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Abstract

This study investigates the understanding of Piaget's concept of liquid conservation in 5-year-old children,
comparing physical and digital environments of executing conservation tasks. Involving 86 participants (equal
gender representation), it employs an Android tablet to demonstrate the pouring of water between glasses with
animated images in a digital environment condition and real glasses (one short-wide and one long-narrow) filled
with water for the physical environment condition. Each child completed four distinct conservation tasks, each
one 3 times, designed to parallel each other in both environments. Two of the tasks concerned the general
concept of conservation, and the other two were either about identity or compensation or reversibility concepts.
The study aims to determine whether digital environments can be as effective as physical ones in teaching
fundamental conservation concepts, exploring the impact of emerging digital learning tools versus traditional
methods. Another objective of this study is to find associations between the general concept of conservation and
the three other concepts: identity, compensation, and reversibility. This research contributes to the understanding
of cognitive development in children and the efficacy of digital versus physical learning aids by verifying that
children perceive physical and virtual learning with the same effectiveness.
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1. Introduction

The advent of digital technology has transformed our manner to perceive and interact with the world, a change
that is profoundly evident in the field of child development. With the increasing ubiquity of digital devices in
children's lives, it becomes imperative to understand how interactions with virtual environments influence
cognitive development (Sung et al., 2016; Zhang & Nouri, 2018). This study delves into the cognitive processes
of children aged approximately 5 years old and specifically in their understanding of liquid conservation, a
concept pivotal in Piaget’s theory of cognitive development (Babakr et al., 2019; Piaget 1951,1954; Piaget &
Inhelder 1974). Conservation tasks, which assess a child’s ability to recognize that certain properties of objects
remain constant despite changes in their form or arrangement, have long been a cornerstone in evaluating
cognitive growth.

In this research, we explore a novel dimension of this theory by juxtaposing children’s interaction with a liquid
conservation task in two distinct environments: the digital and the physical. Do children perceive and process
information differently when presented in a digital format compared to a physical one? This question lies at the
heart of our study. The comparison of digital and physical environments in understanding liquid conservation
provides a unique lens through which we can examine the impact of digital environments on cognitive
development. This study, therefore, seeks to bridge the gap between traditional developmental theories and the
contemporary digital context in which today’s children are immersed. Recent studies have shed light on the
evolving landscape of digital learning tools in early childhood education (Behnamnia et al., 2020). Researchers
have studied the impact of these tools on learning outcomes, exploring how they contribute to cognitive
development, literacy, and other essential skills (Palaiologou, 2016). Concurrently, concerns have arisen
regarding the effects of prolonged screen time on children’s attention span, social interaction, and overall
well-being, prompting deeper investigations. Central to these inquiries is the quality of content and design, with
a focus on assessing the effectiveness of interactive games, educational apps, and multimedia resources in
engaging young learners (Murcia et al., 2018). Equally important is the role of educators in integrating digital

61



ijps.ccsenet.org International Journal of Psychological Studies Vol. 16, No. 1; 2024

tools into curricula, necessitating attention to teacher training and ongoing support mechanisms. So the
comparison performed in this research is not only a matter of academic interest but has practical implications in
areas ranging from educational technology to parenting strategies in the digital era.

Piaget’s conservation theory is a fundamental concept in developmental psychology, and it is also central to
Piaget’s stages of cognitive development. This theory suggests that children reach the ability to grasp
conservation at the concrete operational stage (Elkind, 1967; Piaget, 1951,1954). Key experiments involving the
conservation of number, length, mass, and liquid volume were used to demonstrate this theory, revealing how
younger children often struggle with understanding that the transformation of an object’s shape or arrangement
does not necessarily mean a change in its quantitative properties. This foundational theory has significantly
influenced the understanding of children’s cognitive development. Experiments were conducted where, for
instance, liquid would be poured from a short, wide glass into a tall, thin glass, and children would be asked if
the amount of liquid changed. Younger children typically responded that the quantity had changed,
demonstrating a lack of conservation understanding. This concept is crucial in the study of cognitive
development, indicating a shift from preoperational to concrete operational stages in a child’s thinking, where
they begin to understand the world more logically.

