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ABSTRACT 

The evolution of playgrounds into digital spaces within video games reflects a 
significant shift in how we can understand the importance of learning through play. 
However, specific mechanics of learning opportunities in video games, including visual 
exploration and manipulative investigation, have yet to be fully explored in relation 
to particular learning outcomes in children. This study examined causal reasoning 
through own-experience digital play in 4-5 year old children (N=37), and whether time 
constraints would impact learning. Results showed that children learned causal 
reasoning through exploration and own-experience in digital play. However, children 
were unable to transfer learned causal properties to a novel scenario. Moreover,  time 
constraints had no impact on the children’s ability to learn causal properties. 
Implications from these findings suggest that video games present a valuable and 
efficient digital playground for explorative learning. 
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INTRODUCTION 

Children, as they engage in play, simulate aspects of their experiences to explore 
objects in their environment. In the context of play, visual exploration and 
manipulative investigation hold significant importance for learning (Fesnson et al. 
1985; Sarid et al. 1997); that is, changing and adapting behavior based on experiences 
and knowledge. Visual exploration allows children to observe and understand their 
surroundings by looking at people and objects. Children gather a substantial amount 
of information about the world primarily through visually exploring their 
environment. Studies on the developing patterns of visual attention have proven 
especially insightful in revealing how children’s abilities to process and remember 
information change as they grow older, such as through demonstrative learning (Sobel 
et al. 2014; Syamsuardi et al. 2023) and social learning (Wood et al. 2013). This visual 
exploration serves as a fundamental means for children to grasp the features of their 
environment. Simultaneously, manipulative investigation involves hands-on 
exploration and interaction with objects. Through physically engaging with their 
surroundings, children gain a deeper understanding of the properties and 
characteristics of different elements in their environment (citation).  

Over the course of child development, as play continues to evolve (such as the onset 
of pretend play) and environments for play expand (physical playgrounds and digital 
playgrounds, or video games) visual exploration and manipulative investigation 
continue to be fundamental for both engaging in play and learning through play 
(Fesnson et al. 1985). These two types of inquiry—visual exploration and manipulative 
investigation —continuously contribute to shaping children's evolving perceptions of 
their world. Researchers have often analyzed each type in isolation to understand 
their respective contributions in play (Knox 1997). However, it's crucial to remember 
that these behaviors are typically interconnected in a playing child, especially in the 
context of playgrounds. There is limited research in examining these factors jointly, 
and very few studies that have measured these in the context of video games. The 
current study examined to what extent visual exploration and manipulative 
investigations are used in explorative play in a video game to learn specific causal 
properties of objects. 

Digital playgrounds 

Playgrounds have been shown to serve as dynamic spaces that promote own-
experience learning in children through various interactive and sensory activities. 
Physical exploration, risk-taking, and problem-solving opportunities on playground 
equipment encourage hands-on learning. Trial and error learning, body awareness, 
and coordination are fostered as children navigate the unstructured environment of 
the playground. It has been argued that similar affordances for learning exist in digital 
playgrounds.  

Traditional physical playgrounds have transformed into digital playgrounds as a result 
of advancements in technology and the increasing prevalence of video gaming. In 
Sweden, it is estimated more than 87% of school-age children play video games 
(Swedish Media Council 2018). The evolution of playgrounds into digital spaces within 
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video games reflects a significant shift in recreational and educational activities, as 
well as a shift in how we can understand the importance of learning through digital 
play. 

Previous studies have explored the impact of video games on social interaction, 
cognitive development, and overall well-being in children (Hallbrook et al 2019; Smirni 
et al 2021). Digital playgrounds in video games provide a virtual space for players to 
engage in various activities, socialize with others, explore imaginative worlds, and 
present new opportunities for learning through play. These virtual environments 
often replicate the elements of traditional playgrounds, such as exploration, own-
experience, and playfulness. But the specific mechanics of these learning 
opportunities in video games, including visual exploration and manipulative 
investigation, have yet to be explored in relation to particular learning outcomes. It 
remains unclear to what extent the digital playgrounds found in video games have the 
potential to effectively integrate visual exploration and manipulative investigation to 
contribute to specific types of learning in children. 

