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ABSTRACT 

In the last two decades, psychological safety in teams has grown in importance, and 

even more so in the last ten years thanks to Google’s “Project Aristotle.” Specifically, 

psychological safety is a team construct that describes to what extent the team is safe for 

interpersonal risk-taking. Psychological safety has been shown to be a consistent, 

generalizable, and multilevel predictor of outcomes in performance and learning across 

various fields. While prior work outside of engineering suggests that psychological safety 

can impact the creative process, particularly in the generation of ideas and in the 

discussions surrounding idea development, there has been limited investigations of 

psychological safety in the engineering domain. Without this knowledge, we do not know 

when in the engineering design process fostering psychological safety in a team 

environment is most important. Furthermore, there is lack of understanding as to what 

factors within an engineering design team may contribute to lower psychological safety 

such as surface-level diversity (i.e., gender). Thus, educators in engineering should be 

concerned about how psychological safety may have an impact on design outputs, as well 

as how it may be influenced by other traits, such as cognitive style, or an individual’s 

preferred way of coming up with ideas to solve problems (i.e., producing more 

incrementally or radically different solutions). Additionally, it is important to consider 

team composition from the perspectives of gender, as some groups may be more at risk for 

facing adversity that impairs their ability to thrive within their teams. Without an 

understanding of the role of psychological safety and how it may impact team performance 

and team dynamics, engineering educators will not be able to devise or assess interventions 

geared towards the development of psychological safety in teams. 

The objective of this dissertation was to identify the impact of psychological safety 

in engineering design student teams and the factors underlying its establishment. 

Specifically, this dissertation addressed the following goals: (1) understand how 

psychological safety impacts the fluency and goodness of design ideas generated, and the 

underlying role of idea ownership; (2) understand how variations in individual and team 

deep-level diversity (cognitive style) impact the paradigm-relatedness of ideas from 
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concept generation, prototypes, and the final designs are related, and (3) determine how 

gender impacts the establishment, building, and maintenance of psychologically safe 

environments during a multi-week engineering design team project. The results from this 

research contributes to an understanding of psychological safety in engineering design 

teams and how to foster it to promote better team performance. The knowledge gained 

from this dissertation also provides the groundwork for developing future specialized 

intervention methods to address team issues and to foster psychological safety. 
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CHAPTER 1	

1 INTRODUCTION 

 

What makes a team most effective? This elusive question is of utmost importance 

to organizations around the globe [1, 2] due to the widespread belief that teams are more 

effective at generating solutions to complex problems than individuals alone. Particularly 

in engineering and engineering design, or the methodological approach used to solve 

problems that satisfy human needs [3], organizations around the world have integrated 

teaming as a key aspect of their core business strategy [2, 4]. However, it is unclear as to 

what characteristics of a team make them most effective. To answer this question, Google’s 

People Operations division spent time trying to uncover what it was about teams in their 

organization that led some to succeed and others to falter [5]. In a project code-named 

“Project Aristotle” the company explored whether the best teams were made up of people 

with similar interests or personality attributes, or if team success was more dependent on 

how often team members socialized or how intelligent the team members were. What they 

found surprised them; it turned out the who part of the equation did not matter. High 

performance was not dependent on bringing together the most intelligent people. Some 

“good” teams had “smart” people who figured out how to break up the work evenly, while 

other “good” teams had “average” people who came up with ways to use each other’s 

strengths to their advantage [6]. Instead, Google’s data indicated that psychological safety, 

more than anything else, was critical to making the team work. 

Psychological safety is defined as “the shared belief that the team is safe for 

interpersonal risk taking” ([7] p. 123), and is a seven-question, seven-point survey centered 

around aspects such as feeling safe to take risks and make mistakes without criticism and 

feeling valued as a team member [7] (shown in Appendix B). Meta-analytic research has 
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found it to be a consistent, generalizable, and multilevel predictor of outcomes in 

performance and team learning across fields such as management, organizational behavior, 

social psychology, and healthcare management [8]. In addition, meta-analytic evidence has 

also identified a relationship between psychological safety, learning, and performance, 

showing that this relationship has the greatest impact on tasks which are complex, 

knowledge-intensive, and involve creativity and sense-making [9]. These are the very 

descriptors that characterize the engineering design process [10, 11] which can be broken 

down into three general phases: generation, evaluation (e.g., concept screening and 

selection), and communication [12-14]. Particularly, the early conceptual stages (i.e., 

problem formation, concept generation, and concept selection) involve aspects such as risk-

taking in teams when sharing ideas during the generation process, and selecting ideas 

during the selection process [15]. This stems from how concept generation has been taught 

as encouraging teams to develop creative ideas that are novel and useful [16],  but there is 

no guarantee that students within teams will feel safe to do so. Beyond the early conceptual 

stages, the prototyping stage that follows concept screening and selection practices can also 

be impacted by how safe team members feel to take a risk, where students tend to perceive 

more unique ideas as riskier if the fidelity is lower [17]. This could cause teams to overlook 

potentially successful ideas if they do not feel safe for risk-taking [7, 8]. This leads into the 

final stage, where teams compile their work over the course of a project. This stage can be 

affected by poor communication, which can promote interpersonal tension and irritation 

[8], and lack of time management [10].  These aspects in the engineering design process 

are critical aspects of psychological safety as defined by Edmondson [7], motivating the 

need for research on engineering design under a psychological safety lens.  

While psychological safety shows promise as an important aspect of teams to 

capitalize on in engineering design, little is known about the factors that impact teams’ 

development of psychological safety in this context.  For example, conflict in teams can 

occur at any one of the stages, and where conflict and argumentation may be beneficial for 

overall performance as team members challenge each other to come up with better 

solutions [18, 19], leading to a more effective output than had they worked individually. 

However, prior studies show that high psychological safety is key to using conflict 
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effectively to speak out against potential issues [7, 20, 21], positing that low psychological 

safety could prevent teams from leveraging the benefits of conflict. However, the 

connection between psychological safety and interactions such as conflict in engineering 

design remain unclear, as current work lacks of emphasis on psychological safety in 

engineering design using Edmondson’s inventory. The most common “assessment” of 

psychological safety in engineering design comes from the Comprehensive Assessment of 

Team Member Effectiveness (CATME), used widely in engineering education to create 

teams and assess team performance [22]. However, it only contains themes of 

psychological safety [23, 24] and has only speculated about the role of psychological safety 

in undergraduate engineering team student projects [25-27]. Thus, there is a need to 

thoroughly investigate psychological safety throughout the design stages. 

In addition, to establish psychological safety, previous research has shown that 

trust, while different from psychological safety (see Figure 1.1), is a critical component 

[28]. Without a certain level of trust, low psychological safety can impair the ability to 

communicate ideas and knowledge as shown in healthcare teams [29] and meta-analytic 

research with industrial organizations [8]. Additionally, low psychological safety has been 

shown to impair risk-taking in teams through feeling apprehensive in offering creative 

solutions [7, 21, 30]. However, team leaders can set the tone to create a psychologically 

safe environment through building trust with team members [8, 9]. These aspects are 

important as they help to establish a theory of how psychological safety may impact 

engineering design via performance outputs. Specifically, the freedom to express creative 

ideas has been linked to idea fluency, or the number of ideas a team develops [31, 32], 

which could be impacted by psychological safety during concept generation. This is 

important, as a greater number of ideas could allow teams to explore a wider solution space 

in terms of originality [33, 34], as well as explore a diverse pool of ideas [35] to select and 

test later. Additionally, the perceived idea goodness, or quality/effectiveness of an idea 

[36] could be impacted by psychological safety during concept screening due to the 

metric’s reliance on team members’ perceptions of an idea. However, these metrics have 

yet to be explored under a psychological safety lens in engineering design.  



 

 4 

 
Figure 1.1 Infographic on the differences between psychological safety and trust 

(adapted from Science For Work [37]) 

In addition to exploring the role of psychological safety on design outputs, it is also 

important to understand characteristics of the team that may impact this relationship. For 

example, while prior research has linked psychological safety to creativity by showing that 

it can help enable individuals to propose unique ideas and promote them to give 

constructive feedback to teammates [20, 30]; creative outputs can be driven by an 

individual’s cognitive style, or the stable, characteristic cognitive preference that describes 

how people seek or respond to change [38]. Cognitive style differs from cognitive level, 

which defines an individual’s capacity for engaging in problem-solving and creative 

behavior [39]. To measure cognitive style, the Kirton Adaptive-Innovation (A-I) theory 

was developed to quantify the construct [39, 40]. In addition, creative outputs do not simply 

depend on being creative or not, but rather ideas can be considered on a continuum from 

incremental to radical, also known as the paradigm-relatedness of an idea [41, 42]. While 

prior research in engineering design [43] has used the consensual assessment technique 
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(CAT) to investigate to what extent an idea is creative [44], investigation of the paradigm-

relatedness of design outputs can be used to understand to what extent ideas fall on a 

continuum [42]. Additionally, psychological safety can play a role in whether team 

members feel safe to act in their typical cognitive style, as individuals in a team may deviate 

from acting within their typical cognitive style if they feel compelled to adjust to the 

“norms” of the group [39]. As such, it is important to investigate the relationship between 

paradigm-relatedness of design outputs from stages such as concept generation, 

prototyping, and the final deliverables; the second goal of this dissertation. 

Beyond the potential impact of cognitive style on design outputs, it is also important 

to consider whether these diversity characteristics and others may impact the manifestation 

of psychological safety. Specifically, while not under a psychological safety lens, team 

composition from the perspective of surface-level diversity such as gender and ethnic 

background has been shown to have differential effects on team performance and 

relationship conflict in student teams in business [45]. Additionally, prior research in the 

production facility context has investigated the impact of racial background on 

psychological safety, showing that it has a greater impact diversity climate (e.g., 

perceptions of whether an organization values and integrates diversity [46]) and extra-role 

behaviors (e.g., behaviors that go above role expectations and promote the organization to 

function more efficiently [47]) in minority groups [48]. Other studies have also investigated 

the relationship between gender, showing that gender diversity has a positive impact on 

psychological safety in industry settings [49, 50]. Particularly, greater gender diversity has 

been shown to mitigate the negative effects of status conflicts that harm creative outputs 

[50]. However, specifically how team composition in terms of gender impacts performance 

outputs, and more importantly how psychological safety is impacted by such composition 

in the engineering design context remains not understood well. This calls for an 

investigation of the impacts of such team composition on psychological safety at each stage 

of the design process. This would allow us to come up with intervention methods to 

understand how to promote psychological safety in teams of various compositions at 

various stages of the design process. This is the final goal of this dissertation. The overall 

relationship of the inputs and outputs utilized in this dissertation is shown in Figure 1.2. 
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Figure 1.2 General overview of the inputs and outputs of psychological safety 

1.1 Dissertation Goals 

In light of this prior work, the current dissertation was developed to explore the 

impacts of psychological safety on engineering design student teams’ design outputs, 

and the factors underlying its establishment. Specifically, the goals of this dissertation 

were to: 1) identify the relationship between team psychological safety and engineering 

design outputs during concept generation and concept screening in the forms of idea 

fluency, idea goodness, and ownership bias, 2) understand how variations in individual and 

team deep-level diversity (cognitive style) impact the paradigm-relatedness of concepts 

that are generated, selected, and prototyped, and 3) determine how gender impacts the 

establishment, building, and maintenance of psychologically safe environments during a 

multi-week engineering design team project. The remainder of this chapter provides a 

detailed review of prior work on psychological safety in various contexts, how 

psychological safety may impact design outputs, its potential impact on cognitive style and 

cognitive gap, and its impact on team composition from the perspective of gender. The 

three manuscripts that constitute this dissertation are summarized and the main 

contributions of this work can be found in Appendix C. 
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1.2 Potential Impact of Psychological Safety Across Various Stages 
in Engineering Design 

In its simplest form, the engineering design process consists of three phases: 

generation of concepts, evaluation of concepts (e.g., concept screening, selection, and the 

prototyping stages), and team communication [12-14]. In this dissertation, these phases are 

broken up into five main time points to represent the engineering design process. 

Specifically, these are: Team Formation, Concept Generation, Concept Screening and 

Selection, Prototyping, and Final Deliverables. How psychological safety may impact each 

stage and its outputs are discussed in the remainder of this section. 

At the team formation stage, all teams meet for the first time and team cultures are 

established. This early engagement is critical to the establishment of psychological safety 

in a team, but teams research has shown that teams often vary in terms of formation, 

leadership, culture, norms, accountability and infrastructure [51-54]. Additionally, 

developing trust is a critical component of psychological safety [28, 55]. While not many 

critical outputs can be extracted from this stage, it can set the tone for each team for the 

remainder of the project. 

From team formation, concept generation has been taught as encouraging teams to 

develop creative ideas that are novel and useful [16]. For example, research in healthcare 

teams showed that individuals in teams with low psychological safety tended to avoid 

sharing novel ideas in teams [29], which alludes to a relationship between psychological 

safety and the outputs at concept generation. Establishing whether or not a relationship 

exists is important because researchers have linked freedom to express creative ideas to the 

number of ideas, or the fluency of ideas, a team develops [31, 32]. This in turn would give 

teams a more diverse range of ideas to choose from as a potential solution to their design 

prompts. Specifically, higher psychological safety has been shown to stimulate the 

production of new products and services through allowing individuals to feel 

interpersonally safe to share their ideas [56]. Additionally, speaking up and embracing 

mistakes has been shown to encourage people to suggest unique ideas through decreasing 

fears of interpersonal risk-taking and increasing creativity and innovation in teams [20, 21, 
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30]. This also emphasizes the potential role that psychological safety plays during concept 

generation. 

While feeling interpersonally safe to generate novel ideas may help overcome the 

fear of risk-taking [7, 21, 30], it does not necessarily guarantee that team members can 

overcome barriers to brainstorming in groups [57]. Some of these barriers are known as 

“production blocking,” where only one person at a time can speak, causing others to miss 

their chance to share a potentially good idea [57]. This is echoed in prior findings where 

nominal groups (individuals working by themselves) tended to generate more ideas and 

more original ideas than their interactive group counterparts [58, 59]. Conversely, “social 

loafing” may occur in groups when individuals do not feel as accountable in the group for 

evaluation purposes (such as a project grade) in comparison to an individual evaluation 

[60]. Therefore, these types of group brainstorming issues can hinder performance if they 

happen to override high team psychological safety. Another aspect to consider at the 

concept generation stage is that while some literature supports the benefits of generating 

many ideas in terms of originality [33, 34] and allowing teams to explore a diverse pool of 

ideas [35], other literature has found that larger quantities of ideas do not necessarily mean 

that those ideas will be high quality and sometimes the opposite [61, 62], which should be 

considered when making any claims about psychological safety and ideation. 

Proceeding from concept generation, concept screening is taught as rating ideas in 

a go/no-go fashion to expedite the process and avoid wasting time on potentially 

unsuccessful ideas [63]. Openness to feedback can benefit teams when psychological 

safety is high, as well as feeling safe for risk-taking when selecting creative ideas [8]. 

Particularly, higher psychological safety is correlated with a higher level of agreeableness 

amongst team members [64], which may impact the types of ideas team members screen 

out during the design process. For example, low levels of psychological safety may impact 

individuals to be biased towards selecting their own ideas, an effect known as ownership 

bias [65, 66]. This could impact concept screening due to the relationship between 

psychological safety, trust, and openness of communication [55], especially when it comes 

to errors and concerns [28]. Particularly, ownership bias can deteriorate the sense of 

importance in collaboration [67], which goes against the requirements for high 
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psychological safety [7]. Conversely, the halo effect has been expressed by team members 

in an engineering design context, where they select their team members’ ideas over their 

own during concept screening to express the “goodness” of an idea [36], as based on a 

notion of overall quality from [68]. This is because the idea rater perceives that other 

members produce higher quality designs in comparison to their own designs for the design 

task [36]. While prior work has demonstrated the effects of ownership bias [69], recent 

work on an engineering sample identified that ownership bias may only be present when 

taking into account the “goodness” of the idea [70]. Thus, the relationship between 

psychological safety and ownership may be mediated by such quality measurements.  

Additionally, because “goodness” of an idea is judged by other team members, 

judgements of idea “goodness” may be affected by psychological safety. This is because 

prior work has shown that risk aversion can occur when team psychological safety is low 

[7], and there is a link between team member risk aversion and creative concept generation 

and selection [15]. The relationship between risk aversion and creativity has been attributed 

to the fact that creative concepts are considered a high-risk undertaking [70, 71]. 

Understanding the role of psychological safety during the concept selection process is 

important because the “availability of creative ideas is a necessary but insufficient 

condition for innovation” ([59] p. 48) because creative ideas must not only be generated 

for innovation to occur, but must also be selected throughout the engineering design 

process. 

Upon screening ideas, selection processes serve as a means to further whittle down 

the number of options to choose from through picking a select few ideas to rate in further 

detail. For example, some techniques may rely on neural networks [72], whereas others 

rely on traditional decision matrices or evaluations of creativity [73]. However, all 

techniques have the same underlying goal of bringing teams closer to selecting the most 

potentially successful design. When teams navigate the selection process together, the 

types of ideas that survive can be subject to various team traits. For example, prior work 

has found that teams with higher levels of conscientious, agreeableness, and tolerance for 

ambiguity have a greater tendency to select novel concepts [74]. However, how team 

interactions through the lens of psychological safety could have an even greater effect on 
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what kinds of design outputs survive, as psychological safety plays a role as an antecedent 

to communication and consequently, decision-making [8]. After the concept screening and 

selection processes, students engage in prototyping, where they try to convey their design 

[75-78] and detect potential design issues [79]. Prototyping shares some similarities with 

concept screening and selection processes as well, where prior research shows that 

engineering design students tend to perceive more unique ideas as riskier if the fidelity is 

lower [17]. This could cause teams to overlook potentially successful ideas if they do not 

feel safe for risk-taking [7, 8]. Such notions highlight the importance of investigating how 

psychological safety could influence how teams carry out these design processes. 

Finally, teams compile their work over from the project at the final deliverables 

stage to the class while demonstrating what they have learned. This stage can be affected 

by poor communication, which can promote interpersonal tension and irritation [8], and 

lack of time management [10]. In the case of low psychological safety, such issues can 

fester if team members do not feel safe to question the status quo [7]. Thus, lack of ability 

to coordinate and come together could be plagued by low psychological safety, 

emphasizing its importance until the end of a project in ensuring that teams are able to 

submit all of their deliverables.  

As stated before, where psychological safety may not necessarily guarantee 

positive interactions in groups, higher psychological safety could also elicit some unwanted 

effects. For example, prior research has found that unethical outcomes in the form of 

cheating to benefit the whole team are moderated by higher psychological safety [80]. 

Specifically, such teams have been shown to favor utilitarianism, where some team 

members spend less time on a task to save time or effort, especially if they are experiencing 

demands from other classes and want to maintain high grades [80]. Furthermore, feeling 

comfortable through having higher psychological safety could cause team members to 

participate in social loafing and “slack off,” decreasing average motivation within a team 

[81]. This form of social loafing could also promote lower fluency, as well as less creativity 

in teams’ outputs [81]. In terms of creative outputs, how psychological safety applies to 

these and other factors at stake are discussed in the next section. 
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1.3 Potential Impact of Psychological Safety and Cognitive Style on 
Creative Design Outputs 

While team design outputs at each stage of the engineering design process may be 

subject to varying levels of psychological safety, other factors that commence at the 

individual level are important to consider as well. Specifically, to predict the style of 

outputs with more precision, individuals’ cognitive problem-solving processes are 

important to consider when team members collaborate. Interestingly, research on this topic 

started to grow nearly 50 years ago when Kirton’s Adaption-Innovation (A-I) theory was 

validated, pointing to cognitive style as a factor that can influence the types of ideas and 

solutions a person generates through that individual’s innate cognitive preference for 

structure [40]. Here, “A-I theory” refers to the theory itself and not the metric that is derived 

from it. Using A-I theory, an individual’s cognitive style falls somewhere within the range 

of highly adaptive (i.e., strongest preference for structure) to highly innovative (i.e., 

weakest preference for structure) [39]. In practice, more innovative individuals are less 

structured thinkers who tend to approach tasks from unsuspected angles, challenge problem 

constraints, and are more disruptive risk-takers [39, 82]. In contrast, more adaptive 

individuals are more structured thinkers who refine current systems, focus on precision, 

reliability, and efficiency, and engage in prudent risk-taking [39, 82]. How this theory grew 

into a metric that defines cognitive style is discussed in the next section. 