Whereas some studies often replicated Piaget’s original experiments, others expanded on them, and they added
additional features and parameters (e.g., Gelman 1969; Kwong See et al., 2012; Light et al., 1979; McGarrigle &
Donaldson, 1974). Other studies have explored factors influencing conservation understanding, including age,
cultural background, and education (e.g., Goldschmid et al., 1973; Kim, 1987; Nambeye, 2020). Also,
contemporary studies have started using conservation experiments with the embodied cognition approach that
considers perception, action, and cognition as tightly linked (Lozada & Carro, 2016). Nevertheless, Piaget’s
work on child development, particularly concerning his methodology and assumptions about children’s cognitive
abilities did not evade criticism (Lourengo & Machado, 1996). Although Piaget’s theory about stages of
cognitive development have been foundational in psychology and education, it is not without its challenges.
Researchers critiquing Piaget have pointed out several key issues such as underestimation of children’s abilities
(Gruen, 1965), methodological concerns (Light et al., 1979), and issues with repeating the question in
conservation tasks (McGarrigle & Donaldson, 1974).

None of the aforementioned studies and existing research compares the execution of Piaget’s conservation tasks
in a physical environment with the execution in a digital environment. Thus, the rationale for comparing digital
and physical environments in the context of conservation tasks lies in understanding how different environments
influence a child’s cognitive development and learning processes. This comparison can reveal insights into how
children perceive, interact with, and learn from digital versus physical stimuli, thereby informing educational
strategies and developmental theories in the contemporary, technology-oriented world. Also, several key points
justifying the need of such comparison can be identified:

(1) Perceptual Differences: Digital and physical environments offer different sensory experiences. Understanding
how these differences affect a child’s perception, especially in tasks like conservation, which rely on visual and
spatial judgments, is important.

(2) Developmental Stages: They provide insight into whether developmental stages identified by Piaget, such as
the concrete operational stage, manifest differently when children interact with digital versus physical
environments.

(3) Cognitive Development Understanding: It helps in understanding whether the abstract thinking and reasoning
skills required in conservation tasks are developed differently in digital versus physical settings.

(4) Technological Integration: With children increasingly exposed to digital environments, it is crucial to
understand how these virtual experiences influence their capacity to incorporate technological knowledge into
their existing representational system.

(5) Educational Practices Incorporating Digital Learning: As education increasingly incorporates digital tools,
understanding how children adapt to and learn from virtual environments is key to designing effective
educational content.

(6) Future Research Direction: Such comparisons could open avenues for further research in cognitive
psychology and educational technology, considering the evolving nature of digital media.

Hence the main objective of this study, which is to explore whether a digital environment yields better results
than a physical environment in conservation tasks, is pivotal because it examines how and if a child’s cognitive
understanding is enhanced by digital methods. The second objective of this research is to correlate the answers
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of the general concept of conservation with three more specific concepts, identity, compensation, and
reversibility (Acredolo & Acredolo 1979; Brainerd, 1972; Siegler, 1981). These concepts are considered by
Piaget to be easier to understand by children in comparison to the concept of conservation that is based on
reasoning because they are based on perception. For this reason, they are normally acquired before the
conservation concept (Hooper, 1969).

In the following sections, the methodology of the study and the results will be presented. Then the results and
their implications in the broader context of child development and cognitive technology will be discussed.

2. Method
2.1 Participants

The participants were 86 children, with equal gender representation, from public and private institutions.
Participants were approximately 5 years old, an age group that falls within Piaget’s preoperational stage of
cognitive development, where children begin to engage in symbolic play but still struggle with logic and
conservation concepts. There were no apparent disparities in the children’s developmental stage or
socioeconomic status, and everyone was in good health. The execution of the study was conducted with full
consent and awareness of both the guardians and the administrative bodies of the institutions. Additionally, the
children themselves gave verbal assent to participate in this research. All 86 of the participants answered
questions about the general concept of conservation. 20 of the participants answered questions about the concept
of identity. Thirty-six of the participants answered questions about the concept of compensation, and 30 of the
participants answered questions about the concept of reversibility.

2.2 Research Design

The experimental design for this study was structured to compare children’s understanding of conservation
across physical (real glasses and water) and digital (tablet-based) environments using a series of water-pouring
tasks. Each participant completed four distinct conservation tasks, each one repeated three times. Two of the
tasks concerned the general concept of conservation, one in a physical environment and the other in a digital
environment. The other two were either about identity or compensation or reversibility concepts, again one in
each environment.

The first task in both environments involved simply transferring water from one glass to another, testing the
basic concept of liquid conservation. The other task in both environments was one of the following three. For
testing the identity concept, the idea that the new glass was taller and thinner was introduced, prompting children
to consider changes in shape and volume perception. For testing the compensation concept, explicit information
that no additional liquid was added during the transfer was included, emphasizing the conservation of quantity
despite visual differences. For testing the concept of reversibility, pouring the water back into the original glass
was added to the demonstration process, allowing children to directly observe the reversibility of the action.