Causal learning 

One type of crucial learning in early development is causal reasoning. Learning causal 
reasoning in childhood holds immense importance as it forms the foundation for a 
child's cognitive development and problem-solving skills. Causal reasoning involves 
understanding cause-and-effect relationships, comprehending the consequences of 
actions, and making connections between objects and events. From a very young age, 
children are extraordinary causal learners. Infants can recognize certain aspects of 
physical causality and toddlers can understand causal relations concerning other 
individuals’ emotions (Sobel et al. 2014). By the time children are in preschool, they 
begin understanding that certain events can expose hidden causal relations (Sobel et 
al. 2014). As children explore the world around them, they have the ability to make 
accurate causal inferences from their surroundings and integrate new information 
with their previously held beliefs (Engle et al. 2021; Walker et al. 2016).  

It has been demonstrated in classic developmental psychology paradigms that 
through demonstration and observational learning, children can efficiently learn the 
causal power of a novel object, or the influence that it has on another novel object 
(Gopnik et al. 2000). Children are known to have causal reasoning abilities such as 
making predictions about the future and reasoning about counterfactuals (Sobel et al. 
2009). However, it is not clear at what to what extent children can discover causal 
powers without the help of others (Gopnik et al. 2000) or in digital environments.  

Two of the main ways children come to understand the causal powers of objects is 
through observational and own-experience learning (Thompson et al. 2004; Hartman 
et al. 1999). In observational learning, children learn by watching another person 
perform an action first (Thompson et al. 2004). In own-experience learning, children 
obtain skills and information through their own actions (Hartmann et al. 1999). 
Previous research performed by Gopnik et al. (2000) used a “blicket detector” to 
understand at what age children can learn the causal powers of objects. Placing 
objects labeled as “blickets” on the detector caused the machine to light up and play 
music, but placing objects that were not “blickets” on the detector had no effect on 
the machine. In this body of previous work, at the start of each experiment, the 
researchers showed the participants which objects were “blickets” and which objects 
were not through demonstration. The children then had to choose the object that 
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they believed caused the machine to turn on. The demonstration that the researchers 
gave the children at the start of the study resulted in the children learning through 
observational, and as result, prevented the children from using exploratory learning 
to discover the causal powers of the object.  

To what extent can children learn causal reasoning through own-experience play? 
Previous research has shown that children who discover information on their own are 
more likely to remember it, and they treat information generated from their own 
actions as important for causal learning (Sobel et al. 2010). Their actions provide 
acquisition of information not present in observations of the environment. 
Additionally, when learners make decisions through their own exploration, they are 
able to focus on the particular interventions and outcomes that are important for 
learning causal structure and decision making (Sobel et al. 2006). Therefore, when the 
researchers in the previous blicket study gave the children information about which 
objects caused the machine to turn off, they did not allow for the children to have the 
opportunity to learn from their own experiences.  

Current study 

The current study investigated to what extend self-experience play in a video game 
can result in learning causal reasoning of objects. To examine this, the basic blicket 
study paradigm was replicated in a video game, but without providing participants 
demonstrations or instructions. Children were given a video game that had no 
instructions for the novel objects and tasks and were allowed to play in the digital 
environment at their own pace and own initiative. Children were therefore allowed 
the opportunity to use exploration and own-experience to learn the causal powers of 
the objects in the game.  

In a separate condition, time constraints were added during their play to constrain 
exploration. Time constraints are present in many aspects of children’s lives, 
especially in schools and classrooms (McDonald, 2001). When children are faced with 
time constraints, it is likely that they will experience stress from that time constraint 
(Hirt et al., 2020). Thus, when a stressor of this nature is integrated into a child’s 
learning (or play), there is a chance that learning could be negatively impacted 
(Onwuegbuzie et al. 1995; Quas 2014). For example, stress has been shown to 
negatively affect memory, and when a child is stressed while learning, they may 
experience deficits in short term memory and recollection of events that they just 
learned. Previous literature suggests that placing time constraints on an individual is 
likely to act as a stressor (Caviola et al. 2017). Time constraints have been repeatedly 
shown to cause stress in individuals, which usually leads to less exploration, poorer 
judgment, a decrease in cognitive skills, and an increase in physical stress symptoms 
(Caviola et al. 2017; Gonzalez 2004; Roberts et al. 2019). As a result, the current study 
used time constraints to examine if exploration and self-experience learning during 
play is impacted by associated effects of time stress and compare these findings with 
unconstrained free-play.  

