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Abstract 

Design is a dynamic, decision-driven process, often guided by intuition and experience. It can be susceptible to cognitive biases, 
systematic deviations in information processing and decision making, which have been recognized as influential factors affecting 
expert judgment in multiple domains. Although some studies in the design field have investigated and proposed methods to address 
specific biases, such as the confirmation bias, there is currently no comprehensive approach in the literature to make designers 
aware of the various biases that may manifest during the design process. The main contribution of this article is to provide designers 
with a broad overview of the biases that may be involved within the three principal areas of design cognition: problem formulation, 
concept generation and concept evaluation. It also proposes a novel and workable methodology to facilitate designers' recognition 
and mitigation of biases through metacognition, while favoring the implementation of more specific correction strategies. 
 
© 2023 The Authors. Published by ELSEVIER B.V. This is an open access article under the CC BY-NC-ND license 
(https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the 5th International Conference on Industry 4.0 and Smart 
Manufacturing 
Keywords: Cognitive biases; decision-making; bias classification; design cognition; design activities, metacognition; debiasing methodology. 

1. Introduction 

Cognitive biases refer to systematic deviations that arise during information processing and decision making, which 
often lead to suboptimal judgments [1], [2]. These biases can be triggered by cognitive heuristics, which are 
unconscious mental shortcuts or rules of thumb employed to enhance the efficiency of information processing [3]. 
Because cognitive biases are inherent in human nature, individuals are often unaware of their influence and occurrence. 
Consequently, even well-intentioned professionals and experts can be vulnerable to making biased decisions [4], [5]. 
In fact, research has shown that many biases are uncorrelated with cognitive ability or intelligence [6]. 

Cognitive biases have been identified and studied in various fields such as finance and economics [7], software 
engineering [8], and medical decision making [9]. Although some studies have discussed specific biases in product 
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and engineering design, such as confirmation bias [10]; literature in the design field does not comprehensively address 
the various sources of biases that can exist in the design process, nor does it provide a clear understanding of how 
designers can be influenced by biases throughout it. This article aims to provide an overview of cognitive biases in 
design, recognize potential sources of bias, and suggest strategies for mitigating or eliminating them. 

The article is structured as follows: Section 2 introduces the notion of cognitive biases and examines its application 
in the context of design, highlighting gaps in the current literature, and presenting selected taxonomies of cognitive 
biases. In Section 3, a model of design activities that connects key areas of design cognition and design reasoning 
activities is proposed, allowing exploration of the cognitive biases that may affect designers during these activities. 
Section 4 provides a concise self-assessment methodology aiming to mitigate the influence of cognitive biases on 
designers and offers an illustrative example to demonstrate its application. Finally, the contributions of this study are 
discussed, and avenues for future research are proposed. 

2. Background 

2.1. Cognitive heuristics and biases 

A widely accepted model for explaining how individuals make decisions is the dual-process theory, also known as 
the dual-system process [7]. According to this psychological framework, human cognition and decision-making are 
influenced by two distinct cognitive processes or systems that operate in parallel. System 1 is fast, automatic, effortless, 
associative, and difficult to control or modify. System 2, on the other hand, is slower, serial, effortful, and deliberately 
controlled. The first system is typically used unconsciously and relies on experience for decision-making. Moreover, 
it is independent of individuals' cognitive ability. In contrast, the second system is based on rules, seeks to make 
consequential decisions, and may be related to people's cognitive capacity [11].  

The low cognitive load represented by the use of System 1 makes it efficient, and very useful in everyday situations 
where it would not be practical to deliberately reason through every choice [12]. It is also highly valuable in dynamic, 
fast-paced environments such as intelligent production planning systems, where fast response time is crucial [13]. 
However, this reliance on the fast system can also lead to systematic errors in judgment, also known as cognitive 
biases, affecting decision making and distorting individuals' judgments, resulting in suboptimal choices. 

2.2. Cognitive biases in design 

Different studies have suggested the presence of cognitive biases within the design domain. For instance, 
Viswanathan and Linsey [14] explored the impact of the sunk cost effect on design fixation through a controlled study. 
The sunk cost effect refers to the tendency to persist with a project or decision, even when it no longer provides 
significant benefits, because of prior resource investments (time, money, or effort). The study confirmed the 
significant role of the sunk cost effect in fixation and suggested using materials that minimize time and cost when 
creating physical models. Another bias known as confirmation bias, which refers to the inclination to seek, interpret, 
and favor information that aligns with pre-existing beliefs or hypotheses, while dismissing or discarding contradictory 
evidence, was identified in design by Hallihan et al. [10]. To mitigate this bias, the researchers proposed the use of a 
simplified matrix based on the Analysis of Competing Hypotheses method [15], to evaluate and compare ideas. 

In another paper [11], Kannengiesser and Gero examine the connection between dual-system theory and design 
thinking, using the function-behavior-structure ontology as a framework. The primary objective of their research is to 
establish a foundation for enhancing design tools by identifying the locations of the two modes of design thinking. 
This article makes a significant contribution by providing a more comprehensive perspective that encompasses 
different instances of design, providing valuable insights into situations where designers may be particularly 
susceptible to biases arising from the implementation of System 1 thinking. However, the number of biases stemming 
from the use of System 1 thinking can be quite extensive. Therefore, identifying and localizing the use of this system 
is not sufficient to establish the specific biases that designers may face. 

In summary, recent studies have highlighted the importance of developing methodologies in the design field that 
help overcome biased judgments resulting from relying on System 1 thinking, by encouraging the use of System 2 to 
verify and evaluate intuitive work. This emphasis holds significant relevance because, even within the domain of 
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and engineering design, such as confirmation bias [10]; literature in the design field does not comprehensively address 
the various sources of biases that can exist in the design process, nor does it provide a clear understanding of how 
designers can be influenced by biases throughout it. This article aims to provide an overview of cognitive biases in 
design, recognize potential sources of bias, and suggest strategies for mitigating or eliminating them. 

