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Abstract  

Serious games have emerged as powerful tools for enhancing learning 

experiences, particularly in educational settings where engagement, 

interactivity, and problem-solving are key. While the effectiveness of serious 

games is widely recognized, it remains challenging to find a standardized 

approach to evaluate their key attributes. This study presents a novel 

methodology based on linear programming to assess the relative importance of 

game attributes such as concentration, clarity of objectives, feedback, 

challenge, autonomy, immersion, social interaction, and knowledge 

enhancement. By applying this methodology, we aim to quantify the most 

appropriate weight that this set of attributes should have to explain the game's 

overall rating. The findings provide a structured framework for game 

developers and educators to optimize serious games, ensuring they align with 

user preferences and educational outcomes. This methodological approach 

offers valuable insights for improving game design and increasing the impact 

of serious games in both academic and professional training environments. 
 

1. Introduction 

Information and communication technologies (ICTs) have brought about a paradigm shift in 

people's perception, interpretation, and learning of the world. These technologies cause 

fundamental changes in the workplace and, as a result, higher education institutions need to 

modify their practices and curricula. Although this evolving landscape presents us with novel 

challenges, it is crucial to understand that it also offers a range of innovative tools and 

opportunities to enrich student learning experiences.  

Within these opportunities, simulations, serious games (SGs), or simulation games offer us the 

chance to create environments where students and academics can solve real-world problems in 

a risk-free setting. The objective of these tools is to provide students with a better understanding 

of complex phenomena, expand their knowledge base, encourage the use of technological tools, 
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and facilitate collaborative work. This way, the overall learning experience for students can be 

more enjoyable. 

Over the years, SGs have gained significant attention due to their unique ability to engage 

individuals in learning and training activities [1], [2]. Learning games have been specifically 

designed to offer an enjoyable and captivating way for individuals to acquire knowledge and 

skills, while also promoting the retention and application of learning. These games are 

developed with the aim of facilitating learning in an interactive and entertaining manner, with 

a strong emphasis on enhancing engagement and motivation [3], [4], [5]. Furthermore, some 

authors argue that SGs also contribute to the development of critical thinking skills in students 

[6], improve information retention [7], stimulate creativity [8], and foster the development of 

problem-solving and decision-making abilities [9]. 

In learning games, customization to meet the individual needs and preferences of learners 

is also possible. The concept of individualization, which involves tailoring the game to align 

with the learner's abilities, preferences, and learning style, has been identified as a vehicle to 

enhance engagement and motivation, ultimately leading to more effective learning outcomes 

[10], [11]. This personalized approach can help address the challenges associated with catering 

to the diverse needs of learners who possess varying levels of knowledge and skills [12]. When 

developing a SG, it is vital to consider the individual differences among players. People have 

varying learning speeds and preferences, and they engage with distinct learning styles. 

Additionally, players may use diverse strategies or consider different elements to reach similar 

goals, due to having different skills or abilities [13] [14]. It is crucial to acknowledge that the 

player's interaction with the game is dynamic, which can give rise to challenges such as loss of 

motivation or predictability. Consequently, the individual characteristics and learning styles of 

the players can significantly impact how the game is perceived in terms of its effectiveness 

[15]. 

The effectiveness of SGs can be attributed to a wide range of attributes. One study identifies 

eighteen of them, including aesthetics and design, interface, gameplay, learnability, among 

others [16]. Additionally, research has highlighted the importance of feedback, challenge, 

interactivity, and immersion as key components for SG effectiveness [17], [18]. Furthermore, 

the significance of attributes such as the setting, integration of the game with learning, 

interaction, feedback, and game design has been emphasized in determining the effectiveness 

of these games [19], [20]. Another study points out the existence of seven primary attributes 

and a group of 29 sub-attributes that comprise them, categorizing them into three dimensions: 

effectiveness, efficiency, and satisfaction [21].  

However, there is no methodology that helps determine the importance or weight of each of 

these attributes when users tend to evaluate a SGs. Some researchers claim that the assessment 

of these components is misleading [22] or that it is biased [23]. One of the major challenges in 

evaluating SGs is that their nature involves experts from various fields.  

This article presents a methodology to determine the most appropriate weight that a set of 

attributes should have in explaining the overall game rating, based on the opinions of a group 

of users. The intent of this methodology is to determine which features have the greatest 

influence on the overall evaluation of a SG. The methodology is crucial because it allows us to 

determine the importance of various facets in the evaluation of a simulation game by players. 

In other words, the methodology allows us to differentiate which elements have the greatest 

importance for a specific simulation game within a set of attributes. It helps us to understand 

whether user evaluations are consistent across different options or topics. By employing a 

methodology, we can obtain valuable insights and make informed decisions regarding the 

design, improvement, effectiveness, and challenges of SGs.  

