needed (Hawes et al., 2017; Schmitt et al., 2018). It 

is also possible that there may be a delayed improvement in math achievement. The lack of 

transfer to spatial vocabulary gains could be due to the very low reliability of the spatial 

vocabulary assessment that was used, and therefore the assessment may not be capturing gains in 

spatial vocabulary learned from the intervention. There could have also been a lack of transfer 

due to the spatial terms learned in the book reading intervention (e.g. “turn” or “rotate”) not 

being represented in the spatial vocabulary terms tested in the spatial vocabulary assessment (e.g. 

“in between” or “to the right”) 

 It is also important to consider the role of parents and the home learning environment in 

order to understand how children’s early spatial skills and interests develop before the start of 

formal schooling. We found no correlation between parents’ questionnaire report of the home 

spatial or verbal learning environment and children’s mental rotation accuracy. Due to the small 

sample size of parents who completed the questionnaire (N = 24), it is unclear whether the null 

effects were due to a lack of statistical power or whether these findings are truly null.  

 Additional limitations to this study were that the sample was not socioeconomically 

diverse and not representative of the broader population. The participants that we recruited were 

mostly very high income and mostly had parents with at least a Bachelor’s degree. We have also 

only tested this intervention in a very controlled setting, where children work one-on-one with an 
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experimenter. It is unknown whether this book reading intervention would be similarly effective 

when administered in larger groups at school or at home.  

Despite these limitations, the significant impact of the intervention on mental rotation 

skills shows that book reading has the potential to be an effective alternative to currently 

available spatial activities. In particular, books may be attractive to both girls and boys since 

books are more gender neutral than other spatial activities, like blocks, and may also more 

readily facilitate higher quality parent-child interactions than these activities. Our study is 

important because it showed that mental rotation skills can improve by practicing in a book 

reading context, and these books have the potential to reduce the gender gap in mental rotation 

ability that develops later during childhood (Lauer, Yhang, & Lourenco, 2019). Strengthening 

mental rotation skills is crucial, given their pivotal role as a significant predictor of future 

success in STEM fields and the potential for early intervention to have cascading effects on math 

proficiency and student motivation as children progress in their education. 

This study can form the foundation for a number of potential follow-up studies. One 

important follow up question is whether this book reading intervention would be similarly 

effective when parents are reading to their child at home instead of an experimenter. To 

determine if the books are similarly effective at home with the same dosage as the experimenter 

led intervention, we could send books home with parents and have them record themselves 

reading to their child daily for two weeks. Further, by looking at the recordings, we could 

determine if parents are engaging with the books in a similar way as the experimenters did. 

Another future direction could use book-reading directly to determine whether there is a causal 

relationship between parent spatial talk and children’s spatial skills. Although there is a strong 

correlation between parent spatial talk and children's spatial abilities, these correlational studies 



 

 
 

49 

do not provide evidence for causal relationships. Book reading is a helpful tool to address these 

causal relationships as language can be manipulated and controlled in the text, and specific types 

of language can be incorporated. 

Another question for future research is whether these books are similarly effective in 

larger group settings in a classroom as these books are when reading one-on-one with an 

experimenter. To test this, preschool and kindergarten teachers could read the intervention books 

to their classes every day for two weeks to determine if children showed similar mental rotation 

gains after being read to in class by their teacher. It would also be beneficial to test whether older 

children who are able to read would also benefit from reading these books independently. This 

could open up opportunities for children to teach themselves mental rotation and other STEM-

related skills independently using books rather than being read to by a parent or teacher. 

An additional follow-up question is are these intervention books similarly beneficial as 

currently available dynamic spatial toys (e.g., blocks and puzzles) that incorporate mental 

rotation practice. We could examine this by first determining which types of spatial activities 

(books or dynamic toys) elicit more spatial language in order to learn whether static books can 

elicit similar quantities and types of spatial language compared to dynamic spatial toys. We 

could then investigate whether the static book-reading group or the dynamic block play group 

had greater spatial gains. Lastly, this study could compare the types and quantity of gesture (e.g., 

turning and rotating gestures) used while reading a static book compared to a dynamic spatial 

game. 

 Overall, our study shows that book-reading is a worthwhile avenue to explore to improve 

young children’s spatial skills. Books are more accessible than many other toys through libraries 

and schools. Using books at home to improve young children’s spatial skills could foster more 



 

 
 

50 

spatial learning at home and set children up for success before the start of formal schooling. 