The article is structured as follows: Section 2 introduces the notion of cognitive biases and examines its application 
in the context of design, highlighting gaps in the current literature, and presenting selected taxonomies of cognitive 
biases. In Section 3, a model of design activities that connects key areas of design cognition and design reasoning 
activities is proposed, allowing exploration of the cognitive biases that may affect designers during these activities. 
Section 4 provides a concise self-assessment methodology aiming to mitigate the influence of cognitive biases on 
designers and offers an illustrative example to demonstrate its application. Finally, the contributions of this study are 
discussed, and avenues for future research are proposed. 

2. Background 

2.1. Cognitive heuristics and biases 

A widely accepted model for explaining how individuals make decisions is the dual-process theory, also known as 
the dual-system process [7]. According to this psychological framework, human cognition and decision-making are 
influenced by two distinct cognitive processes or systems that operate in parallel. System 1 is fast, automatic, effortless, 
associative, and difficult to control or modify. System 2, on the other hand, is slower, serial, effortful, and deliberately 
controlled. The first system is typically used unconsciously and relies on experience for decision-making. Moreover, 
it is independent of individuals' cognitive ability. In contrast, the second system is based on rules, seeks to make 
consequential decisions, and may be related to people's cognitive capacity [11].  

The low cognitive load represented by the use of System 1 makes it efficient, and very useful in everyday situations 
where it would not be practical to deliberately reason through every choice [12]. It is also highly valuable in dynamic, 
fast-paced environments such as intelligent production planning systems, where fast response time is crucial [13]. 
However, this reliance on the fast system can also lead to systematic errors in judgment, also known as cognitive 
biases, affecting decision making and distorting individuals' judgments, resulting in suboptimal choices. 

2.2. Cognitive biases in design 

Different studies have suggested the presence of cognitive biases within the design domain. For instance, 
Viswanathan and Linsey [14] explored the impact of the sunk cost effect on design fixation through a controlled study. 
The sunk cost effect refers to the tendency to persist with a project or decision, even when it no longer provides 
significant benefits, because of prior resource investments (time, money, or effort). The study confirmed the 
significant role of the sunk cost effect in fixation and suggested using materials that minimize time and cost when 
creating physical models. Another bias known as confirmation bias, which refers to the inclination to seek, interpret, 
and favor information that aligns with pre-existing beliefs or hypotheses, while dismissing or discarding contradictory 
evidence, was identified in design by Hallihan et al. [10]. To mitigate this bias, the researchers proposed the use of a 
simplified matrix based on the Analysis of Competing Hypotheses method [15], to evaluate and compare ideas. 

In another paper [11], Kannengiesser and Gero examine the connection between dual-system theory and design 
thinking, using the function-behavior-structure ontology as a framework. The primary objective of their research is to 
establish a foundation for enhancing design tools by identifying the locations of the two modes of design thinking. 
This article makes a significant contribution by providing a more comprehensive perspective that encompasses 
different instances of design, providing valuable insights into situations where designers may be particularly 
susceptible to biases arising from the implementation of System 1 thinking. However, the number of biases stemming 
from the use of System 1 thinking can be quite extensive. Therefore, identifying and localizing the use of this system 
is not sufficient to establish the specific biases that designers may face. 

In summary, recent studies have highlighted the importance of developing methodologies in the design field that 
help overcome biased judgments resulting from relying on System 1 thinking, by encouraging the use of System 2 to 
verify and evaluate intuitive work. This emphasis holds significant relevance because, even within the domain of 
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smart manufacturing, where data analytics and intelligent planning algorithms provide substantial support, human 
decision-making remains a fundamental aspect in shaping production systems [13]. Although some studies have 
identified specific biases during the design process and proposed corresponding solutions, we are unaware of the 
existence of an integrated methodology that would enable designers to identify these biases easily and practically at 
each stage of their work, allowing them to re-evaluate it while exploring more specific debiasing techniques. 
Identifying biases that could affect designers' reasoning, requires a taxonomy that shows the connection between 
design activities and specific biases. Some classifications that may be relevant to this more practical approach are 
explained below. 

2.3. Task-based taxonomy of biases 

Different classifications, especially in the field of psychology, seek to provide a better understanding and 
organization of cognitive biases. Some taxonomies are based on the dual-system theory, according to the heuristics 
deployed by individuals [1]. However, there is still no agreement on the specific causes of cognitive biases or the best 
way to classify them [16]. Consequently, classifications aiming to understand the reasons behind cognitive biases may 
appear ambiguous, as various authors adopt distinct terminologies and attribute varying origins to the same biases.  

Even if understanding the nature of biases is an important issue, a more practical approach is necessary to facilitate 
the assignment of biases according to the different activities performed by designers. In pursuit of a more pragmatic 
approach, Dimara et al. [17] proposed a task-based taxonomy comprising 154 cognitive biases, organized into six 
primary categories. The taxonomy aims to categorize biases based on the specific tasks in which they were observed 
and measured in previous experimental research. The categories include estimation, decision, hypothesis evaluation, 
casual attribution, recall, and opinion reporting. All these tasks are implicit in the design process, in which designers 
estimates the performance of design solutions, decide between alternative methods, strategies and concepts, make use 
of their memory to recall past experiences or to take requirements into account during the proposal of ideas, and 
evaluate design hypotheses. The categories of opinion reporting and causal attribution may be the least related to this 
process, as designers rarely must express their opinions on social, or moral issues, or question the work of others.  

2.4. Taxonomy of cognitive bias sources 

To organize the information on designers' behavior and infer which cognitive biases may arise during the different 
cognitive activities they perform, we will rely on a taxonomy of eight cognitive biases proposed by Dror [5]. These 
sources represent the factors that can generate a fertile environment for the appearance of cognitive biases, although 
originally this taxonomy was intended to address the expert decision-making domain, it can be easily adaptable to the 
area of product or system design. Figure 1 presents examples of sources that could be found in the design field. 
 

 

Fig. 1. Sources of cognitive bias in design, adapted from [5]. 
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As we can notice, the sources range from those relating to a specific design case, to those relating to the decision 
maker, in the case of this study, the designer. This classification will be used to analyze the sources specific to design 
and identify how they might generate a favorable environment for biased judgments. 