More specifically, two sets of experimental tools were utilized:

(1) Digital Environment Tool: An Android tablet device was used for digital tasks. This device displayed images,
static and animated, of water being poured between glasses (Figure 1). The tablet’s interactive interface and vivid
graphics provided a realistic virtual experience, enabling children to engage with the conservation tasks in a
digital format (Sakkas & Samartzi, 2023).

(2) Physical Environment Tools: For the physical tasks, real glasses were used. These included a set of two
different glasses—one short and wide, and the other tall and thin—to demonstrate the conservation of liquid. The
glasses were transparent, allowing children to clearly observe the water level during and after pouring. Real
water was used to visually demonstrate the conservation principle in a tangible way.
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Figure 1. Example of the Android tablet screen display

In each task of the study, there were two distinct phases: the demonstration phase and the question phase. This
design ensured that each child had the same experience and basis for understanding before answering the
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questions.
(1) Demonstration Phase

1) In both the digital and physical environments, the experimenter first demonstrated the action of pouring water
from one glass to another. The vocal instructions from the experimenter were the same, regardless of the
environment, and they described the actions that were demonstrated.

2) For the digital tasks, this was done using images and animations on the tablet, simulating the pouring of water.

3) For the physical tasks, the experimenter physically poured water from one real glass to another in front of the
children.

(2) Question Phase

1) Following the demonstration, children were asked whether the amount of water in the glasses remained the
same or changed after the transfer.

2) Except from motivational phrases when the children became idle, such as “What do you think—you haven’t
told me yet,” “Try to find the answer—you can do it,” “We agreed to help me understand—Iet’s continue,” no
additional information or help was provided to the children.

2.3 Procedure

The child participant sat at a table across from the experimenter, and the two of them were the only people
present in the room. For the physical environment tasks, the experimenter used real glasses filled with water,
pouring it from one to the other. For the digital environment tasks, the experimenter used a tablet device to
present on the screen the appropriate static and animated images. The experimenter followed exactly the research
design and used the same language, instructions, and expressions in both physical and digital environment tasks.
Each child completed all tasks in between 10 and 15 minutes in total. The children received no feedback on their
answers during or after the experiment. Finally, each child was assigned a random ID number to conceal their
identity; all children participated anonymously in the research.

3. Results

Researchers analyzed the data using IBM SPSS Statistics (Version 26). Table 1 demonstrates the results of the
liquid conservation tasks that were performed in the experiment. In each cell appears the absolute number of
answers followed by the percentage of total participants in each task. The data are split by environment: physical
when the tasks were demonstrated by real glasses and digital when the tasks were demonstrated by images in the
tablet screen. An answer was considered correct when the child told the experimenter that the amount of liquid
after the demonstration was equal, whereas an answer was considered wrong when the child told the
experimenter that the amount of liquid was different (either more or less). Also, to perform the statistical analysis,
the answers of each participant for each task’s three repetitions were aggregated in a single answer following the
rule that if at least two out of three answers were correct, the participant answered correctly.

Table 1. Liquid Conservation Tasks Results

Environment  Answers General (n=86) Identity (n=20) Compensation  Reversibility

(n=36) (n=30)
Physical Correct 11 (12.8%) 1 (5.0%) 3 (8.3%) 20 (66.7%)
Wrong 75 (87.2%) 19 (95.0%) 33 (91.7%) 10 (33.3%)
Digital Correct 15 (17.4%) 1 (5.0%) 3 (8.3%) 21 (70.0%)
Wrong 71 (82.6%) 19 (95.0%) 33 (91.7%) 9 (30.0%)

To better visualize these results, researchers plotted the number of correct and wrong answers for each concept
of conservation in bar charts, one for physical tasks and one for digital tasks (Figure 2 and Figure 3, respectively).
Blue indicates correct answers, and red indicates wrong answers. The majority of the answers in the general
concept of conservation, the identity, and the compensation tasks is wrong, whereas in the reversibility tasks, the
majority of the answers is correct. The answers for each concept are consistent and follow the same distribution
regardless of the environment of execution of the tasks, physical or digital.
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Responsz
J0+ N Correct

. rang

Count

Physical Task
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Figure 3. Answers for Digital Environment

To analyze the results, researchers performed the chi square test of independence to check for possible
associations between physical and digital environment conditions in each concept of conservation separately.
Because the tables for the analysis were 2x2, researchers used the continuity correction adjustment.