The results of this study have significant implications for our understanding of 
children’s learning during explorative, self-experience play in video games. If children 
show successful learning of causal reasoning, similar to traditional lab-based 
paradigms used by Gopnik et al. (2000), then it could be suggested that video games 
provide a potentially useful platform for learning without the constraints of adult 
demonstration. This would have significant implications for educators, game 
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designers, health professionals, and others who are invested in providing rich learning 
opportunities for children using digital media, such as video games. Provided that the 
majority of children already engage daily with digital playgrounds, it is important to 
understand what game mechanics and psychological processes are at play, during 
children’s own digital play.   

METHOD 

Participants 

Participants (N = 37; male = 19) in the study included 4-5-year-old children (M = 4.72 
years, SD = .31) from the greater Uppsala area. The age group was chosen based on 
the performance of children between the ages of 4- and 6-years in the original blicket 
study, which indicated that the majority of children at 4-5 years could demonstrate 
causal learning (Gopnik et al. 2000). Research assistants called parents of children who 
had previously volunteered to participate in infant and children studies. Parents of 
children received compensation for participating in the form of a 10€ gift voucher and 
provided informed consent. The study was conducted in accordance with the 
standards specified in the 1964 Declaration of Helsinki and approved by the local 
ethics committee. 

Materials 

Ludum Platform 

The purpose of the Ludum Platform was to assess the participants’ ability to learn the 
causal properties of the objects. The Ludum Platform is a commercial-quality game 
software developed in collaboration with the department of psychology and the 
department of game design at Uppsala University. This platform allows for control and 
manipulation of game design elements, as well as detailed data analysis of particular 
player behaviors (for more information, see the Ludum Platform wiki: 
https://gitlab.speldesign.uu.se/ludum/LudumDetector/-/wikis/home). Therefore, the 
Ludum Platform is a useful tool to study questions relevant to game design and player 
behavior. Researchers were able to edit the shape and color of the objects, where the 
objects were placed in the room, and the values of the objects.  

The Ludum Platform (Figure 1a) is a first-person game that takes place in a large space 
of interconnected rooms that may contain objects (Figure 1c), a detector, and a 
button. To solve tasks in each room, comparative criteria of object value and detector 
value must be met. When these criteria are met, the door would open and allow 
progression to the next room or the completion of the game. For example, a series of 
objects could have the following values: object A = 1, object B = 0, object C = 0. In this 
example, the detector could be given a value of <1, meaning that both object B and 
object C would be correct solutions, as would both objects B and C simultaneously. 
However, if the detector was set to a value of =1, then only object A would be correct. 
When the button was pressed, the camera became locked to display the detector and 
the objects placed on the detector, and the resulting action of the door (see Figure 
1b). This was to standardize the visual information provided to each child after 
pressing the red button. 
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Figure 1. (a) The title screen of the Ludum Platform, and (b) screenshots of the 
rooms with the objects, detector, and red button. 

There were multiple objects in each room, and objects were assigned an invisible 
value that remained the same in every room. The object’s shape and color were 
pseudo-randomized across participants. Participants used a joystick to maneuver 
around the room. When the participants faced the object and were close enough to 
pick it up, the object would be highlighted by a white glow. The objects could be 
picked up, put down, moved around the virtual room, and placed on the detector. 
When the objects were on the detector, a button could be pressed to input the 
selection and check the value of the object(s). The door would glow green with an 
audible chime noise to indicate the ‘blicket’, or causal object, was correctly placed on 
the detector. 

Questionnaires 

Questionnaires included a children’s screen use questionnaire and parental attitudes 
toward screen use questionnaire. Both questionnaires were completed by the parents 
at the lab prior to testing.  

The children’s screen use questionnaire (adapted from Juvrud et al.  2021) contained 
9 items and consisted of three subscales: children’s stress, children’s screen use, and 
parental attitudes towards screen use. The first section of the questionnaire 
measured how frequently the children watched television or used laptops, game 
consoles, and mobile phones/tablets on weekdays and on weekend days. One 
example of a question is “On a normal weekday, select the time that your child spends 
using the following devices: television, laptop/computer, mobile phone/tablet, game 
consoles.” The options presented were: “None, 1-59 minutes, 1-2 hours, 2-3 hours, 3-
4 hours, 4 or more hours.” 

