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Abstract – This article explores how memory, one of 
the most important cognitive skills, can influence 
children’s thinking and learning abilities, which are 
crucial for their future achievements Many children 
perceive mathematics as difficult, boring, or stressful. 
This often leads to low motivation, knowledge gaps, 
and fear of making mistakes at an early age. The 
introduction of game-based learning tools in 
mathematics can help address the problem of 
engagement, where children remain passive listeners 
instead of active participants in learning. The paper 
describes three main types of memory; short-term, 
long-term and working memory, points out the key 
differences and benefits of each different type, and 
examines the potential of game-based learning and 
types of memory games for improving young kids’ 
memory, increasing their engagement, motivation and 
learning outcome. It also shows how memory is related 
to mathematical skills and achievements, reviews the 
latest trends in early education, and suggests several 
types of memory games for supporting early 
mathematical thinking: Pattern recall, number 
memory, puzzle and colour, and shape matching 
games. The developed games were evaluated by a small 
group of students and their parents, who reported 
improvements in children’s memory. The results 
indicate that memory-based serious games can support 
cognitive development, increase engagement, and 
contribute to building a positive attitude toward 
mathematics at an early age. 
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1. Introduction

Early mathematical education plays a crucial role 
in shaping children’s cognitive development and later 
academic achievement [1]. Foundations of 
mathematical thinking are established during early 
childhood, when core cognitive processes such as 
memory, attention, and executive functions undergo 
rapid development [2]. Among these processes, 
memory has been identified as a key factor 
influencing children’s ability to acquire, retain, and 
apply new knowledge, particularly in mathematics. 
Memory games are activities that challenge students 
to find solutions, patterns or connections using logic, 
reasoning and creativity. They can be used for 
introducing, practicing, or reviewing mathematical 
concepts and skills, or to extend and enrich math 
education. Memory games can be an effective and 
enjoyable way for children to engage in mathematics.  

The primary objective of this paper is to 
investigate how carefully designed memory games 
can support the development of memory processes 
that are directly related to early mathematical skills. 
Unlike general educational games, the proposed 
games target specific types of memory, such as short-
term memory and working memory, by 
simultaneously introducing mathematical patterns, 
numbers, shapes, and sequences. The main goals of 
the games are to motivate exploration of 
mathematical ideas and concepts, stimulate curiosity, 
interest and enjoyment, and encourage critical 
thinking, problem solving and reasoning skills. 
Additionally, the games should develop persistence, 
resilience and confidence in knowledge, support 
differentiation and individualization of learning, and 
improve not only math skills, but also skills that are 
important to children’s overall development, like 
critical and analytical thinking skills, reflection on 
different processes and strategies, etc. 
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2. Children Memory 
 

Early childhood represents a foundational period 
for development across cognitive, physical, language, 
and social-emotional domains. During this stage, 
children’s abilities are initially limited but 
progressively expand, including those related to 
memory [3]. Memory can be defined as the ability to 
process and store information [4], involving the 
acquisition, retention, storage, and subsequent 
retrieval of learned experiences. Although memory is 
not fully developed in infancy, the early childhood 
period from birth to five years of age is essential for 
the maturation and organization of memory 
processes. 

Although memory is classified as a cognitive 
function, it influences all domains of early childhood 
development, and a child’s memory capacity has 
significant implications for success both within and 
beyond the classroom [5]. Memory plays a central 
role in learning and thinking processes, supporting 
problem-solving, language development, and the 
ability to plan, sequence, and follow instructions [6]. 
It enables children to recognize and recall people, 
experiences, and events. Furthermore, even when 
operating at a subconscious level, memory 
contributes to the acquisition and refinement of 
motor skills, such as learning to ride a bicycle. 