In the following section, we present the theoretical framework, explaining the foundations 

of the decision-making models and linear programming. Next, we conduct a literature review, 

highlighting relevant studies on the evaluation of serious games and the methodologies used 
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for assessing their effectiveness. Section 4 describes the background of the study and outlines 

the key objectives related to evaluating attributes in serious games. In the methodology section, 

we describe the construction of the linear programming model, followed by the results obtained 

from applying this model to the evaluation of game attributes. Finally, the paper concludes 

with a discussion of the findings, the limitations of the approach, and suggestions for future 

research. 

2. Theoretical Framework  

Decision Theory has the fundamental goal of understanding and improving the decision -

making process in situations where individuals or organizations face multiple alternatives and 

must select the optimal option. This science aims to develop models and methods that allow 

for the structured evaluation of available alternatives, considering factors such as uncertainty, 

individual preferences, risks, and the rewards associated with each choice [24] [25]. 

Essentially, Decision Theory has two main branches: 

• Normative Theory: This branch focuses on how rational decisions should be made. It 

develops mathematical models and algorithms that maximize outcomes, such as utility 

or benefit, under conditions of certainty or uncertainty. An example includes the use of 

techniques such as linear programming or expected utility theory to find the best 

decision based on defined objectives [24] [26]. 

• Descriptive Theory: This branch centers on how people actually make decisions in 

practice. It examines human behavior, which includes emotional factors, cognitive 

biases, and informational limitations. In this branch, models such as heuristics or 

elimination by aspects help explain how people simplify complex decisions [27] [28]. 

The Prospect Theory is another key contribution, showing how people make decisions 

under risk, often deviating from rational principles [29]. 

2.1 Normative Theory 

Normative Theory in the context of Decision Theory focuses on how decisions should be made 

to be considered optimal or rational. Instead of studying how people make decisions in practice, 

as descriptive theory does, normative theory establishes principles and mathematical rules that 

decision-makers should follow to maximize outcomes, minimize errors, and optimize 

resources. In this area, mathematical optimization methods become fundamental. Linear 

Programming (LP) is a mathematical optimization technique that is widely used to optimize 

linear functions, which are subject to a set of linear constraints. The primary goal of linear 

programming is to find the optimal values of the variables that maximize or minimize the 

objective function, while satisfying all the constraints imposed by the problem [30]. A 

fundamental aspect of linear programming is that both the constraints and the objective 

function must be linear, meaning they cannot include quadratic or nonlinear terms. This 

characteristic simplifies calculations and allows the use of efficient algorithms such as the 

Simplex Method to solve large-scale problems [31]. Given its effectiveness in identifying 

optimal solutions within a set of defined objectives and constraints, linear programming is often 

associated with decision theory, whose primary goal is to understand and enhance the decision-

making process when individuals or organizations face multiple alternatives and must choose 

the optimal option [32]. Typically, this entails individuals assessing different factors known as 

"attributes". These attributes often hold varying levels of importance for each individual, which 

explains why different people arrive at different evaluations when considering the same set of 

alternatives [24]. 

Decisions related to the choice or evaluation of a specific object or activity can be 

considered as a complex task [25]. These activities, even when performed automatically, are 
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often regarded as demanding and challenging. One of the main reasons is that the elements 

being chosen or evaluated typically consist of a set of attributes that are difficult to compare 

[33]. Furthermore, when the evaluation involves multiple non-binary numerical attributes, the 

complexity increases significantly [25]. This type of problem is known as multi -attribute 

decision making (MADM). In this field, linear programming is employed to analyze how 

individuals assign weights to different attributes when making decisions. This is useful for 

modeling complex choices, such as purchasing a product, choosing a career, or selecting a 

supplier, where multiple factors must be considered simultaneously. By optimizing the 

combination of these factors, linear programming allows for predicting which attributes are 

most important to decision-makers [24]. A key work in multi-criteria decision theory 

introduces a systematic approach to decision-making in scenarios with multiple objectives or 

criteria. One of its most significant contributions is the multi-attribute utility model, which 

evaluates complex decisions by assigning a numerical value (utility) to each alternative based 

on its attributes. These attributes are weighted according to their importance, and the weighted 

sum of these utility values allows decision-makers to compare and select the best option [24]. 

Several authors have sought to combine the quantitative approach of decision analysis with 

empirical research on human behavior [34]. In this work, the authors examine how decision -

makers assign weights to various attributes under evaluation, acknowledging that these weights 

are not fixed but fluctuate depending on the context and the individual’s subjective preferences. 

A crucial aspect of decision analysis is identifying relevant criteria or attributes and 

subsequently weighting them to reflect their relative importance. One of the key contributions 

of this work is its focus on how decision-makers allocate weights to the attributes they deem 

important, ultimately selecting the option that maximizes their utility or overall satisfaction. 