The parental attitudes towards screen use questionnaire contained 9 items and 
measured how parents felt about young children (0-5) using digital media and the 
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impact that digital media has on children. One example of a question is, “The use of a 
computer can promote long-term physical, emotional or intellectual developmental 
damage.” The options presented were strongly agree, agree, neither agree nor 
disagree, disagree, and strongly agree.”  

Composite scores were calculated for each questionnaire and subscales and entered 
into the final analysis. 

Procedure 

Upon entry into the lab room, the child’s parent signed the consent form and 
completed the questionnaires. The researcher instructed the parents not to interact 
with the child or help the child in any way, The child sat in front of the computer, with 
the parent seated in the back of the room out of sight of the child, and the study began 
when the child indicated they were ready to play the computer game.  

The layout and progression of each room is presented in Figure 2. The purpose of the 
first room was to familiarize the participant with the controls of the game.  The 
researcher instructed the child in using the joystick to move, pushing the button to 
pick up or put down objects, and interacting with the red button. Upon pushing the 
red button, the door opened and the child walked through it. There was a single object 
in the room, and the door was already open. When the child expressed they had an 
understanding of the controls, they were instructed to walk through the open door. 
After the practice room, no instructions were provided to the child by the researcher 
or parent. 

 

Figure 2. Configurations of the rooms that the participants entered. The room order 
is presented from left to right, with the left most room being the first practice room, 

and the right most rooms being the test rooms. The second and third rooms were 
the learning rooms. They were alternately repeated three times.  

Upon entering the second room, children were shown on-screen text that read “Try 
to open the door!”. The purpose of the second room was for the child to learn that 
placing an object (for the sake of describing the procedure, we will call this object the 
“blue triangle”) on the detector and pushing the red button opened the door. When 
another object except the blue triangle was on the detector and the child pushed the 
red button, the door did not open. The blue triangle was always placed closest to the 
child, and the other object was at the other end of the room. After the completion of 
the second room, they were automatically transported into the next room when they 
walked through the door.  

The purpose of the third room was for the child to learn that placing the blue triangle 
on the detector opened the door, despite it not being the most efficient option. Placed 
in the third room was another object closest to the child, and the blue triangle at the 
other end of the room (opposite configuration of the second room). After successfully 
opening the door by placing the blue triangle on the detector and pressing the red 
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button, the child was automatically transported to the next room once they walked 
through the door.   

Rooms four and six were the same as room two, and rooms five and seven were the 
same as room three. The purpose of repeating these rooms was to give the child 
multiple opportunities to learn that the blue triangle opens the door. Altogether, each 
child participated in a total of six learning trials, three of each of the efficient and non-
efficient placement rooms. 

The purpose of the eighth room was to test if the child had learned that the door 
opened when the blue triangle was on the detector. Placed in the eighth room was a 
blue triangle and another object next to each other, close to the child but equal 
distance from each other and from the player. After placing the blue triangle on the 
detector and opening the door, the child was automatically transported to the next 
room once they walked through the door. 

Finally, placed in the ninth room was a blue triangle, another object, and a novel, 
previously unseen object. All three objects we placed already on the detector, 
requiring the child to remove objects from the detector, rather than place them on 
the detector. The purpose of the ninth room was to see if the child could apply 
previously learned causal reasoning to perform a subtractive transformation, instead 
of additive. 

Upon completion of the ninth room, the child was shown on-screen text that said “You 
won!”. After this screen, the child went to another room where they could make 
objects fall from the sky and stack into a pile as a reward. Pilot testing indicated that 
children found this activity to be fun and rewarding.  

Participants that were in the time constraint condition followed the identical 
procedure, but were told at the start of each room that they had two minutes to open 
the door. In addition to written instructions, the researcher verbally told the child that 
they had two minutes to open the door. Since children do not yet have a suffcient 
concept of time, children were told that they had a time constraint without the game 
actually enacting a consequence when the time was up (Güneş et al. 2020; Womack 
2002). In this way, the game simulated the stress of a time constraint without 
mitigating the child’s exposure and ability to learn the causal powers of the objects, 
compared to the non-timed condition (i.e., the children had equal opportunity to 
explore and gather self-experience in each room without being cut-off). 