3. Proposal of a generic model of design activity-related biases. 

The proposed generic model of design activities for this study (see Table 1) encompasses six reasoning activities 
that can be iteratively applied to different design problems to define and achieve specific objectives [18], [19]. Given 
that cognitive biases predominantly arise from a reliance on System 1 thinking [12], activities that are fully 
deterministic and rely exclusively on System 2 will be excluded from the study. Reasoning activities are linked to the 
three main areas of design cognition [20], [21]. Firstly, problem formulation involves a thorough understanding of the 
design problem, identifying goals, and defining constraints and requirements. Secondly, concept generation involves 
generating and synthesizing ideas into more refined or complete solutions. Lastly, concept evaluation, involves 
evaluating concepts against the constraints, criteria, and design requirements defined during problem analysis. 

Table 1. Generic model of design activities. 

Design reasoning activity Short definition Link with design cognition 

Specify Document, and describe essential elements and requirements, 
refining design proposal for precise guidance in subsequent stages. 

Problem formulation 

Imagine and create Generate innovative design solutions, leveraging specified 
requirements, through creative problem-solving and imagination. 

Concept generation 

Dimensioning Determine optimal physical dimensions based on design 
assumptions, considering technical, economic, and regulatory factors. 

Concept evaluation 

Represent Formalize solution using visual, textual, or digital means. Deterministic 

Evaluate and optimize Iteratively improve design, considering various criteria, by 
comparing requirements to final solution results. 

Concept evaluation 

Validate Approve optimized model based on time, cost, performance, and 
other criteria to confirm customer specifications. 

Deterministic 

 
To infer which cognitive biases affect different cognitive activities in design, we rely on the behavior exhibited by 

designers during these activities, described mainly by Cross in his review of design protocols [20]. We identified the 
main sources of cognitive biases that could create a fertile environment for errors in designers' judgment, and clues 
suggesting the potential development of specific biases. These initial clues were supplemented by the brief discussion 
of cognitive biases that might affect design, proposed by Hallihan et al. [10]. Finally, to explain in which specific 
types of tasks these biases could be generated, we rely on the task-based taxonomy of cognitive biases [17]. 

3.1. Problem formulation: Insights about designers and sources of bias identification 

To correctly formulate the design problem and its constraints, the designer must rely on data and information to 
understand the behavior and performance of the current and desired system, the user's interaction with the system or 
product to be designed, the time and constraints available to develop the design, and so on. The way this data is 
presented to the decision maker (Source 1 of bias), combined with the way the human brain processes the information 
(Source 8), can be important sources of cognitive biases. Remus and Kottemann [22] summarized the human input 
errors that can bias data interpretation, they explained for instance that information and data obtained through human 
interaction tend to have a stronger influence on decision-makers, as well as the data presented in graphical form. 
Furthermore, they suggest that individuals tend to filter information based on their personal experiences (Source 7).  

Lawson [23], in his study on problem-solving strategies, compared the behavior of scientists and architectural 
designers, and identified that the former adopted a solution-focusing strategy more centered on the structure and 
formulation of the problem, while the latter operated a solution-focused strategy. However, when repeating the same 
experiment with first-year students of science and architecture, he found no such differences, so it seems that these 
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smart manufacturing, where data analytics and intelligent planning algorithms provide substantial support, human 
decision-making remains a fundamental aspect in shaping production systems [13]. Although some studies have 
identified specific biases during the design process and proposed corresponding solutions, we are unaware of the 
existence of an integrated methodology that would enable designers to identify these biases easily and practically at 
each stage of their work, allowing them to re-evaluate it while exploring more specific debiasing techniques. 
Identifying biases that could affect designers' reasoning, requires a taxonomy that shows the connection between 
design activities and specific biases. Some classifications that may be relevant to this more practical approach are 
explained below. 

2.3. Task-based taxonomy of biases 

Different classifications, especially in the field of psychology, seek to provide a better understanding and 
organization of cognitive biases. Some taxonomies are based on the dual-system theory, according to the heuristics 
deployed by individuals [1]. However, there is still no agreement on the specific causes of cognitive biases or the best 
way to classify them [16]. Consequently, classifications aiming to understand the reasons behind cognitive biases may 
appear ambiguous, as various authors adopt distinct terminologies and attribute varying origins to the same biases.  

Even if understanding the nature of biases is an important issue, a more practical approach is necessary to facilitate 
the assignment of biases according to the different activities performed by designers. In pursuit of a more pragmatic 
approach, Dimara et al. [17] proposed a task-based taxonomy comprising 154 cognitive biases, organized into six 
primary categories. The taxonomy aims to categorize biases based on the specific tasks in which they were observed 
and measured in previous experimental research. The categories include estimation, decision, hypothesis evaluation, 
casual attribution, recall, and opinion reporting. All these tasks are implicit in the design process, in which designers 
estimates the performance of design solutions, decide between alternative methods, strategies and concepts, make use 
of their memory to recall past experiences or to take requirements into account during the proposal of ideas, and 
evaluate design hypotheses. The categories of opinion reporting and causal attribution may be the least related to this 
process, as designers rarely must express their opinions on social, or moral issues, or question the work of others.  

2.4. Taxonomy of cognitive bias sources 

To organize the information on designers' behavior and infer which cognitive biases may arise during the different 
cognitive activities they perform, we will rely on a taxonomy of eight cognitive biases proposed by Dror [5]. These 
sources represent the factors that can generate a fertile environment for the appearance of cognitive biases, although 
originally this taxonomy was intended to address the expert decision-making domain, it can be easily adaptable to the 
area of product or system design. Figure 1 presents examples of sources that could be found in the design field. 
 

 

Fig. 1. Sources of cognitive bias in design, adapted from [5]. 
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As we can notice, the sources range from those relating to a specific design case, to those relating to the decision 
maker, in the case of this study, the designer. This classification will be used to analyze the sources specific to design 
and identify how they might generate a favorable environment for biased judgments. 

3. Proposal of a generic model of design activity-related biases. 

The proposed generic model of design activities for this study (see Table 1) encompasses six reasoning activities 
that can be iteratively applied to different design problems to define and achieve specific objectives [18], [19]. Given 
that cognitive biases predominantly arise from a reliance on System 1 thinking [12], activities that are fully 
deterministic and rely exclusively on System 2 will be excluded from the study. Reasoning activities are linked to the 
three main areas of design cognition [20], [21]. Firstly, problem formulation involves a thorough understanding of the 
design problem, identifying goals, and defining constraints and requirements. Secondly, concept generation involves 
generating and synthesizing ideas into more refined or complete solutions. Lastly, concept evaluation, involves 
evaluating concepts against the constraints, criteria, and design requirements defined during problem analysis. 