1.3.1 Cognitive Style Based on Kirton’s Adaptive-Innovative Theory 

Cognitive style from the perspective of categorizing individuals as somewhere from 

adaptive to innovative provides a way to understand how team members of varying 

characteristics may interact. Since its inception, the influence of Kirton’s A-I theory grew 

from a 32-item inventory (i.e., KAI) that could characterize an individual’s preferences for 

problem-solving [40] to its use in predicting constructs such as online discussion behaviors 

[83] and creative outputs [84], to name a few. Kirton’s A-I theory and the KAI inventory 

are both built on the key assumption that there are people who prefer “to do things better” 
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(Adaption) and those who prefer “to do things differently” (Innovation), and are both 

creative (p. 622) [40]. Varying amounts of adaption and innovation can be beneficial, 

depending on the problem-solving scenario. In this context, Adaption and Innovation exist 

on opposite sides of continuous spectrum of cognitive style, which is defined as the stable, 

characteristic cognitive preference that describes how people seek or respond to change 

[38]. Cognitive style differs from cognitive level, which defines an individual’s capacity 

for engaging in problem-solving and creative behavior [39]. When generating solutions to 

problems, it is noted that innovators tend filter their ideas less, stretch the problem space 

boundaries, and rely less on group cohesion, whereas adaptors tend to screen their ideas 

more carefully, explore thoroughly inside the problem space boundaries, and promote 

group cohesion [85].  

In terms of precise measurement, an individual’s KAI score falls somewhere within 

the range of 32 (highly adaptive) to 160 (highly innovative) [39]. This total score is further 

broken down into three inter-related sub-scores that correspond to three sub-factors of 

cognitive style, namely: Sufficiency of Originality (SO), Efficiency (E), and Rule/Group 

Conformity (R/G) [40]. Specifically, adaptive individuals tend to offer highly detailed 

ideas that improve upon existing solutions and adhere to the problem definition, whereas 

innovative individuals tend to offer ideas that challenge the problem statement and solve 

problems more loosely with less details [38, 39, 86]. Any one of these three sub-factors 

could impact concept generation; prior research shows that individuals with higher SO and 

R/G sub-scores tended to perceive their ideas as less diverse when working in a team versus 

working alone, whereas those with more adaptive SO and R/G sub-scores perceived their 

ideas as more diverse when working with someone else [85].  

1.3.2 Cognitive Gaps in Teams 

When individuals of different KAI scores are placed in a team, diversity between 

individuals’ cognitive styles and/or levels increases and the cognitive gaps grow [87]. Here, 

it is important to make the distinction between cognitive style and cognitive level. 
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Cognitive style is an individual’s stable, characteristic cognitive preference for managing 

structure in problem-solving, while cognitive level describes an individual’s cognitive 

capacity to solve problems and demonstrate creativity. Cognitive level is assessed through 

measures of both potential capacity (e.g., intelligence and talent) and manifest capacity 

(e.g., knowledge and skills) [39]. The just-noticeable difference between individuals’ 

cognitive styles occurs at 10 points on the KAI scale [88, 89]; gaps of 20 points or more 

can cause conflict in the form of poor communication, blaming one another, and 

misinterpreting differences in cognitive style as incompetence, for example [87].  

Particularly at the team level, this is important because the path to creative results 

becomes less clear, as there is much debate over how to promote team creativity [35, 90] 

due to the complex dynamics of teams [91-93]. Specifically, when team members’ 

cognitive styles are diverse, cognitive gaps are created. A team can leverage this style 

diversity by approaching problems using different perspectives, or they can succumb to 

conflicts that disrupt the team’s efforts [39]. Cognitive gaps can be measured in different 

ways, including the standard deviation of a team’s KAI score distribution [94] (referred to 

as cognitive style diversity [95]). Cognitive style can also be measured at the team level 

through average measures (e.g., a team’s average KAI score). Team research shows that 

computing the average of team members’ scores (referred to as cognitive style elevation 

[95]) can be viewed as a collective value that represents the team as a whole [4, 96], as 

additive aggregation models assume that all team members’ scores should be equally 

represented (e.g., [97]). This gives motivation for examining KAI scores in such a way for 

a team-level analysis. 

Although failing to address such negative interactions could diminish performance, 

as teams spend more time trying to figure out how to deal with one another, rather than 

coming up with solutions to the problem itself [39, 98], coping behavior can mitigate these 

effects [89, 99]. Specifically, coping behavior is a mechanism used by individuals to deal 

with the negative impacts of cognitive gap by adjusting one’s behavior to solve problems 

in a way that is not consistent with their preferred style [39]. Such effects of coping 

behavior on actual problem-solving behavior have been expressed in prior literature, where 

the context (such as class or team) can impact how individuals manipulate their coping 



 

 14 

behavior [39, 85, 87]. Such behaviors could be further compounded by the task itself, as 

prior research shows that how a task is proposed can influence the kinds of design solutions 

that students generate [100, 101]. Additionally, other forms of team communication can 

also impact how individuals project their behavior, as some individuals may have a greater 

impact on team outcomes through being dominating or charismatic, or may not say much 

at all and conform to group norms [102]. To investigate some of these team dynamics, for 

example, psychological safety in the manufacturing context was shown to contribute to the 

ability to engage in divergent thinking, creativity, and risk-taking [103], alluding to 

association between divergent thinking and cognitive style. Some studies have even 

pointed to a connection between trust and the sharing of creative ideas [104], which alludes 

to a connection to psychological safety, as it is mediated by trust [28, 55]. Such factors are 

discussed further in the next section. 

1.3.3 The Role of Psychological Safety in Managing Team Difficulties  

While coping behavior can help individuals of differing cognitive styles modify 

their own problem-solving behavior to cooperate better within their teams, there are more 

effective ways to combat team difficulties due to cognitive gap. To mitigate the effects of 

such interpersonal difficulties beyond coping behavior, psychological safety could serve 

as a factor that influences how teams resolve or ignore these challenges. For example, 

throughout the engineering design process, conflict can emerge as resistance to externally 

imposed task commands and interpersonal conflict within the team atmosphere [12]. Prior 

work showed that conflict, such the kind that brings upon argumentation, can be beneficial 

for boosting problem-solving performance [18, 19]. However, conflict is beneficial only if 

team psychological safety is high, allowing team members to speak out against potential 

issues in a diplomatic manner and overcome fears of being criticized [7, 20, 21]. Such 

outcomes of high psychological safety have been shown in both hierarchies of hospital 

workers [20] and teams learning how to use new medical equipment [105]. Importantly, 

applications outside of engineering design have shown a connection between psychological 
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safety and employees’ feelings of vitality and involvement in creative work [106]. As a 

result, psychological safety could play a role in creative design practices during the concept 

generation, selection, and prototyping stages in engineering design process. 

1.4 Team Gender Composition in Engineering Design 

Through an examination of deep-level diversity such as cognitive style, we can 

begin to understand how individual factors may impact team-level phenomenon such as 

psychological safety, and consequently team design outputs. However, this diversity alone 

may not be enough to understand the intricacies of psychological safety and team output 

performance. After establishing relationships between psychological safety and various 

performance outputs in engineering design, it is important to consider team composition as 

an input to psychological safety to improve psychological safety. While prior work in 

engineering design looks at team composition from the perspectives of characteristics and 

cognitive modes [107], and preferences based on personality type [108], for example, it is 

important to establish a baseline for studying the effects of surface-level diversity on 

psychological safety. Specifically, surface-level diversity such as gender and ethnic 

background has been shown to have differential effects on team performance and 

relationship conflict in student teams in business [45]. On the other hand, research on 

psychological safety in the team composition of engineering design teams did not consider 

individual interactions [109], making it difficult to understand how people of varying 

genders interact with one another. This brings to question the importance of role of team 

gender composition in psychological safety. 

In the context of gender, some studies that focused on engineering teams have 

found that male dominant teams to tend to engage in more clarifying and standard-setting 

during team interactions [110], but how this impacts psychological safety lacks emphasis 

in the engineering design literature. Even more problematic, one study in engineering 

design indicated an increase in female team members led to lower design performance, but 

such findings are inconclusive and subjective due to the study’s limited understanding for 
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constructing a scale for gender orientation (e.g., the perception of how feminine or 

masculine something is on a seven-point Likert scale) of a task [111]. In addition to limited 

findings on gender and design performance, one study observed how gender negatively 

impacted teams’ idea generation practices [112]. Specifically, when gender faultlines are 

activated with a more feminine or masculine design prompt in mixed-gender teams, design 

outputs such as idea fluency and overall creativity tended to be lower. Interestingly, 

qualitative work showed that females pursued engineering as a career to overcome biased 

designs in society that were more suitable for a male to operate instead of a female [113]. 

However, many female engineers still face adversity, especially in a workplace setting 

where they are judged negatively for their gender at first instead of being respected and 

listened to by males in the first place [114]. Additionally, females in majority-female 

groups report feeling less anxious than when on minority teams [115], alluding to the 

notion that females can give other females strength in male-dominated fields such as 

engineering.  

Although these studies leave out psychological safety as a component of what helps 

or hinders performance in these individuals, such findings point to a discrepancy in how 

underrepresentation of certain genders in general can lead to frustrations among these 

groups.  Although outside of engineering design, controlling for gender diversity was not 

found to significantly impact the positive relationship between psychological safety and 

collective leadership that builds over time, including the beginning of a project [116]. At 

the individual level, similar findings showed lack of a relationship between individual 

perceptions of the team’s psychological safety and gender at the beginning of data 

collection [117, 118]. However, how long these team members were working with each 

other prior to the study, or which team they were in was not explicitly stated. Similarly, 

investigations in the engineering design context remain limited, as prior work showed only 

a static view of the impacts of gender [109]. Lack of clarity in how gender can influence 

psychological safety is problematic, as these studies fail to describe the trajectory of 

psychological safety over time from the individual (dichotomous ratings) and team levels 

(team gender composition). Particularly in engineering design, to overcome gender-related 

issues such as the reluctance to contribute, it is important to identify clearly as to how 



 

 17 

psychological safety may play a role promoting team members to help individuals and 

teams share a similar sense of leadership and belonging from the start. 

Despite such limited findings in engineering design and related areas, studies on 

small and medium-sized enterprises showed that there was a significant positive indirect 

effect of gender diversity on ambidextrous strategic orientation (a form of team 

performance necessary for sustainable firm performance [119]) mediated by psychological 

safety [49]. On the other hand, research in R&D teams has shown gender diversity, as 

defined by Blau’s Index for heterogeneity, which ranges from 0 (least diverse) to 0.5 (equal 

diversity) [120], points to gender diversity as a “double-edged sword” for promoting 

innovation [121]. Specifically, moderate levels of gender diversity were more likely to 

share a more positive relationship with innovation, whereas such a relationship with lower 

or higher gender diversity tended to be less optimal [121]. However, the team dynamics, 

such as those due to psychological safety, that may have led to such results remain limited 

in terms of elaboration. Another study also investigated how different factors impact team 

schema agreement, but gender was not significantly related to this outcome [122], implying 

that team members do not necessarily share the same schema even if their team 

composition is predominantly one gender. Beyond shared cognition, prior research has 

revealed various differences in group communication and leadership emergence between 

same- and different genders [123] and the kinds of questions that are asked by different 

genders [124], which can impact team interactions. In terms of knowledge sharing; an 

output of psychological safety [7, 8], prior work has also shown that females tend to require 

a more positive social interaction culture than males before they feel safe to engage in 

knowledge sharing [125]. Finally, research on various company workers recruited via 

MTurk has shown that the negative effects of status conflict on psychological safety (as 

based on a scale by [126]) can be mitigated by gender diversity, as well team leaders’ 

perspectives of team creativity [50]. However, it is unclear if the MTurk workers taking 

the survey were all part of the same team, or rather gave individual perceptions of 

psychological safety. Additionally, the same study found that there was an indirect 

relationship between status conflict and team creativity via team psychological safety in 

business team, but perceptions of team creativity were only taken from the team leaders 
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[50]. This calls for a more thorough investigation of understanding how gender influences 

the psychological safety that can influence to engineering design team performance in 

education.  

While there is a lack of understanding of how gender can influence engineering 

design teams’ psychological safety in education, prior work has identified some other 

factors that may further contribute to individual perceptions of psychological safety. 

Specifically, qualitative evidence has shown that being both female and multi-minority can 

complicate how welcome such individuals feel in engineering, especially when interacting 

with other non-minority individuals [127, 128]. Interestingly, both White and minority 

women have indicated experience with microaggressions from non-minority individuals in 

engineering education, where the effects were especially elevated for minority women 

[129]. While racial background is not a specific focus of this dissertation due to the 

difficulty in obtaining the same size, these findings can help to understand other factors 

that may further compound effects felt by minority gender members. As a whole, 

understanding the connection between team composition and psychological safety can help 

establish a means of promoting increases in psychological safety with the goal of 

improving engineering outputs.  

1.5 Design Solution Rating Techniques 

While team composition from the perspective of gender may have an impact on 

psychological safety in engineering design teams, it is also important to consider deep-

level diversity and its potential connections to design outputs. Specifically, to identify 

whether deep-level diversity in the form of underlying individual and team cognitive 

characteristics, such as cognitive style, impacts the creation of paradigm-shifting ideas, 

how to measure paradigm shifting ideas must be identified. While there is a wealth of 

creativity measurements available, here the is focus on two different design rating methods: 

The Consensual Assessment Technique [44, 130] and Paradigm-Relatedness [41, 42]. 
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1.5.1 Consensual Assessment Technique 

One of the most widely used, albeit imperfect, methods for measuring design 

creativity is the Consensual Assessment Technique (CAT) [44, 130]. The underlying 

premise behind the CAT is that something is creative to the extent to which experts in the 

field agree, independently, that it is creative [44]. Additionally, to ensure high interrater 

reliability, it is standard practice to complete a practice set of ratings, and then the raters 

work independently to rate their assigned ideas separately. While the CAT is supported by 

over 30 years of research and is used extensively in the social science community [131], it 

also requires that raters be experts or quasi-experts (novice idea raters) in the domain [44, 

130]. Specifically, quasi-expert raters must be trained by experts [132], which can be 

difficult when evaluating a large number of ideas across various domains. Issues with CAT 

are further complicated when observed from a global assessment of creativity (see [133, 

134]), as a recent study showed lack of significant agreement on global ratings of creativity 

by experts [131]. This issue is further complicated with novice raters, as interrater 

reliability is typically lower [44, 135], and research has shown low correlation between the 

ratings of experts and novices [136]. Another issue that can occur is that the CAT can yield 

a negative relationship with other idea rating techniques for novelty, such as the Shah, 

Vargas-Hernandez, and Smith (SVS) method [131]. This implies that CAT does not 

necessarily yield results similar to other creativity rating schemes. Finally, and perhaps 

most problematically, this technique of rating creativity dismisses some ideas as “not 

creative,” which directly contradicts A-I theory and limits the interpretation and use of KAI 

scores to predict the paradigm-relatedness of solutions. 

1.5.2 Paradigm-Relatedness of Design Outputs 

In the last few years, the engineering community has made significant strides 

towards developing new rating methods that allow us to consider ideas on a continuum 

from incremental to radical [42]. Specifically, foundational research first defined 
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paradigm-relatedness as a measure of an idea’s creative style, “independent of and 

orthogonal to the creativity level” [137] (p. 89). Years later, the paradigm-relatedness 

creativity rating technique was developed within an engineering design context to evaluate 

design ideas [41, 42]. Specifically, a paradigm refers to the “ways of perceiving or acting 

in response to a situation or problem,” (p. 31), whereas relatedness refers to “the extent 

that an idea operates within” (p. 31) or challenges that paradigm [42]. The metric was taken 

further by defining categories of paradigm-relatedness based on the elements, 

relationships, and focus of a design concept [138]. Although it can be more difficult to 

achieve high interrater-reliability when breaking up paradigm-relatedness into components 

such as elements, relationships, constraints, and focus [42], a category-based (which 

involves separating ideas into one of a few broad categories) metric approach is still 

recommended for assessing large sets of ideas, because it is faster to apply and more 

reliable [42]. 

The first category used in this technique, paradigm-consistent, describes a solution 

that resembles an already existing, common design that stays within the problem 

constraints. The second category, paradigm-challenging, either integrates an uncommon 

element or relationship into the solution and begins to stretch the problem boundaries. The 

third and final category, paradigm-breaking, shifts the focus of the problem to a larger 

problem while violating some or all relevant constraints [42]. Examples of these are shown 

in. It is important to note that no one category is better than any other; while some people 

mistakenly associate only radical ideas with higher levels of creativity [139], incremental 

ideas are creative as well [84, 140]. The distinction between these types of ideas is 

important in considering different types of creativity as identifying such differences allows 

us to generate a variety of ideas that more fully explore the problem space [141, 142]. 

Unlike those using the CAT, raters using the paradigm-relatedness technique are primed 

with the problem definition and where it will be used to achieve acceptable levels of 

interrater reliability [41, 42]. Specifically, when using just a category-based approach, this 

can make it easier to rate larger quantities of ideas with higher interrater reliability [42]. 

Although it remains to be investigated for its relationship with KAI scores, the foundation 

of the paradigm-relatedness rating technique was based on concepts derived from A-I 
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theory [41]. Additionally, despite prior team research using KAI and the assessment of 

design solutions, the impact of cognitive style on the paradigm-relatedness of design 

outcomes remains unclear and largely uninvestigated. Understanding this impact is 

important, because the diversity of strategy and approach in generating both incremental 

and radical ideas within a team can help teams explore a wider solution space, and thus 

increase the potential for a successful design [87]. Figure 1.3 shows an example of rated 

concepts for the practice design task from the crowdsourced study [143] that was a 

precursor to the study in Chapter 4, where the concepts correspond to the following design 

task: Design a device that allows people to contact one another. 

  

  

 

 

 

  
Smartphone  

(paradigm-consistent)  
Paper airplane with message inside  

(paradigm-challenging)  
Bird carries pre-recorded message  

(paradigm-breaking)  

Figure 1.3 Example of the paradigm-relatedness rating scheme applied to concepts 
based on the task: Design a device that allows people to contact one another 

1.6 Summary of Areas for Investigation 

Previous research has focused on psychological safety primarily on healthcare, with 

some studies focusing on business contexts in both industry and education. Furthermore, 

the vast majority of studies focused on evaluating psychological safety at a single time 

point. Similarly, the few studies in engineering design education looked at psychological 

safety from a single time point, failing to address how psychological safety can be different 

at any one point in the design process. Furthermore, these studies lack any insight on design 

outputs, demonstrating the need to adopt a longitudinal view of psychological safety and 

whether or not it is actually impactful on performance in an engineering design education 

context and worthwhile to pursue further. Therefore, this dissertation aimed to address 
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these research gaps through demonstrating the relationship between psychological safety 

and engineering design outputs at the concept generation and screening stages. From there, 

how the paradigm-relatedness of individuals’ and teams’ concepts at the concept 

generation, concept selection, and prototyping stages can be predicted under both 

psychological safety and cognitive style were investigated. After establishing these 

relationships, team gender composition was investigated in a longitudinal study to 

understand how this antecedent can influence psychological safety over time, as well as 

through dichotomous perceptions of psychological safety at the end of the project. The 

need to investigate research gaps served as the main objectives of this dissertation and are 

investigated through three manuscripts, which are summarized in the following section. 

1.7 Summary of Dissertation Papers 

The scope of this dissertation is restricted to the role of psychological safety in 

engineering design teams in education. The following subsections serve to provide a brief 

overview of the three journal articles presented in this dissertation. 

Paper I: What is the Relationship Between Psychological Safety and Team 
Productivity and Effectiveness During Concept Development? An 
Exploration in Engineering Design Education 

The first goal of this dissertation was to explore the role of psychological safety in 

concept generation and screening practices in engineering design teams in education. 

Specifically, Paper I in Chapter 2 presents a journal paper published in the Journal of 

Mechanical Design conducted with 69 engineering design teams across 11 sections of a 

first-year engineering design cornerstone course. During the study, engineering design 

students generated and screened concepts, which occurred at two different time points in 

the engineering design process. Normalized idea fluency was calculated using the average 

number of ideas generated per team member during the concept generation stage. From 
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there, idea goodness values (or the perception of the overall quality or effectiveness of an 

idea, developed by Toh and Miller [36]) were obtained from concept screening sheets, 

which were then used to calculate incidences of ownership bias when idea authors selected 

their own ideas with low idea goodness. Results suggest that feeling psychologically safe 

may make team members feel comfortable to not have to produce as many ideas as other 

teams within their team. It was also shown that increased psychological safety shares a 

relationship with a higher average idea goodness of all team members’ ideas, indicating a 

potential relationship between having trust in others’ ideas and increases in psychological 

safety. However, incidences of ownership bias could not be detected via psychological 

safety. These findings provide evidence of psychological safety’s importance in 

engineering design outputs. A summary of input and output variables for this study is 

shown in Figure 1.4. 