Data analysis 

Children’s performance while playing the game was recorded by the Ludum software: 
number of attempts, number of object moves, and number of looks at objects. 
Attempts were recorded each time the participant pushed the red button to detect 
the value of the object(s) that was on the detector, whether a success or failure. A 
move was recorded whenever the participant picked up and put down any object in 
the room. A look was recorded each time the participant looked at any object in the 
room, designated by the object being detectable within the field of vision of the 
player. The number of attempts and moves of an object were indicative of 
manipulative investigation, while the number of looks was indicative of visual 
exploration. 
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In order to observe children’s causal learning, we compared the number of attempts 
in different rooms in the control condition and the number of attempts in different 
rooms in the time constraint condition. We selected four rooms as test rooms to 
examine causal learning: rooms 2, 7, 8 and 9. In room 2, the child was presented with 
the blue triangle and purple cube for the first time. This was their baseline room and 
their first attempt at opening the door. Room 7 was the last learning room, where the 
child had the most experience in testing whether the blue triangle or other object 
opened the door. The first test room was room 8, where the child was once again 
presented with objects. This room tested whether the child could identify which block 
opened the door when both shapes are equally efficient options. Room 9 was the final 
room in which the child was presented with blue triangle, a previously seen object, 
and a novel object, each already placed on the detector. This room was designed to 
test whether the child could transfer the knowledge they had previously learned to a 
room with a novel object and layout. It was decided to compare certain rooms in each 
condition in order to observe the effects of practice and learning on children’s 
performance.  

We chose to compare control room 2 to control room 7 and time constraint room 2 
to time constraint room 7 to look at the effects of practice on causal learning, and 
whether the participant would choose the blue triangle even when it was the less 
efficient option. In room 2, the blue triangle was the efficient option since it was closer 
to the participant, but in room 7 the blue triangle was the less efficient option since it 
was across the room. If there was a significant difference in number of attempts 
between rooms 2 and 7 this would suggest that the participant had learned that the 
blue triangle opened the door and was not just trying to open the door efficiently.  

Control room 7 was compared to control room 8 and time constraint room 7 was 
compared to time constraint room 8. This tested the child’s ability to open the door 
when there is no longer an efficient option. We hypothesized that there should not 
be a significant difference in attempts between room 7 and 8 since the child would 
have learned that the blue triangle alone opens the door by the completion of room 
7. Therefore, when the objects were side by side in room 8, the child would choose 
the blue traingle since they have learned that efficiency does not influence which 
block opens the door.  

Unconstrained room 8 was compared to unconstrained room 9 and time constrained 
room 8 was compared to time constrained room 9. Comparison of these rooms looked 
at the child’s ability to transfer their knowledge that the blue triangle opened the door 
when they were presented with a room that had a different configuration. We 
hypothesized that there would not be a significant difference in attempts between 
room 8 and 9 since the child would have casually learned that the blue triangle is the 
only object that opens the door to the next room.  

The unconstrained group room 9 was compared to time constrained room 9 to see 
whether the time constraint had an effect on the participants ability to open the door 
even with a novel object introduced and a different room configuration. We examined  
room 9 because we predicted that a time constraint may have an impact on causal 
learning.  

Average number of looks across all learning rooms (rooms 2-7) were compared 
between the unconstrained group and time constrained group. These were compared 
to see the impact that the time constraint had on how a child explores and 
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subsequently learns across rooms. We hypothesized that there would be a difference 
in looks between the unconstrained and time constrained group since we predicted 
that the time constraint would play a significant role in the child’s learning strategy 
and exploratory behavior throughout these rooms.  

Average number of looks across both testing rooms (rooms 8 and 9) were compared 
between the unconstrained and time constrained group. Once the children had the 
ability to learn which object opened the door, it was important to see how the time 
constraint affected their performance in the testing rooms. We predicted that there 
would be a significant difference between the groups because the time constraint 
could hinder the child’s performance in each testing room, and could impact their 
exploratory behavior. 