The authors also argue that individuals' preferences, and thus the weights assigned to each 

attribute, are not static; they can shift based on the decision context or personal priorities.  

Other studies also highlight the importance of tools like linear programming in decision -

making [35]. However, the authors of this work argue that decision-makers do not consistently 

follow a single, rational approach; instead, they adapt their strategies based on task complexity, 

available time, and informational resources. They suggest that the decision-making process is 

neither static nor universal. Rather, individuals assess their decision environment—including 

time constraints, the amount of available information, and the significance of the decision—

and adjust their strategies accordingly. This adaptive approach is crucial for understanding 

human flexibility when confronted with different decision challenges.  

In recent years, the Best-Worst Method (BWM) has established itself as a powerful tool 

within multi-criteria decision theory, allowing decision-makers to efficiently structure and 

weight criteria [36]. Its simplicity and ability to improve consistency make it an ideal 

methodology for complex scenarios where multiple criteria need to be compared. The 

methodology has been successfully applied in areas such as supply chain management, public 

policy evaluation, and project selection, providing reliable and efficient results. BWM is 

particularly useful in situations where decision-makers must evaluate alternatives based on 

multiple, often conflicting, criteria. 

2.2 Descriptive Theory 

Descriptive Theory within the field of Decision Theory focuses on how people actually 

make decisions in practice. This theory is based on the observation and analysis of human 

behavior, recognizing that individuals often do not follow a strictly rational approach due to 

cognitive limitations, emotions, and biases. The goal of Descriptive Theory is to explain and 

predict real decision-making patterns, rather than necessarily optimize them [29]. People often 

rely on their own judgment to determine the importance of each attribute. This internal process 

is known as "importance judgment", and the weight assigned to these attributes is used to carry 
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out the evaluation process [37]. This evaluation process is often based on common sense, and 

to carry it out, a set of strategies known as “heuristics” is used [38]. Although heuristics are 

often useful, they can sometimes lead to significant errors, commonly known as biases [39].  

Heuristics in decision-making refer to mental shortcuts or rules of thumb that individuals 

use to simplify intricate decision problems. One issue with heuristics is that they are often 

susceptible to our own cognitive biases [40]. This susceptibility has contributed to heuristics 

being perceived as inferior techniques for decision-making, often associated with irrational 

decision behaviour. However, recent studies by decision-making researchers have shown that 

certain heuristics can be remarkably effective and even rival complex decision models in 

specific domains [41]. Heuristics are highly valuable in circumstances characterized by time, 

resource, or information constraints. They are often based on past experiences or common 

sense, and they allow individuals to make decisions quickly without engaging in exhaustive 

analysis or considering all available information [42]. While heuristics can be beneficial in 

simplifying decision processes and saving cognitive effort, it is also true that they can lead to 

biases and errors [36]. The theoretical principles of decision analysis explain a theory based on 

weighted additive utility [24]. This theory states that when humans face the decision to evaluate 

a set of attributes, people often rely on a series of heuristics that simplify the calculation. Some 

theories suggest that the evaluation can be solely based on the attributes that participants 

consider most important [28] [43]. These heuristics simplify the evaluation algorithm by 

considering only a small subset of attributes in the decision, instead of weighting all the 

attributes [44]. 

Among the most important works in this area is the one by Tversky [27], which explains 

how people simplify complex decisions by eliminating alternatives based on key attributes, 

without evaluating them exhaustively. Other authors analyze how people dynamically weight 

different attributes depending on the context and the information available [45]. More recent 

studies assert that people adapt their decision strategies according to the context and available 

resources [35]. One of the most notable works [28] focuses on intuitive decisions and the use 

of heuristics, examining how people make quick decisions based on a few key attributes.  

Both areas recognize that one of the most important steps in formulating a problem lies in 

the weighting of attributes [36]. Most existing weighting methods are based on expert 

judgments and often involve a set of cognitive biases. For example, one of these biases is the 

splitting bias, which means that by presenting an attribute in greater detail, experts tend to 

increase the relative weight assigned to that element [46] [47]. There is also the equalizing 

bias, which represents the tendency of decision-makers to assign equal weights to different 

attributes [48] [49]. A third type of bias is called the anchoring bias, where initial values are 

provided and influence the experts' perception [50]. Five different methods for calculating the 

weights of these attributes have been identified, including simple multi-attribute rating 

technique (SMART), Swing, Point allocation (PA), analytic hierarchy process (AHP), and best -

worst method (BWM) [33]. When using these methods, one observation is that the weights are 

based on the opinions of a limited set of experts, and these opinions may differ from those of 

non-expert users. 