 

 
Figure 1.4 Visualization of psychological safety as an input to concept generation 

and screening process outputs in Paper I 

Paper II: An Exploration of the Relationships Between Cognitive Style, 
Psychological Safety, and the Paradigm-Relatedness of Design Solutions in 
Engineering Design Teams in Education 

The second goal of this dissertation was to identify how psychological safety, 

coupled with cognitive style (i.e., an individual’s preferred way of problem-solving [40]) 

played a role in predicting the likelihood of design outputs to be categorized within certain 
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paradigms. Specifically, Paper II in Chapter 3 presents a journal paper submitted to the 

Journal of Mechanical Design conducted with the same 69 engineering design teams across 

11 sections of a first-year engineering design cornerstone course from Paper I. The data 

from this study was collected from students’ design sessions, where 1,450 individual 

concepts from concept generation were collected and rated using the paradigm-relatedness 

metric developed by Silk et al. [41]. From there, 73 additional concepts that were team-

generated and selected by the team to be prototyped were rated as well. Finally, the 69 

concepts of each functional prototype for each team were gathered and rated using the same 

paradigm-relatedness metric. The paradigm-relatedness metric was simplified as three 

categories for rating: (1) paradigm-consistent; where concepts are in line with typical 

expected solutions, (2) paradigm-challenging; where concepts contain some expected and 

not-so-expected elements, and (3) paradigm-breaking; where concepts solve the problem 

using unexpected elements and break constraints.  

After using two quasi-experts to rate all concepts according to this scheme, the first 

multi-level analysis on individual concept generation design outputs showed that 

controlling for design task was a significant predictor of the paradigm-relatedness of 

individuals’ concepts. However, neither individual perceptions of psychological safety nor 

cognitive style were significant predictors for predicting the likelihood of individual 

concepts being categorized as specific paradigm-relatedness categories. Similarly, team-

level analyses showed that neither psychological safety nor cognitive style diversity (i.e., 

the spread of a team’s cognitive style scores), and controlling for cognitive style elevation 

(i.e., the average cognitive style score of a team) were not significant predictors for 

predicting the percentage of selected concepts that fall into each of the three paradigm-

relatedness categories. However, controlling for the availability of concepts via the entire 

percentage of concepts in each of the paradigm-relatedness categories was significant. This 

implied that the availability of certain kinds of concepts based on their paradigm can 

predict how the few concepts that survive are of a certain paradigm. Finally, results from 

prototyping showed that cognitive style diversity could significantly predict the likelihood 

of the paradigm-relatedness of the functional prototype concepts. This meant that as 

cognitive style diversity increased, the more likely a team would be to produce a functional 
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prototype that is either paradigm-challenging or paradigm-breaking when comparing to the 

reference category, paradigm-consistent. Overall, these results show the limited role that 

psychological safety played in predicting the paradigm-relatedness of design outputs, even 

though there were significant findings in Paper I. Thus, this study established future 

directions for investigating other confounding variables. A summary of input and output 

variables for this study is shown in Figure 1.5. 

 

 
Figure 1.5 Visualization of psychological safety as an input to the paradigm-

relatedness of design outputs at various stages in Paper II 

Paper III: The Impact of Gender on Individual Perceptions and Team 
Psychological Safety in Engineering Design Teams 

The final goal of this dissertation was to investigate gender’s role as an input to 

psychological safety, establishing a baseline for investigating other inputs to the 

psychological safety that could impact design outputs. Specifically, Paper III in Chapter 4 

of this dissertation presents a manuscript to be submitted to the Journal of Mechanical 

Design, which focused on dichotomous perceptions of psychological safety from the 

perspective of gender, as well as the impacts of team gender composition on team 

psychological safety. The data was collected from a different set of students from that of 

what was presented in Papers I and II, where 38 engineering design teams made up of 121 

males and 27 females participated in this study across 6 sections of a first-year engineering 

design cornerstone course. After engaging in five time points in the engineering design 
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process in an 8-week project, individuals within their teams were instructed to not only fill 

out the psychological safety survey at each of the time points, but they also rated their 

perceptions of how psychologically safe they were with each member on their team. The 

analysis showed that while accounting for nesting within teams, females felt less 

psychologically safe with males than they did other females within their teams, and females 

felt less psychologically safe with males than males did with females. Furthermore, 

analyses at the team-level showed that while team gender composition from the perspective 

of 19 gender homogeneous (all male) teams did not differ in psychological safety scores in 

comparison to 19 gender heterogeneous teams (mixed gender). However, psychological 

safety was significantly higher at the final deliverables stage in comparison to the first two 

stages, team formation and concept generation. These results emphasize that while team 

analyses were not significant, individual analyses showed alarming results, meaning that 

psychological safety is still an issue for minority gender groups such as females. The results 

from this study lay the groundwork for analyzing other inputs to psychological safety, as 

well as demonstrate the need to analyze the effects of gender in more detail at the team 

level. A summary of input and output variables for this study is shown in Figure 1.6. 

 

 
Figure 1.6 Visualization of gender as an input to psychological safety various stages 

in Paper III 
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1.8 Contributions 

This dissertation develops a theoretical understanding of the role of psychological 

safety in engineering design teams in education. Specifically, the results of this dissertation 

contribute to engineering design studies in the following ways. First, this dissertation 

provides evidence to support psychological safety’s importance in engineering design 

outputs during concept generation and concept screening practices. This dissertation 

identified that psychological safety shared an inverse relationship with idea fluency, 

whereas psychological safety shared a positive relationship with idea goodness. However, 

psychological safety could not be used to detect incidences of ownership bias. Second, this 

dissertation identifies the limited impact of individual and team measures of psychological 

safety and cognitive style on the paradigm-relatedness of design outputs. In fact, 

psychological safety was not a significant predictor of design outputs gathered from 

individual concept generation, as well as team concept selection and functional prototyping 

practices. However, cognitive style diversity significantly predicted that as this diversity 

increased, so did the likelihood for teams to select more paradigm-challenging and 

paradigm-breaking concepts to prototype as the functional prototype over paradigm-

consistent concepts. Finally, this dissertation identifies the significant role of individual 

dichotomous perceptions of psychological safety, where females felt less psychologically 

safe in general, but differences in psychological safety were not as apparent from the team 

composition perspective. As a whole, this dissertation presents several implications for 

addressing issues with engineering design teams from the perspective of psychological 

safety. Furthermore, it establishes the groundwork for future work to build a greater 

understanding of psychological safety in these teams. 

1.9 Document Outline 

To address the research objectives in this dissertation, a total of four chapters are 

included in this document to present a literature review and a methodology of the studies 
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performed as part of this dissertation. Specifically, Chapter 2 presents the first journal 

article of this dissertation, which focuses on the relationship between psychological safety 

and concept generation and screening outputs. Chapter 3 presents the second journal article 

of this dissertation and focuses on the role of psychological safety and cognitive style in 

the paradigm-relatedness of design outputs. Chapter 4 presents the third journal article of 

this dissertation on focuses on the role of gender as an input to psychological safety. 

Chapter 5 provides a summary of the findings of this research and highlights the 

contributions and the implications of this work for engineering design education.  
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CHAPTER 2	

2 WHAT IS THE RELATIONSHIP BETWEEN 
PSYCHOLOGICAL SAFETY AND TEAM 
PRODUCTIVITY AND EFFECTIVENESS DURING 
CONCEPT DEVELOPMENT? AN EXPLORATION 
IN ENGINEERING DESIGN EDUCATION 

This paper has been submitted for publication in the Journal of Mechanical Design 

in October 2021. This work is multiple-authored by Courtney Cole, Jacqueline Marhefka, 

Dr. Kathryn Jablokow, Dr. Susan Simkins, Dr. Sarah Ritter, and Dr. Scarlett Miller. 

Courtney Cole is the lead author on the paper, and Dr. Scarlett Miller and Dr. Kathryn 

Jablokow helped advise the work. 

2.1 Abstract 

While psychological safety has been shown to be a consistent, generalizable, and 

multilevel predictor of outcomes in team performance across fields that can positively 

impact the creative process, there have been limited investigations of psychological safety 

in the engineering domain. Without this knowledge, we do not know whether fostering 

psychological safety in a team environment is important for specific engineering design 

outputs from concept generation and screening practices. This study provides one of the 

first attempts at addressing this research gap through an empirical study with 69 

engineering design student teams over the course of 4- and 8-week design projects. 

Specifically, we sought to identify the role of psychological safety on the number and 

quality (judged by goodness) of ideas generated. In addition, we explored the role of 
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psychological safety on ownership bias and goodness in the concept screening process. The 

results of the study identified that while psychological safety was negatively related to the 

number of ideas a team developed, it was positively related to the quality (goodness) of the 

ideas developed. This result indicates that while psychological safety may not increase 

team productivity in terms of the number of ideas produced, it may impact team 

effectiveness in coming up with viable candidate ideas to move forward in the design 

process. In addition, there was no relationship between psychological safety and ownership 

bias during concept screening. These findings provide quantitative evidence on the role of 

psychological safety on engineering team idea production and identify areas for further 

study. 

2.2 Introduction 

What makes an engineering design team most effective? This elusive question is of 

utmost importance to organizations around the globe [1, 2] due to the widespread belief 

that teams are more effective at generating solutions to complex problems than individuals 

alone. This increased team performance has been attributed to the range of knowledge and 

experience held by the team [3, 4]. While engineering organizations around the world 

integrate teaming as a key aspect of their core business strategy [2, 3], it is unclear what 

characteristics make a team productive.  

To answer this question, Google’s People Operations division spent time trying to 

uncover what it was about teams in their organization that led some to succeed and others 

to falter [4]. In a project code-named “Project Aristotle,” the company explored whether 

the best teams were people with similar attributes, or if team success was more dependent 

on how often team members socialized or their intelligence. Surprisingly, the who part of 

the equation didn’t matter. High performance was not dependent on bringing together the 

most intelligent people. Some “good” teams had “smart” people who figured out how to 

break up the work evenly, while other “good” teams had “average” people who came up 
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with ways to use each other’s strengths to their advantage [5]. Specifically, Google’s data 

indicated that psychological safety was critical to making the team successful.  

Psychological safety, or “the shared belief that the team is safe for interpersonal 

risk taking” ([6] p. 123), has been found to be a consistent, generalizable, and multilevel 

predictor of outcomes in performance and learning across fields such as management, 

organizational behavior, social psychology, and healthcare management [7]. Additionally, 

meta-analytic evidence identified a relationship between psychological safety, learning, 

and performance, showing that this relationship has the greatest impact on tasks which are 

complex, knowledge-intensive, and involve creativity and sense-making [8]. This is the 

very description of the skills needed in the engineering design process [9, 10]. Particularly, 

facets of the psychological safety construct could relate to engineering design outputs, 

where feeling valued by one’s team, or feeling safe to take a risk and not fearing criticism 

for making mistakes [6] could drive the innovativeness and riskiness of the ideas that team 

members propose and select. Regardless, there is still limited evidence on the impact of 

psychological safety on engineering outputs. 

While psychological safety has not been heavily explored in engineering, research 

in innovation management has provided evidence on why it may be an important area to 

explore. Specifically, research in this field has linked psychological safety to creativity by 

showing that it can help enable individuals to propose unique ideas and promote them to 

give constructive feedback to teammates [11, 12]; an important set of skills in engineering 

education [13]. These results indicate a possible relationship between psychological safety 

and team performance during the concept generation and screening stages of the 

engineering design process. Interestingly, the Comprehensive Assessment of Team 

Member Effectiveness (CATME), used widely in engineering education to create teams 

and assess team performance [14], contains themes of psychological safety [15, 16]. 

However, research on this tool has only speculated about the role of psychological safety 

in undergraduate engineering team student projects [17-19]. Finally, while our own prior 

work has validated the longitudinal reliability of psychological safety in an engineering 

student sample [9], there have been limited investigations into the effectiveness or use of 

this measure on engineering team outputs. 
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In light of this prior work, the goal of the current paper was to explore the role of 

psychological safety on team productivity and effectiveness during the conceptual phases 

of the engineering design process. It is important to mention that while some studies look 

at the “innovation process” to promote team design outputs [20], our work focuses 

specifically on a psychological safety lens. The results of this study provide empirical 

evidence of the role of psychological safety in engineering design teams’ productivity. 

These results can be used to understand to what extent psychological safety shares a 

relationship with design outputs, and to establish whether building upon existing 

interventions focused on psychological safety [21] may be worthwhile to pursue for 

fostering team psychological safety in engineering. 

2.3 Related Work 

In its simplest form, the engineering design process consists of three phases: 

generation, evaluation (e.g., concept screening), and communication [22-24]. During 

concept generation, teams seek to develop creative ideas, or those that are both novel and 

useful [25]. On the other hand, concept screening involves rating ideas in a go/no go 

fashion in an effort to evaluate new ideas quickly and prevent committing resources to 

potentially unsuccessful ideas [26]. 

2.3.1 Occurrences of Team Issues Throughout the Engineering Design 
Process 

In the midst of these stages, conflict can seep into the team atmosphere, where 

resistance to externally imposed task demands and interpersonal conflict can occur [22]. 

Specifically, when people of varying cognitive styles (i.e., an individual’s cognitive 

preference for solving problems [27, 28]) and cognitive levels (i.e., an individual’s 

cognitive capacity for to solve problems and display creative processes [28]), a cognitive 

gap between team members can occur [28, 29]. While cognitive gap can help diverse team 
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members explore the solution space, it can also incite conflict if team members’ differences 

are not managed [28, 29].  While some studies have shown that conflict holds value, such 

as engaging in problem-solving through argumentation [30, 31], prior work has also shown 

that such conflict is only beneficial if the psychological safety of the team is high, allowing 

members to tactfully challenge issues [6, 11]. For example, low levels of psychological 

safety hindered performance of employees in manufacturing companies, causing 

individuals to feel a “lack of growth” and “not be heard” as they struggle to improve the 

product [32]. In addition, research in hierarchies of hospital workers communicating 

through intense, unpredictable contexts [11], as well as cardiac departments trying to learn 

new technologies [33], has shown that when team psychological safety is high, members 

are more prone to speak out against problems and dismiss fears of being criticized for 

making mistakes [6, 34]. This safety has been shown to be built upon emotional 

interactions and deep conversations within a team that convey to team members how 

individuals want to portray themselves and how others make them feel [5]. To understand 

these interactions better, analysis of audio recordings can help to break down verbal 

communication into meaningful bits of information [35], as understanding teams’ trends 

in psychological safety can be difficult without this context. 

While outside the context of engineering, research has also linked psychological 

safety to employees’ feelings of vitalities and ultimately their involvement in creative work 

[36]. This is critical to consider, as techniques such as the Consensual Assessment 

Technique (CAT) [37] has been used in engineering design to rate the creativity [38-40]; a 

critical design criterion in engineering design [41]. Recent work has also looked at 

examining ideas as incremental to radical changes to the existing solution [42, 43], which 

show promise as a technique for examining design outputs [44]. Although an investigation 

of creative outputs and/or radical ideas is not within the scope of this paper, investigating 

the broader outputs helps to establish the direction of how teams may perform. Specifically, 

prior studies show a connection between psychological safety and creativity such that 

individuals are more likely to propose unique ideas and engage in the process of giving 

constructive feedback within the team [11, 12]. Similarly, another study showed that 

healthcare teams with low psychological safety tended to avoid sharing creative ideas [45], 
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whereas prior work in manufacturing showed that psychological safety contributed to 

divergent thinking, creativity, and risk-taking [46]. However, the ability to produce creative 

outputs does not come without a cost, as the team’s ability to explore the solution space 

can come from the aforementioned cognitive gap, which could also be detrimental to team 

performance if interpersonal issues due to the gap are not resolved [28, 29]. In addition to 

this gap, design task can also impact how team members produce design outputs [47], as 

well as background knowledge on the task itself [48], either limiting or promoting 

performance from specific individuals. 

2.3.2 Potential Impact of Psychological Safety on Engineering Design 
Outputs 

In addition to this empirical work, reviews of the psychological safety literature 

have identified several promising areas for research, including adopting a dynamic view of 

psychological safety to understand how the construct is established, builds, wanes, and/or 

disappears completely over time [7, 8]. This is important in the context of engineering, 

because a lack of psychological safety in a team environment may manifest itself 

differently throughout the design process [9]. For example, prior work in healthcare 

showed that teams with low psychological safety refrained from sharing novel ideas with 

each other [45]. This finding suggests a potential relationship between psychological safety 

and concept generation in the engineering design process. Establishing whether or not this 

relationship exists is important because researchers have linked freedom to express creative 

ideas to the number of ideas, or the fluency of ideas [49, 50]. In some cases, high 

psychological safety may stimulate the production of new products and services through 

feeling interpersonally safe to share their ideas [51]. Additionally, speaking up and 

embracing mistakes may encourage people to suggest unique ideas through, effectively 

increasing creativity and innovation in teams [11, 12, 34]. However, while feeling 

interpersonally safe to generate novel ideas may help overcome the fear of risk-taking [6, 

12, 34], it does not necessarily guarantee that team members can overcome barriers to 
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brainstorming in groups such as “production blocking,” where only one person at a time 

can speak [52]. This is echoed in prior findings where nominal groups (individuals working 

by themselves) tended to generate more ideas and more original ideas than their interactive 

group counterparts [53, 54]. Conversely, “social loafing” may occur in groups when 

individuals do not feel as accountable in the group for evaluation purposes (such as a 

project grade) in comparison to an individual evaluation [55]. Therefore, these types of 

brainstorming issues may hinder performance if they happen to override high team 

psychological safety. Another aspect to consider at the concept generation stage is that 

while some literature supports the benefits of generating many ideas in terms of originality 

[56, 57] and allowing teams to explore a diverse pool of ideas [58], other literature has 

found that larger quantities of ideas do not necessarily mean that those ideas will be high 

quality and sometimes the opposite [59, 60], which should be considered when making any 

claims about psychological safety and ideation. In other words, idea production (more 

ideas) does not necessarily equal idea effectiveness (producing the right ideas).  

Psychological safety may also play an important role in the concept screening stage 

of the engineering design process. In fact, it is thought that high psychological safety is 

correlated with a high level of agreeableness amongst team members [61], which may 

impact the types of ideas team members screen out during the design process. For example, 

low levels of psychological safety may impact individuals to be biased towards selecting 

their own ideas, an effect known as ownership bias [62, 63]. This could impact concept 

screening due to the relationship between psychological safety, trust (not the same as 

psychological safety, but can serve as an input [7]), and openness of communication [64], 

especially when it comes to errors and concerns [65]. In particular, ownership bias can 

deteriorate the sense of importance in collaboration through enticing individuals to choose 

their ideas over others’ ideas [66], potentially impacting selection processes that can impact 

the final design [67]. This is problematic because lack of collaboration goes against the 

requirements for high psychological safety [6]. Conversely, the halo effect has been 

expressed by team members in an engineering design context, where they select their team 

members’ ideas over their own during concept screening to express the “goodness” of an 

idea [68], as based on a notion of overall quality from [69]. This is because the idea rater 
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perceives that other members produce higher quality designs in comparison to their own 

designs for the design task [68]. While prior work has demonstrated the effects of 

ownership bias [66], recent work on an engineering sample identified that ownership bias 

may only be present when taking into account the “goodness,” a measure of design quality, 

of the idea [70]. Thus, the relationship between psychological safety and ownership may 

be mediated by such quality measurements. However, how interactions outside the 

classroom occur could confound with the in-class building and waning of psychological 

safety that may contribute to design outputs, as students may use technology to 

communicate (e.g., texting/instant messaging applications and social networking systems) 

to work on assignments and/or study together [71]).  

While findings from these aforementioned studies provide the foundation for why 

psychological safety may impact engineering design outputs, there has been limited 

evidence on its role in the productivity and effectiveness of concept development tasks 

such as those present in engineering design. The current study was developed to fill this 

void. 

2.3.3 Research Questions 

The main goal of the current paper was to explore the role of psychological safety 

on engineering team performance in the conceptual phases of the design process. 

Specifically, the following research questions (RQ) were explored: 

 

RQ1: What is the relationship between psychological safety and the fluency and 

goodness of the ideas that teams develop during concept generation?   

Our hypothesis was that as psychological safety increases, the total number 

of ideas (fluency) created per team would increase, as would the average 

idea goodness rating per team. This is important during concept generation, 

as a greater number of ideas per team could present a diverse pool of designs 

to choose from [58], allowing teams to explore the solution space. 



 

 37 

Specifically, psychological safety has been shown to facilitate the 

contribution of ideas [7] and encourage people to take initiative to develop 

new products and services [51]. Furthermore, because idea goodness is 

judged by team members, it may be a way of showing that a team member 

has more trust from the perspective of team members generating viable 

ideas, which can influence the psychological safety of teams positively [65] 

as well as promote agreeableness within the team [61]. 

RQ2: What is the relationship between psychological safety and team performance 

during concept screening?  

Our hypothesis was that as psychological safety decreases, the incidence of 

ownership bias at the team level would increase. Particularly, ownership 

bias is linked to performance through representing teams’ lack of 

collaboration via members within teams that overlook others’ potentially 

successful ideas [66]. Because ownership bias is most noticeable when team 

members are given the option to either select their ideas or others’ ideas, we 

decided to investigate this phenomenon during concept screening. 