In the process of cognitive development, memory 
can be categorized into several different types. These 
categories, according to [7], are: 

 

• Short-term memory 
• Long-term memory 
• Working memory 

 

Short-term memory refers to the cognitive 
capacity to temporarily store, retain, and retrieve 
limited amounts of information over brief periods. Its 
defining characteristics are capacity and duration, as 
only a restricted number of items can be maintained 
for a short time. Typically, short-term memory can 
hold up to seven elements for approximately 15 to 30 
seconds. For instance, a child may rely on short-term 
memory to recall the appearance of a classmate 
recently encountered or to remember events that 
occurred moments earlier in a viewed video or 
movie. 

Sensory memory, which is considered a form of 
short-term memory, enables the brief retention of 
sensory information after the termination of a 
stimulus. This type of memory is active during 
sensory stimulation and persists momentarily once 
the stimulus has ceased. Because it is directly linked 
to sensory systems, sensory memory comprises five 
modalities: Echoic (auditory), gustatory (taste), 
haptic (tactile), iconic (visual), and olfactory 
(olfactory).  

For example, when a raindrop lands on the skin, 
the tactile stimulus activates haptic sensory memory, 
allowing the individual to register and interpret the 
sensation as an indication of rainfall. 

Long-term memory refers to information that can 
be retained and retrieved beyond 30 seconds. Such 
memories vary in significance, ranging from 
recalling the name of a character from a recently 
viewed film to remembering personally meaningful 
information, such as one’s birthday. Long-term 
memory is commonly categorized into two types: 
Implicit and explicit. 

Implicit long-term memory, also known as non-
declarative memory, involves information that is 
acquired and stored unconsciously. It is typically 
associated with motor skills and habitual actions, 
often described as “muscle memory,” such as tying 
shoelaces or riding a bicycle. Even after prolonged 
periods without practice, implicit memory enables 
individuals to perform these skills. 

Explicit, or declarative, long-term memory 
involves the conscious acquisition and retrieval of 
information. This form of memory is further divided 
into episodic and semantic memory. Episodic 
memory pertains to the recollection of specific events 
or experiences, such as remembering what a child 
wore on the first day of school in the previous year. 
Semantic memory, in contrast, involves knowledge 
about the world, including facts, concepts, and 
vocabulary. For example, recalling that William 
Shakespeare authored Romeo and Juliet reflects the 
use of semantic memory. 

Working memory is a functional cognitive system 
involved in the temporary storage and manipulation 
of information necessary for learning and reasoning. 
It is considered a component of short-term memory 
that supports the active processing of information, 
whether abstract or concrete. Whereas short-term 
memory may involve recalling the name of a person 
encountered moments earlier, working memory 
enables an individual to retain and integrate 
information introduced earlier in a sentence in order 
to comprehend its overall meaning [8]. 

In early childhood, working memory is evident in 
tasks such as following multi-step instructions. For 
example, when preschool children are asked to put 
away their toys, wash their hands, and then take out 
their snacks, working memory allows them to retain 
and execute these directions in the correct sequence 
[9]. 

The development of working memory is 
associated with numerous positive outcomes, 
including enhanced problem-solving abilities and the 
acquisition of foundational cognitive skills, 
particularly in areas such as mathematics. A well-
established working memory capacity during early 
childhood has enduring implications for both 
academic achievement and broader functional 
success. 
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3. Game-Based Learning 
 

Game-based learning in early childhood education 
has developed progressively, influenced by 
technological advancements, educational research, 
and evolving pedagogical approaches. This evolution 
has been characterized primarily by the integration of 
digital technologies, including computers and mobile 
devices, to deliver educational content through 
interactive game formats. At the same time, game-
based learning is a broad concept that encompasses 
both digital and non-digital games as instructional 
tools [10]. 

In its early stages, educational game-based 
learning relied predominantly on non-digital formats, 
such as board games, puzzles, and manipulatives 
designed to support the acquisition of foundational 
skills [11]. These activities typically targeted early 
literacy, numeracy, and problem-solving abilities. 
The emergence of computers and educational 
software in the late twentieth century introduced 
digital games as a new learning medium. As 
technological capabilities continued to advance, 
game-based learning expanded beyond stand-alone 
software to include web-based platforms, mobile 
applications, and immersive virtual environments 
[12]. 

