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ABSTRACT 

 

The current study examined the impact of experiencing either a guided play or 

direct instruction learning environment on causal learning, curiosity, and divergent 

thinking. Forty-three children (age 4- to 6-years) participated in an online experiment in 

which they completed a causal learning task in either guided play or direct instruction 

condition. Children also completed measures of curiosity and divergent thinking and a 

second causal learning free exploration task after which they were tested on their causal 

learning. It was predicted that children in the guided play condition would perform better 

than children in the direct instruction condition on a test of causal learning because 

guided play provides a balance of child agency and adult guidance that is optimal for 

supporting learning. Contrary to the hypothesis, children in the direct instruction 

condition performed better on the test of causal learning. This finding is likely due to the 

cognitive demands placed on children in the guided play condition. These demands were 

likely the result of completing the task in an online environment, and the current study 

has implications for learning and conducting research online. Based on prior research, it 

was also predicted that children in the guided play condition would outperform children 

in the direct instruction condition on measures of curiosity and divergent thinking, and 

that curiosity would also predict children’s causal learning. There were no effects of 

condition on either curiosity or divergent thinking, but curiosity did predict children’s 

scores on the test of causal learning. This finding suggests that curiosity is a powerful 

driver of children’s learning and deserves further investigation.  
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CHAPTER 1 

INTRODUCTION 

 

The war over whether preschool classrooms should be more “academic” or 

playful is decades old. One camp sees early childhood education as the essential 

foundation of early learning, where children must be able to recite their numbers and 

letters. The other holds that preschool should be a time for play, exploration, and 

creativity. There is building evidence however that learning and play are not 

incompatible (Hirsh-Pasek & Golinkoff, 2011). In a consensus report from Brookings 

and the Duke University Center or Child and Family Policy on early childhood learning, 

Jade Jenkins and Greg Duncan write that developmental researchers should aim to, 

“provide teachers with lesson plans to follow in which playful activities are strategically 

organized to present children with learning opportunities” (Phillips et al., 2017, p. 39). 

Bruce Fuller and colleagues (2017) endorse this view noting, “If you can combine 

creative play with rich language, formal conversations and math concepts, that’s more 

likely to yield the cognitive gains” (Goldstein, 2017, p. 2). These statements indicate that 

learning and play are not oppositional, but that learning can occur through play. The 

science of playful learning illustrates that guided play in particular can be a powerful 

pedagogical tool allowing teachers and administrators to offer a rich curriculum in a 

developmentally appropriate way (Weisberg et al., 2016; Toub et al., 2017, Zosh, et al., 

2018).  

Playful Learning 

 Children learn best when they are engaged in activities that are actively engaging,  
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meaningful, socially interactive, iterative, and joyful, and all of these conditions naturally 

occur during play (Hirsh-Pasek, et al., 2015; Zosh et al., 2018). Active, engaging contexts 

allow children to adopt a “minds on” approach where they take an agentic role in their 

learning instead of passively receiving information. Meaningful activities encourage 

children to bridge their own interests and experiences with what they are currently 

leaning. Socially interactive activities, whether they be with a parent, teacher, or peer, 

provide the opportunity to learn from others. Iterative activities allow children to build 

upon their past experiences and mistakes. Finally, joy and positive emotions can help 

children overcome frustrations and obstacles (Hirsh Pasek et al., 2015, Zosh, et al., 2018).  

Zosh and colleagues further (2018) define play as spectrum that varies based on 

the level of child agency and adult involvement in the activity. At one end of the 

spectrum sits free play, an activity that is both initiated and directed by a child and does 

not include a learning goal. A child in free play may spontaneously take LEGO bricks 

and begin to construct a castle. At the other end of the spectrum sits direct instruction, a 

didactic adult-initiated and adult-led activity with a learning goal where the child plays a 

more passive role. For example, a parent may take LEGO blocks and teach his/her child 

how to build a structurally sound tower by choosing the blocks and instructing the child 

on where to place them. In the middle of the spectrum sits guided play. In guided play, an 

adult initiates an activity with a learning goal in mind, but the child explores and 

discovers to reach the goal. In a LEGO building example, an adult might offer 

suggestions or ask questions as the child attempts to build a structurally sound tower.  

Guided play promotes an ideal learning environment compared to direct 

instruction and free play because it provides the optimal balance of child agency with 
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adult support (Schlesinger, 2020; Toub, et al., 2017; Weisberg et al. 2016; Zosh, et al. 

2018). The Self-Determination Theory of intrinsic motivation (Ryan & Deci, 2000) 

provides a framework for understanding the benefits of guided play. This theory suggests 

that autonomy, competence, and connection are key elements of children’s self-

determined learning. During guided play, children have autonomy, and are able to direct 

the activity towards their own interests. The presence of the adult allows the child to 

maintain a sense of competence as the adult scaffolds the activity according to the child’s 

prior learning and ability. Guided play is a dynamic social activity that provides a sense 

of connection for both the child and adult involved. Research across traditional learning 

fields such as mathematics (Ramani & Siegler, 2008; Ramani et al., 2014; Zosh et al., 

2016), spatial skills (Fisher et al., 2013), and literacy (Hassinger-Das et al., 2016; Toub, 

2017) find that guided play strongly supports young children’s learning.   

Recent work examines the benefits of guided play in the areas of exploration (Sim 

& Xu, 2015) and causal learning (Callanan et al., 2020; Medina & Sobel, 2020). The 

study of exploration examines how children actively investigate their environment 

(Gopnik & Wellman, 2012). Understanding that events can follow “cause and effect” 

structures forms the basis of causal knowledge, allowing children to interpret and explain 

phenomenon in the world around them and make predictions about what will occur next 

in their environment. Causal relations form the basis of biology, chemistry, physics, and 

engineering. Therefore, the ability to discern causal relations is vital to later success in 

STEM fields (de Jong, 2019). 

Learning causal relations requires active exploration (Piaget, 1929; Schulz & 

Bonawitz, 2007; Bonawitz, et al., 2011), which is more likely to occur in guided play 
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than direct instruction. In Medina and Sobel (2020), parents and children played with a 

blicket detector machine. Blicket detectors are a common paradigm in the causal learning 

literature and examine children’s ability to discern causal mechanisms. By testing 

different blocks on the machine, children learn which blocks do and do not activate the 

machine. Researchers coded the interactions between parents and children and found that 

children who engaged in guided play were more able to learn the rules of the machine 

compared to those in a free play condition (Medina & Sobel, 2020).  

Indeed, research in the field of exploration finds that direct instruction can hinder 

children’s exploration. In one study, children were introduced to a novel toy with many 

functions, such as a squeaker and a light switch. Children in the direct instruction 

condition were purposely shown one function of the toy, whereas children in other 

conditions were shown the function accidently or were not shown any function at all. 

When children were allowed to play with the toy, children in the direct instruction 

condition spent less time exploring the toy and discovered fewer functions compared to 

the other conditions (Bonawitz, et al., 2011). 

A subsequent study replicated and extended this finding by directly comparing 

guided play and direct instruction. Children were presented with a similar novel toy with 

many functions, including a button that made a light turn on. As they were presented with 

the toy, children in the direct instruction condition were told, “I am telling you, push this 

button”. Children in the guided play condition were instead given a pedagogical question 

and asked, “What does this button do?”. When children were given the opportunity to 

freely play with the toy, both groups were equally able to transfer their knowledge from 

their interaction with the adult experimenter and activate the button (Yu, et al., 2018). 
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However, the direct instruction group spent less time exploring and discovered fewer of 

the toy’s functions compared to the guided play group. It is likely that direct instruction 

constrains children’s thinking because children assume an adult teacher would give them 

all the necessary information to operate the toy. On the other hand, asking a guided 

question leaves open the possibility that there may be more to discover (Yu, et al., 2018). 

On the surface, guided play and direct instruction both involve intentional learning goals 

and adult guidance, but direct instruction may offer so much guidance that children are 

no longer motivated to explore and therefore cannot transfer their knowledge beyond the 

immediate task.  

In the study of playful learning, it is noticeable that many studies examine the 

immediate effect of playful learning and that the testing modality often matches the 

playful intervention. For instance, an investigation of playful learning on shape 

knowledge was immediately tested with a shape test (Fisher, et al. 2013), and a blicket 

machine activity was immediately examined with a test of the rules (Medina & Sobel, 

2020). Little is known about the strategies children use after being exposed to guided 

play. Even less is known about whether results are maintained over a delay.  

Guided play is thought to best promote learning because it actively engages the 

child and equips him or her to transfer their knowledge to a new situation or task. In other 

words, while direct instruction tells a child what the correct answer to a problem is, 

guided play allows children to learn how to arrive at a solution. Therefore, the benefits of 

guided play may be best elucidated by testing children on a later follow-up task or 

through a different task all together. For example, Fisher and colleagues (2013) found 

that children who learned about shapes in guided play continued to outperform the other 



 

 

6 

conditions a week later, indicating that their learning withstood a delay. Children in the 

guided play condition were also able identify more atypical shapes, such as isosceles or 

scalene triangles, that they had not encountered during training, indicating that they were 

better able to transfer their basic shape knowledge to more complex exemplars. 

Maintaining learning over a delay and transferring knowledge to a new example or 

context are key components of successful learning (Bransford, Brown, & Cocking, 1999). 

 The first goal of this study is to build upon previous work in the field of playful 

learning by further examining the benefits of guided play compared to direct instruction 

in a causal learning context and investigating the potential of guided play to benefit a 

learner beyond the initial learning task. This study also advances the field by examining 

the impact of guided play on two other outcomes: curiosity and creativity. 

Curiosity, Divergent Thinking, and Creativity 

An individual engages in a state of curiosity when he or she perceives a lack of 

information or gap in understanding and seeks to resolve that uncertainty (Jirout & Klahr, 

2012; Lowenstien, 1994). Curiosity is perceived to be valuable because it indicates that a 

child is tolerant of uncertainty, and uncertainty can be the catalyst for future exploration 

and learning (Hassinger-Das & Hirsh-Pasek, 2018). Recent work substantiates this claim, 

as children’s curiosity predicts academic success in kindergarten (Shah, Weeks, Richards, 

& Kaciroti, 2018).  

 Creativity is defined as a multifaceted construct in which creative processes (such 

as divergent thinking) lead to creative products (the result of convergent thinking) that 

are novel and useful (Lubart, Zenasni, Barbot, 2013; Plucker, Dow, & Beghetto, 2004; 

Runco & Jaeger, 2012). Creativity in childhood is valued because the ability to generate 
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original and useful solutions to problems is essential for overcoming obstacles and 

challenges in an ever-changing world (Hadani & Jaeger, 2015).  