Furthermore, we proposed that a decrease in perceptions of psychological 

safety at the individual level would also cause ownership bias to increase 

among individuals. This is because ownership bias is related to team 

members having a preference for their own ideas [68, 70], causing them to 

lose sight of the importance of collaboration. In relation to idea goodness, 

an increased selection of one’s own ideas that are rated low by others can 

be construed as a sign that ownership bias is existent [70]. 

2.4 Methodology 

To answer the research questions presented above, we conducted an empirical study 

at a large northeastern university over the first project of a cornerstone engineering design 

course from semester during Summer 2018 to Spring 2020. Figure 2.1 depicts the study 
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timeline. These time points were chosen because they represent milestones in the 

engineering design process for a team [22], and we can extract performance outputs as a 

result of team interaction for analysis. Further details of the study design are presented in 

the remainder of this section. 

 

Figure 2.1 Study timeline – Psychological safety was captured at the end of each 
time point (total time period: 8 weeks for Fall/Spring, and 4 weeks for Summer) 

2.4.1 Participants 

Sixty-nine engineering design student teams, comprised of 263 participants (188 

males and 75 females), participated in the study. All participants were enrolled in a first-

year engineering design course at a large northeastern university. The study was integrated 

into the curriculum and the students were graded based on their participation. 

2.4.2 Procedure 

The study was completed over the course of two years with a first-year cornerstone 

engineering design class. Specifically, eleven sections of this course were studied in the 

current investigation; seven of which took part over the course of a typical semester (15 

weeks) while four transpired over a condensed summer session (6 weeks) (see Table 2.1 

for the summary). The same course schedule was followed and adhered to, and the 

psychological safety of the teams was analyzed over the same five time points in all 
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instantiations of the course (see Figure 2.1). Each design session at their respective time 

point lasted approximately 1 hour and 50-minutes in every semester, making the time to 

complete each activity roughly equal in length. At the end of each time point, students 

completed an electronically delivered seven-question psychological safety survey 

developed by Edmondson [6], shown in Appendix B. These survey questions center around 

the degree to which team members feel comfortable making mistakes without criticism, 

bringing up difficult issues intended to help the group, and feeling accepted and valued as 

a team member [6]; all of which are important for providing feedback in an engineering 

team [13]. A popular example of one of these questions is, “If you make a mistake on this 

team, it is often held against you” [6]. Importantly, this investigation focused mainly on 

concept generation and screening (Time Points 2 and 3), however, it is important to state 

the previous stages that lead into generation and screening practices, and what outputs 

come out of these stages that feed into later design stages. All participants consented at the 

beginning of the study based on the Institutional Review Board guidelines established at 

Table 2.1 Descriptions of design challenges based on instructor and semester 

Semester Instructor Sample Size (n) Project Description 

Summer 
2018 

A 46 students; 
12 teams 

Tackle food insecurity in developing countries 
as a result of climate, conflict, unstable 
markets, food waste, and lack of investment in 
agriculture. 

Spring 
2019 

A and B 49 students; 
13 teams 

Ensure healthy lives and promote the well-
being for all at all ages through addressing 
diseases, pollution, and traffic injuries. 

Summer 
2019 

A 48 students; 
12 teams 

Ensure healthy lives and promote the well-
being for all at all ages through addressing 
diseases, pollution, and traffic injuries. 

Fall 2019 A 32 students; 
8 teams 

Ensure healthy lives and promote the well-
being for all at all ages through addressing 
diseases, pollution, and traffic injuries. 

Fall 2019 C 30 students; 
8 teams 

Develop a new water toy for children ages 3 to 
5 to teach STEM in a fun, safe, novel way. 

Spring 
2020 

A and D 58 students; 16 
teams 

Ensure healthy lives and promote the well-
being for all at all ages through addressing 
diseases, pollution, and traffic injuries. 
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the university. The remainder of this section highlights what happened for each section of 

this course at each time point with respect to the current study. 

At Time Point 1, 3- and 4-person teams were formed using the 32-item Kirton's 

Adaption-Innovation (KAI) inventory (validated across the general population and 

engineers) to determine their cognitive styles [27, 28].  Specifically, although not discussed 

in the current study, half of the teams were constructed to be homogeneous (all KAI scores 

within a 10-point range) while the other half were constructed to be heterogeneous by team 

KAI score. Next, students were presented with a design challenge which differed by term/ 

instructor of the course (see Table 2.1 for descriptions). The teams then conducted in-depth 

context research on their design problem, which served as their area of focus for their 

design project. At the end of the class, the students completed the first psychological safety 

survey.  

During Time Point 2, students attended a lecture on customer needs and developed 

their problem statements. After this, an innovation module that focused on the importance 

of creativity in engineering design was then completed. Next, the participants were guided 

through a series of idea generation exercises where they were asked to individually sketch 

as many ideas as possible in a 15-minute session in nominal groups. At the end of this 

period, the instructor collected the ideas which were scanned for analysis. After this, 

participants completed the second psychological safety survey.  

 
Figure 2.2 Example of the concept screening sheet for each team member 
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During Time Point 3, participants were led through a concept selection activity 

where they individually assessed all of the ideas generated by their design team. 

Specifically, students were provided the ideas their team generated in Time Point 2 in a 

random order and asked to individually assess all of the ideas generated by their design 

team by categorizing the ideas using a concept screening sheet into "Consider" or "Do Not 

Consider” categories (see Figure 2.2 for an example of the concept scoring sheet). Ideas in 

the "Consider" category were concepts that the participant felt would most likely satisfy 

the needs for the problem statement for the course project while ideas in the "Do Not 

Consider" category were concepts that the participants felt were not adequate in satisfying 

the design goals. This was continued until all ideas from the group were assessed. The 

students then discussed the ideas they screened and formed two piles as a group – 

“Consider” and “Do Not Consider.” They were tasked with picking out four distinct ideas 

to prototype in the next design session. At the end of this time point, the third psychological 

safety survey was completed. 

At Time Point 4, students were tasked with developing low-fidelity prototypes of 

the idea they selected during Time Point 3 using commonly available materials (e.g., foam 

core, cardstock, post-its, etc.). From there, students were given a few minutes to develop 

their "elevator pitch" to promote their prototype. Then, the students divided off into eight 

new teams for 15 minutes to share their elevator pitch and receive feedback on their idea. 

At the end of this session, all participating students completed the fourth psychological 

safety survey.  

The project ended at Time Point 5, in which the final deliverables were completed 

including a formal PowerPoint presentation, a final design report, and a high-fidelity 

prototype including a CAD rendering of the design. After all groups presented their 

presentations, students were completed the fifth and final psychological safety survey. 
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2.4.3 Metrics 

To answer the research questions, several metrics were utilized including: Idea 

fluency, idea goodness, ownership bias, and psychological safety. Each metric is defined 

in detail in the remainder of this section. 

Table 2.2 Examples of ideas generated with goodness scores for each design 
problem 

 Goodness Score: 0.33 Goodness Score: 1.0 
Food 

Insecurities 

 
 
Goodness Score: 0.33 

 
 
Goodness Score: 1.0 

Healthy 
Living 

 
 
Goodness Score: 0.0 

 
 
Goodness Score: 1.0 

Novel 
Water Toy 
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Idea Fluency: Idea fluency [50] is defined as the number of ideas generated. For 

the current study, this was aggregated at the team level by summing the total number of 

ideas generated by each team member in Time Point 2, concept generation. This measure 

was then normalized by dividing the number of members on the team because some teams 

had three members and some had four members. Specifically, it was calculated as follows: 

𝑖𝑑𝑒𝑎	𝑓𝑙𝑢𝑒𝑛𝑐𝑦	𝑝𝑒𝑟	𝑡𝑒𝑎𝑚 =
∑ 𝑋!,#$
!%&

𝐾 	(1) 

 

where 𝑋!,#  represents the total number of ideas for team 	 j created by the ith 

participant, with up to K participants on team j. To calculate this, a custom MATLAB code 

was developed. 

Individual Perceptions of Idea Goodness: Idea goodness was developed by Toh et 

al. [68] to rate the overall quality or effectiveness of an idea (based on metrics from [69]) 

by aggregating the opinions of team members. As opposed to a scoring method that relies 

on expert raters that are typically more knowledgeable [37], we use this metric to 

investigate the decision processes of individuals within a team and whose ideas they are 

more likely to select. In other words, we want to investigate whether the team leans toward 

picking others’ ideas within the team, or if people within the team pick their own idea as a 

result of the team psychological safety. An example of ideas with various idea goodness 

scores is shown in Table 2.2. To compute this metric, data was gathered on what ideas 

should be considered or not considered on concept screening sheets completed individually 

by team members during Time Point 3, concept screening. Specifically, the calculation for 

idea goodness is: 

𝑔𝑜𝑜𝑑𝑛𝑒𝑠𝑠'() =
∑ 𝑋(,)*
(%&

𝑀 	(2) 

 

where 𝑋(,) = 1 if the mth team member in team p selected the nth idea generated 

by another member in the team for further consideration, and 𝑋(,) = 0 otherwise [68]. In 

this equation, a score of 0.5 or higher indicates that a majority of the members agreed to 

move forward with the idea, whereas a score below 0.5 indicates that minority of members 
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agreed to move forward with the idea. To calculate this, a custom MATLAB code was 

developed. 

Ownership Bias: Ownership bias describes a participant’s preference or bias for 

their own ideas during the design process [70]. To measure ownership bias, the continuous 

parameter idea goodness was applied to six distinct metrics to analyze the continuous 

parameter of percentage of ideas selected by the idea generator themselves, or by other 

team members on both a high level (not considering the idea goodness, but purely the 

percentage selected), or finer level (ideas designated as “low” or “good” by the team 

members who did not create the idea). Thus, several metrics were developed and calculated 

as follows: 

 

percentage of own ideas selected 

𝑃+,),-./.01.2,! =
𝑤!
𝑡!
× 100%	(3) 

 

where 𝑤! represents the number of ideas generated by the 𝑖th participant that were 

selected as “consider” by participant 𝑖, and 𝑡!  represents the total number of ideas that 

participant 𝑖 generated. 

 

percentage of own ideas with goodness score above 0.5 selected 

 

𝑃+,),3++2,-./.01.2,! =
𝑎!
𝑥!
× 100%	(4) 

 

where 𝑎! represents the number of ideas generated by the 𝑖th participant that were 

selected as “consider” by participant 𝑖 and had a goodness score as determined by their 

team, and 𝑥! represents the total number of ideas that participant 𝑖 generated with goodness 

scores above 0.5. 

 

percentage of own ideas with goodness score equal to or below 0.5 selected 
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𝑃+,),/+,,-./.01.2,! =
𝑏!
𝑦!
× 100%	(5) 

 

where 𝑏! represents the number of ideas generated by the 𝑖th participant that were 

selected as “consider” by participant 𝑖 and had a goodness score as determined by their 

team, and 𝑦! represents the total number of ideas that participant 𝑖 generated with goodness 

scores equal to or below 0.5. 

 

percentage of team members’ ideas selected 

𝑃+14.5,-./.01.2,! =
𝑟!
𝑠!
× 100%	(6) 

 

where 𝑟!  represents the number of ideas generated by the 𝑖th participant’s team 

members that were selected as “consider” by participant 𝑖’s team, and 𝑠!  represents the 

total number of ideas that participant 𝑖’s team generated. 

2.5 Results 

During the study, 3 teams were removed from the Spring 2020 semester due to the 

teams being broken up part of the way through the semester, invalidating their results. For 

the analysis at Time Point 2, two of the teams were removed due to issues with team 

members either not turning in all ideas or only one person responding to the psychological 

safety survey. This left 67 engineering design teams that generated an average of 6.58 

(SD=2.11) ideas per person, where the average psychological safety score was 6.03 

(SD=0.505). Furthermore, due to issues with team members not evaluating all ideas from 

their other teammates, two teams were removed from the idea goodness and ownership 

bias analyses at Time Point 3. This left 67 teams that selected an average of 68.30% 

(SD=11.03) of the ideas generated by their respective team members, where the average 

psychological safety score was 6.11 (SD=0.497). To ensure that the formation of teams via 
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cognitive style did not confound the results presented in the research questions, a 

hierarchical regression was conducted. We conducted two hierarchical regressions with 

two steps each. The first hierarchical regression predicted psychological safety at Time 

Point 2, where KAI (homogeneous or heterogeneous team) was entered as a control 

variable in the first step, and idea fluency was entered in the subsequent step. The second 

hierarchical regression predicted psychological safety at Time Point 3, where KAI was 

entered as a control variable in the first step, and idea goodness and the six cases for 

ownership bias were entered in the subsequent step. Prior to conducing a hierarchical 

multiple regression, the relevant assumptions of this statistical analysis were tested. The 

assumption of singularity was also met as the independent variables (team idea fluency, 

mean team idea goodness, and each of the six metrics used in ownership bias) were not a 

combination of other independent variables. From there, an examination of the 

Mahalanobis distance scores indicated no multivariate outliers. Residual and scatterplots 

indicated the assumptions of normality, linearity and homoscedasticity were all satisfied. 

In the case of Time Point 2, controlling for KAI was found to be statistically insignificant, 

with adjusted R2 = -.013, and F(1, 66) = .120, p = .730. In the case of Time Point 3, 

controlling for KAI was found to be statistically insignificant, with adjusted R2 = -.015, 

and F(1, 63) = .077, p = .782. The remainder of this section presents the results in reference 

to our research questions. The statistical data were analyzed via the SPSS v.26. A value of 

p < .05 was used to define statistical significance [72]. 

2.5.1 RQ1: What is the relationship between psychological safety and the 
fluency and goodness of ideas teams develop during concept 
generation? 

The goal of our first research question was to identify if a relationship existed 

between psychological safety and engineering team outputs during the concept generation 

process. Specifically, we hypothesized that as team psychological safety increased, the 

total normalized number of ideas (fluency) per team would increase because prior work 

conducted outside of engineering has shown that psychological safety facilitates the 
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contribution of ideas [7] and new products and services [51]. Furthermore, because idea 

goodness may tap into feelings of trust within the team and influence an increase in 

psychological safety [65] and also increase agreeableness within the team [61], we also 

hypothesized that as psychological safety increases, the average idea goodness would also 

increase.  

Prior to the analysis, the validity of team aggregations of psychological safety at 

Time Point 2 was verified because psychological safety is a team level construct. This was 

achieved through interrater agreement calculations. The results revealed an acceptable 

level of agreement and thus the construct was considered valid at this time point (rwg = 

0.88, ICC(1) = 0.178, ICC(2)=0.431) [73]. This is based on the criteria defined in LeBreton 

and Senter (2008) [73], where our ICC(1) estimates are medium effects (around 

ICC(1)=.10 is considered as such) and the rwg values indicate strong agreement (rwg 

between .71 and .90 is considered as such). In addition, statistical assumptions were 

checked prior to the analysis. Specifically, requirements for homoscedasticity were met, as 

assessed by visual inspection of a plot of standardized residuals versus standardized 

predicted values. In addition, normality was confirmed by visually inspecting the 

histograms and Q-Q plots.  

Once assumptions were validated, two linear regression analyses were conducted. 

The first linear regression used the independent variable of psychological safety during 

Time Point 2, concept generation, and the dependent variable idea fluency. One outlier (15 

ideas per participant with a psychological safety score of 6.95) was present in the data, 

which was transformed into the next highest value (11.67 ideas per participant), as leaving 

the outlier would result in a different statistical conclusion. The results of the regression 

analysis significantly predicted a relationship between these variables, F(1, 65) = 5.752, p 

= .019. Specifically, psychological safety accounted for 6.8% of the explained variance in 

idea fluency; a small effect size according to Cohen [74]. The regression equation was: 

predicted normalized idea fluency = 12.98 – 1.073x (psychological safety). A scatterplot 

of this is shown in Figure 2.3. This finding did not support our hypothesis; psychological 

safety was shown to facilitate the contribution of ideas in a negative manner; the opposite 

of what prior research pointed towards [7]. Although these results were surprising at first, 
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we analyzed the data even further to understand why psychological safety was inversely 

related with normalized idea fluency. Specifically, a multivariate linear regression analysis 

was conducted with the dependent variables being the standard deviation of team idea 

fluency, the maximum idea fluency within a team, the minimum idea fluency within a team, 

the minimum idea goodness within a team (where the idea goodness scores were averaged 

for each participant to indicate the average quality of a person’s ideas), and the standard 

deviation of team idea goodness. The independent variable was psychological safety at 

Time Point 2. 

Our results from the multivariate linear regression revealed that while the standard 

deviation of idea fluency (R2=-.015, p=.882), maximum idea fluency (R2=.010, p = .199), 

minimum idea goodness within a team (R2=.039, p=.06), and the standard deviation of 

team idea goodness (R2=.005, p=.248) were not significantly related to psychological 

safety at Time Point 2, minimum idea fluency was significantly related. Further analysis 

via a regression analysis significantly predicted a relationship between these variables, F(1, 

65) = 4.596, p = .017. Specifically, psychological safety accounted for 7.0% of the 

explained variance in idea fluency; a small effect size according to Cohen [74]. The 

regression equation was: predicted minimum idea fluency = 10.075 – .888x (psychological 

safety). A scatterplot of this is shown in Figure 2.4. This result helped to explain the inverse 

relationship between psychological safety and normalized idea fluency in the main 

analysis, as teams tended to have at least one team member exhibit signs of social loafing, 

even when the team’s psychological safety increased in comparison to teams with low 

psychological safety (usually around a score of 4 for this study). The individual may not 

have felt the need to contribute as much, lowering average team motivation [75]. This can 

be seen as an unintended effect of high psychological safety, similar to what has been found 

in previous literature [75, 76]. To explain the findings of our results even further, we 

performed a linear regression that used the independent variable normalized idea fluency, 

and the dependent variable mean team idea goodness. While the results of the regression 

analysis failed to significantly predict a relationship between these variables, F(1, 64) = 

3.770, p = .057, we were able to see a trend beginning to form based on the equation: 

predicted idea goodness = .393 - .048x (normalized idea fluency). Regardless, the results 
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did not meet criteria for statistical significance, indicating no relationship. However, 

because prior work found that idea quantity does not necessarily equal quality [59, 60], 

future work may benefit from a larger sample size. 

 

 
Figure 2.3 The normalized idea fluency of each team as a function of psychological 

safety (PS) at Time Point 2, F(1,65) = 5.752, p = .019 

 

 
Figure 2.4 The minimum idea fluency of within each team as a function of 

psychological safety (PS) at Time Point 2, F(1,65) = 4.596, p = .017 

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7

N
or

m
al

ize
d 

N
um

be
r o

f I
de

as
 G

en
er

at
ed

 
Pe

r T
ea

m

Psychological Safety

0

2

4

6

8

10

12

1 2 3 4 5 6 7

M
in

im
um

 N
um

be
r o

f I
de

as
 G

en
er

at
ed

 
W

ith
in

 E
ac

h 
Te

am

Psychological Safety



 

 50 

The second linear regression had the independent variable of psychological safety 

during Time Point 3, and the dependent variable idea goodness. The results of the 

regression analysis identified that psychological safety significantly predicted idea 

goodness, F(1, 65) = 4.937, p < .05. Specifically, psychological safety accounted for 7.1% 

of the explained variance in idea goodness. The regression equation was: predicted idea 

goodness = 0.32 + 0.059x (psychological safety). A scatterplot of this is shown in Figure 

2.5. This finding supported our hypothesis such that team psychological safety would 

promote higher levels of team idea goodness, based on the notion that higher psychological 

safety is associated with agreeableness amongst team members [61].  

 
Figure 2.5 Average team idea goodness as a function of psychological safety (PS) at 

Time Point 3, F(1,65) = 4.937, p < .05 

Although psychological safety was found to be associated with the total number of 

ideas generated per team in a negative manner, it was associated with more viable ideas. 

This result indicates that as psychological safety increased, so did the average idea 

goodness of the team. Because psychological safety impacts the team’s likelihood to take 

risks [6], rating others’ ideas highly could be a form of “risk-taking.” This implies that 

team members are comfortable enough that they are willing to try more of their team 

members’ ideas. This can also be alluded to trust being an important factor in psychological 
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safety [34], where high trust in team members’ abilities can promote risk-taking in the form 

of selecting others’ ideas. 

2.5.2 RQ2: What is the relationship between psychological safety and team 
performance during concept screening?  

The goal of our second research question was to examine if a relationship existed 

between team psychological safety and performance outputs from concept screening. 

Specifically, we hypothesized that as team psychological safety decreased, the incidence 

of ownership bias would increase. This is based on using ownership bias as a proxy to 

measure the lack of sense of the importance of collaboration, where team members select 

their own ideas without considering others’ ideas [66]. This is particularly critical for 

subsequent design outputs, as selection processes can impact outputs such as the final 

design [67]. Furthermore, we hypothesized that as perceptions of psychological safety 

decreased at the individual level, incidence of ownership bias would increase [58]. 