3. Literature Review 

The evaluation of serious games is a key area of research due to their growing use in educational 

contexts, professional training, and the entertainment industry. Serious games are developed 

with purposes beyond entertainment, such as education, training, or raising awareness on social 

and scientific issues. Their evaluation is essential to understand their effectiveness in achieving 

the proposed pedagogical or training objectives, as well as to improve their design, usability, 

and the impact of the game on users [51] [52]. 
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Evaluating these games allows developers and educators to measure whether the learning 

or training objectives are being met and to understand the user experience. Through rigorous 

evaluation, it is possible to identify which aspects of the game are effective for learning, 

motivation, and knowledge retention. Furthermore, in contexts such as health or military 

training, where these games are used, their evaluation is crucial to ensure that players develop 

the necessary skills efficiently and safely [53] [54]. 

The evaluation of serious games encompasses several key aspects. One of the main 

challenges is measuring how these games impact learning. While numerous studies have shown 

that serious games can enhance knowledge retention and practical skills development [53], 

isolating the effects of the game from other external factors remains complex. Additionally, 

the tools and scales used to assess learning vary greatly between studies, making direct 

comparisons of results difficult. Another important element is the motivation and engagement 

that games generate in participants. Although some studies suggest that the level of fun or 

engagement does not always lead to greater learning [54], many others highlight that serious 

games have a positive impact on both motivation and learning outcomes [55] [53] [56] [57]. A 

third commonly discussed aspect is skill transfer. In professional contexts such as military and 

medical training, it is crucial that the knowledge acquired in simulation environments 

effectively translates to real-world scenarios [58] [59]. The challenge here lies in designing 

evaluations that not only assess learning within the game but also how it translates into 

decision-making and practical skill development in real-life situations. 

However, evaluating the methodologies used to measure the effectiveness of serious games 

remains an underexplored area. Some studies point to the lack of consistent evaluation 

standards and acknowledge the need to develop tools that adapt to the context in which games 

are used [60]. Although various evaluation methodologies have been proposed, such as th e 

Game Engagement Questionnaire [61], EGameFlow [62], and the Serious Game Quality Model 

[63], there is still no consensus on the most suitable approach to comprehensively evaluate the 

diverse aspects of a serious game. Despite the growing interest in serious games, there is still 

a lack of systematic tools to assess the quality of their design and their impact on players [64].  

4. Background and Objectives of the Study 

In 2015, a logistics-focused game was developed, simulating the operations of a small company 

involved in the production and sale of balls. This game provides a simulation of a compact 

supply chain, incorporating suppliers, factories, and stores, and encompasses all the logistics -

related decisions that a company would face. The game has gained popularity among students 

from various universities and countries, as well as small business owners and logistics 

practitioners. It is accessible online through the "GOAL Project" portal (https://goalproject.co).  

To measure different aspects of the game, an adaptation of the EGameFlow scale [42] was 

applied to some of the users. The original scale consists of 56 questions and measures eight 

different attributes of the game: Concentration (C), Goal Clarity (G), Feedback (F), Challenge 

(CH), Autonomy (A), Immersion (I), Social Interaction (S), and Knowledge Improvement (K).  

Before participating in the study, all participants were informed about the objectives and 

procedures of the experiment. They were provided with an informed consent form that 

explained their rights, the confidentiality of the data, and the option to withdraw from the study 

at any time without any consequences. Participation was entirely voluntary. The survey 

administered to the game participants, as described in Table 1, closely follows the proposed 

scale, with seven questions removed due to being considered repetitive (for example, "The 

game grabs my attention" and "The game provides content that stimulates my attention"), or 

because they were not applicable to the logistics simulator (for example, the presentation of 

intermediate goals when the game does not include such goals; or an increase in the difficulty 

of new challenges, when the simulator does not have this feature). In summary, two questions 
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were removed from the attribute called Concentration, two questions from the attribute 'Goal 

Clarity', and three questions from the attribute Challenge. Since the majority of sub -attributes 

in these three attributes were retained, the authors consider that the survey results were not 

significantly affected by this modification. As a result, a total of 49 questions were 

administered to the participants, along with their game ratings. The survey was completed by 

255 participants. For answering the questions related to each evaluated attribute, a 7-point 

Likert scale was used (where 1 represents "strongly disagree" and 7 represents "strongly 

agree").  

The overall game evaluation was carried out using a scale from 1 to 10, where 1 means 'the 

game is terrible' and 10 means 'the game is excellent.' Each student answered this question after 

completing the EGameFlow scale. The results of the overall game evaluation are presented in 

the last row of Table 1, which explains why the evaluation score exceeds 8.  

The average obtained for each question, as well as the average game evaluation and the 

standard deviation associated with each item, are also described in Table 1. 

The main objective of this research is to present a new methodology associated with the 

measurement of the importance that users give to each of the attributes related to the game.  

