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The search for the best academic training of its students, increasingly aligned with the needs of organizations, has led

educational institutions to use support tools in the development and improvement of knowledge, skills, and competencies.

Therefore, technology in education is becoming increasingly relevant, and many institutions have been increasing their

virtual education strategies due to the COVID-19 pandemic. Thus, the importance of a deeper scientific look at the

possible contributions of the Business Simulation Games (BSG) emerges. The few types of research related to the design

of BSG, mainly associated with the user experience, point out the need for contributions from other studies. In this sense,

the approximation results from investigations with Serious Games can provide relevant insights into the theme. They are

active learning tools that present similar didactic principles of demonstrative, activity, accessibility, a combination of theory

and practice, scientific character, and involvement, to develop skills and knowledge for its users.
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1. Overview

What are the researches related to the learning process with (Serious) Business Games using data collection techniques

with Electroencephalogram or Eye tracking signals? The PRISMA declaration method was used to guide the search and

inclusion of works related to the elaboration of this study. The 19 references resulting from the critical evaluation initially

point to a gap in investigations into using these devices to monitor serious games for learning in organizational

environments. An approximation with equivalent sensing studies in serious games for the contribution of skills and

competencies indicates that continuous monitoring measures, such as mental state and eye fixation, proved to identify the

players’ attention levels effectively. Also, these studies showed effectiveness in the flow at different moments of the task,

motivating and justifying the replication of these studies as a source of insights for the optimized design of business

learning tools. This study is the first systematic review and consolidates the existing literature on user experience analysis

of business simulation games supported by human-computer interfaces. 

2. Business Simulation Games

The search for the best academic training of its students, increasingly aligned with the needs of organizations, has led

educational institutions to use support tools in the development and improvement of knowledge, skills, and competencies

. Therefore, technology in education is becoming increasingly relevant, and many institutions have been increasing their

virtual education strategies due to the COVID-19 pandemic . Thus, the importance of a deeper scientific look at the

possible contributions of the Business Simulation Games (BSG) emerges .

The few types of research related to the design of BSG, mainly associated with the user experience, point out the need for

contributions from other studies. In this sense, the approximation results from investigations with Serious Games can

provide relevant insights into the theme. They are active learning tools that present similar didactic principles of

demonstrative, activity, accessibility, a combination of theory and practice, scientific character, and involvement, to

develop skills and knowledge for its users . With this perspective of analysis, researches with serious games, and

applicable to BSG show that to meet the learning demands, it is necessary to contribute beyond the resources of

immersion, interactivity, engagement, and similarity to the real world . Also, it is needed to include different aspects

such as proposed objectives, practical challenges, and ongoing feedback on the learner’s performance, which makes

evaluation difficult since there is no predetermined object. Still, a space for experimentation with the possibility of

successes and errors, in which it is essential to monitor and evaluate the entire process beyond a simple result . In

addition to these issues, there are few investigations on the effective contributions of these tools to socioemotional

aspects and related to the cognition of their users .

The development of Serious Games must involve a team integrating people from different areas and knowledge so that

each one with their expertise can contribute with elements to a final product that offers its full potential to users . From
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another perspective, Serious Games can also benefit from information from physiological measurement devices that, in

an integrated way, analyze the user experience and can contribute to their design process .

In line with these emerging issues, the proposal of this work is presenting a multidisciplinary study pointing out the current

stage in literature areas of Business/Serious Game, Education, and Neuroscience from the following question:

What are the studies related to the learning process with Business (Serious) Games using data collection
techniques with electroencephalogram signals or eye tracking?

Although the use of sensors to obtain feedback on human behavior in specific tasks is a widely explored scientific field,

especially in the health area, when the purpose is to study their possible contributions to digital business learning tools in

teaching spaces, the limitation of investigations is evident. As a marketing strategy for schools and universities, its use is

pointed out as a differential in preparing the future professional, but what is effectively known about its benefits is the

result of qualitative research. The motivation for this work, while making it unique, arises to bring together the existing

findings on ET and EEG devices as a resource for analyzing elements in games and simulators for the development of

equivalent studies with BSG. Other technologies can also provide insights, including those mentioned in the studies

considered by this SR. Still, the option to focus the scope on these two interfaces, both commercially and scientifically

consolidated, is to provide quantitative investigations with BSG in the short term.