Similar to RQ1, prior to the analysis, the validity of team aggregations of 

psychological safety at Time Point 3 was verified through interrater agreement calculations 

(rwg = 0.87, ICC(1) = 0.129, ICC(2)=0.354 [73]. In addition, statistical assumptions were 

checked. Specifically, requirements for homoscedasticity were met, as assessed by visual 

inspection of a plot of standardized residuals versus standardized predicted values. 

Furthermore, normality was confirmed by visually inspecting the histograms and Q-Q 

plots.  

Once assumptions were verified, six linear regression analyses were conducted at 

the team level as well as an investigation of individual perceptions of psychological safety 

for all six cases using a multilevel analysis [77]. Four of the six cases are described here, 

where the remaining two analyses were variations of percentage of team members’ ideas 

selected, similar to that of the idea goodness cutoffs used in percentage of own ideas 

selected. It is important to state that teams where individuals did not evaluate their own 

ideas were removed from analyses for selecting their own ideas, leaving 65 teams to be 
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analyzed. In the case where not all team members evaluated all others’ ideas, those teams 

were removed for analyses focused on individuals selecting others’ ideas.  

The first linear regression used the independent variable of psychological safety 

during Time Point 3, concept screening, and the dependent variable percentage of own 

ideas selected. The results failed to show a statistically significant relationship between 

psychological safety and percentage of own ideas selected, F(1, 63) = 0.813, p = 0.371. To 

see if this ownership bias was contingent on the quality of the ideas, a second linear 

regression analysis used the dependent variable was percentage own ideas with goodness 

score below 0.5. However, the results failed to reveal a statistically significant correlation, 

F(1, 63) = 0.982, p = .325. Finally, a third linear regression analysis was conducted with 

percentage own ideas with goodness score above 0.5. However, the results again revealed 

no statistically significant relationship, F(1, 63) = 0.032, p = 0.858. Furthermore, none of 

the results revealed any statistical significance for ideas being selected by other team 

members.  

These results refute our hypothesis in the sense that ownership bias is not associated 

with lower team psychological safety nor perceptions of psychological safety due to the 

lack of statistical significance. Furthermore, the halo effect [68] is not even present, where 

team members tend to select others’ ideas over their own. These results convey that while 

psychological safety shared a positive relationship with team perceptions of idea goodness 

in RQ1, RQ2’s findings suggest that idea quality perceptions for selecting others’ ideas are 

unrelated to psychological safety. 

2.6 Discussion 

The main goal of this study was to explore the role of psychological safety on 

engineering team productivity in the conceptual phases of the design process. The main 

findings of this study were as follows: 

• Psychological safety was significantly negatively correlated with the 

number of ideas (fluency) produced by a team. 
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• Psychological safety was significantly positively related to team idea 

goodness. 

• Ownership bias failed to share a relationship with both the team level and 

individual perceptions of psychological safety. 

This result indicates that while psychological safety may not increase team 

productivity in terms of the number of ideas produced, it may impact team effectiveness in 

coming up with viable candidate ideas to move forward in the design process. The finding 

that psychological safety was significantly and negatively related to the total number of 

ideas generated (fluency) by the team alludes to literature that emphasizes the dark side of 

psychological safety in terms of social loafing [75] and unethical behaviors [76]. 

Furthermore, while prior research indicates that members who generate ideas in a team 

tend to offer more ideas than individuals working independently [54], this was not the case 

in our study. Although feeling interpersonally safe to generate novel ideas may overcome 

the evaluation apprehension or fear of being judged and looking unintelligent [6, 12, 34], 

other factors may bear more weight in this process, such as other barriers to brainstorming, 

such as production blocking and social loafing [52, 55]. This can be seen where production 

blocking allows only one person to speak at a time [52], and individuals do not hold 

themselves accountable as a result of social loafing [55], which may be explained by the 

minimum idea fluency from one of the individuals decreasing as psychological safety 

increases. However, the ideas generated during the concept generation stage tended to be 

of high subjective quality based on the idea goodness ratings [68]. Because idea goodness 

can be facilitated by feelings of trust within the team, this may have influenced 

psychological safety in a positive manner [65], and thus idea goodness increased. 

In contrast to concept generation, psychological safety influenced the concept 

screening stage in a positive manner at the level of idea goodness. When team members 

feel that it is safe to take risks, they may be more likely to accept others for being different, 

value each other’s skills, and offer honest, negative feedback about the quality of the 

generated ideas without team members feeling as if they have been rejected or their efforts 

undermined. When team members feel that it is safe to take risks, they may be more likely 

to accept others for being different, value each other’s skills, and offer honest, negative 
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feedback about the quality of the generated ideas without team members feeling as if they 

have been rejected or their efforts undermined [6]. When ideas can be critically vetted 

without threatening the egos of teammates [11], better solutions result from the perspective 

of idea goodness [68], as demonstrated in these study results. In the creative process of 

engineering design [41], concept screening is where the benefits of psychological safety 

are salient. This is also apparent from the perspective of ownership bias, where critical 

signs of bias would’ve been apparent in the dependent variable of average percentage of 

own ideas with low goodness selected [68, 70]. However, there was no statistically 

significant correlation, exhibiting that ownership bias and psychological safety were not 

strongly related.  

One conclusion of our results is that psychological safety exerts differential effects 

on creative processes. For example, psychological safety was found to be significantly and 

negatively associated with idea fluency during concept generation, whereas idea goodness 

was positively related during concept screening. However, psychological safety was found 

to not be impactful for the percentage of own ideas selected nor team members’ ideas 

selected during the examination of ownership bias during concept screening, meaning that 

increases in psychological safety does not impact the percentage of ideas that the individual 

chooses of their own or the percentage that the team chooses of others’ ideas. 

2.7 Conclusions and Future Work 

While this study presents some interesting results to further broaden our view of 

how psychological safety plays a role in engineering design student project trajectories, 

such results do not come without limitations. First, many factors can influence the number 

of ideas an individual proposes during concept generation; these might include their 

amount of tacit knowledge about the design problem or a tendency to shyness, among 

others. Specifically, both design task [47] and prior background knowledge [48] can impact 

design outputs, potentially impacting how many ideas an individual feels that they can 

generate (idea fluency), or how well they understand the task to feel safe to agree with 
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others’ ideas (idea goodness). In addition, according to previous work related to creativity 

[25], other individual qualities can influence or inhibit their creativity. Because individual 

characteristics may influence idea fluency during concept generation, it may be difficult to 

determine the impact of psychological safety on concept generation, thus limiting our 

results. Specifically, some students may produce ideas at a slower rate than other students, 

where the limited time to produce ideas may have placed unintended bounds on teams’ 

idea fluency. Furthermore, the lack of team interaction at such an early stage in the design 

process may contribute to the outcome of a weak correlation, as psychological safety 

requires a significant amount of interaction and takes time to manifest [7]. 

Furthermore, the combination of idea goodness and team psychological safety does 

not tell the full story behind interactions between specific individuals during concept 

screening, as psychological safety is a team construct [6]. For example, if one member 

does not get along with one other individual and purposely does not consider their ideas, 

this would unfairly decrease the idea goodness of that individual’s ideas, despite this team 

having relatively high psychological safety. However, this can be analyzed through an 

ownership bias lens, where an idea generated by the original idea generator is selected, 

despite having a lower idea goodness based on the ratings of others in the same team [70]. 

That being said, the idea goodness ratings in this study were simplified in comparison to 

an earlier study [70], which may be why very good ideas were not rated as highly, and very 

poor ideas were not rated as negatively. Because these analyses rely on definitions from 

Toh et al. [68] to separate the “poor” ideas from “good” ideas while using a “majority 

rules” method, binning the results in such a way removes some of the details of the degree 

of goodness. Furthermore, as psychological safety is a team construct and is aggregated to 

the team level [6], the ownership bias calculations were aggregated to the team level as 

well. This makes it difficult to detect whether ownership bias is occurring in just one or 

two individuals or the team as a whole. In addition, results that show that any incidences 

of ownership bias could be due to some other factors beyond psychological safety, such as 

gender [68], which were not explored in this study. 

In addition to limitations presented in concept screening analyses, full 

interpretation of the idea goodness scores is limited until more qualitative data is gathered 
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from team members’ reasonings for how they decide to select others’ ideas.  While higher 

psychological safety can increase a team’s likelihood for risk-taking, it is also known to 

impact an individual’s ability to speak up in a group when they believe there is an issue 

[6]. Therefore, rating ideas poorly could be a way of “speaking up.” The willingness to 

speak up is critical, as the success of a final design is largely dependent on the concept 

generation and concept selection stages of a project [10]. In other words, if poor ideas are 

not detected and removed in the early stages of a design, the end result could be 

catastrophic. On the other hand, the inability to manage cognitive gaps may prevent team 

members from considering others’ ideas, preventing the team from exploring the solution 

space [27, 28]. While results favor the risk-taking aspect, further analysis is needed to 

ensure this. Importantly, the ratings from this study do not take the originality of ideas into 

account, which can further confound results. Furthermore, while idea goodness through 

non-expert ratings has been validated in other studies [68, 70], we understand that 

individual perceptions of an idea’s quality can be subjective. To take a more objective 

approach, quasi-expert ratings of ideas from incremental to radical can be used in 

conjunction with KAI [42, 43] and team psychological safety to explain how individuals’ 

feelings about their team and their inherent traits can impact design outputs. 

In addition to specific limitations in concept generation and concept screening, the 

causal direction of psychological safety should be discussed as well. Because the 

psychological safety survey is taken at the end of class right after the activity, we assume 

that the psychological safety scores would not have been impacted much, if at all, 

throughout the duration of each activity. This is based on the notion that psychological 

safety takes time to manifest [7], therefore not much of a change is expected before and 

after each activity at one of the time points. Furthermore, the building and waning of 

psychological safety could take place outside of the classroom due to other forms of 

communication outside of class time when working on assignments and/or studying 

together [71], making the activity itself less likely to cause the team psychological safety 

to change. As this study is one of the first to examine psychological safety through multiple 

time points, and while we do not know the causal direction, it is beneficial to understand 

how psychological safety impacts team engineering design outputs. This can be critical for 
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establishing future intervention methods aimed to improve psychological safety, as 

understanding whether or not whether there is any relationship between psychological 

safety and design outputs substantiates the potential benefit of focusing on increasing 

psychological safety to improve team performance. While recent work has focused on these 

initiatives through role-based interventions [21], more work is needed to understand how 

such interventions can feed into engineering design team performance. 

Along with the lack of causal direction of the activities, it is also important to 

discuss potential confounding effects of how KAI may impact concept generation and 

concept screening outputs. While these outputs may have an impact, our preliminary 

analyses have shown that KAI shows no statistical significance at all time points, leading 

us to believe that KAI is not impactful on productivity outputs. Therefore, investigation of 

the potential impact of cognitive style (via KAI) on psychological safety would be more 

suitable for rating ideas from incremental to radical [42, 43]. 

Although the current study sheds some light on how psychological safety impacts 

the activities of students during concept generation and concept screening, further 

investigation must be done to determine what types of verbal interactions impact the 

building or waning of psychological safety in engineering design teams along the way. 

Based on reviewing the team psychological safety scores at each time point, no particular 

trend could be depicted as most teams’ scores fluctuated throughout the trajectory of the 

design project, suggesting that some underlying factors could point to drops in 

psychological safety at various time points for teams. Similar to the trends exhibited in 

Miller et al. [9] which specifically looked at the evolution of psychological safety over the 

time steps, some teams started out with a high team psychological safety score and 

increased throughout the course of the project as the team members grew closer with each 

other, whereas some teams experienced a dip in team psychological safety at Time Point 2 

(concept generation), Time Point 3 (concept screening), or Time Point 5 (final deliverables 

deadline). In general, psychological safety scores tended to be on the high end (close to 7), 

and while the cause for this sample remains unclear, work outside of engineering education 

showed that external factors, such as inherent cultural and learning behaviors [8], can 

contribute to either high or low trends in psychological safety for specific groups. 
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Furthermore, although design outputs during concept generation and concept screening 

have been gathered, outputs of the end product at Time Point 5 can be examined in a future 

study to develop an expanded view of how team psychological safety impacts the final 

product from each team. 

In addition to teams’ psychological safety at individual points, a positive skew in 

psychological safety appeared for most teams, and team-level aggregate scores may have 

obscured individual members who reported low psychological safety, which is a point team 

scholars have highlighted [78]. Although individual perceptions of psychological safety 

were statistically insignificant in most incidences of analyzing engineering design outputs, 

further analysis is needed to uncover why some members had lower perceptions of 

psychological safety compared to others. These points suggest that a qualitative analysis 

of audio recordings [35] during these time points is important in determining how the 

interactions impact students’ abilities to perform optimally relative to their abilities during 

concept generation and concept screening. Finally, these results focused on a student group 

of designers, which may produce different design outputs from industry professionals. 

Therefore, the generalizability of these results is limited to design groups in education. 
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CHAPTER 3	

3 AN EXPLORATION OF THE RELATIONSHIP 
BETWEEN COGNITIVE STYLE, PSYCHOLOGICAL 
SAFETY, AND THE PARADIGM-RELATEDNESS 
OF DESIGN SOLUTIONS IN ENGINEERING 
DESIGN TEAMS IN EDUCATION 

This paper is based on a conference paper previously published in the International 

Design Engineering Technical Conference and Computers and Information in Engineering 

Conference [1]. The extension of this paper will be submitted for publication in the Journal 

of Mechanical Design in July 2022. This work is multiple-authored by Courtney Cole, 

Jacqueline Marhefka, Dr. Kathryn Jablokow, Dr. Susan Simkins, Dr. Sarah Ritter, and Dr. 

Scarlett Miller. Courtney Cole is the lead author on the paper, and Dr. Scarlett Miller and 

Dr. Kathryn Jablokow helped advise the work. 

3.1 Abstract 

Nearly 60 years ago, Thomas Kuhn revolutionized how we think of scientific 

discovery and innovation when he identified that scientific change can occur in incremental 

developments that improve upon existing solutions, or it can occur as drastic change in the 

form of a paradigm shift. In engineering design, both types of scientific change are critical 

when exploring the solution space. However, most methods of examining design outputs 

look at whether an idea is creative or not and not the type of creativity that is deployed. 

Without knowing how to identify who will generate ideas that fit a certain paradigm, we 

do not know how to build teams that can develop ideas that better explore the solution 
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space. This study provides the first attempt at answering this question through an empirical 

study with 64 engineering design student teams over the course of a 4- and 8-week design 

project. Specifically, we sought to identify the role of cognitive style using KAI score, 

derived from Kirton’s Adaption-Innovation (A-I) theory, on the paradigm-relatedness of 

ideas generated by individuals and teams. Results showed that design task significantly 

impacted the paradigm-relatedness categorization of individual ideas from concept 

generation, and the availability of ideas from this stage impacted the paradigm-relatedness 

of team-selected concepts. Additionally, KAI diversity was positively related to a greater 

likelihood of teams’ functional prototypes being categorized as paradigm-challenging or 

paradigm-breaking. Results support the use of paradigm-relatedness as an idea rating 

metric. 

3.2 Introduction 

Thomas Kuhn revolutionized the way that we think about scientific discovery and 

innovation nearly 60 years ago in his landmark book, The Structure of Scientific 

Revolutions [2]. It was there that Kuhn defined two different types of scientific change: 

incremental developments or “normal science” and scientific revolutions that involve the 

ever-evasive “paradigm shift” [2], “an important change that happens when the usual way 

of thinking about something is replaced by a new or different way”[3]. In other words, 

incremental developments often lead to refined versions of existing solutions that excel by 

performing better in their primary or a related context [4], while paradigm shifting ideas 

lead to radical changes that allow us to approach a problem from unexpected angles or to 

connect concepts that at first seem unrelated [4]. In recent times, Kuhn’s work has been 

commended for suggesting that these two creative problem-solving perspectives do not just 

coexist, but are interrelated and should be considered in combination [5]. In a design 

context, Kuhn’s work is particularly influential when design problems are wicked problems 

[6], or problems that are societal and less structured, and the information needed to 

understand the problem depends on generating a vast array of ideas [7]. While we recognize 
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the importance of both incremental and radical ideas, we focus on Kuhn’s emphasis on 

radical, or “paradigm shifting” [2] ideas. 

Through the concept of paradigms, Kuhn encouraged a paradigm shift of his own 

by pushing the scientific community to tackle problems of various kinds in ways beyond 

typical methods [8]. In Kuhn’s book, he stated, “Under normal conditions the research 

scientist is not an innovator but a solver of puzzles, and the puzzles upon which he 

concentrates are just those which he believes can be both stated and solved within the 

existing scientific tradition,” [2] (p. 170). When faced with a challenge outside of such 

normal conditions, Kuhn postulated that there may be some underlying attributes or 

experiences of people who are more likely to develop these radical ideas, foreshadowing 

(while not explicitly proposing) the concept of an individual’s cognitive style. Specifically, 

he suggested that people who come up with paradigm shifting ideas are typically young or 

very new to the field whose paradigm they change – or people who are not committed by 

prior practice to the traditional rules of “normal science,” [2]. 

If we know paradigm shifts are vital to technical discoveries, then a key question 

is: are there characteristics of individuals (or teams) that can predict paradigm-shifting 

ideas? One trait that may impact a designer’s tendency to develop paradigm-shifting ideas 

is their cognitive style. Roughly a decade after Kuhn’s book was published, Kirton’s 

Adaption-Innovation (A-I) theory was validated, pointing to cognitive style as a factor that 

can influence the types of ideas and solutions a person generates through that individual’s 

innate cognitive preference for structure [9]. Here, “A-I theory” refers to the theory itself 

and not the metric that is derived from it. Using A-I theory, an individual’s cognitive style 

falls somewhere within the range of highly adaptive (i.e., strongest preference for structure) 

to highly innovative (i.e., weakest preference for structure) [10]. In practice, more 

innovative individuals are less structured thinkers who tend to approach tasks from 

unsuspected angles, challenge problem constraints, and are more disruptive risk-takers [10, 

11]. In contrast, more adaptive individuals are more structured thinkers who refine current 

systems, focus on precision, reliability, and efficiency, and engage in prudent risk-taking 

[10, 11]. A-I theory is based on the assumption that all individuals, of all cognitive styles, 
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are creative [10], which dovetails nicely with Kuhn’s supposition that both normal science 

and paradigm shifts are necessary for science to progress [1].   

To support its practical use in context, the Kirton Adaption-Innovation Inventory 

(KAI), which was derived from A-I theory [9], has been validated for the general 

population and for other sub-groups, including engineers [9, 10, 12]. Specifically, KAI has 

been used in engineering design research [13-15], where cognitive style was shown to 

significantly predict “creative idea generation” using the Consensual Assessment 

Technique (CAT) [15]. Furthermore, this study found there to be lack of significant 

relationship with the screening of creative ideas [15]. However, the CAT dismisses some 

ideas as “not creative,” limiting a full interpretation of the data through the A-I theory lens. 

While relatively new, paradigm-relatedness as a rating technique overcomes this limitation 

by mirroring A-I theory and supporting a more diverse definition of creativity [16, 17].  

Researchers first defined paradigm-relatedness as a measure of an idea’s creative 

style, “independent of and orthogonal to the creativity level” [18] (p. 89). The concept was 

taken further by defining categories of paradigm-relatedness based on the elements, 

relationships, and focus of a design concept [19]. Although it can be more difficult to 

achieve high interrater-reliability when breaking up paradigm-relatedness into components 

such as elements, relationships, constraints, and focus [17], a category-based (which 

involves separating ideas into one of a few broad categories) metric approach is still 

recommended for assessing large sets of ideas, because it is faster to apply and more 

reliable [17].  

In addition to exploring cognitive style and paradigm-relatedness at the individual 

level, it is also important to analyze the impact at the team level as well. This is important 

because the path to creative results is less clear at the team level, and there is much debate 

over how to promote team creativity [20, 21] due to the complex dynamics of teams [22]. 

Specifically, when team members’ cognitive styles are diverse, cognitive gaps are created. 

A team can leverage this style diversity by approaching problems using different 

perspectives, or they can succumb to conflicts that disrupt the team’s efforts [10]. Cognitive 

gaps can be measured in different ways, including the standard deviation of a team’s KAI 

score distribution [13] (referred to as cognitive diversity [23]). Cognitive style can also be 
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measured at the team level through average measures (e.g., a team’s average KAI score). 

Team research shows that computing the average of team members’ scores (referred to as 

cognitive elevation [23]) can be viewed as a collective value that represents the team as a 

whole [24, 25], as additive aggregation models assume that all team members’ scores 

should be equally represented (e.g., [26]). However, because mean values on diversity 

measures can be confounded with within-group standard deviations [27], controlling for 

mean can help depict a clearer view of cognitive diversity’s impacts on design outputs. 