Both curiosity and creativity top researchers’ and educators’ lists of 21st century 

skills that are vital for children’s success (Lucas, 2016). Curiosity and creativity are also 

valued in the business world. In 2018, the Harvard Business Review devoted an entire 

issue to the subject of curiosity. Furthermore, a 2010 survey of CEOs from around the 

world found that creativity was the skill most often cited as essential to future success 

(IBM, 2010).  

A recent model explains that curiosity, exploration, and creativity may be 

intrinsically connected (Carr, Kendal, & Flynn, 2016; Evans et al., 2021a). Uncertainty 

sits at the base of the model, and refers to lack of understanding, knowledge, or 

information. Uncertainty is separate from ignorance, which occurs when one is unaware 

of lacking understanding, knowledge, or information (Anderson, Carleton, Diefenbach, & 

Han, 2019). Preschoolers are able to recognize their own uncertainty, as indicated by 

their confidence ratings (Lyons & Ghetti, 2011). Curiosity occurs when an individual is 

confronted with some form of uncertainty. Lowenstein’s information gap theory (1994) 

states that curiosity arises when an individual is motivated to resolve this gap in 

knowledge, information, or understanding. Notably, curiosity can be described as both a 

state or a trait. State curiosity, or a drive to reduce uncertainty, is most consistent with 

Lowenstein’s information gap theory (1994). Trait curiosity is a personality characteristic 

that describes an individual who is motivated to pursue information and knowledge 

(Jirout & Klahr, 2012; Shah, Weeks, Richards, & Kaciroti, 2018). 
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Curiosity is an internal process that sparks the action-based process of 

exploration. Curiosity and exploration are related yet distinct constructs, as exploration is 

the behavior that results from curiosity (Jirout & Klahr, 2012; Sobel & Letourneau, 

2018). In other words, if curiosity is an itch then exploration is the scratch that seeks to 

remedy it. In the next step of the model, exploration encourages divergent thinking, 

which refers to the ability to generate multiple original responses or solutions to a prompt 

or problem. Divergent thinking is also considered an essential component of creativity 

(Guilford, 1950, Runco & Acur, 2012). Almost 80% of studies that examine creativity in 

adults (Said-Metwaly, et al., 2017) and children (Evans et al., 2021a) use divergent 

thinking assessments as measures of creativity. The model is completed and results in a 

creative outcome when divergent thinking is combined with convergent thinking, which 

is the ability to home in on an answer or solution to a problem. Similarly to curiosity and 

exploration, divergent thinking may represent an internal process (generating multiple 

ideas or solutions) that is followed by an action-based process (convergent thinking). 

Through convergent thinking, an individual actively selects one of the ideas or solutions 

they previously generated. Importantly, this model may not by linear, and individuals 

may return to previous components. For instance, if an individual arrives at a solution 

that does not solve the initial problem, they may need to choose a different solution 

(convergent thinking) they previously generated (divergent thinking) or begin to explore 

anew (exploration).  
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Figure 1. Creativity Model 

Some components of this creative problem-solving model have already been 

tested. There is evidence that children who are more curious also explore more 

(vanSchijndel, Jansen, & Raijmakers, 2018). Moreover, Evans and colleagues (2021b) 

found that children who engaged in more exploration behaviors were more likely to 

successfully solve a creative problem-solving task. The current study examines the 

relation between curiosity and divergent thinking. Divergent thinking was selected as a 

proxy for creativity in keeping with the bulk of the literature.  

Both curiosity and divergent thinking may be influenced by guided play and 

direct instruction. Findings by Bonawitz et al. (2011) and Yu et al. (2018) that direct 

instruction discourages exploration indicate that children’s curiosity may also be hindered 

by didactic adult involvement. One possible interpretation of these findings is that 

children explored less in the direct instruction condition because they were less curious. 

When the experimenter directed them towards one singular aspect of the toy (a button 

that turns on a light), children may have inferred that this was all that the toy could do 

(Yu, et al., 2018). Lack of uncertainty is unconducive to curiosity, and unlikely to 
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motivate exploration and further learning (Jirout & Klahr, 2012). Conversely, guided play 

may spark curiosity by highlighting uncertainty. In Yu et al. (2018), children in the 

guided play condition were asked a question about what the button on the toy might do. 

This question may have made these children curious as to the purpose of the button, but 

the question did not suggest that the button was the only function available on the toy. 

When children in the guided play condition played with the toy, they may have been 

motivated to explore and resolve their uncertainty about the button as well as the other 

functions of the toy.  

 Previous work finds that engaging in guided play helps support preschool 

children’s divergent thinking (Evans, Todaro, Golinkoff, & Hirsh-Pasek, in prep). 

Children played with LEGO bricks in either a free play, direct instruction, or guided play 

context. Children in the free play condition were given a set of LEGOs and asked to build 

whatever they wanted. Children in the direct instruction condition were given step-by-

step LEGO castle instructions by the experimenter and were corrected if they deviated 

from the instructions. Finally, children in the guided play condition were given a model 

castle identical to the end product of the direct instruction condition and asked to build 

the castle with another set of LEGO bricks. Children were not given step-by-step 

instructions, and the experimenter allowed children to make mistakes and offered hints 

and suggestions instead of corrections.  

After the LEGO task, children were given a creative problem-solving task where 

they were asked to remove a Styrofoam ball from a jar using everyday objects (Daehler 

& Chen, 1993; Evans, Todaro, Schlesinger, Golinkoff, & Hirsh-Pasek, 2021b). The task 

was scored for fluency, the number of actions performed, and originality, the number of 
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unique actions performed. Fluency and originality are typical indices of divergent 

thinking (Torrance, 1972), and children in the guided play condition scored higher on 

both measures compared to those in the direct instruction and free play groups. In the 

guided play condition, children were presented with the same initial goal as direct 

instruction (build a castle), yet unlike in the direct instruction, they were not given 

instructions or told how to complete the task. They figured this out with the help of the 

experimenter. The fact that children were allowed to make mistakes may have 

encouraged them to generate and attempt different ways to solve the problem at hand 

(i.e., building the castle) on their own without worrying about being “wrong” (Fyfe, et al., 

2016). When children in the guided play condition came to the creative problem-solving 

task, they likely transferred the strategies they had practiced during the LEGO task and 

generated multiple original solutions.  

Causal Learning as a Context 

Causal learning tasks are ideal for examining the effect of playful learning on 

curiosity and divergent thinking. These tasks encourage the exploration needed to satisfy 

that curiosity. For example, in one study, seven to nine-year-old children learned how to 

use a balance scale to test object weights. Children’s scores on a curiosity assessment 

were positively associated with the time they spent exploring during a balance scale 

activity and their knowledge of object weights (vanSchijndel, Jansen, & Raijmakers, 

2018). Exploration is also associated with divergent thinking. Evans and colleagues 

(2021b) found that children’s exploration behaviors on a creative problem-solving task 

were positively and significantly associated with divergent thinking scores. Uncovering 

the causal mechanism of a phenomenon requires children to generate possible solutions, 
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and children who are able to engage in divergent thinking and generate multiple possible 

solutions may be better prepared to learn causal relations. Children who are able to learn 

causal relations can better discern relations that work and discard those that do not. 

Research Questions and Hypotheses 

The current study investigated the downstream consequences of participating in a 

guided play or direct instruction activity on causal learning, curiosity, and divergent 

thinking. There were two main research questions. 

Research Question 1: Are Children Who Learn in Guided Play Better Prepared than 

Children Who Learn in Direct Instruction to Transfer their Learning to Another Task? 

Children participated in two causal learning activities. During the first causal 

learning activity, children were taught the rules of the activity through either guided play 

or direct instruction. The impact of these conditions was assessed through a second causal 

learning task where children were asked to learn the rules of a new causal activity 

through independent exploration without adult intervention. Children’s knowledge of the 

causal rules was assessed after both activities.  

Hypothesis 1 

 Children’s knowledge of the causal rules should be similar after the first task 

because both guided play and direct instruction can be useful for initial learning (Yu et 

al., 2018). In the second causal learning task, however, children in the guided play should 

perform better because they have learned how to approach the task rather than to 

memorize a simple rule.  
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Research Question 2: How Do Play Environments Impact Outcomes Like Curiosity and 

Divergent Thinking? 

 After participating in the first causal learning task, children’s curiosity was 

assessed using the Underwater Exploration Game (Jirout & Klahr, 2012).  

Hypothesis 2 

 Children in the guided play condition will exhibit more curiosity (higher scores on 

the Underwater Exploration Game) compared to those in the direct instruction 

(Hypothesis 2A). Children who experience direct instruction will display less curiosity 

compared to those in the guided play condition because direct instruction may hinder 

children’s curiosity and exploration. Guided play should instill curiosity in children as 

they are exposed to a new situation where there is a gap in knowledge and are motivated 

to close that gap. Children’s curiosity should also impact children’s performance on the 

second causal learning task outcomes (Hypothesis 2B). These outcomes include causal 

test performance and the number of items (blocks or flowers) explored. Children who 

demonstrate curiosity should be driven to resolve uncertainty and learn the causal rules of 

the activity. Prior research indicates that children with higher curiosity scores engage in 

more exploration during subsequent learning tasks (vanSchijndel, Jansen, & Raijmakers, 

2018). Overall, the relation between play condition and the second causal learning task 

outcomes will be mediated by curiosity (Hypothesis 2C).  
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Figure 2. Hypothesis 2 Analysis Path 

Hypothesis 3 

 After completing the two causal learning tasks and the curiosity assessment, 

children completed measures of divergent thinking. Children in the guided play condition 

will perform better on divergent thinking measures compared to the direct instruction 

condition. Previous work found that children perform better on a divergent thinking 

measure after participating in guided play compared to direct instruction (Evans et al., in 

prep). 

