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Abstract

The purpose of the research is to investigate the effect of using digital educational
games (multi-user and single-user) on the speed of information processing and the
transfer of learning of the multiplication concept in fourth-grade students. The
research method is a quasi-experimental design with a pre-test-post-test design with
a control group. The statistical population of the study included female fourth-grade
elementary school students in Tehran province. The research sample consisted of
45 female fourth-grade elementary school students who were selected through
purposive and accessible sampling from schools in Baharestan City and were placed
in three groups of 15, namely two experimental groups and one control group. For
this purpose, the ZVT processing speed test and the researcher-made math test were
administered to measure learning transfer in all three groups of students. The
experimental groups each played one of the Penguin Jump educational game and
the Tricks Workout Math educational game for eight one-hour sessions. The
difference between the two experimental groups is in the characteristics and types
of selected games, so that one of the experimental groups was presented with the
educational game Penguin Jump, which is a multi-user game (human-human
interaction) that is used online; for the second experimental group, the educational
game Tricks Workout Math, which is a single-user game (human-computer
interaction) that is used offline, was presented. Also, analysis of covariance with
SPSS26 software was used to statistically test the research hypotheses. Findings:
The F ratio of the analysis of covariance was obtained for learning transfer (P<0.05
and F=19.03) and for information processing speed (P<0.05 and F=8.28). These
findings indicate that there is a significant difference in the dependent variables
including information processing speed and learning transfer between the control
and experimental groups.
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Introduction

The world is moving faster these days. To be successful in today's
world, we must be able to process large amounts of information quickly
and switch between tasks. Today, processing speed is a topic that is
discussed as an important topic in schools and universities (Bratton and
Wilby, 2014; translated by Rahmani, Tabrizi, and Modabari, 1400).
Information processing researchers believe that this feature is involved
in all cognitive activities such as attention, perception, mental review,
thinking, problem solving, and mental imaging. In addition to
processing speed, the issue of learning transfer is also very important.
Researchers in the field of learning emphasize the importance of
learning transfer in educational environments (Hossein Begloo, Piri,
Yari, and Rezaei, 2019). Information processing speed (IPS) is defined
as the efficiency of cognitive performance. Information processing
speed is expressed in terms of reaction time, the time required to
complete a series of tasks with appropriate accuracy within a specific
period of time. The shorter this reaction time, the faster the information
processing speed and vice versa (Salehinejad, 2017). Processing speed
refers to the simultaneous processing of materials and their analysis,
which is one of the main factors in teaching and learning (Mehrabi,
Abbasi, and Fakhri, 2023). In today's world, online learning is growing
as an alternative way to meet the need for education (Michinav et al.,
2011). It is inferred that these conditions can be an opportunity for
transformation in the country's education system because any type of
learning environment, as a living system, needs to be connected to the
surrounding environment for its survival and to maintain its internal
dynamics (Mirzaei, 2019). It can also open a new window towards
greater interaction of teaching with learners’ learning styles and
increasing equity and quality in teaching and learning (Mirzaei, 2019).
Nowadays, there is a set of new technologies based on educational
factors that have affected the learning process (Clark & Meyer, 2011).
Like educational games, it includes game features that aim to motivate
learners to engage in playing the game. In an educational game,
people’s skills such as accuracy, speed of action, and problem-solving
ability are challenged (Abdi et al., 2014). The problem we face is that
many e-learning courses ignore human cognitive processes, which
results in poor learning outcomes (Clark & Meyer, 2011). Cognitive
processes such as information processing speed and learning transfer
do not occur well in mathematics lessons, and the reason why they do
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not occur properly is the use of passive and traditional methods in
education. Digital generation learners do not communicate with passive
and static education, so educational systems are looking for new
methods for their digital generation learners (Rajbiandehzireh, Dartaj,
Pourrostai, and Esmaili-Gojar, 2018). Since teaching cognitive
strategies increases processing speed, we should look for a way to
improve students' cognitive processes (Khorshidi, Shaterian-
Mohammadi, and Pirani, 2014). Education experts believe that it is not
the media itself that improves learning, but rather the instructional
design or learning environment design that can utilize the capabilities
of media to improve learning. In this regard, Prensky (2001)
emphasizes that the key element in educational computer games is their
design. If learning and educational elements are used in the design of
computer games, it can provide a learning environment for learners
(Dehganzadeh et al., 2016).

Literature Review

Zare-Neirizi et al. (1402) conducted a study titled "The Effectiveness
of Play Therapy on Information Processing Speed and Verbal
Comprehension of Children with Specific Learning Disorders”. The
findings showed that there was a significant difference between the
experimental and control groups in the variables of information
processing speed and verbal comprehension. In other words, play
therapy significantly increased the information processing speed and
increased verbal comprehension of students with specific learning
disorders.

Ghebkar and Gholamipour (1401) conducted a study titled "The
Effect of Online Multi-User Educational Computer Games on Working
Memory and Innovation-Based Performance of Dyslexic Students".
The findings showed that online multi-user educational computer
games have a significant effect on the working memory and innovative
performance of dyslexic students in the fourth grade of primary school.