The widespread adoption of touchscreen devices, 
such as tablets and smartphones, has further 
increased the accessibility and interactivity of 
educational games for young children. These 
technological developments have enabled greater 
levels of personalization, adaptive learning 
experiences, and immediate feedback, allowing 
educational games to be tailored to the individual 
needs and abilities of young learners [13]. 

Researchers and educators have increasingly 
acknowledged the potential of game-based learning 
to enhance engagement, motivation, and learning 
outcomes in early childhood education [14]. Recent 
studies have examined its cognitive, social, 
emotional, and behavioral impacts, demonstrating its 
effectiveness in fostering critical thinking, problem-
solving, collaboration, creativity, and digital literacy 
skills [15]. In early childhood education, game-based 
e-learning has become a widely adopted approach for 
supporting young children’s cognitive, social, and 
emotional development. In particular, serious games 
have been shown to contribute to the development of 
problem-solving, memory, attention, and 
concentration skills. Overall, game-based learning 
offers numerous advantages, including increased 
learner engagement, the promotion of active learning, 
and the support of diverse skill development. 
 
 
 

4. Types of Memory Games 
 

Memory plays an important role in acquiring new 
knowledge, storing it and retrieving it when needed. 
Some children, however, may have memory 
problems that make it difficult to retain information 
in the long run.  For sharpening memory, focus, and 
attention, it is recommended to use activities 
designed to improve cognitive functions and 
memory-related skills. Such activities include 
matching pairs, following sequences, and 
memorizing names, numbers, objects, etc. The 
purpose of these activities is to stimulate the brain, 
improve concentration and enhance the ability to 
recall information effectively. These activities are 
also known as “educational memory games”. 

 

The different types of memory games identified 
by [16] are: 

 

• Pattern recall games include remembering and 
reproducing sequences of shapes, colors or 
numbers. They improve short-term memory 
and cognitive abilities and can be used to 
present various types of objects [17].  

• Color match requires players to recall color 
sequences. This simple exercise is one of the 
best memory stimulation games suitable for 
kids. 

• Number memory is a memory game that 
involves numbers and helps improve the ability 
to remember number sequences. In these 
games, a sequence of numbers is briefly 
reviewed and then recited in order. Regular 
gameplay can improve short-term memory and 
focus, which can help remember important 
information such as phone numbers or 
addresses. These games offer mental 
stimulation and help boost cognitive functions 
without requiring special equipment. 

• Word Association - in this game, players take 
turns pointing to a word related to the word 
mentioned before. The difficulty involves 
quickly remembering the corresponding words 
and maintaining the chain. The memory 
stimulation component is that to avoid the 
repetition of words, one must remember which 
words have already been said [18]. 

• Puzzles are a form of memory games that 
challenge players to match shapes, colors and 
patterns. These exercises improve cognitive 
skills and enhance recognition of different 
images. Regularly doing puzzles can improve 
problem-solving abilities and visual memory 
[19]. 
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• Sequence solver games require players to recall 
and repeat progressively difficult sequences of 
actions or elements. They are ideal for 
sharpening short-term memory because each 
level tests the ability to observe and retain the 
sequence. By tracking the lights of a Simon 
game or stepping on mats in the correct order, 
these games stimulate cognitive function and 
improve mental agility. 

• Pair finding - in this game, participants flip 
cards over, trying to find matching pairs, 
relying on the player’s ability to remember the 
locations of different images. Essential for all 
ages, the game sharpens recall abilities and 
develops cognitive skills [20]. 