Hypothesis 4 

 Children’s curiosity should be positively associated with their scores on the 

divergent thinking measures (Hypothesis 4A). The relation between play condition and 

divergent thinking will be mediated by curiosity (Hypothesis 4B). Curiosity and 

divergent thinking are linked in the creativity model via exploration (Carr, Kendal, & 

Flynn, 2016, Evans et al., 2021a), but no previous work examines their relation to one 

another directly. Curiosity represents the desire to seek information in the face of 

uncertainty. This drive to reduce uncertainty should also facilitate the generation of 

multiple original ideas. 
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Figure 3. Hypothesis 3 and 4 Analysis Path 

Limitations and Alternative Explanations 

 The current study was designed as a video conferencing experience so that data 

could be collected during Covid-19. Conducting developmental research online is a 

relatively new phenomenon. Yet, preliminary studies comparing traditional in-person 

developmental measures with equivalent online measures suggest that research with 

young children can feasibly and reliably be conducted online (Scott, Chu, & Schulz, 

2017). The current study is the first to examine an interactive playful learning paradigm 

using video conferencing. This format will potentially limit the potency of the guided 

play condition. While children in this condition will direct the exploration during the first 

causal learning task, all actions will be filtered through the experimenter. Children will 

not be able to spontaneously test an item as they would during a physical task. This 

limitation on agency, a crucial component of guided play, could hinder children’s ability 

to transfer their knowledge of the causal learning task. 

 Some alternative explanations are anticipated in the event that the data does not 

support some hypotheses. One possible finding that runs contrary to the second 

hypothesis is that playful learning will not have an influence on children’s curiosity. 

Previous studies demonstrate that guided play and direct instruction can influence 

children’s exploration behaviors (Bonawitz., et al., 2011; Yu et al., 2018), and curiosity 
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and exploration are highly associated with one another (Jirout & Klahr, 2012; Sobel & 

Letourneau, 2018), but no prior studies examined whether curiosity is malleable. 

Curiosity can be considered as both a state and a trait (Hassinger- Das & Hirsh-Pasek, 

2018). An individual engages in a state of curiosity when he or she perceives a sense of 

uncertainly and seeks to remedy that uncertainty (Jirout & Klahr, 2012; Lowenstien, 

1994). Children who exhibit the trait or personality characteristic of curiosity, actively 

seek out ambiguity and enjoy discovering new things and ideas (Shah, Weeks, Richards, 

& Kaciroti, 2018). It is possible that the measure of curiosity may capture curiosity as a 

trait (Jirout & Klahr, 2012), which will not be influenced by the play conditions. In this 

event, the effect of curiosity on exploration and learning can still be examined during the 

second causal task.  

There may be instances of children who are highly curious but perform little 

exploration during the second causal learning task. If children perceive that they learned 

the causal rules of the game, then they are no longer in a state of uncertainty and thus 

have no further need to explore (Sobel & Letourneau, 2018). This alternative hypothesis 

could be tested by examining the second causal test scores of high curiosity children who 

engage in fewer exploration behaviors. If these children have high test scores on the 

second causal learning test, then this may indicate that they quickly learned the rules of 

the game and did not need to explore further.   
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CHAPTER 2 

METHODOLOGY 

 

Recruitment and Participants 

Forty-five children were recruited for the study from the Temple and Infant Child 

Lab database. One child chose not to complete the study, and another child was excluded 

due to a technical malfunction that prevented her session from recording. Nine children 

participated in the initial pilot study. Forty-three participated in total (61% girls), 

including 7 four-year-old, 16 five-year-old, and 20 six-year-old children.  

Parents were given an online questionnaire via Qualtrics that included basic 

demographic questions and a curiosity questionnaire. Twenty-four parents (56%) 

completed the questionnaire. Nineteen children (79%) were identified as Caucasian and 

five (21%) were identified as multiracial. The sample of parents was highly educated, 

with 23 parents (96%) reporting that they held a Bachelor’s degree or higher. The sample 

was also highly resourced with an average monthly income of $9000 (SD = $4600).  

Data collection took place remotely using the web application Zoom due to 

COVID-19. All children received a certificate as a thank-you for their participation. Data 

collection for the dissertation began in July 2020 and ended in December 2020. Data 

collection will continue until a sample size of 72 children is reached. Power analyses 

indicate that this sample size will be appropriate to achieve a medium effect size on the 

planned analyses. To mitigate issues resulting from technological failures and child 

fussiness, an additional 25% of participants with be recruited for a total sample of 90 

participants (Scott & Schulz, 2019). Children will be recruited from the Temple and 
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Infant Child Lab database and the Children Helping Science site, a recently developed 

website where families may volunteer for developmental studies. All recruitment and 

study procedures were approved by the Temple University’s Institutional Review Board. 

Materials 

 All materials with the exception of the Underwater Exploration game, which was 

already a computer game, were adapted so that they may be administered remotely over 

Zoom. Both causal learning tasks were programmed in PowerPoint as animated and 

interactive activities that allow for contingent interactions between the child and 

experimenter. Scripts for all materials and measures are included in the Appendix.  

Causal Task 1: Blicket Machine  

 This task was adapted from Medina and Sobel (2020) and was reviewed by Sobel 

in its current form (D. Sobel, personal communication, June 17th, 2020). In this task, 

children were first introduced to a blicket machine, and learned that some blocks make 

the machine go (shake and play a sound) whereas others do not. Children were then given 

a demonstration of blocks that did and did not make the machine go. Children were then 

introduced to the main blicket machine with eight blocks and told that they were going to 

figure out which blocks make the machine go. All blocks were beige in color and had 

different color bricks on the top and sides. Bricks on the top were always either black or 

yellow and bricks on the side were always either red or white (See Figure 4).  

 

Figure 4. Blocks used in Blicket Machine Task 
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 Top bricks (black or yellow) represent the primary feature that can be used to 

determine whether or not a block would activate the machine. Blocks with black bricks 

always activated the machine (100% activation) and yellow bricks never activated the 

machine (0% activation). The side bricks (red or white) on the blocks represented 

secondary features that are more or less likely to co-occur with black or yellow bricks. 

Three of the four blocks with black bricks also had red bricks (75% activation) and one 

out of four had a white brick (25% activation). One of the four blocks with yellow bricks 

had a red brick and three out of four had white bricks. As each of the blocks were tested, 

the experimenter or child choose to place each block next to a green sign that reads “Go!” 

or a red sign that reads “Does not go”. The exact testing procedure depended on the 

child’s playful learning condition and whether the task was the first or second causal task 

that a child encountered in the study. A full description of how this task was administered 

under these different scenarios is detailed in the “Procedure” section.  

Causal Test 

 The test of causal knowledge consisted of eight questions. Children were 

presented with the “hiding box”, which obscured one of the color features of the blocks 

(See Figure 3). Children were shown two blocks at a time in the hiding box and asked to 

identify which of the blocks made the machine go, or which of the blocks did not make 

the machine go. Children were asked a set of four questions in response to the prompt, 

“Which block makes the machine go?” and a set of four questions in response to the 

prompt, “Which block does not make the machine go?”. The order of the sets of 

questions was counterbalanced. One question in each of these sets asked the child to 

choose between the two secondary features (red versus white blocks). This question was 
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potentially challenging because no primary causal feature was present. Causal learning 

scores were examined both with and without these two items, and no significant 

differences were found. These items were therefore included in the final score.  

 

Figure 5. Hiding Box Stimuli  

 

 

Figure 6. Blicket Machine Task 

Causal Task 2: Bunny and Flowers  

 The second task was an adaptation of a measure first used in Schulz and Gopnik 

(2004) and examined causal relations in the biological domain. Previous work by Schulz 

and Gopnik demonstrated that children identify causal relations across physical, 
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biological, and psychological domains. In this task, children were introduced to “Bunny” 

who is going to a field to collect some flowers. They were told that some flowers make 

Bunny sneeze while others do not. The children were told that it was their job to help 

Bunny by testing the flowers. The flowers had different colored centers and petals. Petals 

corresponded to the top bricks in the blicket machine task in that they represented the 

primary causal feature used determine whether or not a flower will make Bunny sneeze. 

Flowers with purple petals always made Bunny sneeze (100% sneeze) and orange petals 

never made Bunny sneeze (0% sneeze). The centers of the flowers corresponded to the 

side bricks in the blicket machine task because they represented secondary features that 

were more or less likely to correspond with purple and orange petals. Three out of four 

flowers with purple petals had pink centers (75% sneeze) and one had a blue center (25% 

sneeze). One of the four flowers with orange petals had a pink center and three out of 

four had a blue center. As the flowers were tested, the experimenter or child placed them 

by a sign that read “Sneeze” or a sign that read “No Sneeze”.  

Causal Test 

The test of causal knowledge consisted of eight questions. Children were 

presented with pairs flowers that either had the petals removed or the center obscured. 

Children were asked a set of four questions in response to the prompt, “Which flower 

makes Bunny sneeze?” and a set of four questions in response to the prompt, “Which 

flower does not make the Bunny sneeze?”.   

One question in each of these sets asked the child to choose between the two 

secondary features (pink versus blue centers). This question was potentially challenging 

because no primary causal feature was present. Causal learning scores were examined 



 

 

22 

both with and without these two items, and no significant differences were found. These 

items were therefore included in the final score. 

 

 

Figure 7. Bunny and Flowers Task 

Curiosity: The Underwater Exploration game  

In this computer game developed by Jirout and Klahr (2012), children were 

placed in a submarine with two different windows that opened to see the water and fish 

outside. By each window was a panel displaying 1-6 different kinds of fish that could be 

outside each window. Panels with more fish had more uncertainty, as it was less 

predictable which fish would appear. Children choose which of the two windows to open 

to display a fish. The game was adaptive and adjusted the level of uncertainty children 

were presented with based on their prior choices. Children who choose windows with 

more uncertainty are thought to have higher curiosity.   
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Figure 8. Underwater Exploration Game 

Parent-Report (ID-YC) Scale (Piotrowski, Litman, & Valkenberg, 2014).  

 This parent-report survey assessed children’s expressions of epistemic curiosity. 

The scale contains ten items that parents responded to using a 4-point Likert scale. Five 

items assessed expressions of interest in learning new things (e.g. “My child has fun 

learning about new topics or subjects”). The other five questions assessed the desire to 

resolve instances of information deprivation (e.g. “My child is bothered when he/she does 

not understand something and tries hard to make sense of it”). This scale was previously 

tested with parents of 3- to 8-year-olds, and confirmatory factor analysis and content 

validity analyses provided evidence that the scale is both valid and reliable.  

Divergent Thinking Measures 

Children completed two items each of three different divergent thinking measures 

(6 items total). All tasks were scored for fluency, the total number of responses, and 

originality, the total number of unique responses as compared to the whole sample. 

Children were given an overall divergent thinking score that reflected their performance 

across the six items.  
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Alternative Uses and Instances Task (Wallach & Kogan, 1965) 

 The Alternative Uses and Instances Tasks are common assessments of divergent 

thinking. In the Alternative Uses Task, children were asked to name all of the ways that 

they can use a common object, such as a newspaper or toothbrush. In the Instances Task, 

children were asked to name different instances of certain descriptors. For example, 

children were asked to name anything they could think of that rolls on wheels or that one 

could give as a gift.  

