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Abstract:  This research focuses on instrumentation of information technologies that 
become psychological tools, designed to develop number sense of third graders. The 
theoretical background is supported by the Cultural-Historical approach, and considers that, 
using a serious game; emphasize the student's attention and perception for constructing 
mathematical concepts. A preliminary outcome identifies numerical relationships and 
counting, as a field of opportunity to increase math skills associated with number sense. 
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Introduction 
 
In early years at school is perceived the difficulty of students to build mathematical concepts 
and it is reflected in numeric skills. Different components of cognitive processes have been 
associated to a poor performance on that field. The aim of research is to identify new 
standards that foster cognitive processes of higher psychological functions of attention and 
perception, as a strategy to develop number sense in the third graders. To achieve this goal, 
we propose designing a serious game as psychological tool,  that enables students relate the 
abstract operations of numerical entities with concrete objects, and navigate through 
different training paths, according student' cognitive level. It is hoped, from these 
mathematical learning experiences, that students develop their number sense. 
 
 
1. Literature Review 
 
1.1 Number Sense 
 
The study of number sense is documented in several studies, which analyze the concepts 
and components of the skill needed to build mathematical concepts [1, 2, 3, 4, 5, 6].  
Malofeeva et al. [3], establish that number sense is the ability to understand the meaning of 
numbers, relations between them and the ability to perform mental calculation, numerical 
estimation, and quantitative reasoning; furthermore, includes conceptual understanding of 
numbers, knowledge of place value, number relationships, counting and sequencing, 
understanding and meaning of addition, subtraction, multiplication and division. 
 
1.2 Serious Games and Mathematics 
 
Serious games (SGs), according Ling, Xiaoqiang and Dandan [7], are a category of video 
and computer games to train or educate users while giving them an enjoyable experience. 
SGs provides a simulated environment with experiential learning activities [8]. SGs can be 
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used as tools in schools to improve students’ efficiency to learn [9], moreover, emphasize 
the student’ attention and perception, to overcome the limits of their sensory field by doing a 
voluntary effort. The imaginary context of the game teaches the child to guide their conduct 
by the perception, situations that affect him, and the meaning of the situation. As result 
children learn to do, consciously, an activity, and acquire a development. Researches 
evidence the potential positive impacts of using games and serious games, with respect to 
learning, skills enhancement [10], therefore the advantages of use them in mathematics [11]. 
 
1.3 Artifacts as Psychological Tools 
 
The Cultural-Historical approach of mediations, centered on the use of cultural artifacts, is 
widely used in mathematics learning [12, 13, 14, 15]. According to Vygotsky [12], the 
artifacts are cultural mediations, transformed as psychological tools, by the use of signs as 
language. The use of psychological tools promotes development of higher psychological 
processes as perception and attention, which are the source of a specifically human behavior 
[12, 16], necessaries to construct mathematical concepts [17]. The use of information 
technologies allow to exploit the potential of artifacts [14]. With SGs, the child could 
perceive its environment, and language help him to perceive objects immersed in it and the 
relationships between them. Through SGs and language, the child reorganizes its spatial and 
visual field, and creates a temporary field, which is real and perceptible for him. He captures 
changes and reconstructs the separate activities, therefore he develops his attention. These 
processes are necessary to construct mathematical concepts, and enables students relate the 
abstract operations of numerical entities with concrete objects [17]. 
 
 
2. Problem Statement 
 
By the logical character and level of abstraction necessary to construct mathematical 
concepts, the students demonstrate cognitive difficulties, which are perceived by indicators 
of educative achievement [18, 19, 20]. In México, the problem is accentuated in third 
graders, whom must develop mathematical skills associated with number sense. However, 
statistics shows a score of 419 in math, when Organisation for Economic Co-operation and 
Development (OECD) countries has an average of 496 [20]; 52% of students are at levels 
considered unsatisfactory and show difficulty identifying numerical relationships, 
recognition of magnitudes and simple operations with numbers [19]. 
 
 
3. Contribution of the Proposed Research 
 
Identifying new benchmarks in the transformation of higher psychological processes, for 
develop number sense, will be the major contribution of the proposed research. The 
incorporation of dynamic assessment and learning gradients, into a serious game, will be the 
second contribution. From these approaches it is expected to contribute to developing of 
skills of counting and numerical relationships as components of the number sense. 

 
 

4. Proposed Research Methodology 
 
4.1 Objective 
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To design a serious game that develops number sense, through transforming of 
psychological processes of perception and attention in mathematical contexts, looking to 
improve the skills of counting and numerical relationships in third graders. 
 
4.2 Research Questions 
 
The research will address these questions: How to enhance the development of the 
psychological processes of perception and attention by an instrumental approach?  How a 
serious game develops number sense skills of third graders? 
 
4.3 Hypothesis 
 
The use of serious game transforms perception and attention, and develops the skills of 
counting and numerical relationships of number sense, in third graders. 
 
4.4 Research design 
 
The research will adopt a combination of qualitative and quantitative methods to explore the 
development of number sense. At the first stage, the transformation of the psychological 
functions of perception and attention will be studied by the Genetic method of Vytgotksy 
[12], whose function is to study these processes in its functionality. At the second stage, two 
classes of third grade, will be randomly selected and assigned to the experimental and 
control groups. Students of both the experimental and control groups will sit for identical 
pre-test [21]. For six months, control group will use the SGs designed. After that, both the 
experimental and control groups will be subject to post-test, to measure development of the 
skills of counting and numerical relationships [21]. 
 

 
5. Preliminary Outcomes 
 
A pilot study was conducted to identify mathematical abilities of third graders. During first 
part of the study, a test was designed on the basis of number sense concept, and the Mexican 
curriculum. After applying test, Coefficient alpha was measure (α=0.8) and the test's 
structure was reviewed to improve internal consistency. The figure 1 shows results of the 
study. In the second part of the study (See Figure 2), same test was applied to different 
students, and they expressed difficulty in properly resolving the items associated with 
numerical relationships (36%), counting (38%) and exercises for applying basic concepts of 
arithmetic operations (46%). These findings allow to identify areas of opportunity associated 
to number sense's elements. This can lead to design of strategies to exercising these specific 
skills, to develop number sense, looking for increase mathematics learning in third graders. 
 

 

 
 

 

 

Figure 2. Results of the number 
sense assessment. Figure 1. Analysis of internal consistency, of the number sense test. 
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6. Conclusion and Future Work 
 
Currently, we have been identifying areas of opportunity to improve mathematical skills, 
related with number sense. This allows designing strategies, for instance a serious game, to 
develop number sense.  As future work of this study, the author is planning the following: 
• Instructional design for SGs based on numerical relationships, counting and arithmetic 

operations, as categories of the number sense. 
• Implementing a SGs with math problematizations, according student' cognitive level. 
• Pre-test and post-test to measure skills of counting and numerical relationships. 
From these processes it is expected to contribute to development of skills of counting and 
numerical relationships as components of the number sense of third graders. 
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