Table 1. Generic model of design activities. 

Design reasoning activity Short definition Link with design cognition 

Specify Document, and describe essential elements and requirements, 
refining design proposal for precise guidance in subsequent stages. 

Problem formulation 

Imagine and create Generate innovative design solutions, leveraging specified 
requirements, through creative problem-solving and imagination. 

Concept generation 

Dimensioning Determine optimal physical dimensions based on design 
assumptions, considering technical, economic, and regulatory factors. 

Concept evaluation 

Represent Formalize solution using visual, textual, or digital means. Deterministic 

Evaluate and optimize Iteratively improve design, considering various criteria, by 
comparing requirements to final solution results. 

Concept evaluation 

Validate Approve optimized model based on time, cost, performance, and 
other criteria to confirm customer specifications. 

Deterministic 

 
To infer which cognitive biases affect different cognitive activities in design, we rely on the behavior exhibited by 

designers during these activities, described mainly by Cross in his review of design protocols [20]. We identified the 
main sources of cognitive biases that could create a fertile environment for errors in designers' judgment, and clues 
suggesting the potential development of specific biases. These initial clues were supplemented by the brief discussion 
of cognitive biases that might affect design, proposed by Hallihan et al. [10]. Finally, to explain in which specific 
types of tasks these biases could be generated, we rely on the task-based taxonomy of cognitive biases [17]. 

3.1. Problem formulation: Insights about designers and sources of bias identification 

To correctly formulate the design problem and its constraints, the designer must rely on data and information to 
understand the behavior and performance of the current and desired system, the user's interaction with the system or 
product to be designed, the time and constraints available to develop the design, and so on. The way this data is 
presented to the decision maker (Source 1 of bias), combined with the way the human brain processes the information 
(Source 8), can be important sources of cognitive biases. Remus and Kottemann [22] summarized the human input 
errors that can bias data interpretation, they explained for instance that information and data obtained through human 
interaction tend to have a stronger influence on decision-makers, as well as the data presented in graphical form. 
Furthermore, they suggest that individuals tend to filter information based on their personal experiences (Source 7).  

Lawson [23], in his study on problem-solving strategies, compared the behavior of scientists and architectural 
designers, and identified that the former adopted a solution-focusing strategy more centered on the structure and 
formulation of the problem, while the latter operated a solution-focused strategy. However, when repeating the same 
experiment with first-year students of science and architecture, he found no such differences, so it seems that these 
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behaviors are influenced by education and experience (Source 6,7, 8). While this solution-oriented problem definition 
approach cannot be deemed inherently wrong, as the co-evolution of problem-solution allows designers to explore the 
space of possible solutions and redefine the problem [24], it might suggest that spending less time on problem 
definition could make designers more susceptible to biases related to information presentation. 

3.1.1. Identifying bias-related tasks in problem formulation 
During the specification activity, designers must organize and prioritize client and system requirements. This 

involves determining key criteria for proposing solutions in subsequent design stages. To assess the importance of 
different criteria, designers could rely on estimates of how frequently these criteria have been important in past 
projects. This is based on the availability heuristic, which estimates the frequency of an event based on how easily 
instances or associations come to mind. However, recall can be influenced by different factors beyond frequency. For 
instance, designers may remember constraints, criteria, or solutions that required significant effort to comprehend, a 
phenomenon known as the processing difficulty effect. Likewise, designers might have an easier time recalling criteria 
presented in visual formats, thanks to the picture superiority effect. Additionally, they may exhibit faster recall of the 
first and last elements of the information they read, influenced by the serial-positioning effect. 

In addition, during the specification, the task of deciding which priorities and main requirements to establish takes 
place. This task may be influenced by the previous biased estimates and by some new biases. For example, the framing 
effect might affect the designer's choice between two options depending on how the positive or negative results of 
each option are presented, the mere-exposure effect might lead the designer to privilege familiar information, and the 
attraction effect might cause the designer to choose to work with certain criteria that appear to be important in contrast 
to others but might not necessarily be useful. A matrix that summarizes the identification of biases in problem 
formulation is presented in Figure 2.  

 

 

Fig. 2. Bias recognition matrix for problem formulation. 

3.2. Concept generation: Insights about designers and sources of bias identification 

Design problems often cannot be fully defined, which is why the solution-focused behavior of designers can be 
advantageous and realistic. However, overreliance on this behavior can lead to a well-known effect in design, the 
fixation effect [20], which refers to the attachment to a limited set of ideas during the design process, causing some 
designers to prefer reusing features from existing designs rather than exploring and creating new ones [25]. This could 
be related to the use of reference materials (Source 2), such as industry standards, case studies, design catalogs, or 
even the designers' own experience (Source 7), used as inspiration to propose solution ideas.  

Purcell and Gero [26], [27], conducted a series of experiments in which senior students of industrial design and 
mechanical engineering were asked to propose concepts and solutions after being shown examples of previous designs. 
The results showed that engineers' designs were strongly influenced by the examples, whereas industrial designers 
tended to produce a greater variety of uninfluenced designs, suggesting that engineers are much more prone to fixation. 
This could possibly be because, during their education (Source 6), industrial designers are more encouraged to 
generate diverse design solutions than engineers. Several studies have observed that designers also show a strong 
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attachment to their initial design ideas [28], [29]. Even when major problems are detected, they are reluctant to discard 
these proposed solutions, preferring instead to invest effort in refining them until they have something workable. 

3.2.1. Identifying bias-related tasks in concept generation 
We suggest that although designers may also be influenced this time by biases observed during recall tasks (picture 

superiority effect, processing difficulty effect or serial-position effect), it is more likely that the effects of memory will 
be reflected in the estimation of the feasibility and utility of the envisioned solutions. This is because designers are 
not directly engaged in recall tasks, but rather in tasks involving the estimation of the performance of the imagined 
concepts or ideas, and it is these estimations that may be biased by recall effects. Once again, designers may be affected 
by availability bias, but they may also have to deal with anchoring bias. For example, if a designer encounters a 
standard, reference or idea initially proposed by someone else, it is possible that this information becomes an anchor 
or dominant starting point and establishes a frame of reference for his or her thinking, limiting their ability to explore 
alternatives beyond that established starting point.  