There are four secondary questions that we aim to answer with this exercise:  

1) Do participants assign different weights to each attribute, reflecting varying levels of 

importance in the game evaluation? 

2) Are the weights assigned to different attributes similar, suggesting that users give equal 

importance to each of the evaluated attributes? 

3) Does the number of questions about a certain attribute influence people's perception of 

the importance of that attribute? 

4) When using this method, do people tend to choose only a reduced set of attributes that 

they consider important? 

5. Methodology and Results 

The problem is to determine the weight each attribute holds in the participants' overall game 

rating. In other words, it involves finding the value of eight variables (F1 to F8), one for each 

attribute, where each variable represents the weight assigned by participants. The overall game 

rating is then calculated by multiplying the score for each attribute by its corresponding 

variable. 

 
Table 1. Summary of basic survey statistics 

Sub-attribute Item Mean St. Dev. 

Concentration                                                                                                                                                                                              
C1 The game grabs my attention 6.019 1.106 

C2 Most of the gaming activities are related to the learning task 6.075 1.157 

C3 No distraction from the task is highlighted 5.151 1.540 

C4 Generally, I can remain concentrated in the game 5.509 1.311 

C5 I am not distracted from tasks that the player should concentrate on 5.491 1.317 

C6 I am not burdened with tasks that seem unrelated 5.528 1.438 

Goal Clarity                                                                                                                                                                                                   

G1 Overall game goals were presented in the beginning of the game 6.358 1.239 

G2 Overall game goals were presented clearly 5.906 1.301 

G3 I understand the learning goals through the game 6.151 1.111 

Feedback                                                                                                                                                                                                       

F1 I receive feedback on my progress in the game 5.057 1.809 

F2 I receive immediate feedback on my actions 5.189 1.743 

F3 I am notified of new tasks immediately 5.453 1.732 

F4 I am notified of new events immediately 5.377 1.690 

F5 I receive information on my success (or failure) of intermediate goals immediately 5.491 1.655 

F6 I receive information on my status, such as score or level 6.132 1.328 

Challenge                                                                                                                                                                                                       

CH1 I enjoy the game without feeling bored or anxious 5.340 1.545 

CH2 The challenge is adequate, neither too difficult nor too easy 5.811 1.260 
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CH3 The game provides ‘‘hints” in text that help me overcome the challenges 5.434 1.736 

CH4 The game provides ‘‘online support” that helps me overcome the challenges 5.094 1.662 

CH5 The game provides video or audio auxiliaries that help me overcome the challenges 5.906 1.537 

CH6 My skill gradually improves through the course of overcoming the challenges 6.094 1.197 

CH7 I am encouraged by the improvement of my skills 6.245 1.247 

Autonomy                                                                                                                                                                                                     

A1 I feel a sense of control the menu (such as start, stop, save, etc.) 6.264 1.068 

A2 I feel a sense of control over actions of roles or objects 6.245 0.958 

A3 I feel a sense of control over interactions between roles or objects 6.208 0.911 

A4 
The game does not allow players to make errors to a degree that they cannot 
progress in the game 

 
5.434 1.837 

A5 The game supports my recovery from errors 5.623 1.377 

A6 I feel that I can use strategies freely 6.283 1.076 

A7 I feel a sense of control and impact over the game 6.132 0.958 

A8 I know next step in the game 6.151 1.111 

A9 I feel a sense of control over the game 5.717 1.199 

Immersion                                                                                                                                                                                                       

I1 I forget about time passing while playing the game 5.264 1.679 

I2 I become unaware of my surroundings while playing the game 5.226 1.854 

I3 I temporarily forget worries about everyday life while playing the game 5.019 1.996 

I4 I experience an altered sense of time 5.358 1.841 

I5 I can become involved in the game 5.642 1.370 

I6 I feel emotionally involved in the game 5.717 1.424 

I7 I feel viscerally involved in the game 5.528 1.537 

Social Interaction                                                                                                                                                                                        

S1 I feel cooperative toward other classmates 5.736 1.569 

S2 I strongly collaborate with other classmates 5.736 1.655 

S3 The cooperation in the game is helpful to the learning 6.057 1.349 

S4 The game supports social interaction between players (chat, etc) 5.057 1.666 

S5 The game supports communities within the game 5.057 1.716 

S6 The game supports communities outside the game 5.283 1.669 

Knowledge Improvement                                                                                                                                                                             

K1 The game increases my knowledge 6.113 1.328 

K2 I catch the basic ideas of the knowledge taught 6.245 1.178 

K3 I try to apply the knowledge in the game 6.189 1.159 

K4 The game motivates the player to integrate the knowledge taught 6.151 1.243 

K5 I want to know more about the knowledge taught 6.019 1.280 

OVERALL RATING OF THE GAME 8.661 1.707 

 

For example, observe Table 2 and suppose that a participant assigns the following ratings 

to each of the attributes. Let's assume that this player assigns a high weight to the "Immersion" 

attribute. In this case, the game’s overall evaluation (GOE) should be low, meaning that the 

game receives a poor rating from this participant. On the other hand, if the player assigns a 

very high weight to the "Feedback" attributes in the evaluation, the GOE is favourable. 