Esmailzadeh Roozbahani et al. (1400) conducted a study titled "The
Effect of Computer-based Cognitive Rehabilitation on Executive
Functions, Visual Spatial Ability, Processing Speed, Problem Solving
and Verbal Skills of Students with Specific Mathematical Learning
Disorder”. The findings showed that the computer-based cognitive
rehabilitation program is effective in improving executive functions,
visual spatial ability, processing speed, problem solving and verbal

Homepage: https://jep.atu.ac.ir/



Homepage: https://jep.atu.ac.ir/

48 | Educational Psychology | Vol. 21 | No. 76 | 2025

skills of students with a specific mathematical learning disorder and can
be used as an appropriate intervention method.

Farvardinpour et al. (1400) conducted a study titled "Comparison of
Processing Speed, Number Sense and Motor Creativity in Children with
and without Experience of Games based on Gardner's Intelligence".
The results obtained in the present study show that processing speed,
number sense, and motor creativity are different in children with and
without experience of games based on Gardner's intelligence.
Therefore, it can be concluded that children with experience of games
based on Gardner's intelligence have been able to show more
appropriate processing speed, number sense, and motor creativity than
children without experience.

Meshkinmehr et al. (2019) conducted a study titled "The Effect of
Electronic (Digital) Media (Case Study: LearningApps Game) on
Teaching and Transferring Vocabulary Learning". The findings of this
study show that, according to the criteria in the vocabulary transfer
section, these games can have a positive effect on the process of
transferring vocabulary and learning it.

Esmaili-Gojar and Pourrostai (2018) conducted a study titled “The
Effect of Online Multi-User Educational Computer Games on Students’
Social Skills and Cognitive Abilities”. The main objective of the study
was to investigate the effect of using online multi-user educational
computer games as one of the new teaching methods on students’ social
skills and cognitive abilities. The results showed that using online
multi-user educational computer games on learners’ social skills and
cognitive abilities is significantly more effective than the conventional
method.

Maria do Cio Ribeiro (2019) conducted a study titled “Analog and
Digital Games as an Educational Tool in Teacher Education”. This
study addressed analog and digital games and the challenges presented
to future teachers in the field of education. The results showed that
digital play is more appealing to children born into the digital age, but
both analog and digital play, when properly integrated into educational
activities, also promote meaningful and lasting learning.

Methodology

The method of the present study is also the use of a quasi-experimental
method with a pre-test-post-test design with a control group. In the first
part, descriptive information related to the research variables is
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presented, and then in the second part, appropriate statistical tests are
presented to examine each variable with the aim of testing the research
hypotheses. The analysis of the covariance test was used to test the
research hypotheses, and the software used in this study is SPSS26. The
speed of information processing in computer games is generally
measured in the form of a reaction time index and by finding a specific
letter among other letters or a bright stimulus in the visual field or
recognizing the direction of the central arrow among other arrows, and
it is shorter in computer game users, but this is while the accuracy of
the individual's responses, which is always measured alongside the
reaction time (Moradi Sabzevar, 2014).

The Math Tricks Workout game has the following capabilities and
features:
- Human-computer interaction
- Individual scoreboards and graphs based on player performance
(result and summary elements)
- Displaying the player's correct and incorrect answers during the game
- Considering the element of speed of action as a key factor in
completing math challenges
- Starting challenges from the simplest to the most difficult step-by-step
- Increasing the speed of calculations by completing challenges
- Teaching math tips and tricks by considering practical visual appeal
- Possibility of timed pre-game practice based on reaction speed and
skill assessment
The Penguin Jump game has the following capabilities and features:
- Human-human interaction
- Multiplayer game
- Possibility of creating a character (identity element)
- Having a time limit
- Feedback focused on progress indicators
- Competitiveness of the game (competition)
- Path element of the game (one goal)
- Visual-auditory appeal

Students are randomly divided into three groups of 15 people That
is, two experimental groups and a control group were divided. Initially,
the ZVT test was administered to measure the information processing
speed of each student. Teachers and students were provided with
training on installing and introducing the Math Tricks Workout
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educational game and familiarizing themselves with the Penguin Jump
game environment.

Experimental group 1: Math Tricks Workout educational game

Experimental group 2: Penguin Jump educational game

Control group: This group did not receive any specific game. They
only participated in the post-test and pre-test.

Finally, according to a specific program presented to the students by
the teacher, the students informed their teachers about their progress
and points earned. Teachers also assisted the students in this process by
providing appropriate feedback. After implementing the digital
educational games, the Cognitive Processing Questionnaire (CPI) was
administered by the teacher, the Information Processing Speed Test
(ZVT) and the researcher-made math test were administered to all three
groups of students to measure the level of learning transfer.

There are several methods for collecting data in research designs.
The combined data collection of this study includes the following: An
electronic questionnaire, which is currently one of the common tools
for obtaining research data, was used to identify and collect the
characteristics of the participants. A test method was used to measure
the processing speed and transfer of learning. Measurement tools In the
quantitative part of the study, participants first completed the
processing speed test (ZVT), and also participated in a researcher-made
math test to measure the amount of learning transfer as a pre-test and
post-test.

The statistical population of the study also includes all fourth-grade
female students in elementary schools in Tehran province who are
studying in the academic year 1400-1399. The sampling method of this
study is purposeful and accessible. Then, 45 fourth-grade students were
randomly selected and randomly assigned to two control and
experimental groups.

Results

Both digital educational games (single-user and multi-user) were
effective in improving the speed of information processing and learning
transfer of mathematics in fourth-grade female students. However, no
significant difference was observed between the two experimental
groups, so it can be claimed that both games were equally effective in
improving the speed of information processing and improving learning
transfer.
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