 
5. Memory Games and Math Education 
 

To introduce mathematics to early-age children, 
educators use gamification methods, tailored to 
children’s interests [21]. One example of such games 
is counting and activities that include counting, like 
sorting, comparing and identifying objects [22]. 
Additionally, mathematics education includes a 
deeper understanding of fundamental concepts like 
numbers, forms, spaces, measurements, models and 
arithmetic operations like addition and subtraction 
[23]. A child’s mathematical achievements develop 
in a complex way and have numerous identified 
predictors, which are assumed to form a basis for 
understanding mathematics (for example, visually 
spatial short-term memory, verbal intelligence, 
working memory, etc.) [16]. 

The relationship between short-term memory and 
mathematical achievement has been extensively 
investigated, with particular emphasis on visuospatial 
abilities [24]. These skills are considered especially 
important during early mathematical development, a 
period in which children rapidly acquire foundational 
numerical competencies, such as counting and 
linking small quantities to abstract numerical 
representations (e.g., Arabic numerals). 

Although it has been less frequently examined as 
a predictor of overall mathematical achievement, 
long-term verbal memory is commonly associated 
with the development of arithmetic skills. As 
solutions to simple calculations become gradually 
stored in memory, the time required to retrieve and 
apply them decreases [25]. Consequently, long-term 
verbal memory may represent a stronger predictor of 
mathematical achievement than short-term memory, 
particularly around the ages of seven to eight, when 
formal arithmetic instruction (e.g., addition and 
multiplication tables) is introduced in the curriculum. 

 
 

Furthermore, the execution of complex 
mathematical computations requires active 
maintenance and concurrent manipulation of 
numerical information, highlighting the critical role 
of working memory in mathematical performance. 

To improve children’s memory at an early age and 
to support early mathematical education, several 
types of memory games were developed. 

The first type of game is pattern recall (Figure 1). 
The purpose of this game is for the child to look at 
the fruits and choose which one should be the next 
fruit in the row, and to reproduce the sequence. 
Through this game, children strengthen their ability 
to recall sequences, identify relationships, and build 
basic mathematical skills. The pattern recall game 
improves short-term and working memory, which is 
essential for counting, recognizing number patterns, 
and solving simple math problems. 
 

 
 

Figure 1.  A Pattern recall game 
 

The purpose of number memory games, illustrated 
in Figure 2, is to memorize a series of numbers and 
then reproduce them in the correct order. The game 
offers mental stimulation and improves children’s 
short-term memory and focus. Number memory 
games that involve numbers help children retain 
information in a fun and interactive way. Instead of 
rote memorization, children create meaningful 
connections, which improve their long-term 
understanding of mathematical concepts. When they 
memorize a number sequence or a pattern, children 
build basic cognitive skills that lay the foundations 
for future success in math. 
 

 
 

Figure 2.  A number memory game 
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Puzzle-type games (Figure 3) challenge children 
to match shapes, colours and patterns. Puzzles 
strengthen connections between brain cells, enhance 
cognitive processing speed and are an effective way 
to improve short-term memory. They can activate 
different parts of brain, helping children hone their 
critical and analytical thinking skills. Additionally, 
puzzles encourage analytical and logical reasoning 
and develop flexibility and creativity in tackling 
challenges. Puzzles not only improve math skills but 
also develop skills that are important for children’s 
overall development, like concentration, visual 
discrimination, critical thinking and problem solving. 
 

 
 

Figure 3.  A puzzle game 
 
The purpose of color and shapes matching games 

(Figure 4) is to allow children to explore shapes and 
colors and create a line with the same color sequence. 
Games that involve shapes help children improve 
their spatial reasoning and visual memory. 
Recognising, remembering and matching different 
shapes strengthens their ability to distinguish 
between them, which is an important foundational 
mathematical skill. Understanding shapes also plays 
a key role when geometry concepts are introduced 
later. When children play games based on shapes, 
they build knowledge about edges, angles, and 
symmetry - all important in more advanced stages of 
math learning. 
 