The records found in response to this question address the monitoring of physiological characteristics during the user

experience of different serious games. It is intended to contribute to the design and improvement of virtual environments

for business learning.

3. Background

3.1. Approaching Serious Games and Neuroscience for a Better Learning

The development and search for a continuous improvement of skills and competencies in line with current personal and

professional demands, which go beyond technical knowledge, has been recommended by organizations recognized

worldwide. And their research points to the need to constantly improve high-level thinking, creativity, collaboration, and the

ability to analyze problems and make decisions, among other elements, as the secret to success in life .

One of the biggest challenges of teaching has been establishing the balance between theory and practice. Commonly, the

knowledge developed in the academic environment presents a minimal view of organizations and their processes, as a

static model, without the possibility of changes . Despite some research showing that only a tiny part of the knowledge

acquired by the students can be applied in professional life , this scenario has been changing. A recent survey of

higher education students shows the recognition of digital media as a way of empowerment that allows them to get the

most out of educational opportunities because they are more flexible and adaptive. Also, this study highlights that it is a

way to develop digital skills and transversal skills in all contexts of life, whether personal, social, or professional. In this

sense, it is already a reality that institutions worldwide, aware of the potential of this digital environment, are adopting

Serious Games, including business ones, as a learning strategy . In these virtual tools, the learner can experience

dynamic situations in the most diverse environments, approaching different realities of the organization, building new

possibilities of organizational processes. The student interacts as a key figure so that the exercise of planning,

organization, and decision-making is as or more important than the final result . Added to the impact of serious games,

the development of skills such as analytical thinking, transfer and retention of knowledge, motivation, adaptive learning,

change in the way of seeing and facing situations , it can contribute to obtaining and redeeming content, offering

subsidies for a possible reconstruction of a moment or context.

From a neuroscientific point of view, when dealing with something unusual and different, the brain tries to connect to an

existing neural network providing new information. This information potentially increasing the retention of information,

considering that a new situation makes sense or has real meaning when it fits into a pre-existing neuronal pattern. 

.

Another relevant element of behavior is a close correlation between emotion and brain functions. Specifically, the limbic

and paralimbic systems, the vegetative nervous system, and reticular activation are closely related to the processing and

control of emotional behavior . As for affectivity, the serious game contributes to the development of technical and

intellectual knowledge, obtained through a constant integration of the functional areas of the brain, improving learning.
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Concerning group learning, the contribution through serious games is given by the dynamics that explore teamwork,

which brings a more independent learning character and helps develop social and interpersonal skills. .

Studies in the field of neuroscience have offered insights into simulation and Serious Games. They have collaborated with

elements to create advanced learning models that increase brain volume, develop neuronal plasticity from its use, and

improve visual acuity, increasing motor coordination and memory beyond simple recognition. .

3.2. Definition and Elements of Business Simulation Games (BSG)

Simulators and Serious Games are digital environments designed with the objective of teaching or training through an

experience that goes beyond entertainment and fun (without necessarily excluding such characteristics), using

technological resources, and following gamification methods in an approach to daily situations. According to , “A
simulation is a working representation of reality; it may be an abstracted, simplified or accelerated model of a process. It
purports to have a relevant behavioral similarity to the original system”. The same author highlights that simulation and

serious games “combines the features of a game (competition, cooperation, rules, participants, roles) with those of a
simulation,” and further concludes that “A serious game is a simulation game if its rules refer to an empirical model of

reality”.