Finally, as during the problem formulation phase, designers will also have to make decisions, such as determining 
which idea or ideas they want to develop and evaluate, thus they could be equally affected by decision biases (the 
mere-exposure effect, the attraction effect, or the framing effect). For example, if designers were presented with a 
negatively framed or constraint-focused problem or challenge, they would be more likely to choose conservative and 
conventional solutions. Conversely, if the problem were posed to them in a positive or opportunity-focused way, they 
would be more likely to choose innovative solutions. The bias recognition matrix for this cognitive activity is presented 
in Figure 3. 

 

 

Fig. 3. Bias recognition matrix for concept generation. 

3.3. Concept evaluation: Insights about designers and sources of bias identification 

In the proposed activity model, concept evaluation encompasses dimensioning and evaluation activities, as they 
help to verify the relevance of solutions and involve subjective or intuitive components. During dimensioning, 
deterministic methods and engineering tools such as strength analysis, deformation calculations, and prototype testing 
are employed. Nevertheless, there are also stages within this process wherein designers may need to rely on subjective 
assumptions or hypotheses related to load conditions, material properties, or other uncertain variables, such as all 
possible uses of the system or product. During evaluation, different solutions are compared among themselves or 
against requirements to determine the most fitting solution and identify opportunities for optimization or improvement 
of that solution. During these comparisons, judgment can also be based on subjective aspects, such as aesthetics [21].  

While performing these activities, designers may be susceptible to biases associated with the reference materials 
they rely on for analysis and evaluation, such as industry standards, or chosen evaluation methods (Source 2). While 
these resources can provide valuable guidance for design, they may not always be applicable or suitable for a specific 
design. Given that design is a multidisciplinary field, it is natural for designers to have knowledge or experience gaps 
(Sources 6, 7) in certain areas such as ergonomics, or environmental factors. However, companies and organizations, 
driven by their policies, (Source 5), require designers to incorporate specific standards from these domains into their 
designs. Therefore, the implementation of these norms can pose challenges for designers [30], as they may find 
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behaviors are influenced by education and experience (Source 6,7, 8). While this solution-oriented problem definition 
approach cannot be deemed inherently wrong, as the co-evolution of problem-solution allows designers to explore the 
space of possible solutions and redefine the problem [24], it might suggest that spending less time on problem 
definition could make designers more susceptible to biases related to information presentation. 

3.1.1. Identifying bias-related tasks in problem formulation 
During the specification activity, designers must organize and prioritize client and system requirements. This 

involves determining key criteria for proposing solutions in subsequent design stages. To assess the importance of 
different criteria, designers could rely on estimates of how frequently these criteria have been important in past 
projects. This is based on the availability heuristic, which estimates the frequency of an event based on how easily 
instances or associations come to mind. However, recall can be influenced by different factors beyond frequency. For 
instance, designers may remember constraints, criteria, or solutions that required significant effort to comprehend, a 
phenomenon known as the processing difficulty effect. Likewise, designers might have an easier time recalling criteria 
presented in visual formats, thanks to the picture superiority effect. Additionally, they may exhibit faster recall of the 
first and last elements of the information they read, influenced by the serial-positioning effect. 

In addition, during the specification, the task of deciding which priorities and main requirements to establish takes 
place. This task may be influenced by the previous biased estimates and by some new biases. For example, the framing 
effect might affect the designer's choice between two options depending on how the positive or negative results of 
each option are presented, the mere-exposure effect might lead the designer to privilege familiar information, and the 
attraction effect might cause the designer to choose to work with certain criteria that appear to be important in contrast 
to others but might not necessarily be useful. A matrix that summarizes the identification of biases in problem 
formulation is presented in Figure 2.  

 

 

Fig. 2. Bias recognition matrix for problem formulation. 

3.2. Concept generation: Insights about designers and sources of bias identification 

Design problems often cannot be fully defined, which is why the solution-focused behavior of designers can be 
advantageous and realistic. However, overreliance on this behavior can lead to a well-known effect in design, the 
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be related to the use of reference materials (Source 2), such as industry standards, case studies, design catalogs, or 
even the designers' own experience (Source 7), used as inspiration to propose solution ideas.  

Purcell and Gero [26], [27], conducted a series of experiments in which senior students of industrial design and 
mechanical engineering were asked to propose concepts and solutions after being shown examples of previous designs. 
The results showed that engineers' designs were strongly influenced by the examples, whereas industrial designers 
tended to produce a greater variety of uninfluenced designs, suggesting that engineers are much more prone to fixation. 
This could possibly be because, during their education (Source 6), industrial designers are more encouraged to 
generate diverse design solutions than engineers. Several studies have observed that designers also show a strong 
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attachment to their initial design ideas [28], [29]. Even when major problems are detected, they are reluctant to discard 
these proposed solutions, preferring instead to invest effort in refining them until they have something workable. 

3.2.1. Identifying bias-related tasks in concept generation 
We suggest that although designers may also be influenced this time by biases observed during recall tasks (picture 

superiority effect, processing difficulty effect or serial-position effect), it is more likely that the effects of memory will 
be reflected in the estimation of the feasibility and utility of the envisioned solutions. This is because designers are 
not directly engaged in recall tasks, but rather in tasks involving the estimation of the performance of the imagined 
concepts or ideas, and it is these estimations that may be biased by recall effects. Once again, designers may be affected 
by availability bias, but they may also have to deal with anchoring bias. For example, if a designer encounters a 
standard, reference or idea initially proposed by someone else, it is possible that this information becomes an anchor 
or dominant starting point and establishes a frame of reference for his or her thinking, limiting their ability to explore 
alternatives beyond that established starting point.  

Finally, as during the problem formulation phase, designers will also have to make decisions, such as determining 
which idea or ideas they want to develop and evaluate, thus they could be equally affected by decision biases (the 
mere-exposure effect, the attraction effect, or the framing effect). For example, if designers were presented with a 
negatively framed or constraint-focused problem or challenge, they would be more likely to choose conservative and 
conventional solutions. Conversely, if the problem were posed to them in a positive or opportunity-focused way, they 
would be more likely to choose innovative solutions. The bias recognition matrix for this cognitive activity is presented 
in Figure 3. 