Runco Creativity Assessment Battery (rCAB, 2010) 

The rCAB contains a figural test of divergent thinking. In this assessment, 

children were shown two figures comprised of abstract lines and shapes and asked to give 

examples of what each figure might be.  

Procedure 

 All activities for this study took place remotely over Zoom. Before the study 

began, the experimenter answered any questions from the parent and obtained verbal 

consent. The full consent document was sent to the parent prior to the study appointment. 

Parents were asked not to intervene or help their children during study, and all parents 

were compliant with this request. After the consent process, the experimenter conducted a 

list of technological checks with the parent to ensure that sound sharing worked correctly, 

the child could not see their own video, and the experimenter’s video was in the correct 

location on the child’s Zoom screen. Next, the experimenter showed the child several 

pictures on the screen and asked the child to name the object and color of the object that 

he or she was looking at (Figure 10). This activity served as both a warm-up to establish 

rapport between the child and experimenter and ensured that the experimenter’s video 
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was in the correct location on the child’s screen. These technology checks and warm-up 

procedures were designed and made publicly available by the Stanford Social Learning 

Lab. After the child completed the study, the parent was sent a link to an online 

questionnaire via Qualtrics that included basic demographic questions and the Parent 

Report (ID-YC) curiosity scale.  

 

 

Figure 9. Warm-up and Calibration Activity  

Causal Learning Task 1: Guided Play and Direct Instruction Manipulation 

Children began the study with one of the two causal tasks. The order of the causal 

tasks was counterbalanced. In the first task, all children were divided into either the 

guided play or direct instruction condition in a yoked design. To maximize the 

equivalence of the experience between the two conditions, a child in the direct instruction 

condition experienced the same block/flower testing order in the first task as a child who 

completed the task in the guided play condition. The testing order was yoked by age and 

gender. 
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The procedure is based on the previous shape training work of Fisher and 

colleagues (2013). In the former study’s guided play condition, children were told,	

“Today I need your help in discovering the secret of the shapes”. Children had the 

opportunity to explore different shapes, and the experimenter asked questions about the 

properties of the shapes to help guide children’s learning. Children in the direct 

instruction condition received the same information, but the experimenter took on the 

role of the explorer. The children passively watched as the experimenter examined each 

of the shapes and stated their properties. Prior work examining playful learning found 

that guided play conditions can take significantly longer to complete than direct 

instruction conditions due to the interactive nature of guided play; however, time spent in 

play was not associated with any outcome measures (Evans, et al., in prep).   

Guided Play 

In this dynamic interaction, the child took the lead, and the adult assumed the 

supporting role (Zosh, et al., 2018). Children in the guided play condition directed the 

experimenter as to the order of blocks/flowers to test. Once a block/flower was tested, the 

experimenter asked the child which sign the block/flower should be placed under: “Go/ 

Sneeze,” or “Does not Go/ Sneeze”. Each of the blocks/flowers was tested individually, 

and each block/flower could only be tested once. After all of the blocks/flowers were 

tested, the experimenter asked the child what they noticed about the blocks/ flowers that 

make the machine work/ Bunny sneeze and those that did not. If a child responded, “I 

don’t know,” or did not mention the colors on the blocks/ flowers the experimenter asked 

guiding questions about the colors of the bricks on the block or the petals/centers of the 
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flower, “What do you notice about the blocks/flowers with black bricks/ purple petals?”. 

Direct Instruction 

In this nondynamic activity, the adult experimenter took the lead as the child 

passively received information without direct involvement in the activity. The child 

watched as the experimenter tested each of the blocks/flowers. Just as in the guided play 

condition, each of the blocks/flowers were tested individually, and each block/flower 

could only be tested once. After each block/flower was tested, the experimenter 

commented on whether or not it made the machine go/ Bunny sneeze and then placed it 

under the “Go/ Sneeze” or “Does not Go/ Sneeze” sign. After all blocks/flowers were 

tested, the experimenter stated the rules of each brick/flower color. For instance, “It looks 

like all the blocks with black bricks make the machine go”. 

After completing each playful learning task, children were tested on their 

knowledge of the causal mechanisms of the blocks/ flowers.  

Curiosity 

Children in both conditions played the Underwater Exploration Game to assess 

their curiosity. Each child completed 18 rounds of the game.   

Causal Learning Task 2: Free Exploration 

In the second causal learning task, all children participated in free exploration of 

the task materials. Children directed the experimenter as to which blocks or flowers they 

wanted to test and whether or not a block or flower should be placed under the 

“Go/Sneeze” signs or “Does not Go/ Sneeze” sign. The experimenter only carried out 

actions requested by the child and did not offer any feedback. The children were told at 

the beginning of the activity that they may test as many blocks/ flowers as they liked and 
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that they may test each item as many times as they liked. Children were told at the 

beginning of the activity that they could tell the experimenter when they were finished 

testing blocks or flowers. The activity ended when the child indicated that he or she was 

finished testing. The number of blocks or flowers explored was recorded. Children then 

completed a second test of causal learning.  

Divergent Thinking 

Children finished the study by completing items from three divergent thinking 

measures: The Alternative Uses Task, Instances Task, and a figural measure from the 

rCAB. Children completed two items from each test for a total of six items, and the order 

of the tasks was counterbalanced.  
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CHAPTER 3 

RESEARCH QUESTION 1 RESULTS AND DISCUSSION 

 

 The following analyses investigated the first main research questions. Are 

children who learn in guided play better prepared than children who learn in direct 

instruction to transfer their learning to another task?  

 Table 1 displays the descriptive statistics of the main sample variables. Due to the 

age range of the participants, age differences were examined for each of the main 

variables using a one-way analysis of variance (see Table 2). Fluency was the only 

variable with significant differences by age in years. Table 3 presents bivariate 

correlations between study variables. The sample includes 4- to 6-year-old children who 

participated in the pilot study (n = 9) as well as the main data collection (n = 34). All 

analyses were conducted with and without the pilot participants and no significant 

differences were found. Pilot participants completed a different measure of divergent 

thinking; therefore their data is not included in the divergent thinking analyses. 

Additionally, video recording failed to capture the divergent thinking measures for one 

child in the main data set. Table 1 displays the sample size for each of the variables. 

 Both Tables 1 and 3 include the two subscales from the Epistemic Curiosity Scale 

(Piotrowski, Litman, & Valkenberg, 2014) included in the parent questionnaire. The scale 

was added as a comparison to the Underwater Exploration game. In the tables, EC-I-Type 

refers to the Interest subscale and EC-D-Type refers to the Deprivation of Information 

subscale. In all analyses, children’s scores on Underwater Exploration Game are used to 

assess children’s curiosity.  
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Table 1 

Descriptive Statistics  

Variables Mean SD Min. Max. n 
Causal Test 1 5.21 1.61 2 8 43 
Causal Test 2 4.56 1.93 0 8 43 
Curiosity 10.67 3.45 0 18 43 
EC-I-Type 3.44 0.64 1 5 24 
EC-D-Type 2.41 0.49 1 5 24 
N. Explore 10.44 6.00 3 28 43 
Fluency 24.15 13.30 6 57 33 
Originality 8.55 7.87 0 35 33 
Age 5.30 0.50 4 6 43 
Note: EC-I-Type = Epistemic Curiosity - Interest Scale; EC-D-Type = Epistemic 
Curiosity - Derivation of Information Scale; N. Explore = Number of Items Explored 
 

Table 2 

Variable Mean (SD) Differences by Age 

Variables 4-years  5-years  6-years p 
Causal Test 1 5.14 (1.35) 4.75 (1.69) 5.60 (1.60) .30 
Causal Test 2 4.71 (2.14) 4.19 (1.97) 4.80 (1.88) .63 
Curiosity  11.00 (2.16) 10.69 (2.87) 10.55 (4.27) .96 
N. Explored 8.57 (3.99) 9.62 (4.99) 11.75 (7.16) .39 
Fluency 18.00 (5.23) 18.57 (11.48) 31.00 (13.55) .02 

Originality  4.50 (1.91) 6.50 (5.20) 11.53 (9.86) .12 
Note: *Sample size different for fluency and originality. 4-years (n = 4), 5-years (n =14), 
6-years (n = 15). 
 

Table 3 

Bivariate Correlations between Study Variables 

Variables 1 2 3 4 5 6 7 8 9 10 11 
1. Causal 1            
2. Causal 2 .30           
3. Curiosity .11 .36*          
4. EC-I-Type .07 .29 .48*         
5. EC-D-Type .14 .01 .13 .49*        
6. N. Explore .05 .29 -.03 -.07 -.25       
7. Fluency .04 -.03 .01 .32 .31 .05      
8. Originality -.04 .01 -.01 .28 .31 -.05 .88**     
9. Age .16 .17 -.04 .22 .28 .21 .43* .35*    
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Table 3 

(Continued) 

Variables 1 2 3 4 5 6 7 8 9 10 11 
10. Condition -.12 -.32* -.14 -.15 -.06 -.06 .01 .17 -.04   
11. Gender  .05 .05 .02 -.17 -.06 .04 .11 .06 -.01 -.12  
12. Order  -.21 .24 .15 -.18 -.17 .12 .04 .17 -.03 -.16 -.19 
Note: *p<.05,** p<.01. EC-I-Type = Epistemic Curiosity - Interest Scale; EC-D-Type = 
Epistemic Curiosity - Derivation of Information Scale. Order = Causal Task Order 
(Blicket or Bunny Task First). Reference groups: Condition = Guided Play; Gender = 
Female; Order = Blicket First. 
 
 
 Before conducting the analyses, the data were checked for requirements of 

normality and homogeneity of variances. All variables met these requirements. Outliers 

were investigated using the standard 1.5 x IQR rule. Two outliers were detected in the 

fluency and originality data. The results did not significantly change when these data 

points were excluded from the analyses, therefore, the following analyses represent the 

full data set. Chi squared analyses confirmed that the two playful learning conditions did 

not significantly differ by gender (X2 (1, N=43) = .005, p = .94) or age (X2 (2, N=43) = 

.972, p = .62). A series of independent sample t-tests investigated any potential playful 

learning task order effects (Blicket Machine first vs. Bunny and Flowers first). No study 

variable significantly differed by playful learning task order. Table 4 displays the results 

of the t-tests.  