Despite prior team research using KAI and the assessment of design solutions, the impact 

of cognitive style on the paradigm-relatedness of design outcomes remains unclear and 

largely uninvestigated. Understanding this impact is important, because the diversity of 

strategy and approach in generating both incremental and radical ideas within a team can 

help teams explore a wider solution space, and thus increase the potential for a successful 

design [28]. 

To take advantage of the benefits of conflict due to cognitive gap, psychological 

safety, or the belief that individuals in a team can speak up and take risks without criticism 

[29], could serve as a factor that influences how teams resolve or ignore conflict, impacting 

how team members interact when issues arise [29, 30]. Some studies have even pointed to 

a connection between trust (which mediates psychological safety [31]) and the sharing of 

creative ideas [32, 33]. Thus, the inclusion of psychological safety in predicting creative 

outputs shows potential as a critical component of understanding how teams generate and 

select design outputs. 

In consideration of the prior work on factors that may impact the type of design 

outputs, the objective of this paper was to explore the relationship between cognitive style, 

psychological safety, and the paradigm-relatedness of design outputs during the concept 

generation, concept selection, and prototyping stages of the design process. Specifically, 

we sought to understand this impact at both the individual and team level. The results of 

this study provide empirical evidence of design task, the availability of generated concepts, 

and cognitive style diversity on the paradigm-relatedness of design outputs at various 

stages. These results can be used to identify directions for future work in exploring 

interventions that promote certain types of design outputs. 
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3.3 Related Work 

The engineering design process can be simplified into three phases consisting of 

generation, evaluation (e.g., concept screening), and communication [34]. During concept 

generation, team members are encouraged to produce creative ideas, or ideas that are both 

novel and useful [35]. This stage is critical to overall performance, as the availability of 

creative ideas is a precursor to evaluation and part of the formula for pushing innovation 

[36]. Concept generation practices tend to be dependent on individuals’ background 

knowledge of the problem [37], which is why engineering design students are given time 

to become familiar with their design prompt. On the other hand, concept screening 

practices rely on rating ideas as consider/do not consider to economize time via eliminating 

potentially unsuccessful ideas [38].  From there, concepts are selected using more involved 

decision-making tactics [39] and prototyping practices rely on designers conveying their 

design [40]. Prototyping shares some similarities with concept screening as well, where 

prior research shows that engineering design students tend to perceive more unique ideas 

as riskier if the fidelity is lower [41]. Interestingly, prior work showed that while design 

task can impact creative outputs across these stages, creative concepts chosen from the 

generation stage do not retain their level of creativity and novelty as they reach the final 

conceptual design stage [42], which coincides with emphasis on technical feasibility in 

engineering design team discussions during the selection process [43]. Despite knowing 

such information about creative idea generation, selection, and prototyping on the surface, 

the cognitive mechanisms behind the paradigm-relatedness of individuals’ design solutions 

have seen limited exploration [18, 19], particularly in engineering design. Furthermore, 

how psychological safety impacts such outputs at the team level remains unclear as well, 

supporting the need for further investigation that builds on prior work [44]. 
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3.3.1 Potential Impact of Cognitive Style and Psychological Safety on 
Creative Design Outputs 

Throughout the engineering design process, team design outputs such as the 

perceived quality and quantity of ideas may be subject to varying levels of psychological 

safety [44]. However, other factors that commence at the individual level are important to 

consider as well. Specifically, to predict the style of outputs with more precision, 

individuals’ cognitive problem-solving processes are important to consider when team 

members collaborate. Interestingly, research on this topic started to grow nearly 50 years 

ago when Kirton’s Adaption-Innovation (A-I) theory was validated, pointing to cognitive 

style as a factor that can influence the types of ideas and solutions a person generates 

through that individual’s innate cognitive preference for structure [9]. Cognitive style from 

the perspective of categorizing individuals as somewhere from adaptive to innovative 

provides a way to understand how team members of varying characteristics may interact. 

Since its inception, the influence of Kirton’s Adaption-Innovation (A-I) theory grew from 

a 32-item inventory (i.e., KAI) that could characterize an individual’s preferences for 

problem solving [9]. Kirton’s A-I theory and the KAI inventory are both built on the key 

assumption that there are people who prefer “to do things better” (Adaption) and those who 

prefer “to do things differently” (Innovation), and are both creative (p. 622) [9]. Varying 

amounts of adaption and innovation can be beneficial, depending on the problem-solving 

scenario. In this context, Adaption and Innovation exist on opposite sides of continuous 

spectrum of cognitive style, which is defined as the stable, characteristic cognitive 

preference that describes how people seek or respond to change [45]. Cognitive style 

differs from cognitive level, which defines an individual’s capacity for engaging in 

problem-solving and creative behavior [10]. When generating solutions to problems, it is 

noted that innovators tend to filter their ideas less, stretch the problem space boundaries, 

and rely less on group cohesion. Conversely, adaptors tend to screen their ideas more 

carefully, explore thoroughly inside the problem space boundaries, and promote group 

cohesion [14].  
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In contrast with what we know about cognitive style and the generation of ideas, 

the relationship between selection processes and cognitive style has not seen as much 

attention. While prior work has covered how selection methods can influence the idea sets 

that survive across the design stages that end with the final concept [39], and that individual 

traits such as risk aversion can impact what concepts an individual may select [46], work 

on how cognitive style plays a role in selection processes remains unclear. Although prior 

work shows promise for using cognitive style as a means to predict the types of ideas 

individuals may screen [15], this study is one of the first to examine the relationship 

between cognitive style and the paradigm-relatedness of concepts that teams select for 

prototyping. This is important to investigate, as prior work shows that creative concepts 

from the generation stage tend to be abandoned in favor of more conventional concepts at 

the selection and final design stages [42]. Furthermore, while prior work emphasizes that 

something else beyond generating and selecting creative ideas influences creative idea 

selection [42], this work aims to establish the impact of psychological safety and cognitive 

style  on the paradigm-relatedness of concepts.  

Before applying cognitive style to the design stages and individuals’ cognitive 

processes, it is important to understand the inventory used to quantify cognitive style. 

Particularly, an individual’s KAI score falls somewhere within the range of 32 (highly 

adaptive) to 160 (highly innovative) [10]. When individuals of different KAI scores are 

placed in a team, diversity between individuals’ cognitive styles and/or levels increases 

and the cognitive gaps grow [28]. Here, it is important to make the distinction between 

cognitive style and cognitive level. Cognitive style is an individual’s stable, characteristic 

cognitive preference for managing structure in problem solving, while cognitive level 

describes an individual’s cognitive capacity to solve problems and demonstrate creativity. 

Cognitive level is assessed through measures of both potential capacity (e.g., intelligence 

and talent) and manifest capacity (e.g., knowledge and skills) [10]. Gaps of 20 points or 

more can cause conflict in the form of poor communication, blaming one another, and 

misinterpreting differences in cognitive style as incompetence [28]. Although failing to 

address conflict could diminish performance, as teams spend more time trying to figure out 

how to deal with one another, rather than coming up with solutions to the problem itself 
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[10, 47], coping behavior can mitigate these effects [48]. Specifically, coping behavior is 

a mechanism used by individuals to deal with the negative impacts of cognitive gap by 

adjusting one’s behavior to solve problems in a way that is not consistent with their 

preferred style [10]. Such effects of coping behavior on actual problem-solving behavior 

have been expressed in prior literature, where the context (such as class or team) can impact 

how individuals manipulate their coping behavior [10, 14, 28]. Results may be further 

compounded by the by project duration [49] or design task [50] and whether the problem 

was framed neutrally or not, which can impact novice designers’ abilities to respond to a 

design task [51], as novices tend to not reframe problems [52]. Other forms of team 

communication can also impact how individuals project their behavior, as some individuals 

may have a greater impact on team outcomes through being dominating or charismatic, or 

may not say much at all and conform to group norms [53]. To investigate some of these 

team dynamics, for example, psychological safety in the manufacturing context was shown 

to contribute to the ability to engage in divergent thinking, creativity, and risk-taking [54], 

alluding to association between divergent thinking and cognitive style. Some studies have 

even pointed to a connection between trust and sharing creative ideas [32], alluding to a 

link with psychological safety, which is mediated by trust [31]. 

While coping behavior can help individuals of differing cognitive styles modify 

their own problem-solving behavior to cooperate better within their teams, there are more 

effective ways to combat cognitive gap-induced conflict. To mitigate the effects of conflict 

beyond coping behavior, psychological safety could serve as a factor that influences how 

teams resolve or ignore conflict. Throughout the engineering design process, conflict can 

emerge as resistance to externally imposed task commands and interpersonal conflict 

within the team atmosphere [34]. While we know that conflict can be beneficial for 

boosting problem-solving performance [55], prior work shows that conflict is beneficial 

only if team psychological safety is high, allowing team members to speak out against 

potential issues in a diplomatic manner and overcome fears of being criticized [29, 30]. 

Importantly, applications outside of engineering design have shown a connection between 

psychological safety and employees’ feelings of vitality and involvement in creative work 

[56]. 
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3.3.2 Measuring Paradigm Shifting Ideas 

In the last few years, the engineering community has made significant strides 

towards developing new rating methods that allow us to consider ideas on a continuum 

from incremental to radical [17], fully capturing the ideas behind Thomas Kuhn’s pivotal 

work. Thus, the paradigm-relatedness creativity rating technique was developed within an 

engineering design context to evaluate design ideas [16, 17]. Specifically, a paradigm refers 

to the “ways of perceiving or acting in response to a situation or problem,” (p. 31), whereas 

relatedness refers to “the extent that an idea operates within” (p. 31) or challenges that 

paradigm [17]. The first category used in this technique, paradigm-consistent, describes a 

solution that resembles an already existing, common design that stays within the problem 

constraints. The second category, paradigm-challenging, either integrates an uncommon 

element or relationship into the solution and begins to stretch the problem boundaries. The 

third and final category, paradigm-breaking, shifts the focus of the problem to a larger 

problem while violating some or all relevant constraints [17]. Unlike CAT, paradigm-

relatedness raters are primed with the problem definition and typical 

constraints/applications [16, 17] (see [1] for comparison). When using just a category-

based approach, this can make it easier to rate larger quantities of ideas with higher 

interrater reliability [17].  

Although the relationship between paradigm-relatedness with KAI scores remains 

unclear, the foundation of the technique was based on concepts derived from A-I theory 

[16], which leads us to question how these two variables are related. Thus, the current 

investigation was developed to explore the role of psychological safety and cognitive style 

in paradigm-relatedness outputs across the conceptual stages of the engineering design 

process. 
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3.3.3 Research Questions 

The goal of this paper was to explore the relationship between cognitive style, 

psychological safety, and the paradigm-relatedness of design outputs as based on ratings 

from quasi-experts. Specifically, we explored the following research questions (RQs): 

RQ1: Can cognitive style and individual perceptions of psychological safety be 

used to predict the paradigm-relatedness of design solutions that individuals 

generate? 

We hypothesized that higher cognitive style (innovative trend) would 

predict a greater likelihood for paradigm-breaking solutions, whereas lower 

cognitive style (adaptive trend) would predict a greater likelihood for 

paradigm-consistent solutions. This is based on the paradigm-relatedness 

metric’s strong ties to cognitive style [16, 17], where KAI is representative 

of cognitive style [9, 10]. Consequently, we would expect perceptions of 

psychological safety to impact whether individuals follow their inherent 

preferences for generating solutions as based on cognitive style, as 

psychological safety can promote individuals to voice their ideas and 

engage in knowledge sharing [30, 33]. 

RQ2: Can team cognitive style diversity and psychological safety be used to predict 

the paradigm-relatedness of design solutions that teams select?    

We hypothesized that while controlling for cognitive style elevation 

(average) [23], cognitive style diversity (standard deviation) [23] (used in 

prior work in engineering design [13]) would impact the paradigm-

relatedness of the percentage of concepts that teams select. This is based on 

prior work used to develop the paradigm-relatedness scale [16, 17], where 

cognitive style as defined by KAI [9] was thought to impact the paradigm-

relatedness of solutions at the individual level. Thus, aggregating KAI 

scores to the team level would allow us to depict the team’s cognitive style, 

as mean values have been used to represent members’ attributes as a 

collective value [24, 25]. To further describe team attributes through 
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aggregate measures, standard deviation can describe diversity more 

accurately through controlling for average values [27]. Upon this, we 

predicted that teams with higher elevation but less diversity to be more 

likely to choose paradigm-breaking ideas, and teams with lower elevation 

and less diversity would select paradigm-consistent ideas, as based on the 

problem-solving tendencies of these individuals [10, 45]. In turn, we would 

expect that teams with greater cognitive style diversity would select more 

diverse ideas, as prior work showed that greater cognitive gaps, or 

differences between individuals in cognitive style [28] can encourage teams 

to consider a more diverse spread of ideas [10, 28]. However, as teams with 

greater cognitive style gaps tend to experience conflict [10, 28, 47], team 

psychological safety could impact how teams navigate their differences. 

Specifically, higher team psychological safety has encouraged teams to 

engage in interpersonal risk-taking, speak out against potential issues, and 

overcome fears of being criticized [29, 30], which can help teams overcome 

barriers to selecting solutions. Thus, we would expect an interaction 

between psychological safety and cognitive style diversity. 

RQ3: Can the team cognitive style diversity and psychological safety be used to 

predict the paradigm-relatedness of a team’s functional prototype? 

We hypothesized that a team’s cognitive style diversity would predict the 

likelihood of the paradigm-relatedness of the functional prototype; the final 

solution. Similar to RQ2, we would expect teams with greater cognitive 

diversity to be more likely to select a solution that is paradigm-challenging 

to account for the views of all team members, as these groups tend to 

explore solutions that span the solution space [10, 28]. Similar to RQ2, 

controlling for the skew in a team as more adaptive or innovative via 

cognitive style elevation would account for preferences for incremental or 

innovative improvements, respectively [10, 45]. Although prior work 

showed that teams with higher levels of cognitive style diversity tended to 

produce final solutions that outperformed other solutions from teams with 
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lower cognitive diversity [13], how this relates to the paradigm-relatedness 

of such final designs remains unclear, emphasizing the need to investigate 

this stage as well. We also hypothesized that higher psychological safety 

would allow cognitively diverse teams to be more likely to produce 

functional prototypes that are paradigm-challenging. This would allude to 

another facet of psychological safety, where team members share a sense of 

valuing everyone’s contributions [29]. 

3.4 Methodology 

To answer the research questions presented above an empirical study was 

conducted at a large northeastern university over the first project of a cornerstone 

engineering design course over the Spring of 2019 and 2020, Fall of 2019, and the second 

summer term of 2018 and 2019. Figure 3.1 depicts the study timeline. These time points 

were chosen because they represent milestones in the engineering design process for a team 

[34], and we can extract performance outputs as a result of team interaction for analysis. 

3.4.1 Participants 

Sixty-nine engineering design student teams, comprised of 263 participants (188 

males and 75 females), participated in the study. All participants were enrolled in a first-

year cornerstone engineering design class at a large northeastern university. Table 3.1 

outlines the participants and their distributions over the data collection periods. The design 

tasks were further broken down into six (6) categories for analysis with N individuals and 

M teams (after unreliable data was removed) for each type of analysis: food insecurity 

(N=43, M=11), air pollution (N=34, M=9), traffic injuries (N=45, M=11), vaccines (N=17, 

M=3), STEM toys (N=27, M=7), and water transportation/pollution (N=61, M=15), 

leaving 238 participants split as 222 individuals in 64 teams for RQ1, and 216 individuals 

in 56 teams for RQ2 and RQ3. 
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3.4.2 Procedure 

The study was completed over the course of five semesters, with eleven sections of 

a first-year engineering design course, see Table 3.1. Seven of these sections took place 

over the course of a typical semester, and four occurred over a condensed summer session 

(see Table 3.1). The course schedule remained consistent across all sections, where the 

same design outputs were gathered from the same five time points (see Figure 3.1), 

following the same course schedule presented in [44]. All participants consented at the 

beginning of the study based on the Institutional Review Board guidelines established at 

the university. The remainder of this section emphasizes the methodologies used as part of 

the current investigation, where the psychological safety survey was taken at the end of 

each time point. 

Figure 3.1 Study timeline – Engineering design outputs were gathered at each time 
point (total time period: 8 weeks for Fall/Spring, 4 weeks for Summer) 

After consent was attained, at Time Point 1, participants completed the 32-item 

KAI inventory to obtain a numerical representation of their cognitive styles—i.e., their 

individual KAI score. From there, 3- and 4-member teams were formed based on KAI, as 

in [1]. Next, newly-formed teams were given a design challenge within one of the broad 

categories presented in Table 3.1 (broken down into the sub-categories in 3.4.1 

Participants). Then, teams researched the context of their design problem. During Time 

Point 2, students attended the same series of lectures in [44], helping them to form their 

problem statements. Next, the participants engaged in a 15-minute concept generation 

session with the goal of individually sketching as many ideas as possible. Then, teams 

joined together to combine their ideas and sketch new ones during a group brainstorming 

session. At the end the session, the instructor collected the ideas, and digital copies were 

scanned for analysis. Continuing into the next session at Time Point 3, students followed 
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the same concept screening procedures presented in [44], and were then tasked with 

selecting three to four of the ideas to prototype, as based on a scoring matrix.  

During Time Point 4, students developed low-fidelity prototypes of the ideas they 

selected. Specifically, they followed the same procedure in [44] when constructing and 

sharing prototypes. Then, the teams made a functional prototype; a physical model of what 

they would make for the final deliverable. The individual/team-generated sketches and 

functional prototypes are shown in Figure 3.2. Finally, during Time Point 5, teams 

presented their final deliverables, such as their high-fidelity prototypes based on a 

computer-aided design (CAD) rendering. 

 

Table 3.1  Descriptions of Design Challenges Based on Instructor and Semester 

Semester Instructor Sample Size (individuals)  Sample Size 
(teams) 

Project Description 

Summer 
2018* 

A 46 students 12 teams Tackle food insecurity in developing countries as 
a result of climate, conflict, unstable markets, 
food waste, and lack of investment in agriculture. 

Spring 
2019 

A and B 49 students 13 teams 

Ensure healthy lives and promote the well-
being for all at all ages through addressing 
diseases, pollution, and traffic injuries. 

Summer 
2019* 

A 48 students 12 teams 

Fall 2019 A 32 students 8 teams 

Spring 
2020 

A and D 58 students 16 teams 

Fall 2019 C 30 students 8 teams Develop a new water toy for children ages 3 to 5 
to teach STEM in a fun, safe, novel way. 

*The asterisk represents a semester that was held during a condensed session (4 weeks for project), as opposed to the regular school 
year semester (8 weeks for project). This difference was controlled for as “regular semester” versus “condensed semester.” 
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Figure 3.2 Progression of concepts with a representation of each paradigm-
relatedness category shows how students designed for air pollution, traffic injuries, 

and food insecurity. 

 

3.4.3 Design Ratings via Quasi-Experts 

After all of the design outputs were compiled from each stage of the design process, 

Qualtrics surveys similar to the ones in [1] were created, where two quasi-experts; one 

undergraduate student in mechanical engineering and one Ph.D. student in industrial 

engineering, rated concepts using paradigm-relatedness [16, 17]. To qualify as quasi-
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experts, the raters were trained by a metric author. Specifically, the quasi-experts rated 

1,654 concepts from the concept generation stage (Time Point 2), 73 additional team-

generated ideas, and 69 functional prototypes from the prototyping stage (Time Point 4), 

which were verified with the CAD models from Time Point 5 as each team’s final concept. 

Additionally, before the functional prototypes were rated, all images were converted to 

grayscale and a description of the concept was provided. The raters were then tasked with 

rating the paradigm-relatedness of each concept, as the goal of paradigm-relatedness is to 

understand how the design itself fits a particular paradigm that either aligns with or defies 

what would be the typical solution to a given problem [17]. These tasks were the first steps 

in preparing for the ratings. 

To further ensure consistent ratings, both raters established a baseline for each 

team’s problem statement via a list of specific elements and their usages as well as 

constraints that would be expected for a paradigm-consistent solution. The raters were 

encouraged to think about the focus of the solution to check whether it addressed the 

problem at hand or focused on a solution to a larger problem, encompassing the 

components that the paradigm-relatedness metric utilizes [17]. Quasi-experts primed 

themselves with these lists before rating ideas, which were randomized within each team. 

From there, quasi-experts classified each concept into one of three categories: paradigm-

consistent, paradigm-challenging, or paradigm-breaking. Using the baseline, concepts 

were categorized as paradigm-consistent when concepts contained any of the expected 

elements, paradigm-challenging when containing a combination of expected and 

unexpected elements, and paradigm-breaking when containing unexpected elements.  