 

 

Fig. 3. Bias recognition matrix for concept generation. 
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In the proposed activity model, concept evaluation encompasses dimensioning and evaluation activities, as they 
help to verify the relevance of solutions and involve subjective or intuitive components. During dimensioning, 
deterministic methods and engineering tools such as strength analysis, deformation calculations, and prototype testing 
are employed. Nevertheless, there are also stages within this process wherein designers may need to rely on subjective 
assumptions or hypotheses related to load conditions, material properties, or other uncertain variables, such as all 
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against requirements to determine the most fitting solution and identify opportunities for optimization or improvement 
of that solution. During these comparisons, judgment can also be based on subjective aspects, such as aesthetics [21].  

While performing these activities, designers may be susceptible to biases associated with the reference materials 
they rely on for analysis and evaluation, such as industry standards, or chosen evaluation methods (Source 2). While 
these resources can provide valuable guidance for design, they may not always be applicable or suitable for a specific 
design. Given that design is a multidisciplinary field, it is natural for designers to have knowledge or experience gaps 
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designs. Therefore, the implementation of these norms can pose challenges for designers [30], as they may find 

        
          

     

      

          

        

                               
                                                        
                             
                                  

 
  
   

  
   

  
  

  
  
 

  
  
  
  

   
  
  
  
  

  
  
  

  
  
   

  
  

  
  
 

  
  
   

  

 
  
  

  
  
  
  

   
  
  
  

  
  

  
  
  
  

  
   

  
  
 

  
  
  

  
   

  
  
 

 
  

  
   

  
   
  

                                        
                                   



2806 Sofia Holguin Jimenez  et al. / Procedia Computer Science 232 (2024) 2800–2809 Sofia Holguin Jimenez / Procedia Computer Science 00 (2023) 000–000  7 

themselves making uninformed or suboptimal decisions. Furthermore, it has been observed that the representation of 
solutions or the construction of physical models can impact the evaluation and optimization of solutions. This is 
because, when significant resources have been invested in a solution, designers are less likely to discard it [14].  

3.3.1. Identifying bias-related tasks in concept evaluation 
In addition to engaging in memory, estimation, and decision-making tasks and, therefore, being subject to all the 

biases mentioned above; during concept evaluation designers will also have to evaluate their assumptions and 
hypotheses. For example, assumptions made during dimensioning or during alternative evaluation. Consequently, they 
may be susceptible to confirmation bias. This bias leads them to favor information, data, and evidence that support 
their hypotheses while conducting a cursory search for information that contradicts them. As a result, they may 
experience potential false confirmations of their hypotheses and accept illusory correlations that are not grounded. 

Lastly, the hindsight bias can affect the ongoing evaluation of concepts and design solutions. It involves perceiving 
an event as predictable after knowing its outcome, even if it was not actually predictable. This bias hinders learning 
from past events, restricting designers' capacity to improve and adapt their approaches or solutions.  Figure 4 shows 
the biases that we could theoretically encounter during concept evaluation. 
 

 

Fig. 4. Bias recognition matrix for concept evaluation. 

4. A methodology for considering biases during the design process. 

By adopting a reflective approach, proven effective with engineering students in motivating their learning and 
consideration of cognitive biases in their work [31]; and encouraging designers to slow down and employ System 2 to 
monitor the performance of System 1, as advocated by Kannengiesser and Gero [11], we propose a seven-step 
methodology to mitigate cognitive biases in design (see Table 2). This methodology aims to enhance designers' 
metacognition, which refers to their knowledge and awareness of their thinking process, and establish connections, 
through self-assessment, between the design process and methods focused on combating specific biases. 

Table 2. Proposed debiasing methodology. 

Proposed debiasing methodology steps Who? Tools 

1. Specify the design tasks. The designer Generic model of design 
activities 

2. Build the list of potential cognitive biases involved in the project according to 
the cognitive activities considered. 

 Bias recognition matrix 

3. Construct the questionnaire to be submitted to the designer.  Cognitive Bias/Question Table 

4. Respond to the questionnaire. The designer  

5. Identify the cognitive biases that the designer encountered during the project.  Questionnaire response rules 

6. Propose recommendations to the designer to reduce or eliminate the effects of 
identified biases on their activity. 

 Not addressed in this approach 

7. Conduct a review and self-evaluation of the work performed. The designer  
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4.1. Identifying cognitive biases in practical design applications. 

For a better understanding of the debiasing methodology, we present an illustrative example of its practical 
application. We will examine a scenario in which a designer is tasked with defining the trajectories and postures of an 
operator during the development of a new workstation. The current section describes the steps the designer needs to 
take to effectively implement the proposed debiasing methodology. 

4.1.1. Step 1: Specify the design tasks by relating them to the proposed six reasoning activities, if applicable. 
In this first stage, the designer must delimit the design tasks, based on the framework provided by the generic model 

of design activities (see Table 1). In the context of our proposal, we have identified and specified seven distinct design 
tasks: 

  
1) Precisely identify the tasks that the operator will need to perform / Specify (Problem formulation).  
2) Create the necessary geometric context for the study / Specify (Problem formulation).  
3) Identify the ergonomic anthropometric characteristics of the operator / Dimensioning (Concept evaluation).  
4) Propose solutions for the operator's movements and postures to meet the tasks they need to perform in the 

work environment / Imagine and create (Concept generation).  
5) Model the operator's trajectories and postures / Represent (Deterministic).  
6) Conduct an ergonomic analysis of the proposed solutions / Evaluate and optimize (Concept evaluation).  
7) Choose a final solution / Validate (Deterministic). 
 

4.1.2. Step 2: Build the list of potential cognitive biases involved in the project according to the cognitive activities 
considered. 

Considering that the designer wants to evaluate their work after completing only the first two tasks corresponding 
to problem formulation activities, the necessary matrix for identifying potential biases is presented in Figure 5. 

 

 
Fig. 5. Application of the bias recognition matrix for problem formulation. 

4.1.3. Step 3: Construct the questionnaire to be submitted to the designer, Step 4: Respond to the questionnaire & 
Step 5: Identify the cognitive biases that the designer encountered during the project. 