(1) For the general concept of conservation: Out of 11 children who answered correctly in the physical
environment condition, six answered correctly in the digital environment condition, and five answered wrong.
Out of 75 children who answered wrong in physical environment condition, 66 answered wrong in the digital
environment condition, and nine answered correctly. Researchers found significant association between the
physical and digital environment in the general concept of conservation: x?(df=1, N=86)=9.285, p=0.002.

(2) For the concept of identity: Out of one child who answered correctly in the physical environment condition,
one also answered correctly in the digital environment condition, and zero answered wrong. Out of 19 children
who answered wrong in the physical environment condition, 19 answered wrong in the digital environment
condition, and zero answered correctly. Researchers found significant association between the physical and
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digital environment in the concept of identity: x*(df=1, N=20)=4.488, p=0.034.

(3) For the concept of compensation: Out of three children who answered correctly in the physical environment
condition, zero answered correctly in the digital environment condition, and all three answered wrong. Out of 33
children who answered wrong in the physical environment condition, 30 answered wrong in the digital
environment condition, and three answered correctly. Researchers found no significant association between the
physical and digital environment in the concept of compensation: x*(df=1, N=36)=0.000, p=1.000.

(4) For the concept of reversibility: Out of 20 children who answered correctly in the physical environment
condition, 16 answered correctly in the digital environment condition, and four answered wrong. Out of 10
children who answered wrong in the physical environment condition, five answered wrong in the digital
environment condition and five answered correctly. Researchers found no significant association between the
physical and digital environment in the concept of reversibility: x2(df=1, N=30)=1.607, p=0.205.

Further analysis targeted the relationship between the three specific concepts of conservation and the general
concept of conservation in each environment condition. Again, researchers used the chi square test of
independence with the continuity correction adjustment to determine statistical associations.

For tasks performed in the physical environment:

(1) Out of one child who answered correctly about the general concept of conservation, one also answered
correctly about the identity concept, and zero answered wrong. Out of 19 children who answered wrong about
the general concept of conservation, 19 also answered wrong about the identity concept, and zero answered
correctly. Researchers found significant association between the two concepts: x*(df=1, N=20)=0.488, p=0.034.

(2) Out of two children who answered correctly about the general concept of conservation, two also answered
correctly about the compensation concept, and zero answered wrong. Out of 34 children who answered wrong
about the general concept of conservation, 33 also answered wrong about the compensation concept, and one
answered correctly. Researchers found significant association between the two concepts: x*(df=1, N=36)=12.321,
p=0.0004.

(3) Out of eight children who answered correctly about the general concept of conservation, six also answered
correctly about the reversibility concept, and two answered wrong. Out of 22 children who answered wrong
about the general concept of conservation, eight also answered wrong about the reversibility concept, and 14
answered correctly. Researchers found no significant association between the two concepts: x*(df=I,
N=30)=0.021, p=0.884.

For tasks performed in the digital environment:

(1) Out of one child who answered correctly about the general concept of conservation, one also answered
correctly about the identity concept, and zero answered wrong. Out of 19 children who answered wrong about
the general concept of conservation, 19 also answered wrong about the identity concept, and zero answered
correctly. Researchers found significant association between the two concepts: x*(df=1, N=20)=4.488, p=0.034.

(2) Out of five children who answered correctly about the general concept of conservation, three also answered
correctly about the compensation concept, and two answered wrong. Out of 31 children who answered wrong
about the general concept of conservation, 31 also answered wrong about the compensation concept, and zero
answered correctly. Researchers found significant association between the two concepts: x2(df=1, N=36)=13.196,
p=0.0002.

(3) Out of nine children who answered correctly about the general concept of conservation, seven also answered
correctly about the reversibility concept, and two answered wrong. Out of 21 children who answered wrong
about the general concept of conservation, seven also answered wrong about the reversibility concept, and 14
answered correctly. Researchers found no significant association between the two concepts: x*(df=I,
N=30)=0.030, p=0.862.

4. Discussion

The results of this research point out that liquid conservation tasks of conservation and identity concepts on
S-year-old children yield different results depending on the environment of execution. In contrast, for liquid
conservation tasks of compensation and reversibility concepts, the results are expected to be similar regardless of
the environment of execution, whether it is physical or digital.