RESULTS 

Manipulative investigations and performance 

For means and standard deviations across rooms, see Table 1 and Table 2. Paired 
sample t-tests were conducted to compare attempts in unconstrained group room 2 
and attempts in unconstrained group room 7, and attempts in time constrained room 
2 and time constrained room 7. Scores for unconstrained group room 2 were 
significantly greater than scores for unconstrained group room 7, t (21) = 3.59, p = 
.002, d = 1.84. Scores for time constrained group room 2 were significantly greater 
than scores for time constrained group room 7, t(10) = 3.75 , p = .004, d = 1.21. These 
results suggest that in both the unconstrained and time constrained groups, children 
had significantly fewer attempts in room 7 than in room 2 because they learned that 
the causal property of the object that opened the door. Results for attempts by 
condition are illustrated in Figure 3, moves in Figure 4, and looks in Figure 5. 

 

Table 1. The mean number of attempts and standard deviation for each room. The 
mean number of attempts is the first number, followed by the standard deviation in 

parenthesis. 

 

Table 2. The mean number of looks and standard deviation for each room. The mean 
number of looks is the first number, followed by the standard deviation in 

parenthesis. 
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Figure 3. Mean number of attempts per room for each condition. 

 

Figure 4. The mean number of moves per room in each condition. 

 

Figure 5. The mean number of looks per room for each condition. 
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Performance and efficiency 

Paired samples t-tests were conducted to compare attempts in unconstrained group 
room 7 and 8, and in time constrained room 7 and time constrained room 8. Scores 
for unconstrained group room 7 were not significantly greater than scores for 
unconstrained group room 8, t (21) = 1.31, p = .204, d = .81. Scores for time 
constrained room 7 were not significantly greater than scores for time constrained 
room 8, t (11) = 1.00, p = .339, d = .58. These results suggest that by room 7 the child 
had learned the causal property of the object that opened the door, and that they are 
able to transfer that knowledge to room 8. 

Visual exploration 

There was not a significant difference in the scores for average looks in room 2-7 for 
the unconstrained condition and average looks in room 2-7 time unconstrained 
condition, t(10) = .233, p = .821. These results suggest that exploratory behavior in 
learning was not impacted by a time constraint. 

An independent sample t-test was conducted to compare average number of looks in 
rooms 8-9 for the unconstrained condition and average number of looks in room 8-9 
for the time constraint condition. There was not a significant difference in the scores 
for average looks in room 8-9 unconstrained condition and average looks in room 8-9 
time constrained condition, t(2) = .016, p = .989. These results suggest that 
exploratory behavior in performance was not impacted by a time constraint condition. 

There was no correlation between performance on the Ludum game and the results 
from the digital experience questionnaire or the parental attitudes toward digital 
media questionnaire. There was no difference in the questionnaires between the 
unconstrained and time constraint conditions. 

Transfer of knowledge 

Paired samples t-tests were conducted to compare attempts in the unconstrained 
condition room 8 and attempts in unconstrained group room 9, and attempts in time 
constrained room 8 and time constrained room 9. Scores for the unconstrained 
condition room 8 were significantly greater than scores for unconstrained group room 
9, t (19) = 5.10, p = .000, d = 2.58. Scores for time constrained group room 8 were 
significantly greater than scores for time constrained group room 9, t(11) =  3.72, p = 
.003, d = 3.26. These results suggest that in both the unconstrained and time 
constrained conditions, participants were able to transfer their learning to room 8, 
but were unable to transfer what they had learned to the room configuration in room 
9. 

Time constraint 

To examine if the time constraint had an effect on children’s causal learning, an 
independent sample t-test was conducted to compare attempts in the unconstrained 
group room 9 and attempts in time constraint group room 9. There was not a 
significant difference in the scores between the conditions in room 9, t(30) = .432, p 
= .669, d = 2.85. These results suggest that there was no difference in performance 
when a time constraint was added. 
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DISCUSSION 

The current study aimed to discover if children could learn to infer an object’s causal 
properties through own-experience play, without being given a demonstration, and 
whether a time constraint would impact their learning. The results support our 
prediction that children were able to learn the causal properties of an object without 
first being shown the causal properties that the object had, demonstrating efficient 
own-experience learning. However, children were unable to transfer their knowledge 
about causal properties when the object was presented to them in a different scenario 
than the one in which they previously learned, and when an additional novel object 
was presented. Moreover, a time constraint had no impact on the children’s ability to 
learn the causal powers of an object. 