Table 4 

Independent Sample T-Tests Examining Potential Order Effects  

 t df p Cohen’s d 
Causal Test 1 1.38 41 .18 .43 
Causal Test 2 -1.58 41 .15 .48 
Curiosity -0.94 41 .35 .30 
N. Explore -0.78 41 .44 .26 
Fluency -0.24 31 .81 .09 
Originality -0.94 31 .36 .34 
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Hypothesis 1 Results 

 The set of hypotheses investigated the impact of the play condition on the two 

tests of causal learning and predicted that there would be no condition differences on the 

first test of causal learning, but that children in the guided play condition would perform 

better on the second test that those in the direct instruction condition. Linear regressions 

examined the impact of the playful learning condition on each causal learning test. Linear 

regressions were performed rather than t-tests because these analyses were initially 

planned as a component of a mediation analysis. Condition was the single predictor 

variable, and the direct instruction condition served as the reference group. Age or gender 

were not included in the model as these variables did not differ by condition and were not 

correlated with performance on the two causal tests. As predicted, the playful learning 

condition did not impact scores on the first causal learning test (B = -.40, t(41) = -0.81, 

p=.42). The analysis revealed that the condition did impact scores on the second causal 

learning task, B = -1.24, t(41) = -2.16, p=.04. Contrary to the prediction, children in the 

direct instruction condition performed better than children in the guided play condition 

(See Figure 11 for means).  

 To investigate the impact of changes in causal learning test scores, a mixed model 

analysis examined the two causal tests as a repeated measure and condition as a between-

subjects variable. Within-subject effects did not indicate that children’s scores 

significantly changed from the first causal test to the second, F(1,41) = 3.24, p = .08. 

There was a marginal between-subjects effect of the playful learning condition on the 

causal learning scores, F(1,41) = 3.67, p = .06. There was no significant interaction 

between the change in scores and condition, F(1,41) = 1.65, p = .21. 
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Figure 10. Causal Learning Tests by Playful Learning Condition. Error bars indicate 95% 
confidence interval 

 

Exploratory Analyses 

 The average causal learning scores were relatively stable across both causal 

learning tests. These scores made it difficult to determine whether any changes occurred 

across the two tests. To address this issue, a change score was calculated to determine 

whether children in either condition were drastically increasing or decreasing their scores 

across the two tests. The average score change from the first to second causal learning 

test was 0.65 points (SD = 2.11) and was not associated with age (r = .07, p = .66). Using 

the standard 1.5 IQR rule, it was determined that change scores greater than 3 would be 

considered outliers. Five participants met this criterion, all of whom were in the guided 

play condition. Three children (one 4-year-old, two 6-year-olds) decreased their scores by 

4 points and two children (two 5-year-olds) decreased their scores by 6 points. It is likely 

that these children helped drive the significant difference between guided play and direct 

instruction children in the second causal learning test. When these children were 
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excluded from the sample, the difference between the conditions on the second causal 

learning test was no longer significant (p = .10). These results should be interpreted 

cautiously given that the outliers represented 20% of the guided play group and no 

outliers were found in the direct instruction group. This finding may suggest that direct 

instruction allowed for the transfer of knowledge consistently, whereas the effect of 

guided play was more variable and deleterious for a small but significant group.  

Discussion 

In the first causal learning activity, children engaged with the experimenter in 

either a guided play or direct instruction condition and were tested on their causal 

knowledge immediately after completing the task. It was predicted that there would be no 

difference in scores on the first causal learning test because all children received adult 

support during the causal learning activity (Yu et al., 2018). Results indicated that there 

were no condition differences in causal knowledge on the first causal learning test. 

Children in both conditions were equally able to learn the causal rules of the first activity 

after engaging in the activity with the experimenter.  

 The second causal learning activity allowed the children to engage in free 

exploration without the influence of an adult. It was predicted that children who 

experienced guided play during the first causal learning activity would be better able to 

transfer their learning to the second causal learning activity than children in direct 

instruction. Children in the direct instruction condition were expected to do well on the 

first activity because they were told what the rules of the activity were rather than how to 

discover them. These children should struggle on the second activity without adult 

support. On the other hand, the children in the guided play condition learned how to 
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approach the activity and learn the rules rather than being explicitly told what the rules 

were. Those in the guided play condition should outperform those in the direct instruction 

condition on the second causal learning test. These children were able to take on an 

agentic and active role in their learning while also receiving adult support during the first 

causal learning activity.  

 Contrary to the hypothesis, children in the direct instruction condition performed 

better on the second test of causal learning than those in the guided play condition. 

Children generally did not improve their scores from the first task to the second task. The 

repeated measures analysis examining the two causal learning scores was not significant, 

indicating that causal learning scores did not change from one test to the next. The 

significant difference in scores on the second causal learning test was due to a decline in 

scores in the guided play condition, not an increase in scores from the direct instruction 

condition. Children in the direct instruction condition performed as well after exploring 

on their own as they did after watching an adult engage in exploration. Children in the 

direct instruction condition had less agency, but potentially more cognitive resources to 

observe the experimenter and engage in independent exploration.  

 Taking an active role (e.g., making choices, answering questions) in the guided 

play condition may have overloaded children’s working memory (Sweller, van 

Merrienboer, & Paas, 1998), preventing them from transferring what they learned in the 

first causal learning activity to the second activity. According to Cognitive Load Theory 

(Sweller, et al., 1998), working memory is a limited cognitive resource. When working 

memory is overburdened, learning is impeded, and information cannot be encoded into 

long term memory. The intrinsic cognitive load was high for all children during the 
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causal learning tasks. The task was novel, and the children likely had no prior experience 

with causal learning tasks. The interactive nature of the guided play condition likely 

added to children’s extraneous cognitive load. Children in the guided play condition were 

asked to make choices (Which block should we test next?) and answer questions (That 

block made the machine go! Should we put the block under the Go or Does not Go 

sign?). This extraneous cognitive load was likely exacerbated by the online format of the 

study. Children were not able to spontaneously test items, and every action required an 

interaction with the experimenter. In contrast, children in the direct instruction condition 

watched as the experimenter made choices (Let’s look at the black and white block) and 

narrated her actions (That block made the machine go! Let’s put that block under the 

green Go sign). The direct instruction condition allowed children to be passive observers, 

which was predicted to hinder their learning. In the instance of a challenging and novel 

task, however, watching passively may have conserved children’s working memory 

resources.  

 Children in the direct instruction condition potentially benefited from watching a 

worked example (Atkinson, Derry, Renkl, & Wortham, 2000; Alfieri, Brooks, Aldrich, & 

Tenenbaum, 2011; Sweller, et al., 1998). In a worked example, a learner is not expected 

to solve a problem. Instead, an instructor breaks down each step of the problem until he 

or she arrives at a solution. Indeed, children in the direct instruction condition watched as 

the experimenter tested each of the blocks/ flowers until every item had been categorized. 

Sweller and colleagues (2007) assert that worked examples reduce cognitive load for 

learners encountering novel problems, “ . . . novices should not be presented with 

material in a manner that unnecessarily requires them to search for a solution with its 
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attendant heavy working memory load rather than being presented with a solution” (p. 

116). This reduction in working memory load during the first causal learning task 

possibly prepared children in the direct instruction condition for free exploration in the 

second task.  

 Worked examples are a key facet of Cognitive Load Theory. From a Social 

Cognitive Theory perspective, children in the direct instruction condition benefited from 

modeling behaviors from the experimenter (Bandura, 1988). Social Cognitive Theory 

asserts that children learn through observation, often through models who provide 

demonstrations. Worked examples are considered a type of observational learning, 

although they are typically written out examples rather than live demonstrations (van Gog 

& Rummel, 2010). Children in both conditions had the opportunity to benefit from 

observational learning during the first causal learning task. Children in the guided play 

condition, for instance, observed as the experimenter asked questions about the properties 

of the objects after they were tested. Yet, children in the guided play condition were also 

active participants. Consequently, children in the direct instruction condition were  better 

able to observe the behaviors modeled by the experimenter.  

 The causal learning task was also challenging for young children because it 

required them to control variables. Control of variables requires that one variable is held 

constant while a second variable is tested. In the Bunny and Flowers task, for instance, a 

child may test a purple petalled flower with a blue center after testing an orange petalled 

flower with a blue center to control for center color and test the effect of petal color. 

Control of variables strategy (CVS) can be a complex process that challenges adults as 

well as children (Klahr, 2009). Klahr (2009) argues that in situations where CVS is 
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required, direct instruction may be beneficial to a learner. Children in the direct 

instruction condition were not directly taught a CVS approach, but they potentially had 

more working memory resources available to notice through experimenter modeling 

when one variable was tested against another. It is also possible that the experimenter 

could have provided more support to the guided play condition by including CVS 

prompts. For example, after testing a black and red block the experimenter could have 

asked, “Let’s try a yellow and red block next and see if there is a difference”.  

 The causal learning tasks were novel and challenging activities for young 

children. Conducting the study via Zoom likely added additional demands on their 

cognitive resources. Despite these challenges, children in both conditions were able to 

learn the rules of the task after engaging in either direct instruction or guided play. Direct 

instruction required less cognitive resources, and children who experienced direct 

instruction were better able to transfer their learning to a different causal learning task. 

While guided play provides more autonomy to children, it may be less effective in 

environments that are highly novel and tax working memory. In these instances, children 

may need more support from adults before taking an agentic role in their own learning.   
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CHAPTER 4 

RESEARCH QUESTION 2 RESULTS AND DISCUSSION 

 

 The following analyses investigated the second main research questions. How do 

play environments impact outcomes like curiosity and divergent thinking?  

Hypothesis 2 Results 

 The second set of hypotheses examined the relations between the playful learning 

condition, children’s curiosity, and the second causal learning task outcomes. This 

question captured three hypotheses. First, children in the guided play condition will 

exhibit more curiosity than those in the direct instruction condition (Hypothesis 2A). 

Second, children’s curiosity will impact children’s exploration and scores on the second 

causal learning task (Hypothesis 2B). Children with higher curiosity scores will explore 

more objects during the task and score higher on the causal learning test. Third, the 

relation between play condition and the second causal learning task outcomes will be 

mediated by curiosity (Hypothesis 2C). 

 A series of linear regressions examined the hypotheses. The analysis indicated 

that the playful learning condition did not predict children’s curiosity scores (B =-0.94, 

t(41) = -0.88, p=.38) (Hypothesis 2A). The analysis also indicated that children’s 

curiosity scores did not predict the number of items explored during the second causal 

learning task. (B =-0.05, t(41) = -0.19, p=.85). The analysis did reveal that children’s 

curiosity scores were positively related to their performance on the second causal 

learning task (B =0.20, t(41) = 2.48, p=.02) (Hypothesis 2B). Given that condition also 

predicted children’s performance on the second causal learning task, another regression 
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analysis examined the effect of curiosity while also controlling for condition. The overall 

model was significant (F(2, 40) = 5.15. p = .01) and found that curiosity was a significant 

predictor (B = 0.18, p = .03) and condition a marginal predictor (B = -1.07, p = .06) of 

children’s performance on the second causal learning task. 