In this stage, the designer is required to construct a questionnaire based on the questions outlined in Table 3.  

Table 3. Cognitive Biases/Questions Table.  

Bias to be identified Corresponding question 

Recall biases Are the choices/solutions you've made related to recent memories? 

Availability bias Have you privileged your memories/experiences? 

Anchoring bias Have you favored choices/solutions based on initial recommendations, data, or references without thoroughly evaluating 
them against other options? 

Framing effect Have you favored choices/solutions where both the advantages and disadvantages have not been clearly presented? 

Mere-exposure effect Are the choices/solutions familiar to you, either through personal exposure or by being aware that others have also 
worked with them? 

Attraction effect Have you favored options/solutions that appear less disadvantageous in contrast (even if not highly advantageous)? 
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themselves making uninformed or suboptimal decisions. Furthermore, it has been observed that the representation of 
solutions or the construction of physical models can impact the evaluation and optimization of solutions. This is 
because, when significant resources have been invested in a solution, designers are less likely to discard it [14].  

3.3.1. Identifying bias-related tasks in concept evaluation 
In addition to engaging in memory, estimation, and decision-making tasks and, therefore, being subject to all the 

biases mentioned above; during concept evaluation designers will also have to evaluate their assumptions and 
hypotheses. For example, assumptions made during dimensioning or during alternative evaluation. Consequently, they 
may be susceptible to confirmation bias. This bias leads them to favor information, data, and evidence that support 
their hypotheses while conducting a cursory search for information that contradicts them. As a result, they may 
experience potential false confirmations of their hypotheses and accept illusory correlations that are not grounded. 

Lastly, the hindsight bias can affect the ongoing evaluation of concepts and design solutions. It involves perceiving 
an event as predictable after knowing its outcome, even if it was not actually predictable. This bias hinders learning 
from past events, restricting designers' capacity to improve and adapt their approaches or solutions.  Figure 4 shows 
the biases that we could theoretically encounter during concept evaluation. 
 

 

Fig. 4. Bias recognition matrix for concept evaluation. 
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4. Respond to the questionnaire. The designer  

5. Identify the cognitive biases that the designer encountered during the project.  Questionnaire response rules 

6. Propose recommendations to the designer to reduce or eliminate the effects of 
identified biases on their activity. 

 Not addressed in this approach 

7. Conduct a review and self-evaluation of the work performed. The designer  
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4.1. Identifying cognitive biases in practical design applications. 

For a better understanding of the debiasing methodology, we present an illustrative example of its practical 
application. We will examine a scenario in which a designer is tasked with defining the trajectories and postures of an 
operator during the development of a new workstation. The current section describes the steps the designer needs to 
take to effectively implement the proposed debiasing methodology. 

4.1.1. Step 1: Specify the design tasks by relating them to the proposed six reasoning activities, if applicable. 
In this first stage, the designer must delimit the design tasks, based on the framework provided by the generic model 

of design activities (see Table 1). In the context of our proposal, we have identified and specified seven distinct design 
tasks: 

  
1) Precisely identify the tasks that the operator will need to perform / Specify (Problem formulation).  
2) Create the necessary geometric context for the study / Specify (Problem formulation).  
3) Identify the ergonomic anthropometric characteristics of the operator / Dimensioning (Concept evaluation).  
4) Propose solutions for the operator's movements and postures to meet the tasks they need to perform in the 

work environment / Imagine and create (Concept generation).  
5) Model the operator's trajectories and postures / Represent (Deterministic).  
6) Conduct an ergonomic analysis of the proposed solutions / Evaluate and optimize (Concept evaluation).  
7) Choose a final solution / Validate (Deterministic). 
 

4.1.2. Step 2: Build the list of potential cognitive biases involved in the project according to the cognitive activities 
considered. 

Considering that the designer wants to evaluate their work after completing only the first two tasks corresponding 
to problem formulation activities, the necessary matrix for identifying potential biases is presented in Figure 5. 

 

 
Fig. 5. Application of the bias recognition matrix for problem formulation. 

4.1.3. Step 3: Construct the questionnaire to be submitted to the designer, Step 4: Respond to the questionnaire & 
Step 5: Identify the cognitive biases that the designer encountered during the project. 

In this stage, the designer is required to construct a questionnaire based on the questions outlined in Table 3.  

Table 3. Cognitive Biases/Questions Table.  

Bias to be identified Corresponding question 

Recall biases Are the choices/solutions you've made related to recent memories? 

Availability bias Have you privileged your memories/experiences? 

Anchoring bias Have you favored choices/solutions based on initial recommendations, data, or references without thoroughly evaluating 
them against other options? 

Framing effect Have you favored choices/solutions where both the advantages and disadvantages have not been clearly presented? 

Mere-exposure effect Are the choices/solutions familiar to you, either through personal exposure or by being aware that others have also 
worked with them? 

Attraction effect Have you favored options/solutions that appear less disadvantageous in contrast (even if not highly advantageous)? 
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Confirmation bias Have you prioritized information that confirms your existing beliefs or hypotheses, potentially overlooking 
contradictory evidence in your design decisions? 

Illusory correlation 
effect 

Have you attributed cause-effect relationships between your design choices/solutions and expected outcomes without 
substantial evidence to support them? (e.g., assuming that increasing machine speed will result in overall cost reduction) 

Zero-risk bias Have you favored choices/solutions that completely eliminate a specific risk? 

IKEA effect Have you favored choices/solutions that required significant work or effort from you? 

Escalation of 
commitment / Sunk cost 

Have you persisted with choices/solutions that required a significant financial or material investment, despite the 
presence of better alternatives? 

Hindsight bias Do you think that the failures or shortcomings of the decisions/solutions analyzed should have been easily foreseeable 
from the beginning? 

 
To do so, the designer must identify the questions associated with the potential biases identified in the previous 

step and respond to them using one of the three response options: “Y  ”, “N ”,    “N       ” (see Table 4). 

Table 4. Application of the Cognitive Biases/Questions Table. Responding "Yes" suggests susceptibility to the bias, "No" 
implies a lower likelihood of susceptibility, and "Not sure" is treated as "Yes" for enhanced method. 