The BSG constitutes a real example of an e-learning methodology in business education , due to it manages to

bring, to the virtual format, real aspects of a business environment, enabling apprentices to manage companies in risk-

free scenarios and offering a broad view of the strategic functions that permeate corporations, in an attractive and

interactive approach . Any game that presents an organizational setting and incorporates whatever the characteristics

of the “business world” should be considered a BSG and should be categorized as a “simulation game” or “serious game,”

unless it offers an educational approach wrong or that manifest deliberately unrealistic reactions to the choices of its users

. A BSG can be used as a learning tool, simulating market trends or corporate behaviors to provide a strategic view 

, be it a new business or already established.

The first and more recognized classification developed for the BSG  considered that this instrument under the design

aspect could present itself as: total enterprise or functional interacting or noninteracting, and computer or noncomputer;

and according to their expected use: as a part of a general management training program; for selling new techniques or

procedures, or for conducting research. As a method that presents itself to conduct more effective learning, simulation

games should provide and improve skills and instigate the evaluation of results and feedback for those who use them .

It means adding features related to the fidelity, verification, and validation of the proposed model and the tool itself, such

as interactivity and immersion capacity , such as the potential to establish the sequence in decisions, in addition to an

interface and friendly appearance .

Regarding the systematization of research on the modeling of a game, the Taxonomy of Computer Simulations  and

then adapted for the BSG  considers the following macro-categories: Environment of application; Design elements of

the user interface; Target groups, Goals & Feedback; User relation characteristics; Characteristics of the simulation

model.

Interactive systems design must contemplate several aspects, such as attention, essential human capacity in executing

tasks. The author highlights the importance of working on resources that recognize recourse and devices such as

assistants and automatic error checkers for possible deviations in attention in interactive systems design. These

resources are significant to simulate the reasoning of an expert professional in a specific area of knowledge, capable of

offering suggestions and advice to its users . The author also highlights the relevant aspect of social interaction in this

context, as individuals’ thoughts, feelings, and behaviors are influenced by the presence of others. They do not exist; they

decide that a simulation system’s social effect is significant for its users.

It is essential to consider the possibility of investigating new methodologies and devices to monitor and analyze the user

experience of BSG, considering the high level of complexity and multiplicity of operational and project requirements

presented it can contribute with essential elements to guide its design and success as a learning tool.

3.3. Human-Computer Interfaces Supporting the BSGs User Experience

Physiological and neuroscientific techniques support the development of human-computer interfaces with investigations

from psychophysics, cognitive neuroscience, and computer science. Together have strived to understand the interaction

of people with technologies, including learning through games. A recent scientific publication presented the most

prominent methods in this area , highlighting electroencephalography (EEG) and eye tracking (ET). It considered the
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two support techniques most used and more effective in the business context . It presented its forms of

operation, functionalities, limitations, and possible contributions in the context of the BSG.

3.3.1. Electroencephalography (EEG)

Electroencephalography, based on the capture of brain signals, has been one of the most used non-invasive methods to

capture and analyze human behavior. To record these signals, the person studied wears a cap with electrodes attached to

it, establishing contact with the brain. The equipment captures minor variations in its activity from stimuli during a

predefined activity. At each moment when the neuron is activated, a polarization occurs, and a consequent action

potential is transmitted to other neurons, thus creating a current of information that generates an electrical activity

captured by the electrodes and, subsequently, is sent to the module. Electronic for a process of filtering and subsequent

data mining . The signals captured through the electrodes reflect the intensity of the brain waves generated in the

scalp. The most advanced EEG devices have a high temporal resolution, capturing activity in milliseconds, and excellent

precision in spatial resolution. The equipment is currently being made available in portable sizes and has relatively

affordable prices in some versions, allowing a greater diffusion in its use .

The application of EEG for the recognition of emotion and mental effort has already been the objective of a reasonable

number of studies , using different methodologies for collecting, classifying, and analyzing signals for

applications such as medicine and education. Although the temporal resolution of most EEG devices is considered high,

as already mentioned, the spatial resolution is deemed to be limited. However, it is still possible to identify the general

origin of the EEG, providing important information about the types of mental processes occurring in a given moment or

situation, which can already be considered relevant to understanding human behavior. . In necessary research ,

several models for data extraction with EEG in human activities methods were analyzed and proposed from collected

data. In other investigations, measurements of EEG signals were applied in the analysis of the response of game users

, and expert researchers discussed methodological advances in player experience and playability, highlighting EEG-

based results as a good measure for analyzing cognitive behavior .