 A mediation analysis was planned to assess the indirect effect of curiosity on the 

two causal learning outcomes (Hypothesis 2C). This analysis was not appropriate to 

conduct given that the play condition did not predict children’s curiosity scores. Part of 

this analysis would have examined the impact of play condition on the number of items 

explored using a linear regression. The results did not indicate that play condition 

impacted the number of items explored (B = -0.67, t(41) = -0.36, p=.72).  

Exploratory Analyses 

 After conducting the planned analyses, exploratory analyses were conducted to 

examine additional questions.  

Exploration and Causal Test 2 

 Children who explored more items during the second causal learning task should 

perform better on the second causal learning test. A linear regression tested this 

hypothesis and revealed a marginal effect of exploration on causal learning. Children 

who explored more items had higher scores on the second causal learning test (B = 0.09, 

t(42) = 1.96, p =.06).  

Curiosity and Exploration 

It was anticipated that there may be instances of children with high curiosity 

scores who engaged in few exploration behaviors (number of items explored) during the 

second causal learning task. If children perceive that they have learned the causal rules of 
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the game, then they are no longer in a state of uncertainty and do not need to continue 

exploring (Sobel & Letourneau, 2018). To test this alternative hypothesis, children were 

divided into four groups based on their curiosity scores and exploration behaviors. 

Children were assigned to high or low curiosity and exploration groups based on a 

median split. Table 5 displays the curiosity and exploration medians and the means and 

standard deviations for each group. A one-way analysis of variance examined differences 

in scores on the second causal learning test, and found significant group differences (F(3, 

39) = 5.15, p < .01). Post hoc analyses (Bonferroni) indicated that both the high curiosity/ 

low exploration (p = .04) and high curiosity/ high exploration (p < .01) groups 

significantly outperformed the low curiosity/low exploration group (See Figure 12 for 

means). There were no significant differences between the other groups.  

Table 5. 

Curiosity and Exploration Median and Group Means (SD) 

 Curiosity Exploration  
Median 11 9  
Mean (SD)   n 
Low Curiosity/Low 
Exploration 

7.89 (3.44) 5.67 (2.18) 9 

Low Curiosity/High 
Exploration 

7.38 (2.72) 15.75 (5.20) 8 

High Curiosity/ Low 
Exploration 

12.53 (1.68) 6.87 (1.73) 15 

High Curiosity/ High 
Exploration 

12.82 (2.32) 15.46 (5.97) 11 
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Figure 11. Second Causal Learning Test Scores by Curiosity/Exploration Group. Error 
bars indicate 95% confidence interval 
 
Curiosity and Play Condition 

 The current study was one of the first to examine whether curiosity is malleable 

and did not find that children’s play condition significantly impacted their curiosity. It is 

possible that the Underwater Exploration game captured trait, or personality-based 

curiosity (Jirout & Klahr, 2012) that could not be influenced by the play condition. By 

examining curiosity as a trait, it is possible to explore how children’s curiosity impacted 

children’s experience in the two play conditions. Children were sorted into four groups 

based on their condition and level of curiosity. Children were divided into low and high 

curiosity groups using the same median split criteria as the previous analysis. A one way-

analysis of variance examined group differences on the second causal learning test and 

found a significant difference, F(3, 39) = 5.06, p < .01 (See Figure 13 for means). Post 

hoc analyses (Bonferroni) revealed a significant difference between the high curiosity/ 

direct instruction group and the low curiosity/guided play group (p < .01). There were no 

significant differences between any other groups. 
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Figure 12. Differences in Causal Test 2 Scores by Condition and Curiosity. Error bars 
indicate 95% confidence interval 
 

Discussion: Hypothesis 2 

 It was predicted that children in the guided play condition would have higher 

scores on the curiosity assessment. Guided play activity provided an opportunity for 

children to experience uncertainty and actively work towards closing their knowledge 

gap. Prior work indicates that direct instruction hinders curiosity because it reduces or 

removes a sense of uncertainty (Bonawitz et al., 2011, Yu et al., 2018). The current study 

found no evidence that either playful learning condition affected children’s curiosity 

scores. The first causal learning activity was potentially too short to have a meaningful 

impact on children’s curiosity. Moreover, no prior research examined whether or not 

curiosity is malleable. The Underwater Exploration Game was included in the study as a 

measure of state curiosity, but it is possible that it captured trait curiosity instead. Trait 

curiosity refers to a personality characteristic that motivates an individual to pursue 

knowledge and information (Jirout & Klahr, 2012; Shah, Weeks, Richards, & Kaciroti, 
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2018), and it is most often measured through self-report measures such as the curiosity 

measure that parents completed (Piotrowski, Litman, & Valkenberg, 2014). Notably, 

curiosity scores on the Underwater Exploration game were positively associated with 

parent-reported curiosity (Interest subscale). If the Underwater Exploration Game 

captured trait curiosity, it is unlikely curiosity could be influenced by the play conditions 

(Jirout & Klahr, 2012).  

  As hypothesized, children’s curiosity predicted scores on the second causal 

learning task. Children who were more curious were likely more driven to resolve the 

uncertainty they encountered during the free exploration task. There was, however, no 

significant relation between curiosity and exploration. It is possible that this relation did 

not emerge because children were engaged in different types of exploration. Berlyne 

(1960) describes exploration as either specific or diversive. Diversive exploration refers 

to exploration for exploration’s sake. Specific exploration refers to actions that seek to 

solve a particular problem or answer a particular question and may better describe 

exploration that occurs as a result of curiosity. Sobel and Letourneau (2018) suggest that 

the ability to engage in specific exploration emerges during the preschool years. 

Therefore, it is likely that some children in the sample were engaged in purposeful 

curiosity-driven exploration while others were exploring the items more randomly.  

 The exploratory analyses examining curiosity and exploration further illuminate 

the relation between curiosity and exploration. Children in the two high curiosity groups 

(high curiosity/ low exploration, high curiosity/ high exploration) performed similarly on 

the second causal learning test regardless of the number of items they explored. Both 

significantly outperformed the low curiosity/ low exploration group. It is noteworthy that 
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the high curiosity/low exploration group explored an average of seven items. Children 

needed to explore a minimum of four items (flowers or blocks) to learn all the rules of the 

causal task. The high curiosity/ low exploration children may therefore have been 

efficient explorers. They gained enough information to satisfy their uncertainty and then 

chose to finish the task.  

 In the exploratory analysis examining curiosity level by condition, curiosity was 

treated as a trait. This analysis indicated that the difference in the second causal test 

scores was driven by high curiosity direct instruction children outperforming low 

curiosity guided play children. Children in the high curiosity direct instruction group may 

have performed better on the test because they were more driven to resolve uncertainty 

during free exploration. They also had the benefit of experiencing a worked example 

during the first playful learning activity. Children in the low curiosity guided play group 

were likely less motivated to learn the rules of the task, and less prepared to transfer their 

learning. This analysis is limited by the small sample size as there was not enough power 

to detect significant differences between any of the other groups. It is currently not 

possible to determine the impact of curiosity within each of the conditions. Future 

analyses with the full sample should examine whether higher curiosity helps children 

learn regardless of condition. Currently, children in the high curiosity guided play 

condition are not performing significantly worse than the high curiosity direct instruction 

condition, but they are also not performing significantly better than the low curiosity 

guided play condition.  

Hypothesis 3 Results 

 The third hypothesis examined the relation between the playful learning condition 
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and divergent thinking measures. It was predicted that children in the guided play 

condition would perform better on divergent thinking outcomes than children in the direct 

instruction condition. Divergent thinking outcomes included fluency and originality 

scores.  

 Linear regression analyses investigated the impact of the playful learning 

condition on fluency and originality. Age was controlled for in both analyses because it 

was significantly correlated with both variables. The model for fluency was significant 

(F(2, 30) = 3.49, p = .04); however, this was because age accounted for a significant 

portion of the variance (B = 8.38, t(30) = 2.64, p=.01). The playful learning condition did 

not predict fluency scores, B = 1.18, t(30) = 0.27, p=.79. A similar pattern emerged in the 

originality analysis. The overall model was not significant (F(2, 30) = 2.90, p = .08). Age 

accounted for a significant portion of the variance (B = 4.18, t(30) = 2.19, p=.04), but the 

condition did not predict originality scores, B = 3.10, t(30) = 1.19, p=.25.  

Exploratory Analyses 

 Age clearly impacted children’s divergent thinking scores. A one-way analysis of 

variance revealed significant fluency differences by age, F(2, 30) = 4.44, p = .02, and 

Bonferroni post hoc analyses indicated there were significant differences between 5- and 

6-years-olds. The exploratory analyses examined the impact of condition on divergent 

thinking by age group. There were only four 4-year-olds in the sample, and these children 

were grouped with the five-year-olds. The current analyses should be interpreted 

cautiously given the low sample size.  

 Independent-sample t-tests were used to examine the effect of condition on 

fluency. In the 4- to 5-year-old group, there was a significant difference by condition 
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(t(16) = 2.36, p = .03), with children in the direct instruction group scoring higher than 

those in the guided play group. In the 6-year-old group, there was a marginal effect of 

condition on fluency (t(13) = -2.08, p = .06), with children in the guided play group 

scoring higher than those in the direct instruction group. See Figure 14 for means. 