 
Table 2. Example of players' evaluation for each attribute of the game 

Attribute Player Evaluation 

Concentration (C) 7.35 

Goal Clarity (G) 9.16 

Feedback (F) 9.88 

Challenge (CH) 8.00 

Autonomy (A) 5.40 

Immersion (I) 3.51 

Social Interaction (S) 6.22 

Knowledge Improvement (K) 8.42 

 

In general, regardless of the evaluation each player gives to each attribute, the GOE can be 

determined using the formula described in Equation 1: 

𝐺𝑂𝐸 =  𝐹1 ∗ 𝐶 +  𝐹2 ∗ 𝐺 +  𝐹3 ∗ 𝐹 +  𝐹4 ∗ 𝐶𝐻 +  𝐹5 ∗ 𝐴 +  𝐹6 ∗ 𝐼 +  𝐹7 ∗ 𝑆 +  𝐹8 ∗ 𝐾       (1) 

In this example, specific values for the weight of each attribute have not been assigned. 

However, it is possible to conduct experiments with different values to obtain these weights. It 
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is to be expected that assigned weights may vary depending on the objectives and 

characteristics of the game. 

If the weights assigned to the attributes are indeed close to those that the players have 

considered, the overall evaluation of the game calculated by Equation 1 is close to what the 

participant reported. 

Now consider Equation 2: 

 

GOE = 𝐹1 ∗ 𝐶 +  𝐹2 ∗ 𝐺 +  𝐹3 ∗ 𝐹 +  𝐹4 ∗ 𝐶𝐻 +  𝐹5 ∗ 𝐴 +  𝐹6 ∗ 𝐼 +  𝐹7 ∗ 𝑆 +  𝐹8 ∗ 𝐾 + 𝐿 – 𝐸     (2) 

 

In this case, the variable L can be interpreted as a shortfall, while the variable E can be 

associated with an excess. If the weights assigned to the attributes are appropriate, it is expected 

that the variables E and L have smaller values. The smaller these values are, the more suitable 

the assignment of weights is considered. 

If the variable Xi is considered as the evaluation of attribute X made by individual i, then 

Equation 3 is obtained: 

 

𝐺𝑂𝐸𝑖 =  𝐹1 ∗ 𝐶𝑖  + 𝐹2 ∗ 𝐺𝑖  + 𝐹3 ∗ 𝐹𝑖  + 𝐹4 ∗ 𝐶𝐻𝑖  + 𝐹5 ∗ 𝐴𝑖  + 𝐹6 ∗ 𝐼𝑖  + 𝐹7 ∗ 𝑆𝑖  + 𝐹8 ∗ 𝐾𝑖 + 𝐿𝑖– 𝐸𝑖   (3) 

 

It is expected that the more accurate the weights assigned to each attribute, the smaller the 

shortfalls or excesses are. Therefore, our objective is to minimize the sum of shortfalls or 

excesses among the individuals who have participated in this evaluation. 

 

If we consider a sample of 100 individuals, we can formulate the problem using the 

following equations: 

𝑀𝑖𝑛 𝑍 =  ∑ (𝐿𝑖 + 𝐸𝑖)100
𝑖=1     (4) 

subject to 

𝐺𝑂𝐸𝑖 = 𝐹1 ∗ 𝐶𝑖 + 𝐹2 ∗ 𝐺𝑖 + 𝐹3 ∗ 𝐹𝑖 + 𝐹4 ∗ 𝐶𝐻𝑖 + 𝐹5 ∗ 𝐴𝑖 + 𝐹6 ∗ 𝐼𝑖 + 𝐹7 ∗ 𝑆𝑖 + 𝐹8 ∗ 𝐾𝑖 + 𝐿𝑖 − 𝐸𝑖  (5) 

i = 1, 2, ..., 100 

 

In this case, Equation 4 represents the objective function, while Equation 5 represents a set 

of 100 constraints. A fundamental characteristic of both equations is that they are linear 

functions, and therefore, it is possible to use linear programming to solve the problem. 

Additionally, since the sum of the attribute’s weights must equal 100%, we have an 

additional constraint (see Equation 6). 