The experience with the BSG provides various mental and emotional states in the definition of strategies and decision-

making when playing. Thus, the EEG proves to be a very recommendable monitoring sensor. It allows the identification of

the activation of different brain regions, such as the frontal lobe and memory-related areas, happening in situations

requiring figurative and analytical reasoning, and occipital and parietal lobe areas, during movement perception and

demand for visuospatial attention .

3.3.2. Eye Tracking (ET)

Eye tracking is a method that registers visual attention directly and continuously. This method has been applied generally

to monitor the user’s attention, using a device that emits infrared rays directly into their eyes, making it possible to

determine with considerable precision where you are looking. Also, it allows measuring eye movements and data related

to fixations, visions, and regressions . ET devices have been applied in the diagnostic area through eye movement

records and corresponding visual behavior, providing results very quickly . The following metrics can be collected

through ET during system evaluation of a predefined activity, including performance measures: Efficiency and

Effectiveness; for process measures: Number of fixations and Fixations, Attentional switching, and scan path similarity 

.

The use of ET to monitor visual behavior in a given situation provides patterns that reflect the most varied interactions

between the stimulus received, the region of eye activation, the neuron temporal response characteristics, and the

positions of the retina along with the image movements.

The wide variation in activity patterns suggests that, during the visualization of a stationary scene, some cortical neurons

transmit information about the occurrences and directions of the balconies. In contrast, others assume the role of

encoding details of the retinal image, playing a double benefit: monitoring brain activity and acting on oculomotor function

. Considering the reported functionalities, currently, the ET devices have been used in fields such as marketing 

, analysis of the usability of games and virtual environments , and recently in human behavior and applied

neuroscience research . Also, it includes the use of EEG- and ET-based measurement interfaces in an integrated

manner, comparing and complementing results .

The structure of a BSG usually must establish a series of managerial information that require the player’s attention, and at

the same time, provide enough elements for their success in the experience with the tool. The sensing of these behaviors

through ET allows us to understand how the player takes advantage, or not, of the potential offered by the game from the

[45][46][47][48]

[49]

[50]

[51][52][53][54]

[44] [55]

[56][57]

[58]

[56][57][58]

[59]

[60][61]

[62]

[63]

[62] [47][48]

[64] [65][66][67]

[62][68]

[65]



control of the saccades and eye fixations. Other features such as heat maps identify levels of more or less involvement in

certain screens in analyzing what sustains attention and motivation.

4. Conclusions

In the search for possible connections between the selected studies, what draws a lot of attention is the recurrent use of

the term performance. By analyzing this common point, it is clear that it is a guide for investigations that establish relations

between the measurements provided by sensors (TE or EEG) during the player’s achievement and his actual result in the

game. At the same time that they prove the applicability of measuring devices in monitoring the experience of users with

the SG, these researches point to contributions to the design of this learning tool. In each study, the adopted methodology

seeks to prove, with the results obtained, aspects such as level of attention, mental effort, degree of stress, level of

learning, perception of difficulty, flow, concentration, satisfaction, motivation, problem solving strategy and fatigue. In any

aspect(s) addressed by the investigations, it is highlighted that the detection of signals occurs relatively simply and in real

time, which significantly reduces the possibility of errors or inconsistent results. Data generation during the full game,

made possible by these models of non-invasive data collection devices, is also a feature of all experimental investigations

selected in this SR that should be adopted in experiments with BSG. Monitoring how the player behaves over time at

different difficulty levels, phases, screens and state changes offered by the game provides comparable data that lead to

very consistent conclusions. These results allow to effectively establish which game elements influence the acquisition

and retention of knowledge and skills.
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