 

 

Figure 13. Condition Differences on Fluency by Age Group. Error bars indicate 95% 
confidence interval. GP = Guided Play. DI = Direct Instruction 
 
 Independent-sample t-tests were used to examine the effect of condition on 

originality. In the 4- to 5-year-old group, there was a marginal effect of condition (t(16) = 

2.04, p = .06), with children in the direct instruction group scoring higher than those in 

the guided play group. In the 6-year-old group, there was a significant effect of condition 

on originality (t(13) = -2.51, p = .02), with children in the guided play group scoring 

higher than those in the direct instruction group. See Figure 15 for means. 
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Figure 14. Condition Differences on Originality by Age Group. Error bars indicate 95% 
confidence interval. GP = Guided Play. DI = Direct Instruction 

 

Discussion: Hypothesis 3 

 In the planned analyses, divergent thinking scores (fluency and originality) were 

not predicted by children’s playful learning condition or curiosity scores. Previous work 

found that children who experienced guided play demonstrated higher divergent thinking 

scores than those in direct instruction or free play (Evans et al., in prep) when divergent 

thinking was assessed using a non-verbal task. As the current study was conducted 

online, it was not feasible to use non-verbal measures. There is evidence that 

performance on verbal divergent thinking tasks is confounded with verbal ability in 

adults (Silvia, Beaty, & Nusbaum, 2013) and children (Suddendorf & Fletcher-Flinn, 

1999). Higher verbal ability directly relates to higher verbal divergent thinking. In the 

current study, it was evident that older children had higher fluency and originality scores, 

likely due to superior verbal ability.   
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 The online format of the study likely impacted children’s experience of the play 

conditions. In Evans et al. (in prep), children built LEGO structures in guided play, direct 

instruction, and free play conditions. The interaction between the adult and child was 

more dynamic in this activity than during the causal learning tasks. Children were able to 

physically explore and manipulate the blocks during play. In the guided play condition, 

the adult interceded in the children’s building to offer hints and suggestions. During the 

online causal learning task, every action a child chose to take needed to be facilitated by 

the adult. Children in the guided play condition in the current study ultimately had less 

opportunity to generate ideas and test ideas during play. They were therefore less likely 

to generate ideas during the divergent thinking task. 

 An alternative explanation suggested by the exploratory analyses is that younger 

children were less likely to receive the benefits of guided play in the online environment. 

Older children (6-year-olds) did engage in more divergent thinking after experiencing 

guided play. It is possible that the online experience of guided play was enough to help 

older children generate ideas during the divergent thinking tasks. It is less clear why 

younger children (4 and 5-year olds) had higher divergent thinking scores after engaging 

in direct instruction. It is possible that younger children were more likely to be 

overburdened by the cognitive demands of the guided play condition than older children 

leading to lower divergent thinking scores. Yet, there is no evidence of age differences in 

other variables, such as the casual test scores. The divergent thinking task, however, was 

the final activity in the study and may have been more impacted by fatigue, especially if 

the task was verbally challenging for younger children.  
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Hypothesis 4 Results 

 The fourth set of hypotheses examined the relation between curiosity and 

divergent thinking. It was predicted that children’s curiosity should be positively 

associated with their fluency and originality scores (Hypothesis 4A). Furthermore, the 

relation between play condition and divergent thinking should be mediated by curiosity 

(Hypothesis 4B). A linear regression analysis was used to examine Hypothesis 4A. 

Curiosity did not predict either fluency (B = 0.02, t(30) = 0.03, p=.98) or originality 

scores (B = -0.03, t(30) = -0.05, p=.96). A mediation analysis was planned to assess the 

indirect effect of curiosity on divergent thinking (Hypothesis 4B). This analysis was not 

appropriate to conduct given that the play condition did not predict children’s curiosity 

and curiosity did not predict the divergent thinking scores. 

Discussion: Hypothesis 4 

 The isolated nature of the curiosity, exploration, and divergent thinking tasks in 

this study likely made it difficult to establish a relation between each of the constructs. 

The creativity model (Carr et al., 2016) assumes that each step is connected, beginning 

with uncertainty and ending in a creative outcome. Prior work that found a connection 

between exploration, divergent thinking, and a creative outcome examined each 

component in relation to the same problem-solving task (Evans et al., 2021b). In the 

current study, the exploration activity was unrelated to the divergent thinking task. Future 

work should aim to examine the relations between each component of the model as they 

build towards a creative outcome.  



 

 

51 

CHAPTER 5 

GENERAL DISCUSSION 

 

 This current study aimed to improve understanding of how play can support 

children’s learning and skill development. Previous work found that guided play 

enhances learning across multiple disciplines (Fisher et al., 2013; Hassinger-Das et al., 

2016; Ramani & Siegler, 2008; Ramani et al., 2014; Zosh et al., 2016; Toub, 2017). Yet, 

most of these studies only examined the immediate impact of guided play. The current 

study aimed to investigate whether children in guided play were more prepared to 

transfer their learning than children who learned through direct instruction. The study 

also examined the impact of playful learning on curiosity and divergent thinking. By 

examining the relation between curiosity and divergent thinking in particular, this study 

examined components of a model of creative problem-solving (Carr et al., 2016; Evans, 

et al., 2021a) that have not previously been examined empirically.  

 Children in the guided play condition did not outperform those in the direct 

instruction condition as expected. One of the main implications of this study is that young 

children may need more support from adults to learn in novel and challenging situations. 

Online environments, such as Zoom, may especially burden children’s cognitive 

resources. Adults must consider children’s prior experiences when engaging in learning. 

In Fisher and colleagues’ (2013) shape intervention, for instance, the experimenter could 

assume that children had some previous exposure to different types of shapes. Children 

were also given the opportunity to interact with tangible cut-outs of shapes during the 

playful learning activity. Children in the guided play condition likely outperformed the 
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direct instruction condition on the shape knowledge task because they had sufficient 

background knowledge and took on an agentic role during learning. Children in the 

current study, in contrast, likely had no previous experiences with causal learning tasks 

and navigated the task in a challenging online environment. 

 The second main implication of the current work is children’s level of curiosity 

may be more important than the type of instruction they receive. Children who were more 

curious were better able to learn the rules of a causal learning task after engaging in 

independent exploration. This result is consistent with previous work that found a 

significant relation between kindergarteners’ curiosity and academic performance (Shah 

et al., 2018). Curiosity promotes learning because children can attend to gaps in their 

knowledge and then work towards closing those gaps (Jirout & Klahr, 2012).  

 Another goal of the study was to examine the relation between curiosity, 

exploration, and divergent thinking, each a key component of the creativity model (Carr 

et al., 2016, Evans et al., 2021a). While no relation between each element was found, the 

findings provide insights into the complexity of the model. The relation between curiosity 

and exploration appears to be convoluted in preschool children. Previous experimental 

work (vanSchijndel, Jansen, & Raijmakers, 2018) that established a positive relation 

between curiosity scores on the Underwater Exploration Game and an exploration 

activity examined slightly older children (8- and 9-years). The ability to engage in 

curiosity-driven specific exploration is still developing during the preschool years (Sobel 

& Letourneau, 2018), and it is likely that many young children engage in non-purposeful 

diversive exploration. While diversive exploration may obscure the relation between 

curiosity and exploration in experimental settings, engaging in exploration for 
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exploration’s sake may help cultivate divergent thinking and creativity. Recent research 

finds that young children engage in more exploration than adults. Engaging in excess 

exploration can sometimes allow children to discover useful information or rewards that 

are missed by an efficient adult explorer (Liquin & Gopnik, under review). Engaging in 

exploration for exploration’s sake can ultimately help children generate new and original 

ideas. 

 This current study differed from previous work (Evans et al., in prep) that found 

that guided play fostered divergent thinking. There was no effect of play condition on 

divergent thinking unless the sample was separated by age. These findings highlight a 

challenge associated with studying divergent thinking with young children. Divergent 

thinking measures are the most common creativity assessment for children (Evans et al., 

2021a), yet most measures are not designed for children under the age of 5-years 

(Bijvoet-van den Berg & Hoicka, 2014; Evans et al., 2021a). Using a verbal measure of 

divergent thinking likely limited the findings of the current study. When the sample was 

separated by age, 6-year-olds in the guided play condition had higher divergent thinking 

scores than their peers in the direct instructions condition, although these findings should 

be interpreted cautiously given the small sample size. Whereas guided play did not help 

children’s performance on the causal learning task, the experience of autonomy and 

agency may have helped children generate ideas on the divergent thinking task. Guided 

play did not benefit younger children’s (4- and 5-year-olds) performance of the divergent 

thinking task, perhaps because these children were more likely to experience cognitive 

overload. 

 



 

 

54 

Limitations 

 The online format of this study resulted in several limitations. First, all actions 

taken by the child were filtered through the experimenter, which may have reduced 

spontaneity and agency within the guided play condition. Second, the free exploration 

task would ideally not involve any adult interaction. While variation in exploration 

behaviors were observed in the current format, it is possible that some children may have 

explored fewer or more items if an adult was not conducting actions on their behalf. 

Third, it was not feasible to conduct a non-verbal divergent thinking task, which would 

be more appropriate for preschool children. Finally, it is possible that conducting the 

study over Zoom limited participation from 4-year-old children. Parents of 4-year-olds 

were less likely to respond to recruitment outreach. Several parents of younger children 

also expressed that they could not participate because their child was not comfortable 

interacting with others via video conferencing.  

 Another limitation of the current work is the homogeneity of the sample. The 

findings of the current study cannot be extended beyond Caucasian children from high-

income and well-educated families. The size of the sample meant that some of the 

analyses, especially the exploratory analyses, were underpowered. All analyses will be 

examined again once the full sample is collected. 

Future Directions 

 The goal of the current study was to examine the potential benefits of guided play 

on a causal learning task. Instead, children learned better in the direct instruction 

condition. These findings do not disqualify guided play as an effective form of playful 

learning. Instead, they illuminate considerations adults must take into account when 
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implementing guided play activities. A key advantage of guided play activities is that 

they can be adjusted to meet each child’s needs (Yu et al., 2018). It is evident that adults 

must consider children’s prior knowledge and experiences. Particularly, adults must be 

sensitive to whether an activity may overwhelm a child’s working memory capacity. It 

may be useful, in some circumstances, for an adult to directly impart knowledge to a 

child before providing the child an opportunity to assume a more agentic role. In a future 

iteration of the current study, for example, all children may benefit from receiving a 

control of variables strategy (CVS) (Klahr, 2009) lesson before engaging in the first 

causal learning task in either a guided play or direct instruction condition.   

 The variables in the current study were likely influenced by developmental 

factors, and future work should examine the study with older children. Children’s 

working memory capacity increases linearly from the age of 4-years through to 

adolescence (Gathercole, et al., 2004). Older children, therefore, may be more likely to 

benefit from guided play. They may be better able to interact with the experimenter and 

transfer their knowledge to the second task than younger children. Age also impacts the 

relation between curiosity and exploration. A study with 8- to 9-year-old children found a 

positive association between children’s curiosity scores on the Underwater Exploration 

game and their subsequent exploration behaviors. As children age, they may be more 

likely to engage in specific exploration, which is driven by curiosity, rather than diversive 

exploration (Sobel & Letourneau, 2018). Finally, age clearly impacted divergent thinking 

amongst 4- to 6-year-olds and would likely continue to have an impact if a verbal 

measure was used. It is not clear, however, that divergent thinking would increase 
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linearly with age as a recent review suggests that children’s scores start decreasing 

around the seventh grade (Said-Metwaly, et al., 2020).  