 

𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 + 𝐹5 + 𝐹6 + 𝐹7 + 𝐹8 = 1     (6) 

 

The first step in performing the initial calculations involved selecting 100 random 

individuals (out of the 255 who completed the surveys) and using these 100 people to generate 

the constraints for this problem. Since the rating of attributes is calculated on a 7-point Likert 

scale, and the GOE is on a 1 to 10 scale, the first step was to divide the responses evaluating 

the attributes by 0.7. Next, the coefficients for each attribute were obtained. For example, the 

"Concentration" attribute consists of six associated questions, so the mean of the responses 

associated with this attribute was calculated and then divided by 0.7. This provides a 

measurement on a 1 to 10 scale. 

Based on these responses, the objective function and constraints associated with each 

individual were constructed, and the GAMS software was used to obtain the solution to this 

problem (since it actually reduces to a linear programming problem). The results obtained are 

presented in Table 3. 
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Table 3. Weighted weights obtained by solving the linear programming problem. 

Attribute Weighted (%) 

Concentration (C) 17.82 

Goal Clarity (G) 0.00 

Feedback (F) 3.34 

Challenge (Ch) 0.00 

Autonomy (A) 0.00 

Immersion (I) 0.00 

Social Interaction (S) 13.23 

Knowledge Improvement (K) 65.62 

 

Based on this data, it was decided to increase some constraints that would limit the value of 

the weight of each attribute. Specifically, it was requested that the maximum value for the 

weight of each attribute be 50%, and the minimum value for the weight of each attribute be 

3%. This involved generating 16 new constraints, eight of them to limit the maximum value 

and another eight to ensure the minimum value of the weight of each attribute. 

After incorporating these constraints, the model was run 15 times, always choosing 100 data 

items at random. The results obtained are shown in Table 4. 

As can be observed, there is a significant difference between the results obtained from the 

first and second models. One of the reasons is that when there is a attribute that dominates the 

overall evaluation, it is advisable to limit the weight that participants give to this attribute. In 

this case, the importance that players attribute to Knowledge Improvement explains the rating 

given to the game. However, at the same time, this prevents the importance of other attributes 

in this evaluation from being observed. When such a dominant attribute appears in a model, 

constraining the importance of that attribute allows the importance of other attributes to be 

recognized. This is one of the reasons that explain the difference in results between the first 

and second models. 

5.1 Methodological Discussion of the Results 

A brief analysis of the results reveals that the attribute that appears to carry the most weight 

in users' evaluations is the Knowledge Improvement (F8). This attribute consistently receives 

the highest weight in 14 out of the 15 solutions examined. 

 
Table 4. Results obtained after generating 15 models using random data. 

 Weighted Value of Attribute 

Model F1 F2 F3 F4 F5 F6 F7 F8 

1 0.0574 0.0300 0.1008 0.0300 0.3457 0.0300 0.0407 0.3654 

2 0.2117 0.0300 0.0300 0.0300 0.0300 0.1383 0.0300 0.5000 

3 0.3095 0.0300 0.0300 0.0300 0.0300 0.0300 0.0939 0.4467 

4 0.1710 0.1281 0.0368 0.1293 0.3057 0.0300 0.1101 0.0889 

5 0.3100 0.0431 0.1022 0.0300 0.0300 0.0331 0.0858 0.3659 

6 0.1710 0.0300 0.0858 0.0300 0.0300 0.0934 0.0599 0.5000 

7 0.3508 0.0300 0.0952 0.0300 0.0300 0.0300 0.0740 0.3600 

8 0.0488 0.0444 0.0300 0.2325 0.0300 0.0843 0.0300 0.5000 

9 0.0467 0.0300 0.0849 0.1556 0.0300 0.1228 0.0300 0.5000 

10 0.1648 0.0525 0.0300 0.0300 0.0300 0.0300 0.1627 0.5000 

11 0.0700 0.1642 0.1283 0.1045 0.1760 0.0300 0.0300 0.2970 

12 0.0300 0.0300 0.0300 0.3230 0.0300 0.1214 0.0300 0.4056 

13 0.1257 0.1049 0.1232 0.0300 0.0300 0.0300 0.0563 0.5000 

14 0.2624 0.0300 0.0300 0.0300 0.0300 0.0663 0.0513 0.5000 

15 0.1504 0.0913 0.0300 0.0300 0.0300 0.1383 0.0300 0.5000 

         

Mean 0.1653 0.0579 0.0645 0.0830 0.0792 0.0672 0.0610 0.4220 

St. Dev. 0.1056 0.0433 0.0389 0.0910 0.1072 0.0447 0.0387 0.1154 
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Following closely behind is the attribute of Concentration (F1), which consistently ranks 

second in eight out of the fifteen models. In third place, we find the Challenge attribute (F4), 

closely followed by Autonomy (F5). 