In addition, the number of correct and wrong answers were approximately the same within each concept of
conservation, in both environments. For the general concept of conservation, the identity concept, and the
compensation concept, the majority of the answers was wrong, averaging approximately 87% of the total,
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whereas for the reversibility concept, the majority of the answers was correct, at approximately 68%. Research
on Piaget’s conservation concepts suggests that although traditionally it has been believed that children under 6
years of age could not understand these concepts, more recent studies indicate that younger children may indeed
be capable of grasping them (Rothenberg 1969; Sakkas & Samartzi, 2023). For instance, several studies
(Watanabe, 2017a, 2017b, 2019, 2022) found that children as young as 3 years old might be able to acquire
Piaget’s conservation concepts when these tasks are integrated into play. These studies also observed that a
4-year-old was able to robustly acquire the conservation concept for numbers and length, indicating a potential
acceleration in cognitive development compared to the age previously presumed by Piaget. This shift in
understanding aligns with the broader observation that younger children today may have higher intelligence than
those in previous generations (Flynn, 2012; Pietschnig & Voracek, 2015). As Piagetian tasks generally assess
logical thinking, an increase in intelligence quotient (IQ) could positively affect the ability to correctly solve
these tasks. It is interesting to notice that out of the three specific concepts of conservation investigated in the
present study, only reversibility presented a positive percentage of correct questions, thus suggesting that it is
more easily acquired by this marginal age group for Piaget’s conservation understanding.

The similar performance of children in both digital (using a tablet) and physical (using real glasses) settings for
liquid conservation tasks can be understood through several perspectives. Research on the use of tablets and their
effects on learning and development in young children suggest that digital technology, when meaningfully
integrated, can positively affect areas like math, science, problem-solving, and self-efficacy (Peirce, 2013). This
indicates that tablet-based learning can effectively engage children in similar ways to physical tasks, aiding in
their cognitive development (Semmelmann et al., 2016). Moreover, researchers can use tablets effectively in
developmental cognitive research with children (Frank et al., 2016). Researchers compared the reliability,
performance, and sensitivity of response times in tablet-based tasks to other methods and found tablets to be
equally or more favorable. This supports the idea that tablet-based tasks can be as effective as physical ones in
assessing cognitive abilities in children. Therefore, these studies collectively suggest that when tablet-based
learning is designed appropriately, it can be as effective as traditional physical learning methods, including tasks
that assess cognitive development like liquid conservation. The key factor appears are the quality of interaction
and engagement that the learning tool (whether digital or physical) facilitates rather than the medium itself.
Nonetheless, the design of digital learning tools plays a pivotal role in curriculum development, particularly in
early childhood education. Effective integration of digital tools requires careful alignment with curriculum
objectives, pedagogical principles, and developmental milestones (Laurillard, 2010). Design considerations
encompass user interface, interactivity, content relevance, and accessibility, ensuring that tools are engaging,
age-appropriate, and conducive to learning. Digital learning tools can serve as dynamic resources that enrich
educational experiences and support holistic development in early childhood settings.

Adding to the existing literature, the results of this study were that physical and digital environments’
associations were statistically significant in two out of the four concepts: in the general concept of conservation
and the identity concept. In the compensation and reversibility concepts, no statistical significance was observed.
Interesting results were also produced regarding the association of the general concept of conservation with the
three specific concepts: identity, compensation and reversibility. Researchers observed statistical significance in
identity and compensation concepts when they were associated with the general concept of conservation. The
reversibility concept presented no statistical significance when associated with the general concept of
conservation in both environments. The absence of statistical significance and the high number of correct
answers in reversibility concept compared to the others further reinforces the results and views of previous
studies, which suggests reversibility may be acquired developmentally prior to conservation and possibly is not
closely related (Brainerd, 1972; Bruner et al., 1966; Murray & Johnson 1969).

Finally, as noted, the age group of this study is on the margin of the preoperational stage of Piaget’s theory
because the researchers were trying to find the limit of understanding of conservation concepts of children.
Future research should focus on older aged children because they will provide more balanced answers in terms
of correct and wrong, thus enabling the identification of stronger associations among all concepts of
conservation. Another interesting research direction would be the investigation of embodied cognition, which
can be implemented by having the children, instead of being only observers of the liquid conservation
demonstration, to interact and participate in the experimental process in various ways (Lozada & Carro, 2016),
like handling the glasses themselves and pouring the water from one to another in the physical environment and
pressing buttons to manipulate the animation on the tablet device in the digital environment.
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