 
 

Figure 4.  Color and shapes matching game 
 

6. Analysis and Results 
 

To evaluate the effectiveness of the memory 
games, they were given to ten children in preschool 
age. At the end of the test, their parents filled in a 
survey containing several questions selected for the 
evaluation.  

The young testers go to different kindergartens 
(both public and private) and have different 
educational backgrounds and knowledge levels. The 
children were introduced to the system through a 
short tutorial session, after which they were invited 
to play the memory games for one week. After the 
experimental period ended, their parents filled in the 
questionnaire, using their feedback and impressions.  

The survey questions were evaluated on the 5-
grade Likert scale, in which the answers represent to 
what degree the surveyed person agrees (or does not 
agree) with it. The grades in the survey vary from 1 
to 5, where 5 means “strongly agree”, 4 - “agree”, 3 - 
“neutral”, 2 - “disagree” and 1 - “strongly disagree”. 
Table 1 shows the survey questions which are most 
related to playing the newly presented memory 
games. They are split into three groups, each one 
evaluating a different aspect of the gaming activities 
- the user experience, the use of games for improving 
memory, and the relation between memory games 
and mathematics. 

 
Table 1.  Memory games evaluation survey 
 

Question Group Question Average 
Answer 

Perception of 
the user 

interface as ease 
of use 

Q1. How clear were the 
instructions of the 
presented tasks? 

4.2 

Q2. To what extent did 
your child understand the 
objectives of the tasks? 

4.7 

Benefits of 
using games as 

a tool to 
improve 
memory 

Q6.  To what extent did 
the games motivate your 

child to try harder? 
3.4 

Q7. How much has your 
child’s memory 

improved? 
4.1 

Relation 
between 

memory games 
and 

mathematics 

Q11. To what extent did 
the tasks stimulate your 

child’s interest in 
mathematics? 

3.2 

Q12. How likely is your 
child to solve similar 

problems in the future? 
4.5 

 
The survey results indicate that both children and 

their parents like the user interface of the newly 
introduced memory games, and they find it easy to 
use. The participants also think that the memory 
games have improved their children’s memory. 
These games have not yet reached a wider audience, 
and the data and analysis on it are not very detailed.  
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However, it can still be concluded that the 
presented games help improve children’s memory 
and if used in the longer term, they would increase 
the kids’ concentration and ability to learn 
mathematics and other subjects. Answers to 
questions about children’s motivation and 
commitment to learning indicate that it is necessary 
to improve the games in that area, which gives good 
perspectives for future research and development. 
 
7. Conclusion 

 
This paper explored the use of serious memory 

games as a tool for supporting early mathematical 
education in preschool-aged children. The results 
indicate that memory-based games designed around 
numbers, patterns, shapes, and sequences can 
positively support the development of short-term and 
working memory, which are closely related to early 
mathematical skills. Both children and parents 
perceived the games as easy to use, engaging, and 
beneficial for improving memory and attention. The 
findings suggest that memory games with clear 
educational objectives can effectively strengthen 
cognitive processes underlying early mathematics 
learning, while also fostering motivation and positive 
attitudes toward the subject. By combining game-
based learning with targeted memory training, such 
games can support foundational mathematical 
thinking in an age-appropriate and engaging manner. 

However, the study is limited by its small sample 
size, short intervention period, and reliance on 
parental feedback rather than standardized 
assessments. Future research should involve larger 
participant groups, longer evaluation periods, and 
objective measures of cognitive and mathematical 
development. Further studies may also explore 
adaptive and personalized memory games and their 
integration into preschool educational settings. 

In conclusion, this research contributes to the 
growing body of evidence supporting the use of 
serious games in early childhood education. It 
demonstrates that well-designed memory games can 
play a meaningful role in strengthening cognitive 
foundations essential for mathematics learning. With 
further refinement and empirical validation, memory-
based serious games have the potential to become an 
effective, scalable, and engaging educational resource 
for early mathematics education. 
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