Bias to be identified Question YES NO NOT SURE 

Recall biases Are the choices/solutions you've made related to recent memories?  X  

Availability bias Have you privileged your memories/experiences?  X  

Framing effect Have you favored choices/solutions where both the advantages and 
disadvantages have not been clearly presented? 

  X 

Mere-exposure effect Are the choices/solutions familiar to you, either through personal exposure 
or by being aware that others have also worked with them? 

X   

Attraction effect Have you favored options/solutions that appear less disadvantageous in 
contrast (even if not highly advantageous)? 

 X  

 
In this case, the designer should consider that they might have been influenced by the Mere-exposure effect and 

the Framing effect. Even if they responded "Not sure" to the Framing effect question, it is advisable to assume a 
potential susceptibility to it for greater confidence in the methodology. 

4.1.4. Step 6: Propose recommendations to the designer to reduce or eliminate the effects of identified biases on 
their activity & Step 7: Conduct a review and self-evaluation of the work performed. 

These steps correspond to an expansion of the designer's understanding of the identified biases, a self-evaluation 
of their design work, and the application of more specific methods to mitigate and correct the effects of the identified 
biases. However, these strategies are not directly proposed or discussed in this approach. 

5. Conclusion and perspectives 

During the design process, designers may encounter various biases that can distort their perception, memory, and 
reasoning, leading to biased conclusions and weak solution proposals. These biases can manifest across all cognitive 
activities in design and may stem from design-specific sources. This article raises awareness among designers about 
the existence of these phenomena and their potential consequences in problem formulation, concept generation, and 
concept evaluation. Besides, a practical bias mitigation methodology has been proposed, encouraging designers to 
engage in reflection and self-evaluation throughout the design process. This methodology can be enhanced by 
integrating existing tools, such as decision matrices, with new methods developed specifically to address each bias. 
The relevance and efficacy of such a methodology will still need to be evaluated and tested for validation.  

 
Future work should investigate how to incorporate metacognition into designers' education, enabling them to better 

understand their own reasoning process and vulnerabilities. By developing metacognitive skills, designers may 
become more aware of the existence of cognitive biases and be better equipped to mitigate their impact during the 
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design process. Furthermore, understanding the decision-making process of designers can help in the development of 
new decision support systems centered on human needs. Finally, future research should integrate the cognitive biases 
that affect both designers and users of designed products or systems and pursue the development and testing of 
comprehensive bias mitigation tool methods tailored to each of these roles. Understanding the biases that can influence 
operators, for example, could enable designers to leverage this knowledge and guide users toward safe behaviors.      
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Confirmation bias Have you prioritized information that confirms your existing beliefs or hypotheses, potentially overlooking 
contradictory evidence in your design decisions? 

Illusory correlation 
effect 

Have you attributed cause-effect relationships between your design choices/solutions and expected outcomes without 
substantial evidence to support them? (e.g., assuming that increasing machine speed will result in overall cost reduction) 

Zero-risk bias Have you favored choices/solutions that completely eliminate a specific risk? 

IKEA effect Have you favored choices/solutions that required significant work or effort from you? 

Escalation of 
commitment / Sunk cost 

Have you persisted with choices/solutions that required a significant financial or material investment, despite the 
presence of better alternatives? 

Hindsight bias Do you think that the failures or shortcomings of the decisions/solutions analyzed should have been easily foreseeable 
from the beginning? 

 
To do so, the designer must identify the questions associated with the potential biases identified in the previous 

step and respond to them using one of the three response options: “Y  ”, “N ”,    “N       ” (see Table 4). 

Table 4. Application of the Cognitive Biases/Questions Table. Responding "Yes" suggests susceptibility to the bias, "No" 
implies a lower likelihood of susceptibility, and "Not sure" is treated as "Yes" for enhanced method. 

Bias to be identified Question YES NO NOT SURE 

Recall biases Are the choices/solutions you've made related to recent memories?  X  

Availability bias Have you privileged your memories/experiences?  X  

Framing effect Have you favored choices/solutions where both the advantages and 
disadvantages have not been clearly presented? 

  X 

Mere-exposure effect Are the choices/solutions familiar to you, either through personal exposure 
or by being aware that others have also worked with them? 

X   

Attraction effect Have you favored options/solutions that appear less disadvantageous in 
contrast (even if not highly advantageous)? 

 X  

 
In this case, the designer should consider that they might have been influenced by the Mere-exposure effect and 

the Framing effect. Even if they responded "Not sure" to the Framing effect question, it is advisable to assume a 
potential susceptibility to it for greater confidence in the methodology. 

4.1.4. Step 6: Propose recommendations to the designer to reduce or eliminate the effects of identified biases on 
their activity & Step 7: Conduct a review and self-evaluation of the work performed. 

These steps correspond to an expansion of the designer's understanding of the identified biases, a self-evaluation 
of their design work, and the application of more specific methods to mitigate and correct the effects of the identified 
biases. However, these strategies are not directly proposed or discussed in this approach. 

5. Conclusion and perspectives 

During the design process, designers may encounter various biases that can distort their perception, memory, and 
reasoning, leading to biased conclusions and weak solution proposals. These biases can manifest across all cognitive 
activities in design and may stem from design-specific sources. This article raises awareness among designers about 
the existence of these phenomena and their potential consequences in problem formulation, concept generation, and 
concept evaluation. Besides, a practical bias mitigation methodology has been proposed, encouraging designers to 
engage in reflection and self-evaluation throughout the design process. This methodology can be enhanced by 
integrating existing tools, such as decision matrices, with new methods developed specifically to address each bias. 
The relevance and efficacy of such a methodology will still need to be evaluated and tested for validation.  

 
Future work should investigate how to incorporate metacognition into designers' education, enabling them to better 

understand their own reasoning process and vulnerabilities. By developing metacognitive skills, designers may 
become more aware of the existence of cognitive biases and be better equipped to mitigate their impact during the 
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design process. Furthermore, understanding the decision-making process of designers can help in the development of 
new decision support systems centered on human needs. Finally, future research should integrate the cognitive biases 
that affect both designers and users of designed products or systems and pursue the development and testing of 
comprehensive bias mitigation tool methods tailored to each of these roles. Understanding the biases that can influence 
operators, for example, could enable designers to leverage this knowledge and guide users toward safe behaviors.      
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