After the concepts were rated, reliability of the ratings was checked using a two-

way mixed intraclass correlation with absolute agreement. There was a high level of 

agreement among the quasi-experts for the paradigm-relatedness of the individually 

generated concepts (ICC(3,2)=0.861), the additional team-generated ideas 

(ICC(3,2)=0.927) and the functional prototypes (ICC(3,2)=0.871) [57]. Then, quasi-

experts generated the final ratings for all concepts as they discussed their differences and 

collectively assigned values to mismatched ratings. 
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3.4.4 Data Collection Instruments 

During the study, 222 individuals generated an average of 6.17 (SD=2.72) ideas, 

which were spread out as 512 paradigm-consistent, 393 paradigm-challenging, and 545 

paradigm-breaking concepts. From there, teams selected an average of 43.12% (SD=0.22), 

34.85% (SD=0.26), and 22.03% (SD=0.24) of paradigm-consistent, paradigm-challenging, 

and paradigm-breaking concepts, respectively. Of the functional prototypes, teams chose 

31 paradigm-consistent, 21 paradigm-challenging, and 4 paradigm-breaking ideas. The 

remainder of this section presents the results in reference to our research questions. The 

statistical data were analyzed via the SPSS v.28. A value of p < .05 was used to define 

statistical significance. All assumptions were met unless otherwise noted. 

3.4.4.1 Kirton Adaption-Innovation (KAI) Inventory 

To measure the impact of cognitive style on the paradigm-relatedness of design 

solutions from concept generation, the KAI inventory was used to assess problem-solving 

preferences at both the individual and team level [9]. In this study, the total KAI score, or 

the sum of the three sub-scores, was used in the analyses. Furthermore, because KAI scores 

fall on a continuous scale, comparisons of cognitive style are relative, such that lower KAI 

scores correspond to an individual having a more adaptive cognitive style, whereas 

individuals with a higher KAI score have a more innovative cognitive style [10]. A certified 

KAI practitioner collected and scored the student responses at the beginning of each 

semester that this study was conducted, and the participants received feedback on their 

results. 

The KAI total scores of the 238 engineering design students analyzed across the 

RQs in this study showed a normal distribution, with the scores ranging from 55 to 127 

(M=91.84, SD=13.78), which follow established findings [14]. 
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3.4.4.2 Psychological Safety 

To measure psychological safety, or the belief of feeling safe for interpersonal risk 

taking [29], individual psychological safety scores are computed for each team member 

from a seven-question, seven-point survey by Edmondson [29] (shown in Appendix B), 

producing a score from 1 to 7. This individual measure is a perception of the team, whereas 

the team measure is aggregated as an average at each time point and represents how safe it 

is to take risks within each team. To ensure consistency across individual responses, 

interrater agreement must be computed [58]. The calculation for the team psychological 

safety score is: 

𝑡𝑒𝑎𝑚	𝑝𝑠𝑦𝑐ℎ𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙	𝑠𝑎𝑓𝑒𝑡𝑦# =
∑ 𝑋!,#$
!%&

𝐾 									(1) 

where 𝑋!,# represents the individual psychological safety score of the ith participant 

on team	j, up to K participants on team j. 

3.5 Results 

During the study, 222 individuals generated an average of 6.17 (SD=2.72) ideas, 

which were spread out as 512 paradigm-consistent, 393 paradigm-challenging, and 545 

paradigm-breaking concepts. From there, teams selected an average of 43.12% (SD=0.22), 

34.85% (SD=0.26), and 22.03% (SD=0.24) of paradigm-consistent, paradigm-challenging, 

and paradigm-breaking concepts, respectively. Of the functional prototypes, teams chose 

31 paradigm-consistent, 21 paradigm-challenging, and 4 paradigm-breaking ideas. The 

remainder of this section presents the results in reference to our research questions. The 

statistical data were analyzed via the SPSS v.28. A value of p < .05 was used to define 

statistical significance. All assumptions were met unless otherwise noted. 
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3.5.1 Can Cognitive Style and Individual Perceptions of Psychological 
Safety be Used to Predict the Paradigm-Relatedness of Design 
Solutions that Individuals Generate? 

The objective of the first research question was to examine whether KAI scores and 

perceived psychological safety at Time Point (TP) 2 (concept generation) could be used to 

predict how ideas would be categorized by paradigm-relatedness ratings at the idea level. 

Specifically, we hypothesized that KAI scores that reflect a more innovative cognitive style 

would predict a greater likelihood for paradigm-breaking solutions. Conversely, KAI 

scores that reflect a more adaptive cognitive style would predict a greater likelihood for 

paradigm-consistent solutions, as based on paradigm-relatedness’s connection with 

cognitive style [16, 17]. Consequently, we would expect perceptions of psychological 

safety to impact how individuals utilize preferred problem-solving methods, as 

psychological safety can promote individuals to share ideas without fear of repercussions 

[30, 33]. 

To investigate the influence of cognitive style represented as KAI scores and 

individual perceptions of psychological safety on this the paradigm-relatedness of concepts 

individuals generate, a Generalized Estimation Equation (GEE) was generated.  

Importantly, GEE accounts for clustering effects within groups [59], where concept ratings 

were clustered within individuals (N=222), which were clustered in teams (N=64), and 

then in semester duration (N=2); these were specified in the SPSS syntax as within-subject 

variables to account for clustering. Furthermore, GEE can be used for non-normal, 

categorical data [59], which represents our dataset. Prior to conducting the analysis, scale 

validity of the psychological safety scale was validated with Cronbach’s α = 0.715. Then, 

all individuals with unreliable KAI scores were excluded, leaving 1,450 ideas. Then, the 

between-subjects variable was established as participant number multiplied with team 

number and semester duration (i.e., the interaction) to account for nesting effects, and the 

within-subjects variable was the number of ideas generated in each paradigm-relatedness 

category. The reference group for the idea ratings was set to paradigm-consistent, and the 

reference categories for the categorical factors, design task and semester duration, were set 

to design task 1 (food insecurity) and the condensed summer session, respectively. These 
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factors were included because design task [50] and project duration [49] have been shown 

to influence design outputs. We also specified individual KAI scores and individual 

perceptions of psychological safety as continuous variables. In the first run of the model, 

interaction effects between design task and individual KAI scores, and individual KAI 

scores and individual perceptions psychological safety were included, as individuals of 

certain cognitive styles may be influenced to act within their cognitive style as a result of 

the given task [51], or feel comfortable (higher psychological safety) to generate ideas as 

preferred in a team [10], respectively. Results showed an insignificant interaction effect of 

Design Task and Individual KAI scores (χ2(5) = 7.020, p = 0.219), which was consequently 

removed from the analysis. However, while insignificant, the interaction between 

individual KAI scores and psychological safety remained, as this interaction was of 

interest. The final model showed significant main effects of the Design Task (χ2(5) = 

32.948, p < 0.001) on the paradigm-relatedness of design outputs. However, results failed 

to show a significant interaction effect of individual KAI scores and psychological safety 

(χ2(1) = 0.05, p = 0.822). Furthermore, there was neither a significant effect of individual 

KAI (χ2(1) = 0.020, p = 0.888) nor perceived psychological safety scores (χ2(1) = 0.081, p 

= 0.776). The parameter estimates are summarized in Table 3.2 where all significant 

parameters are bolded. These estimates represent the level of dependence of paradigm-

relatedness ratings on the various independent variables. 
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Table 3.2 Parameter Estimates for the Paradigm-Relatedness of Concepts 
Generated by Individuals 

 
Parameter 

 
β SEB χ2 95% Wald CI p-value Odds 

Ratio 
Design Task 1 

(food insecurity) 0 - - - - - 
Design Task 2  
(air pollution) 0.809 0.2825 8.20 (.255, 1.362) .004 2.246 
Design Task 3 

(traffic injuries) 0.295 0.2579 1.311 (-.210, .801) .252 1.343 
Design Task 4 

(vaccines) 1.249 0.3172 15.497 (.627, 1.870) <.001 3.486 
Design Task 5 
(STEM toys) 1.269 0.3340 14.439 (.614, 1.924) <.001 3.557 

Design Task 6 
(water 

transportation or 
pollution) 1.363 0.2811 23.514 (.812, 1.914) <.001 3.907 
Condensed 

Summer Session 0 - - - - - 
Regular Semester 0.021 0.2013 0.010 (-.374, .415) .918 1.021 
Individual KAI 0.005 0.0383 0.020 (-1.078, 1.445) .888 1.005 

Individual 
Psychological 
Safety at TP2 0.184 0.6438 0.081 (-1.078, 1.445) .776 1.202 

Individual KAI x 
Individual 

Psychological 
Safety at TP2 0 0.0066 0.050 (-.014, .011) .822 1 

 

These results did not support our hypothesis, as we expected KAI and psychological 

safety scores at the individual level to influence the groupings of generated concepts based 

on paradigm-relatedness. Moreover, the interaction between predictors was insignificant, 

showing that psychological safety did not promote students to design within their cognitive 

preferences. While speculative, there may be more to cognitive style in predicting design 

outputs. For example, prior work found that novice designers (such as the students in our 

study) are less likely to reframe problems actively [52] and may design under a bias of how 

the problem was framed, regardless of cognitive style [51]. This suggests that more work 

is needed to understand the impact of other potential confounding factors in investigating 

what drives individuals’ design outputs. Particularly, the results show a significant 

relationship between design task and predicting the paradigm-relatedness of generated 

concepts, aligning with prior work in cognitive style [51]. This means that regardless of an 

individual’s cognitive style, the theme of a design task alone can be enough to encourage 

particular design outputs. For example, the STEM toy design task (β=1.269) was 
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statistically significant (p = <.001) with an odds ratio of 3.557. This indicates that ideas 

from individuals who were given the STEM toy task were 3.557 times more likely to be 

rated as paradigm-challenging or paradigm-breaking than paradigm consistent when 

compared with the reference group, the food insecurity task. 

3.5.2 Can Team Cognitive Style Diversity and Psychological Safety be 
Used to Predict the Paradigm-Relatedness of Design Solutions that 
Teams Select? 

In addition to what teams decide to generate, we also wanted to see how cognitive 

style and psychological safety influenced teams’ selection processes for prototyping. 

Specifically, the objective of the second research question was to examine whether 

cognitive style diversity represented as KAI diversity and psychological safety could be 

used to predict the percentage of concepts selected for prototyping categorized by 

paradigm-relatedness ratings at the team level. Similar to RQ1, we hypothesized that higher 

team cognitive style diversity (standard deviation) [23] would impact the paradigm-

relatedness of the percentage of concepts that teams select, as based on prior work that 

highlighted how individuals within teams have preferences for problem-solving [10, 45]. 

Furthermore, greater cognitive gaps, or differences in cognitive style can encourage teams 

to consider a more diverse spread of ideas [10, 28]. However, as teams with greater 

cognitive style gaps tend to experience conflict [10, 28, 47], team psychological safety 

could impact how team members convey information [29, 30].  

To investigate these relationships, we conducted three hierarchical linear regression 

analyses. The purpose of this was to investigate the paradigm-relatedness of each of the 

three categories (consistent, challenging, and breaking), and what percentage of the ideas 

that teams selected belonged to each category. For example, 50% of the ideas a team selects 

may be paradigm-consistent, whereas the remaining 50% could be divided between 

paradigm-challenging and paradigm-breaking, adding up to 100%. In the first block, we 

entered all control variables. Specifically, we controlled for design task and semester 

duration as categorical variables, and controlled for KAI elevation to avoid confounding 
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with within-group standard deviations [27], as well as the percentage of concepts generated 

per each category (consistent, challenging, and breaking), as the availability of ideas can 

influence selection [46]. Importantly, the variables for percentage of ideas generated and 

selected focused on the same paradigm-relatedness category for each analysis. In the 

second block, we entered KAI diversity and team psychological safety at Time Point 3 as 

main effects. Finally, to test any interaction effects between KAI diversity and team 

psychological safety, we computed an interaction effect by multiplying these variables and 

entered it in the third block. Similar to RQ1, we checked for an interaction effect between 

design task and KAI diversity in the third block, which showed insignificant interaction 

effects for all paradigm-relatedness categories (p > 0.05). This was consequently removed 

from the analysis. The results for the final model of each regression analysis can be found 

in Table 3.3. The remainder of this RQ highlights the findings with respect to each 

paradigm-relatedness category. Prior to conducting the analyses, scale validity of the 

psychological safety scale was validated with Cronbach’s α = 0.751. Then, the validity of 

team aggregations of psychological safety at Time Point 3 was verified through interrater 

agreement calculations (rwg = 0.87, ICC(1) = 0.129, ICC(2)=0.354) [58]. 

For the first analysis, the full model was statistically significant, R2 = .342, F(11, 

44) = 2.083, p = .042; adjusted R2 = .178. Specifically, control variables (design task, 

semester, and percentage of ideas in each paradigm-relatedness category) in the first block 

significantly predicted percentage of paradigm-consistent ideas that teams selected, R2 = 

0.307, F(8, 47) = 2.598, p = 0.019; a large effect size. Although still significant overall (p 

= .046), the addition of KAI diversity and team psychological safety at Time Point 3 led to 

an increase in R2 of .010, F(2, 45) = .340, p = .714; a statistically insignificant change. In 

the third block, the interaction between KAI diversity and psychological safety led to an 

increase in R2 of .026, F(1, 44) = 1.707, p = .198; also not a statistically significant change. 

For the second analysis the full model was statistically significant, R2 = .383, F(11, 

44) = 2.485, p = .016; adjusted R2 = .229. Specifically, control variables in the first block 

significantly predicted percentage of paradigm-challenging ideas that teams selected, R2 = 

0.378, F(8, 47) = 3.574, p = 0.003; a large effect size. Although still significant overall (p 

= .009), the addition of KAI diversity and team psychological safety at Time Point 3 led to 
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an increase in R2 of .004, F(2, 45) = .157, p = .855, which was not a statistically significant 

change. In the third block, the interaction between KAI diversity and psychological safety 

led to an increase in R2 of .001, F(1, 44) = .044, p = .834; also not a statistically significant 

change. 

For the third analysis the full model was statistically significant, R2 = .491, F(11, 

44) = 3.866, p < .001; adjusted R2 = .364. Specifically, control variables in the first block 

significantly predicted percentage of paradigm-consistent ideas that teams selected, R2 = 

0.371, F(8, 47) = 5.061, p < 0.001; a large effect size. Although still significant overall (p 

< .001), the addition of KAI diversity and team psychological safety at Time Point 3 led to 

an increase in R2 of .007, F(2, 45) = .290, p = .750, which was not a statistically significant 

change. In the third block, the interaction between KAI diversity and psychological safety 

led to an increase in R2 of .022, F(1, 44) = 1.891, p = .176; also not a statistically significant 

change. 

Table 3.3 Hierarchical Regression Results for the Percentage of Selected Design 
Solutions Based on Paradigm-Relatedness 

 
 Paradigm-Consistent Paradigm-Challenging Paradigm-Breaking 

Predictor p B SEB 𝜷 p B SEB 𝜷 p B SEB 𝜷 
Intercept 0.679 -.399 0.957 - 0.760 0.291 0.947 - 0.690 0.334 0.855 - 
Design Task              
Air Pollution 0.326 0.131 0.132 0.189 0.340 -.123 0.128 -.172 0.952 0.007 0.113 0.010 
Traffic 
Injuries 0.550 0.073 0.122 0.114 0.186 -.162 0.120 -.245 0.292 0.110 0.103 0.178 
Vaccines 0.572 0.100 0.176 0.089 0.480 -.119 0.167 -.102 0.791 0.041 0.152 0.037 
STEM Toys 0.258 0.172 0.150 0.223 0.116 -.230 0.144 -.290 0.554 0.077 0.129 0.104 
Water 
Transportation 
or Pollution 0.505 0.087 0.130 0.152 0.353 -.115 0.123 -.194 0.982 0.003 0.123 0.005 
Regular 
Semester  0.590 -.048 0.089 -.091 0.530 0.056 0.088 0.103 0.880 0.011 0.075 0.022 
% of Concepts 
Generated  .007 .548 .192 .450 <.001 1.101 .253 .576 <.001 0.657 0.175 0.608 
KAI Elevation 0.764 -.001 0.004 -.039 0.680 -.001 0.004 -.051 0..418 0.002 0.003 0.093 
KAI Diversity 0.211 0.080 0.063 2.106 0.865 -.011 0.063 -.272 0.179 -.074 0.055 -2.03 
Psychological 
Safety at TP3 0.468 0.108 0.148 0.195 0.959 -.007 0.146 -.013 0.446 -.097 0.126 -.182 
KAI Diversity 

x 
Psychological 
Safety at TP3 0.198 -.013 0.010 -2.20 0.834 0.002 0.010 0.340 0.176 0.012 0.009 2.078 

 R2 = .342, p = .042 R2=.383, p = .016 R2=.491, p < .001 
Note: Food insecurity and the condensed summer session were used as reference categories for design task and semester, 
respectively. All significant predictors’ values are in BOLD.    
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These results failed to support our hypothesis, as neither psychological safety nor 

KAI diversity statistically significantly contributed to the model. In fact, the percentage of 

ideas available in each paradigm-relatedness category was the main driver in predicting the 

percentage of concepts that teams select. This aligns with prior work, where the ideas to be 

selected were contingent on the availability of generated solutions [36]. Our results indicate 

that other mechanisms beyond the team’s cognitive style diversity may play a role in 

decision-making processes for selecting ideas, such as coping behavior [10]. However, 

psychological safety alone was not enough to capture this behavior, establishing the need 

for exploring what factors contribute to how teams select ideas. 

3.5.3 Can Team Cognitive Style Diversity and Psychological Safety be 
Used to Predict the Paradigm-Relatedness of a Team’s Functional 
Prototype?  

Focusing on the remaining design stages, the objective of the third research 

question was to determine how KAI scores psychological safety could be used to predict 

how functional prototypes (which were prototypes for the final designs) would be 

categorized by paradigm-relatedness ratings at the team level. Specifically, we 

hypothesized that a team’s cognitive style diversity would predict the likelihood of the 

paradigm-relatedness of the functional prototype, where we would expect teams with 

greater cognitive diversity to be more likely to select a solution that is paradigm-

challenging to account for the views of all team members [10, 28]. We also hypothesized 

that higher psychological safety would contribute to cognitively diverse teams’ actions, as 

psychological safety promotes teams to value others’ contributions [29]. 

To investigate this relationship, we conducted a multinominal logistic regression to 

model the relationship between the team’s KAI elevation (mean), KAI diversity (standard 

deviation), team psychological safety at Time Point 4 (prototyping), design task, semester 

duration, and the classification of concepts of the functional prototypes into the three 

paradigms (paradigm-consistent, paradigm-challenging, paradigm-breaking). Importantly, 

scale validity of the psychological safety scale was validated with Cronbach’s α = 0.746. 
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Then, validity of team aggregations of psychological safety at Time Point 4 was verified 

through interrater agreement calculations (rwg = 0.91, ICC(1) = 0.090, ICC(2)=0.269) [58]. 

Similar to RQ2, KAI elevation was included to account for confounding effects with KAI 

diversity, and we validated that both variables were not correlated (r(54) = -.076, p = .580). 

Addition of the predictors (KAI diversity, elevation, team psychological safety, design 

task, and semester duration) to the model that contained only the intercept significantly 

improved the fit between model and data, c2 (18, N=56) = 29.248, Nagelkerke R2 = .491, 

p = .045. Significant unique contributions were made by the diversity of KAI scores (c2 

(2) = 7.267, p = .02). The parameter estimates are shown in Table 3.4. 

 

Table 3.4 Predictors’ Unique Contributions in the Multinomial Logistic 
Regression for Psychological Safety and KAI 

 Predictor Consistent Vs. β Odds Ratio p 
 Air Pollution Challenging -1.914 0.147 0.163 

D
es

ig
n 

Ta
sk

 

 Breaking -16.268 <.001 0.999 
Traffic Injuries Challenging -.170 0.844 0.897 

 Breaking 1.397 4.042 0.586 
Vaccines Challenging -2.347 0.096 0.152 

 Breaking -16.485 <.001 0.999 
STEM Toys Challenging -3.115 0.044 0.060 

 Breaking -20.466 <.001 0.999 
Water Transportation or Pollution Challenging -1.857 0.156 0.128 

 Breaking 0.156 <.001 0.997 
 Regular Semester  Challenging 0.039 1.040 0.967 
  Breaking -4.033 0.018 0.216 
 KAI Elevation Challenging 0.066 1.068 0.118 
  Breaking 0.157 1.170 0.363 
 KAI Diversity Challenging .095 1.100 0.077 
  Breaking 0.347 1.415 0.080 
 Psychological Safety at TP4 Challenging -.271 0.762 0.752 
  Breaking 1.547 4.696 0.393 

 Note: Food insecurity and the condensed summer session were used as reference categories for design task and semester, 
respectively.    
 

Similar to RQ1, the reference group for the dependent variable was the paradigm-

consistent category. Each predictor had two parameters that was compared with the 

reference category: one for predicting membership in the paradigm-challenging group 

paradigm-breaking, and one for predicting membership in the paradigm-breaking group. 