 Finally, the findings of this study have implications for learning in an online 

environment. In Spring 2020, Covid-19 mitigation efforts caused school buildings to 

close, impacting over 48 million public school students in the United States (EdWeek, 

2020). Many of these students transitioned to online learning, and the consequences of 

this shift will likely by the topic of much future research. A recent parent-report survey 

by Blinkoff and colleagues (2021) suggests that parents of 3- to 7-year-olds perceive that 

online learning sessions last significantly longer that their child’s attention span. The 

results of this study suggest that instructors need to be sensitive to the cognitive demands 

children encounter in an online setting. These demands may be intrinsic to the learning 

activity itself (attending to the instructor, back and forth interactions) or present in the 

child’s surrounding environment (background noise, family members). Activities that 

function well in an in-person classroom may be difficult to translate to an online 

environment, as was the case with the guided play condition in the current study. Yet, the 

study’s findings also suggest that children were able to learn through a novel task in a 

challenging online environment, especially if they were highly curious. Understanding 

and fostering curiosity in children may ultimately be key to encouraging learning in both 

traditional classrooms and online learning environments.  

Conclusion 

 While learning and play have been cast as enemies, the science of playful learning 

indicates that they are allies. Children learn through play (Weisberg, et al., 2016; Zosh, et 

al., 2018). While the results indicated that children in direct instruction were better able 
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to transfer their learning, they also shed light onto the conditions in which guided play 

may be most effective. Previous work on guided play has not conversed with the well-

established fields of Cognitive Load Theory (Sweller, 1998) and Social Cognitive Theory 

(Bandura, 1988). Guided play requires an adult to scaffold an activity to each child’s 

needs, and this requires sensitivity to the child’s previous knowledge and experiences. 

The findings of this study also point to the power of curiosity. Regardless of their play 

condition, children who demonstrated greater curiosity performed better on the second 

test of causal learning. Curiosity may be a powerful driver of children’s learning and 

development, but the study of curiosity in preschool children is still limited (Hassinger-

Das & Hirsh-Pasek, 2018; Jirout, Vitiello, & Zumbrunn, 2018; Shah et al., 2018). 

Overall, this dissertation contributes to the literature by examining the conditions under 

which playful learning can be most effective and investigating the role of curiosity in 

children’s learning.   
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APPENDIX A 

FIRST CAUSAL TASK SCRIPT 

 

Written by Natalie Evans and adapted from (Medina & Sobel, 2020) 

Note: This task was counterbalanced between the “blicket machine and blocks task” and 

the “Bunny and flowers task”. The current example script provides the wording for the 

“blicket machine and blocks task”. 

Introduction and Demonstration (All Participants) 

Show demonstration machine and blocks with green “Go” and red “Does not Go” signs 

“This is my machine. Some blocks make my machine go.” Demonstrate block that makes 

machine change colors, move, and play a sound and displays a green “Go” sign. “We 

can put that block under the green “Go” sign.” Move block under sign. “Other blocks do 

not make my machine go.” Demonstrate block that causes no change in the machine and 

display a red “Does not go sign”. “We can put that block under the red “Does not Go” 

sign”. Move block under sign 

Transition to new screen with the same machine and eight new blocks. 

 

Guided Play Direct Instruction 

Introduction: “I have eight new blocks to 

test on my machine, and we are going to 

work together to test the blocks and 

discover which blocks make my machine 

go and which ones do not.  

Introduction: “I have eight new blocks to 

test on my machine, and I am going to test 

the blocks to discover which blocks make 

my machine go and which ones do not.  
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Instructions: You can tell me which 

blocks you would like to test. You can test 

the blocks in any order you want. When 

you choose a block, tell me the two colors 

you see on the block, and I will test it on 

the machine. 

Instructions: Watch me as I test all of the 

blocks. It does not matter what order I test 

them in. 

Testing: “Which block would you like to 

test first?”  

If child responds with one color, clarify: 

“Did you want the black and red block or 

the black and white block?”. 

If child chooses one of several similar 

blocks: 

“Do you want white and yellow block 1, 

2, 3?” Point with cursor 

 

Testing: I am going to test this _______ 

and ________ block first. Name the 

colors on the block. Example: “I am going 

to test this white and yellow block”. 

During block testing: 

Go: That block made my machine go! 

Does not go: Hmmm that block did not make my machine go 

After Testing: Should we put that block 

under the green “Go” sign or the red 

“Does not Go” sign? 

If child answers incorrectly  

After Testing: I am going to put that 

block under the green “Go” sign/ red 

“Does not Go” sign 



 

 

66 

“Let’s take a look at that block again” 

Test again and repeat question 

After all eight blocks are tested: 

“We have tested all of the blocks now. 

Let’s have a look at the blocks under the 

green “Go” sign. What do you notice 

about the blocks under the green “Go” 

sign?”.  

If child mentions the (correct) colors of 

blocks, affirm his/her response. “I also 

noticed that all of the blocks under the 

green “Go sign” had black on them”. 

If child mentions only one color: “What 

other colors do you see on the blocks 

under the green “Go sign”?. Repeat until 

all colors are mentioned. 

If child responds, “I don’t know”: “What 

colors on the blocks do you notice under 

the green “Go sign?”. 

If child mentions an incorrect color: 

“Hmm I don’t see any yellow bricks under 

the green “Go sign”. Are we both looking 

under the green “Go sign?”.  

After all eight blocks are tested: 

I have tested all of the blocks now. Let’s 

have a look at the blocks under the green 

“Go” sign. It looks like all of the blocks 

under the green “Go sign” have black on 

them. It also looks like most, but not all, 

of the blocks have red on them. It looks 

like only one of the blocks has white on it. 

Repeat with appropriate colors for the red 

“Does not Go” sign. 
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Repeat with the red “Does not Go” sign 
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APPENDIX B 

SECOND CAUSAL TASKS SCRIPT 

  

Written by Natalie Evans and adapted from (Medina & Sobel, 2020) 

Note: This task was counterbalanced between the “blicket machine and blocks task” and 

the “Bunny and flowers task”. The current example script provides the wording for the 

“Bunny and flowers task”. 

Introduction and Demonstration  

“This is Bunny, and Bunny is going out to the field to smell some flowers”. Some flowers 

make Bunny sneeze.” Show animation of Bunny smelling a flower and sneezing (with 

sound). “Other flowers do not make Bunny sneeze.” Show animation of Bunny smelling a 

flower and smiling.  

“I want you to figure out which flowers make Bunny sneeze and which flowers do not 

make Bunny sneeze. You can smell the flowers in any order, and you can smell as many 

flowers as you like Point with cursor. You can also smell a flower more than once. You 

can also tell me when you are finished smelling flowers”  

“You can choose which flower to smell by telling me the two colors you can see on that 

flower. You can also ask me to put a flower under the green “Sneeze” and red “No 

Sneeze” sign.  

Testing 

“What flower would you like to smell first? Remember to tell me the two colors on the 

flower” 
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After a flower is tested: “What do you want to do next? Smell another flower or put the 

flower you just tested under a sign?” If child answers “sign”: “Which sign does it go 

under?”. Do not correct mistakes. All flowers may be placed under either sign.  

Notes: 

The experimenter may ask questions to clarify the child’s choices but does not provide 

any feedback.  

If child mentions only one color: “Did you want the purple and pink flower or the purple 

and blue flower?” 

If child chooses one of several similar blocks: Do you want orange and pink flower 

number 1, 2, or 3?”. Point with cursor 

If child is unresponsive for 10 seconds (use timer): “Remember you can smell as many 

flowers as you like, or you can tell me when you are done smelling flowers.” 

If child is unresponsive for 10 seconds, then end the game.  

The game also ends if a child states they are finished smelling flowers without prompting.  
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APPENDIX C 

TESTING SCRIPT BLICKET AND BLOCKS 

 

Written by Natalie Evans and adapted from (Medina & Sobel, 2020) 

‘‘Okay, now I’m going to ask you some questions about the blocks and my machine.”  

‘‘This is my hiding box. I am going to put two new blocks into my hiding box and lift 

these flaps so you can only see one color each block.”  

Demonstrate colors being hidden on the side and top with new blocks 

Transition to new screen with a picture of an empty hiding box and the 8 trial blocks  

‘‘One of the blocks I put in my hiding box will make my machine go and one of the 

blocks will not. I want you to tell me which one you think will make my machine play or 

which one will not make my machine play.”  

“Let’s start with blocks that make my machine go/ do not make my machine go” 

Counterbalanced – Display appropriate green “Go” sign or red “Does not Go” sign 

when giving instruction.  

Experimenter asks 4 questions. “Which of these blocks make my machine go/ does not 

make my machine go?”. 

“Now let’s look at the blocks that make my machine go/ do not make my machine go” 

Experimenter asks 4 questions. “Which of these blocks make my machine go/ does not 

make my machine go?”. 

“Now we are going to look at the blocks one at a time without the hiding machine.”  

Show an individual block (randomized order)  

Experimenter asks 4 questions. “Does this block make my machine go?”. 
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APPENDIX D 

TESTING SCRIPT BUNNY AND FLOWERS 

 

‘‘Okay, now I’m going to ask you some questions about Bunny and the flowers.”  

Show the four types of flowers  

“I am going to show you some of the flowers again, but this time you will see that some 

flowers have had their petals picked off so you can’t see the color of the petals.” Show 

animation of petals disappearing. Other flowers have ladybugs sitting in the middle, so 

you can’t see the color in the middle of the flower.” Show animation of ladybugs landing 

of the middle of flowers.  

“I am going to show you two flowers at the same time. One of the flowers will make 

Bunny sneeze and the other will not.” 

“Let’s start with flowers that make my Bunny sneeze / do not make Bunny sneeze” 

Counterbalanced – Display appropriate green “Sneeze” sign or red “No Sneeze” sign 

when giving instruction.  

Experimenter asks 4 questions. “Which of these flowers make Bunny sneeze/ does not 

make Bunny sneeze?”. 

“Now let’s look at the blocks that make my machine go/ do not make my machine go” 

Experimenter asks 4 questions. “Which of these flowers make Bunny sneeze/ does not 

make Bunny sneeze?”. 

“Now we are going to look at the blocks one at a time without the hiding machine.”  

Show an individual block (randomized order)  

Experimenter asks 4 questions. “Does this flower make Bunny sneeze?”. 
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