Across all the different models, it is evident that certain attributes consistently have a weight 

of 3% (which is the minimum requirement within the set of restrictions). This strongly suggests 

that these attributes had no significant weight in the actual problem, indicating that users tended 

to disregard these variables when evaluating the game. This finding aligns with the heuristics 

that people tend to employ in order to simplify their decision-making process by minimizing 

the number of variables they consider when evaluating a problem. It reflects a common 

cognitive strategy of focusing on the most salient and relevant attributes while disregarding 

less influential ones. 

Another notable observation is that in the majority of models, a single variable carries a 

weight of at least 50% of the overall evaluation. Additionally, the combined weighting of two 

variables accounts for more than 65% of the evaluation. This pattern can be interpreted as a 

heuristic where individuals tend to focus on a single, highly significant variable or a very small 

set of such variables when making their evaluations. It suggests a tendency to prioritize and 

simplify decision-making by emphasizing the most influential attributes. 

With the results obtained from these models, it is indeed possible to calculate a confidence 

interval for the average weight of these attributes. This confidence interval provides a measure 

of uncertainty and can help provide a more comprehensive understanding of the variability in 

the weights assigned to the attributes. 

5.2 Discussion for Serious Games 

In terms of the applicability of this methodology to the field of serious games, it is important 

to highlight the ease of constructing such a model and conducting evaluations of game 

attributes. However, it is crucial to acknowledge that the results obtained from this particular 

game cannot be generalized to all games. Firstly, the game assessed in this study was 

specifically designed for academic purposes, and not all games share the same objectives. 

Additionally, it should be noted that while the scale used is quite comprehensive, certain 

attributes were not considered, such as graphics and visual design, sound and music, user 

interface, among others. Therefore, it is suggested to develop a more comprehensive scale to 

enable a more thorough evaluation of games. 

One additional comment that should be addressed is the importance of establishing a clear 

definition of the attributes that can be improved in a game and understanding the consequences 

of these attributes. For instance, the narrative of the game and the level of challenge it presents 

to the players are attributes that can be enhanced through investment in story creation, 

challenge design, and the inclusion of diverse obstacles. On the other hand, overall engagement 

is a consequence of the game's attributes. This does not imply that measuring engagement is 

incorrect, but it is essential to consider it as an intermediate goal rather than an attribute itself.  

By distinguishing between attributes and their associated consequences, game developers 

and evaluators can better identify areas for improvement and make informed decisions about 

enhancing specific aspects of the game. 

6. Conclusions, Limitations and Future Works 

6.1 Conclusions 

This study shows that knowledge improvement (F8) consistently ranks as the most critical 

attribute in the evaluation of serious games within an academic context, indicating its 

significant impact on user satisfaction. Concentration (F1) follows closely, emphasizing the 
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importance of player engagement and focus. These findings highlight the importance of a small 

set of attributes that influence the overall game rating, suggesting that game designers should 

prioritize these elements to enhance the user experience.  

Additionally, the results reveal that participants frequently employ heuristics by assigning 

the minimum weight to attributes they perceive as less relevant. Attributes that consistently 

receive the minimum required weight (3%) indicate that users tend to overlook them in their 

evaluation. This observation suggests that players naturally simplify their decision -making 

process, focusing only on the most prominent factors when rating the game.  

In different samples, one attribute (knowledge improvement) dominates the overall 

evaluation and contributes more than 50% to the total game score. This points to a potential 

over-reliance on a single factor, which could overshadow the influence of other important game 

attributes. To mitigate this issue, the methodology adjusted the constraints, reducing the 

dominance of any one attribute and ensuring a more balanced overall evaluation.  

By calculating confidence intervals for the attribute weights, the study provides a more 

nuanced understanding of the variability in user evaluations. This measure adds robustness to 

the methodology, offering insights into how consistent or variable user preferences are across 

different models and samples. 

6.2 Limitations and Future Works 

One of the primary limitations of this methodology lies in its reliance on a predefined set of 

eight attributes. While this approach encourages a more thorough and structured evaluation, it 

constrains the participants' ability to omit attributes that may be less relevant to them 

personally. 

Another key limitation is that this study was conducted using only one serious game, which 

restricts the generalizability of the findings. To strengthen the validity of the methodology, it 

is recommended that future studies apply it to multiple games with similar learning objectives 

to determine whether the attribute weights remain consistent across different contexts.  

Additionally, future research should explore the application of this methodology in varied 

contexts and consider the influence of different participant profiles. For example, serious 

games with academic objectives might yield different attribute weights when evaluated by 

students, professors, or professionals. Alternatively, users may prioritize different attributes in 

games without academic goals. This would provide valuable insights for game creators and 

designers on how different user groups prioritize attributes. 

Finally, future studies should investigate methods that allow participants to dynamically 

adjust the attributes they consider important. This would provide more accurate and 

personalized evaluations by allowing users to include or exclude attributes based on their 

preferences, better reflecting their decision-making processes. 
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