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ABSTRACT

Informal Gamification based on video games turns out to be
attractive due to its playful presentation, its motivational
resources, and open access. This is important for the benefit of
cognitive constructs such as logical reasoning, in the area of
mathematics. Through this research, we implemented an
experimental program based on the inclusion of the Plants vs
Zombies video game as a cognitive modifier of reasoning. We
developed the Gamification project through a
pre-experimental design for six months. The sample
consisted of 96 Basic Education students (M = 6.56 years of
age; SD =0.3). The pre-calculation test allowed us to contrast
results between the pretest and posttest measurements. We
obtained effective results in the dimensions of seriation,
cardinality and cognitive conservation. The effects were
much more decisive in conservation. These results allowed
obtaining that the complexity of this game allowed to reduce
the cognitive reload in the mathematical operations, as well as
to increase the sustained attention in the development of
logical reasoning tasks, and to achieve greater fluency in the
operational calculation.

Key words: Cognitive Education, Cognitive processes,
Gamification, Learning, Logic reasoning.

1. INTRODUCTION

Plants vs Zombies is a platform video game developed by
the PopCap industry. It is included in Microsoft Windows,
PlayStation 3, PlayStation 4, and is accessible for online
games in multiplayer mode. This game has five levels of
difficulty. The game is from the PopCaP Games brand,
accessible to many by free download. The objective of the
game is described in Figure 1, which is to eliminate
characters (Zombies) that appear at the entrance of a house as
a systematized mechanic of the game. These stimuli improve
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the player's cognitive ability at school through different
playful movements: (a) orientation, (b) movement of objects,
(c) reorganization of composite elements. It should be added
that this video game also encourages addition and subtraction
by obtaining the score per level. According to these benefits,
we seek in this research to modify cognitive processes by
influencing basic operations such as ordinality, cardinality
and cognitive conservation.

Figur 1: The Plants & Zombies game, fom the PopCap Game®

brand.
Note: All rights reserved (lic. 2031-2).

Leisure media such as this type of video game are increasing
in the market, although they are informal, they belong to
different Gamification modalities, they can be considered in
the educational context as an innovative means, motivating in
the achievement of learning that is complex as it is the math.
In the research on its teaching, different evidences have
reported advances in the achievement of logical competences
related to reasoning [1], [2], [3], [4], [5], [6]- In the Latin
American context, there is still much to be investigated from
teacher strategies for educational efficiency. The problem
focuses on logical reasoning, which is considered as the
competition for life. In the field of mathematics the problems
are related to the understanding of digits, operationalization
and the development of slogans. Given this, it is known that
reasoning is the mental process that involves the development
of analysis [1], [2], [6], so other operational processes
intervene: (a) observation, (b) micro analysis, (c)
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identification, (d) relationship, (e¢) monitoring, (f)
verification. The problem is also found in that young people
are deprived of attending the formal logical rules, which can
be interpreted through the use of logic in the environment [7],
[8], [9]. In this process of logical use of mathematical
information, operative memory [8], [10], and short and
long-term memory intervene.

For all that has been described, we find the need to involve
basic Gamification processes to provoke the variables
sustained interest and fluency in the initial logical reasoning
processes. Taking into account that Gamification is the
process of activation of mental processes, through the
application of representative playful strategies in an
experiential classroom [3], [5], [11], [12], [13], [14]. The
proposals and evidence of some authors [15], [16], [17], [18],
determine that these processes are based on missions that
develop individual procedural work as well as cooperative
work [19], [20], [21], [22], which causes concentration and
attention in cognitive tasks. Although other empirical
findings have shown that variables related to Gamification
such as playful games have developed affectivity to complex
cognitive tasks, due to the process of improvement that it
exercises in the student [23], [24], [25].

It is necessary to note that the usefulness of basic operations
such as exchanging quantities, varying them in the exchange
of sums, as well as declaring more effective results, is due to
the inferences caused by this type of Gamification based on
games [24], [26], [27]. Given these perspectives, the research
carried out proposed modifying the student's logical
reasoning processes, through the use of a Gamification
platform based on the Plants & Zombies video game.

2. METHODOLOGY

We work with the pre-experimental quantitative approach, in
order to verify the modification in logical reasoning in a
school group The study was framed in the quantitative
approach, worked with a sample of 96 students from six to
seven years of age (M = 6.56 years of age; SD = 0.3), from four
educational institutions. They were all natives of the coastal
regions of Peru. We consider a sample with low economic
resources, in order to avoid bias in early reinforcement. With
this decision, it was ensured that students have not taken
reinforcement workshops or another course that involves the
development of logical reasoning processes in use outside the
curricular teaching process. All participants were assigned
through the enveloping volunteer system, so each of the
parents signed the informed consent to include each child in
this sample.
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2.1 Instrument and procedure

We use the Pre-calculation Test (PC) [28]. It is a test used in
the Latin American context, prepared for students from four
to seven years of age. The instrument aims to measure the
development of mathematical reasoning in children with an
age range of four to seven years old. This test includes the
measurement construct on mathematical reasoning processes
in the dimensions: (1) Ordinal numbers, (2) cardinality; (3)
conservation. Analysis processes were executed for content
validation (N (agreementsy = 98.5%) and test-subtest correlation
reliability (r = 7.81; p <.001). For the procedure, we resorted
to establishing multidynamic effects according to the
evidence in other investigations [21], [22]: (a) timing of game
execution; (b) utility of prior knowledge. The development of
the experimental program was carried out during six months
of work, among which 95 gamified sessions were applied with
parallel accompaniment of the Plants & Zombies video game.
These were applied before and after each mathematical
activity that included steps to apply logical reasoning.