Books also help to give parents the tools and guidance to create a richer home learning 

environment for their children. The words in the books could include spatial language and 

questions that promote dialogic reading techniques in the text of the book. Promoting activities, 

like book-reading, that parents can do with their children increases the possible dosage and 

benefits of that activity, since parents are usually with their children more than anyone else. The 

low cost of books and ease of distribution could make books a highly scalable intervention tools, 

could encourage all children to develop more interest in STEM from an early age, and could help 

reduce the gender gap in STEM fields. 
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APPENDIX A 

HOME LEARNING ENVIRONMENT - BOOK TITLE CHECKLIST (SÉNÉCHAL ET 
AL., 1996) 

 
Below you will see a list of 60 titles. 
Some of these are titles of popular children’s books and some are made up. 
Please read the titles and check the box in front of those names which you know to be titles of 
children’s books. Do not guess, but only check those you know. 

§ A Difficult Day 
§ Big Old Trucks* 
§ How Stephen Found a Pet* 
§ This is My Family 
§ How Wishes Come True* 
§ Busiest Firefighters Ever 
§ The Snowy Day 
§ Caps for Sale 
§ Zack's House* 
§ Hello Morning, Hello Day* 
§ Franklin in the Dark 
§ The Shy Little Kitten 
§ Go Dog Go 
§ What Do I Hear Now?* 
§ Mortimer 
§ Goodnight Moon 
§ Martha Rabbit's Family* 
§ The Whispering Rabbit 
§ Green Eggs and Ham 
§ Clarissa's Patch* 
§ Happy Birthday Moon 
§ Curious George 
§ Harry the Dirty Dog 
§ In the Night Kitchen 
§ Worry No Longer* 
§ I Was So Mad 
§ Rachel's Real Dilemma* 
§ Jelly Belly 
§ The Velveteen Rabbit 
§ Three Cheers for Gloria* 
§ Love You Forever 
§ Matthew and the Midnight Tow Truck 
§ Terry Toad* 
§ Alexander and the Terrible, Horrible, No Good, Very Bad Day 
§ Murmel, Murmel, Murmel 
§ The Toy Truck* 
§ Polar Express 
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§ Red is Best 
§ Saggy Baggy Elephant 
§ I Hear a Knock at My Window* 
§ Scuffy the Tugboat 
§ The Poky Little Puppy 
§ A Pocket for Corduroy 
§ Kimberley's Horse* 
§ Snowflakes Are Falling* 
§ The Runaway Bunny 
§ Winter Fun on Snowy Days* 
§ Just Me and My Dad 
§ Bears on Wheels 
§ The Very Hungry Caterpillar 
§ The Wonderful Pigs of Jillian Jiggs 
§ Thomas' Snowsuit 
§ Tootle 
§ Alligator Pie 
§ Farmer Joe's Hot Day 
§ Eleanor and the Magic Day* 
§ We're Going on a Bear Hunt 
§ The Paper Boat's Trip* 
§ Where the Wild Things Are 
§ Tracy Tickles* 
§ I don’t recognize any of these names 

Note. *Indicate foils and were not visible to participants. 
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APPENDIX B 

HOME LEARNING ENVIRONMENT - SPATIAL TOYS AND ACTIVITIES 
CHECKLIST (TIAN ET AL., 2023) 

 
Below you will see a list of 60 names. 
Some of these are names of popular children’s games and toys and some are made up. 
Please read the names and check the box in front of those names which you know to be names of 
children’s games and toys. Do not guess, but only check those you know. 

§ Blokus 
§ Dominos 
§ Etch a Sketch 
§ K'Nex 
§ Snapweez 
§ Inkthink* 
§ LEGO 
§ Snakey Scramble* 
§ Knotbots* 
§ Lincoln Logs 
§ Tank Bank* 
§ Mega Bloks 
§ Airfliers* 
§ Minecraft 
§ Tinker Toy 
§ Craterfrogs* 
§ Magna-Tiles 
§ Pattern Blocks 
§ Quipitz* 
§ Ravensburger 
§ Magformers 
§ Rubik's 
§ Snap Circuits 
§ Braintacs* 
§ Unifix Cubes 
§ Tangram 
§ Zoobtoob* 
§ Duplos 
§ Mindware Marble Run 
§ Critmobiles 
§ Botzees 
§ Brickyard 
§ Geomag 
§ Shape Mags 
§ Bloco 
§ Clicformers 
§ Goobi 
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§ CitiBlocs 
§ Kangablox* 
§ Maze Balls 
§ Rinx* 
§ Tegu 
§ Lite-Brite 
§ Enginvent* 
§ Smartmax 
§ Plus-Plus 
§ Shop Straws* 
§ Linderhop* 
§ Mega Construx 
§ Nanoblocks 
§ Mental Blox 
§ Zoob Builderz 
§ Engino 
§ Bristle Blocks 
§ Funcubez* 
§ Edushape 
§ Fat Brain Toys 
§ Clock-Tocks* 
§ Leapers* 
§ Brainfeeder* 
§ I don’t recognize any of these names 
§ Note. *Indicate foils and were not visible to participants. 
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APPENDIX C 