Participants learned the causal properties of the objects they were presented with in 
every room, without any demonstration and through their own actions. Results 
showed that both visual exploration and manipulative investigation were used in play, 
and the rate of visual exploration and manipulative exploration both decreased as 
performance became more efficient. We can infer learning, as opposed to efficiency 
of actions, because even when the object with causal properties was not the efficient 
option to place on the detector, or when there was no efficient option at all, the 
majority of children still chose to put the object they had learned to have causal 
properties on the detector.  

These results confirm Gopnik et al.’s (2000) findings that children are able to learn the 
causal powers of objects. However, unlike the original studies that relied on 
demonstration, the results support the theory that given the opportunity to discover 
information about causal powers on their own, children are able to learn the causal 
properties of an object. It was previously unclear at what age children learn causally 
through their own-experience in such a paradigm, or if such learning can occur in a 
video game task. These findings suggest that 4-5 year old children are able to learn 
the causal power of objects through own-experience play in a video game task.  

Even though the children learned the causal power of an object to open a door, they 
were unable to apply this knowledge when presented with a room that had a novel 
scenario and a novel object. In the final tests room, which contained a previously 
unseern object and when the objects were placed in a new configuration that required 
a different transformative solution (subtraction instead of addition), children took 
significantly more attempts to open the door, moved the objects significantly more 
times, and had significantly more visual exploration of the objects. The addition of two 
novel factors could have caused the children to become overwhelmed and hesitant to 
use their previous knowledge, instead defaulting back to general explorative behavior. 
It is also possible that in the new scenario, children at this age are unable to transfer 
their previously learned knowledge to a novel transformative solution. Since the 
positions of the objects also changed, already placed on the detector, requiring the 
objects to be removed instead of added, it is therefore possible that this change in 
problem solving was sufficiently challenging enough to inhibit previously learned 
causal properties, and children were unable to transfer prior knowledge and 
transform the solution to the novel problem. An alternative,  low-level perceptual 
explanation, could be that the new object in the room may have been sufficiently 
novel and therefore attention grabbing to the children, sparking exploration about 
what would happen if it was on the detector. In this case, they may have chosen to 
test the novel object to see what happened even if they already knew the causal 
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properties of the familiar objects. However, the children in the timed condition also 
engaged in exploration of the novel object and their visual exploration and 
manipulative investigations also increased, making this explanation unlikely.  

Results from the current study demonstrate that when given the opportunity to 
engage in own-experience learning through explorative play, visual attention and 
manipulative investigations significantly contribute important input to children's ever-
changing conceptions of their world. By examining a specific aspect of learning, casual 
reasoning, we can see that video games provide a rich opportunity for such 
explorative play, similar to what is found in real-world play and in classic 
developmental psychology paradigms that examine learning. This opens the door to 
further investigations and replications of traditionally more constrained tasks 
examined in a laboratory setting, which often rely on precise instructions and 
demonstrations. It also suggests potential for educators, game designers, parents, and 
others interested in using digital tools for learning. Future studies should also examine 
to what extent children are able to transfer the knowledge that they learn in a video 
game to a real-life situations. For example, once the children have completed the 
Ludum video game, children could be presented with a physical blicket detector and 
the same objects that were in the video game in block form and examine if the causal 
reasoning learned in the video game transfer to the physical objects. 

Conclusions 

The main findings of this study suggest that 4-5 year old children are able to learn the 
causal properties of objects through their own visual exploration and manipulative 
investigations, without the need for demonstrations or instructions. However, their 
knowledge about the causal powers of objects may not be solidified and they struggle 
to apply their knowledge to novel situations. These findings tell us that children are 
able to understand objects in their environment through exploration and own-
experience in digital play. Allowing children opportunities to explore and engage in 
own-experience play is essential to a quality learning experience and longer-lasting 
knowledge (Yuniarto et al. 2020). Educators are faced with the challenge of optimizing 
the learning of children today, but the research emphasizes the need for exploratory 
behavior for children to learn about their world. Video games appear to present a 
valuable and efficient digital playground for such explorative learning. 
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