C D

Figure 2: Interaction models in the Plants & Zombies video game in
learning logical reasoning.
Note: A (Troubleshooting); B (Development of ordinal operations);
C (Cooperative work in Gamification); D (exemplification of the
companion's work).

Figure 2 shows how the evaluation activities were developed
in mathematical activities, as well as the reasoning evaluation
(A and B). On the other hand, the way in which the students
solved the problems before and after the application of the
video game (C and D) is demonstrated. The organization of
the students with respect to the objectives of the experimental
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program, determined the way in which each student
positioned themselves for the use of the video game. Most of
the activities were developed through cooperative (group)
participation to promote collaborative skills in all members of
the sample.

3. RESULTS

In the experimental group there were descriptive differences
regarding logical reasoning. Figure 3 shows the increase in
effectiveness in the logical reasoning tasks that they
developed from the PC test, with a difference of
approximately 10%. Regarding the inferential comparison,
the data report presented differences (sr = 2431.01; p <.001).
Logical reasoning increased in the group of students after six
months of gamified exercise in their participation in the
experimental group.
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Figure 3: Results in logical reasoning.
Source: Research database.

In the ordinality dimension we also found differences, but
with little tendency in the statistical comparison between the
pretest and pos-test measurements (sr = 21301.50; p <.005),
although in the descriptive analysis these differences also
highlighted this advance (pre-test = 35 %; pos-test = 78%).
These findings reveal the effects found in the ordinality
principle, the students learned to recognize positions between
elements with categorical or hierarchical order; they
organized sequences according to some sequential
mathematical pattern. These evidences are comparable to
others that show similar results in the mathematical
construction of concepts and numbers [13], [14]. Some
observational evidence revealed that the participants
mastered levels 1 and 2 (of less difficulty), which could have
these effects in this dimension. The increase in the approach
to levels of greater complexity in videogames is based on
other studies that have shown that its cognitive mechanism
increases some important mathematical components in the
reasoning itself [2], [13], [23].
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Regarding the cardinality dimension, we found significant
differences of high value in the statistical comparison (Sr =
3022.00; p <.001). Although these results are important, it is
important to note that students may have achieved the
development of this dimension through the effects of level 3,
in whose processing the students had to obtain more
opportunities to avoid losing medals or scores they had in the
game. The possibility of losing the character's life required
him to be able to activate the object location processes along
with the corresponding numerical calculation. This evidence
allows us to declare that active mathematical models (those
that include a lot of related information) need fluency
processes, as well as requiring students to prioritize their
rewards through the use of quick strategies, but that are also
logical [19], [20]. Given this, it can be accepted that prior
knowledge is important [21], [22], which in this case has
occurred when students tried to avoid obstacles that had
already preceded overcoming level 1 or 2.

Finally, in the conservation dimension, notable significant
differences were found (sr = 4250.01; sig. = .000; p <.001),
which indicated that the students represented the quantities in
a concrete way; they recovered their meaning when using the
operative memory to calculate quantities; and retrieve the
numerical representation. This is because the game Plants &
Zombies allowed in its level 3, it provided opportunities to
confront the enemy again, so that the participants again faced
complex situations to overcome them, representing them as
negative objectives for the continuity of their success, to
achieve more scores, and discover other more complex later
episodes.

This showed us that mathematical processes involve the use
of operability through unconsciousness for calculation in
situations that may be motivational, in turn; exacerbate the
sense of victory in the players. These findings allow
mentioning that reasoning can be provoked with games that
imply achieving new objectives [1], [6]. Evidence reveals that
Gamification as a companion process allows the development
of gamified learning based on empathy and interpersonally
[19], [21], [22], [24]. Al this is important if the students are
predisposed to continue playing and solving problems as
happened in the experimentation group.

5. CONCLUSION

The Plants & Zombies game is an important playful
experience, through which we manage to develop scores in
the numerical calculation as a representative dimension of
cognitive  seriation. Likewise, the cardinality and
conservation functions were increased. The development of
conservation through this experience was much more crucial,
due to the strong cognitive value that the game developed
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through the evolution of levels 2 and 3, and its complexity
revealed in the search for new gains, scores and sustainability
of the life of the game.

The effects based on obtaining scores, overcoming obstacles
and immediate calculation of scores allowed the study
subjects to develop the capacity for orientation, time
distribution and prevention; as well as greater fluency and
decision in basic operations. This occurred by constantly
evaluating the risks that each level of complexity of the video
game required of them. Video games, conceived as part of the
set of didactic elements for education, should be included in
the school curriculum of schools that include students with
problems in accessing reliable reasoning in the area of basic
mathematics.
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