HOME LEARNING ENVIRONMENT - LITERACY QUESTIONNAIREC (SÉNÉCHAL 
ET AL. (1996, 1998)) 

 
The following questions will ask about the activities you may do at home with your child. 
1. At bedtime, how often do you, or other members of the family, read to your child? 

o Never 
o Once a month 
o 2-3 times a month 
o 1-2 times a week 
o 3-4 times a week 
o 5-6 times a week 
o Daily 
o I prefer not to answer 

2. At other times, how often do you, or other members of the family, read to your child? 
o Never 
o Once a month 
o 2-3 times a month 
o 1-2 times a week 
o 3-4 times a week 
o 5-6 times a week 
o Daily 
o I prefer not to answer 

3. How often does your child ask to be read to? 
o Never 
o Once a month 
o 2-3 times a month 
o 1-2 times a week 
o 3-4 times a week 
o 5-6 times a week 
o Daily 
o I prefer not to answer 

4. How often does your child go to the library? (Please answer this question based on your 
experience before the COVID-19 pandemic.) 
o Never 
o Once a month 
o 2-3 times a month 
o 1-2 times a week 
o 3-4 times a week 
o 5-6 times a week 
o Daily 
o I prefer not to answer 

5. How many children's books are available in your household? 
o None 
o 1-20 
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o 21-40 
o 41-60 
o 61-80 
o More than 80, please estimate _______________________ 
o I prefer not to answer 

 
6. How old was your child when you started reading picture books to him or her? (This item 

was reverse coded) 
 __ years __months 
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APPENDIX D 

HOME LEARNING ENVIRONMENT - SPATIAL QUESTIONNAIRE (ADAPTED 
FROM ZIPPERT AND RITTLE-JOHNSON (2018)) 

 
How frequently do you engage in the following activities with your child? (All questions used 
the same scale. Only shown for the first question.) 
1. Play with puzzles (e.g., picture puzzles, tangrams). 

o Never 
o Once a month 
o 2-3 times a month 
o 1-2 times a week 
o 3-4 times a week 
o 5-6 times a week 
o Daily 
o I prefer not to answer 

2. Do mazes. 
3. Do connect the dots activities. 
4. Build with construction toys (e.g., building blocks, LEGOs, magnet sets, Lincoln Logs). 
5. Play computer games, apps or visit interactive websites that involve building things. 
6. Draw maps or floor plans. 
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APPENDIX E 

BELIEFS ABOUT CHILD’S ABILITY, INTEREST, AND IMPORTANCE OF CHILD’S 
ABILITY – LITERACY (QUESTIONS ADAPTED FROM ZIPPERT AND RITTLE-

JOHNSON, 2018) 
 
This questionnaire asks some questions about verbal activities, such as reading storybooks or 
telling stories.  
1. How good is your child at verbal activities? 

o 1 (Not Good At All) 
o 2 
o 3 
o 4 
o 5 
o 6 
o 7 (Very Good) 
o I prefer not to answer 

2. How much does your child like verbal activities? 
o 1 (Not Very Much) 
o 2 
o 3 
o 4 
o 5 
o 6 
o 7 (Very Much) 
o I prefer not to answer 

3. How important is it to you that your child does well at verbal activities? 
o 1 (Not Very Important) 
o 2 
o 3 
o 4 
o 5 
o 6 
o 7 (Very Important) 
o I prefer not to answer 
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APPENDIX F 

BELIEFS ABOUT CHILD’S ABILITY, INTEREST, AND IMPORTANCE OF CHILD’S 
ABILITY – SPATIAL (QUESTIONS ADAPTED FROM ZIPPERT AND RITTLE-

JOHNSON, 2018) 
 
This questionnaire asks some questions about spatial activities, such as doing puzzles or building 
with blocks. (Scales were the same as the corresponding questions in the verbal domain.) 

1. How good is your child at spatial activities? 
2. How much does your child like spatial activities? 
3. How important is it to you that your child does well at spatial activities? 
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APPENDIX G 

CHILD BOOK READING ENJOYMENT 

1. Did you like the book that you read today? 
a. Really did not like them 
b. Did not like them 
c. Sort of did not like them 
d. Sort of liked them 
e. Liked them 
f. Really liked them 

2. Did reading the book today make you feel happy or sad? 
a. Really sad 
b. Sad 
c. Sort of sad 
d. Sort of happy 
e. Happy 
f. Really happy 

3. [Child], how fun was reading the book today? Was it not that fun, a little fun, or really fun? 
a. Not that fun 
b. A little fun 
c. Really fun 