Although the parameters for comparing the paradigm-consistent with both paradigm-

challenging (p = .077) and paradigm-breaking (p = .080) groups did not quite meet 

statistical significance, it is important to discuss the meaning of odds ratios. Specifically, 

for each unit of increase in KAI diversity, the odds of being in the paradigm-challenging 
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group compared to the paradigm-consistent group increased by 1.10. Similarly, the odds 

of being in the paradigm-breaking group compared to the paradigm consistent group 

increased by 1.415. However, the odds ratios should be interpreted conservatively.  

These results supported our hypothesis to an extent, as teams’ cognitive gaps 

increased (cognitive style diversity [13]), teams gravitated towards more paradigm-

challenging and paradigm-breaking designs, aligning with expectations from prior work 

[10, 28].  However, lack of significance of psychological safety in the model showed that 

psychological safety was not necessarily impactful on the paradigm-relatedness of teams’ 

functional prototypes. Similar to RQ2, this indicated that interactions that impact how 

teams make a collective decision cannot be captured with psychological safety alone. 

3.6 Discussion 

The main objective of this paper was to explore the role of cognitive style (using 

the KAI metric) on the paradigm-relatedness of design outputs from various design stages 

at the individual and team levels. The main findings were as follows: 

• Only design task significantly predicted the likelihood of individuals to 

generate more paradigm-challenging or paradigm-breaking ideas than 

paradigm-consistent.  

• The availability of ideas in each of the paradigm-relatedness categories 

significantly predicted teams selecting a similar ratio of ideas for each 

category. 

• KAI diversity was a significant predictor for the teams selecting more 

paradigm-challenging and paradigm-breaking functional prototype 

concepts compared to paradigm-consistent. 

• Psychological safety at the individual and team levels was not significant, 

and thus was not enough to capture team interactions that impact team 

decision-making. 
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Results from the first research question refuted our hypothesis, as neither KAI nor 

perceptions of psychological safety contributed the model for predicting the paradigm-

relatedness of ideas. Specifically, controlling for design task was statistically significant, 

where the air pollution, vaccine, STEM toy, and water pollution/transportation tasks were 

more likely to elicit paradigm-challenging or paradigm-breaking outputs than paradigm-

consistent outputs. Although this finding aligns with prior work [50], recent work on 

cognitive style pointed to a potential confounding factor within design task—problem 

framing [51]. Because problem framing left unmanaged could misalign with a novice’s 

preferred cognitive style [51], concept generation outputs may be at risk, particularly when 

individuals on teams with varied cognitive styles must interpret the same problem 

statement. Typically, novice designers tend to solve problems as given [52], where our 

participants were novices as well and would be less likely to reframe a potentially biased 

problem statement, regardless of cognitive style. Another confounding factor within design 

task could come from varying degrees of background knowledge of the design problem 

[37], which could limit more innovative individuals’ abilities to produce more paradigm-

challenging and paradigm-breaking concepts. We hypothesized that higher perceptions of 

psychological safety would allow individuals generate concepts according to their 

cognitive style through avoiding coping behavior as a means of handling conflict [10] and 

feeling safe to engage in creative processes [54]. However, lack of tacit knowledge for 

some individuals may be too significant, preventing them from engaging in creative 

behavior. Thus, these results call for future work that dives deeper into the intricacies of 

design task to better understand how KAI can be used to predict concept generation 

outputs.  

While the paradigm-relatedness of individual ideation outputs showed a significant 

relationship with design task, results from team-level analyses in the second and third 

research questions showed insignificant to limited impacts of KAI diversity on paradigm-

relatedness outputs. Specifically, RQ2 showed that neither KAI diversity nor psychological 

safety significantly impacted teams’ selections of which concepts would move forward to 

the prototyping stage. The availability of concepts alone contributed to the model for the 

percentage of surviving concepts in each paradigm-relatedness category, showing that the 
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kinds of concepts that survive are contingent on what team members produce during 

concept generation, aligning with prior work [36]. Lack of significance from KAI measures 

could be confounded in factors similar to RQ1, such as background knowledge of the 

design problem [37], where some team members who have a better understanding of the 

problem may contribute more to the decision. Specifically, contributions across the team 

may be unequal as some individuals have more power in advocating for their preferred 

decision [53], meaning that team decisions on the surface may come from one or two 

people. Conversely, KAI diversity was significant overall for predicting the paradigm-

relatedness of functional prototypes, alluding to greater representation of team attributes 

than in the selection stage. This aligned with prior work, where greater cognitive gaps from 

differences in cognitive style can encourage teams to consider a more diverse spread of 

ideas [10, 28], and consequently a more divergent final design. The significance of this 

finding establishes directions for future work, as KAI diversity could detect the likelihood 

of the paradigm-relatedness of team outputs only until teams chose their final designs. This 

finding suggests that the relationship between KAI and the paradigm-relatedness of design 

outputs takes time to emerge, and KAI measures may be confounded in other factors in the 

earlier stages.  

Contrasting with the emerging significance of KAI diversity, both team-level 

analyses showed lack of influence from psychological safety. Specifically, we expected 

psychological safety to allow teams to act according to their cognitive style composition 

when selecting concepts, as the construct promotes team members to share concerns and 

speak up [29, 30]. However, lack of significance could be due to the scale’s inability to 

capture coping behavior, where team members force themselves to problem-solve outside 

of their defined cognitive style [10]. Furthermore, this work focused on the paradigm-

relatedness of design outputs, which is not the same as conventional creativity [18]. This 

could explain the lack of a relationship between psychological safety and design outputs 

here, as prior work with psychological safety focused exclusively on creativity as a matter 

of being creative or not [32, 33]. All ideas categorized under the paradigm-relatedness 

metric are considered creative [16, 17], where the innovativeness or adaptiveness can vary. 

Thus, caution should be taken when trying to compare newer metrics with psychological 
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safety, as prior work analyzed psychological safety under an antiquated definition of 

creativity. 

3.7 Conclusions and Future Work 

The main goal of this paper was to investigate the relationship between cognitive 

style, psychological safety, and the paradigm-relatedness of design outputs during the 

concept generation, concept selection, and prototyping stages of the design process. 

Specifically, we sought to understand this impact at both the individual and team level. To 

achieve this goal, we investigated design outputs from 238 participants split between 

various stages. The main findings indicated that design task and the availability of 

generated concepts were impactful on the paradigm-relatedness of design outputs at 

concept generation and concept selection, respectively. Conversely, only cognitive style 

diversity was impactful on the functional prototypes, and psychological safety was not 

significantly impactful at all stages. 

While this study presents results to broaden our view of what factors impact the 

paradigm-relatedness of design outputs at various stages, this paper does not come without 

limitations. First, many factors can influence what kinds of ideas individuals propose 

during concept generation, such as tacit knowledge about the design task [37] or engaging 

in coping behavior [10]. Although psychological safety was measured to capture individual 

perceptions of feeling safe to take risks (e.g., producing more innovative solutions) within 

teams [29, 30], this does not necessarily capture coping behavior, which can push more 

adaptive individuals to produce more innovative outputs, and vice versa [10]. Furthermore, 

coping behavior can mitigate effects of conflict due to interpersonal conflict [48], which 

may drive design processes more than psychological safety. Therefore, future work should 

incorporate measures that explicitly capture coping behavior. 

In addition to the need for capturing coping behavior, other interpersonal 

interactions could contribute to what factors drive decision-making processes when 

selecting concepts. Although additive aggregation models including KAI elevation and 
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diversity assume that all team members’ scores should be equally represented (e.g., [26]), 

some members may exert a disproportional influence on team design processes. 

Specifically, some individuals may have a greater impact on team outcomes through 

dominating the conversation, persuasively advocating for their idea (e.g., ownership bias), 

or demonstrating charismatic leadership (e.g., [53]). In contrast, some individuals may 

have a lower impact on team outcomes through failing to speak up, quickly acquiescing to 

others’ ideas, or conforming to the majority decision even if they hold an alternative 

opinion [53]. The effects of how coping behavior leads individuals to change their behavior 

depending on the context have been examined in prior literature [10, 14, 28], emphasizing 

the need for further exploration when investigating the paradigm-relatedness of design 

outputs. 

Beyond the potential for coping behavior to overshadow impacts from other factors, 

the lack of significance from psychological safety could be due to several reasons. First, 

the construct requires a significant amount of interaction and manifests over time [30]. 

Thus, the duration of the projects may be too short to capture the impacts of psychological 

safety, but may be more noticeable in longer projects, such as semester- or year-long 

capstone projects. Along with confounding due to project duration, impacts from individual 

perceptions of psychological safety may go undetected. Specifically for the team-level 

analyses, the positive skew in psychological safety in the team-level aggregate scores may 

conceal lower individual perceptions of psychological safety, as highlighted in prior work 

[25] and in engineering design [44]. Therefore, future work should examine individual-

level perceptions of psychological safety and how they impact individual contributions 

within team design activities. 

Aside from limitations with capturing coping behavior and psychological safety, 

results showed that cognitive style diversity represented via KAI diversity was impactful 

only when investigating functional prototypes. Furthermore, these impacts were less 

nuanced when viewed as pairwise comparisons between paradigm-relatedness categories. 

While prior work showed that more “creative” concepts tended to drop out in favor of more 

conventional concepts in the later stages of the design process [42], our findings showed 

that predicting the likelihood for teams to select unorthodox concepts was more apparent 
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than in previous stages. Particularly, this work did not investigate how teams’ pools of 

ideas survived across the design stages, but rather indicated KAI’s relevance at later stages 

of the design project. Furthermore, this study did not investigate prototype fidelity (such 

as the low-fidelity prototypes), which can cause more breaking ideas to drop out through 

enhanced perceptions of riskiness [41]. To develop a better understanding of the survival 

of concepts under a cognitive style lens, investigating both individual- and team-level 

design decision-making processes simultaneously could illustrate to what extent cognitive 

style can predict design outcomes. Finally, the loss of data from unreliable KAI scores 

could have masked some of the interactions in teams that contributed to design outputs, as 

well as not including instructor as a control (omitted due to too many predictors affecting 

model validity). However, such impacts are most likely minimal, especially from the 

perspective of instructor, where outputs were not graded. 
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CHAPTER 4	

4 THE IMPACT OF GENDER ON INDIVIDUAL 
PERCEPTIONS AND TEAM PSYCHOLOGICAL 
SAFETY IN ENGINEERING DESIGN TEAMS 

This paper is based on a conference paper previously published in the International 

Design Engineering Technical Conference and Computers and Information in Engineering 

Conference [1]. This paper was invited to be submitted for publication in a special issue 

of the Journal of Mechanical Design in August 2022. This work is multiple-authored by 

Courtney Cole, Jacqueline Marhefka, Dr. Kathryn Jablokow, Dr. Susan Simkins, Dr. Sarah 

Ritter, and Dr. Scarlett Miller. Courtney Cole is the lead author on the paper, and Dr. 

Scarlett Miller and Dr. Kathryn Jablokow helped advise the work. 

 

In Chapters 2 and 3 of this dissertation, findings identified the extent to which 

psychological safety can be used to predict design outputs at various stages of the 

engineering design process. After establishing the connection between psychological 

safety and design outputs, Chapter 4 looked to identify a relationship with antecedents to 

psychological safety using gender. Specifically, individual dichotomous perceptions, as 

well as the gender composition of the teams were investigated to understand how this 

surface-level diversity can be used to predict psychological safety. Through understanding 

gender as a means to influence individuals’ and teams’ psychological safety, this chapter 

aimed to establish a baseline for investigating other team attributes that may impact 

psychological safety, eventually helping to pave the way for using psychological safety in 

promoting various design outputs. 
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4.1 Abstract 

Improving team interactions in engineering to model gender inclusivity has been at 

the forefront of many initiatives in both academia and industry. However, there has been 

limited evidence on the impact of gender-diverse teams on psychological safety. This is 

important because psychological safety has been shown to be a key facet for the 

development of innovative ideas, and has also been shown to be a cornerstone of effective 

teamwork. But how does the gender diversity of a team impact the development of 

psychological safety? The current study was developed to explore just this through an 

empirical study with 38 engineering design student teams over the course of an 8-week 

design project. These teams were designed to be half heterogeneous (either half-male and 

half-female, or majority male) or other half homogeneous (all male). We captured 

psychological safety at five time points between the homogenous and heterogenous teams 

and also explored individual dichotomous (peer-review) ratings of psychological safety at 

the end of the project. Results indicated that there was no difference in psychological safety 

between gender homogenous and heterogenous teams. However, females perceived 

themselves as more psychologically safe with other female team members compared to 

their ratings of male team members. Females also perceived themselves to be less 

psychologically safe with male team members compared to male ratings of female team 

members, indicating a discrepancy in perceptions between genders. These results point to 

the need to further explore the role of minoritized groups in psychological safety research 

and to explore how this effect presents itself (or is covered up) at the team level. 

4.2 Introduction 

In recent years, understanding how to increase retention of women in engineering 

has been at the forefront of many academic [2-6] and industry-based [7-9] initiatives. 

Importantly, initiatives have spanned to including other genders as well to promote greater 

inclusion in the male-dominated field that is engineering [10-12]. While these initiatives 
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are important from the perspective of perceived learning gains among diverse individuals 

that work together [13], how to promote safe environments for communication in gender-

diverse teams remains a challenge.  

To address this challenge, recent work in engineering design education has looked 

at increasing team effectiveness from the perspective of psychological safety [14, 15]. 

Importantly, psychological safety is defined as “the shared belief that the team is safe for 

interpersonal risk taking,” ([16] p. 354). While outside of engineering, psychological safety 

has been validated as a consistent, generalizable, and multilevel predictor of team 

performance and learning [17]. To build a culture of safety, individuals engage in 

interpersonal interactions that develop from perceptions of one another to group-level 

phenomenon [18, 19]. It’s important to note that these feelings of safety have been shown 

to grow and diminish throughout the lifespan of a team [17], pointing to impacts on group 

processes [20, 21]. This emphasizes the need for a dynamic view of psychological safety 

in teams. 

While recent work has begun to examine psychological safety from a dynamic 

perspective in engineering design [14, 15, 22, 23], examinations of gender-based 

interactions in engineering design have seen limited treatment from a single time point 

[24]. In other instances, studies on gender and individual perceptions of psychological 

safety showed conflicting results, where some studies found that controlling for gender did 

not impact results [25, 26], but others found quite the opposite [27, 28]. Furthermore, 

studies in business teams focused showed that gender diversity shared a positive 

relationship with psychological safety [29]. Conversely, prior work in engineering design 

education found that team psychological safety did not vary between teams of varying 

gender compositions [24]. These discrepancies can be due to any number of reasons, 

calling to attention the need for a more detailed view of psychological safety and gender. 

Thus, this begs the question as to when in the design process that gender composition has 

an impact on individual perceptions and team psychological safety. For the purposes of the 

literature review, we use nonmale to refer to both female and nonmale. However, we use 

female to describe our results, as the nonmale sample was fully female. 
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In light of the prior work, the objective of this paper was to explore the relationship 

between gender and psychological safety throughout the design process. Specifically, we 

sought to understand this relationship at both the individual level through pairwise 

perceptions of psychological safety. In addition, we sought to understand this relationship 

at the team level through comparisons of two combinations of team gender composition 

over time. Furthermore, we looked at whether team gender composition contributed to 

improvements in psychological safety from the start of the project to the end. 

4.3 Related Work 

To identify specific points in the engineering design process where team gender 

composition may impact team psychological safety (and while not the focus of this chapter, 

the proceeding design outputs), pertinent literature on the impacts of gender on team 

psychological safety in various contexts was explored. Furthermore, studies on gender and 

its impacts on team interactions in and outside engineering were explored. This section is 

used to summarize this prior work and provide support for the current investigation. 

4.3.1 Potential Impacts of Team Gender Composition on Team 
Interactions 

Although what drives gender-based differences in engineering design team 

interactions under a psychological safety lens remains sparse, other works provide a means 

for studying these factors throughout the design process. Outside of engineering, gender 

diversity shared a positive relationship with psychological safety in industry settings [29, 

30], alluding to the importance of studying psychological safety in an engineering context. 

Specifically, prior work on gender interactions in teams has shown that members in single-

gender teams tend to employ aggressive tactics [31], where evolutionary psychology points 

to males in particular for having a stronger desire to compete for status and exhibit 

dysfunctional behaviors that promote group hostility [32]. Conversely, mixed gender teams 
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tend to stray away from engaging in hostile behavior [33], suggesting that such negative 

interactions are less likely to occur in mixed gender teams. This is problematic for 

achieving high psychological safety, as hostile environments can be perceived as not 

psychologically safe [34]. When studying team gender composition under a STEM lens, 

conclusions from prior work showed that while women still remain underrepresented, 

gender composition from the perspectives of homogeneous and heterogeneous groups 

showed support for enhancing group processes and performance in general [35]. 

Interestingly, other work in science further supports this notion, as heterogeneous gender 

teams tended to produce publications with higher performance (quantified by citation 

count) than their homogeneous counterparts [36]. However, due to the extreme 

underrepresentation of nonmales in engineering [37], it is less common for teams to be 

homogeneously nonmale. As a result, comparing homogeneously male teams to mixed 

gender through giving participants to identify as a gender other than cisgender would help 

to change the paradigm of how researchers view gender composition in STEM.  

As nonmales continue to experience underrepresentation, the lack of knowledge on 

engineering teams is problematic. Particularly, prior work from the perspective of 

engineering teams showed that male dominant teams tended to engage in more clarifying 

and standard-setting during team interactions [38]. However, how these interactions impact 

psychological safety lacks emphasis in the engineering design literature. Prior work in 

problem-based learning in engineering education showed that some individuals may 

perceive members of genders different from their own to be a challenge for working in 

teams or may refuse to work with these individuals [39]. These interactions help to explain 

why nonmale engineers still face adversity, where females in a workplace setting have been 

judged negatively by their gender at first [40], and only until recently has there been a push 

to examine impacts on other genders [11]. Additionally, females in majority-female groups 

report feeling less anxious than when on minority teams [41], alluding to the notion that 

females can give other females strength in male-dominated fields such as engineering. 

However, even in gender-balanced groups, prior work showed that females are more likely 

to assume non-technical, traditional female roles that involve secretarial work, while males 

assume more technical roles [42], which may negatively impact how team members 
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perceive one another and themselves due to lack of appreciation for non-technical skills 

[42, 43]. Other factors can build into these interactions as well, such as gender status 

beliefs, which have imposed burdens on minoritized genders that leave males better off 

[44, 45]. Although outside engineering, lower psychological safety in females in healthcare 

has been shown to be indicative of status issues as a result of gender [46]. Discrimination 

can be further compounded if an individual comes from a minoritized group, where 

qualitative studies have shown that being both female and multi-minority can complicate 

how welcome such individuals feel in engineering, especially when interacting with other 

non-minority individuals [47, 48]. Interestingly, both minority and White females 

expressed experience with microaggressions from non-minority individuals, where the 

effects were especially elevated for minority women [49]. While not the focus of this paper, 

work with the same participants aimed to improve psychological safety through role-based 

assignments and video-based training from the beginning of the project [50, 51]. 

Importantly, prior work advocates for assigning roles and rotating roles to ensure equity 

among minority groups in STEM [52], whereas video-based education can be an effective 

method for changing individuals’ behavior and how they interact with others [53, 54]. 

Although these studies leave out psychological safety as a component of what helps or 

hinders performance in these individuals, such findings point to a discrepancy in how 

underrepresentation of certain genders in general can lead to frustrations among these 

groups. Thus, these prior works emphasize the need for a better understanding of how team 

gender composition relates to psychological safety in the engineering design process. 

4.3.2 Potential Impacts of Gender Throughout the Engineering Design 
Process 

In general, the engineering design process is encompassed by three main phases: 

generation of concepts, evaluation of concepts, and team communication [55, 56]. Prior to 

generation, however, teams undergo team formation, where they establish a sense of 

leadership, norms, and culture [57-60]. This can set the stage for the lifespan of the project, 
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where prior work showed that ensuring team members are given an active role in decision-

making and taking on tasks suitable for their abilities can affect overall team performance 

[61, 62]. Additionally, leaders can play a role in establishing norms, as prior work showed 

how higher expectations from the leader can positively impact team and individual norms 

for collaborative problem solving in a classroom setting [63]. However, in the engineering 

design team context, prior work suggested that a shared sense of project ownership and 

shared team leadership is necessary for project success [64]. For nonmales in engineering, 

this is a critical time period, as prior work in engineering suggests that females in their first 

year of undergraduate education may lack the confidence needed to provide contributions 

at the beginning of a project [38]. Although outside of engineering design, controlling for 

gender diversity was not found to significantly impact the positive relationship between 

psychological safety and collective leadership that builds over time, including the 

beginning of a project [65]. At the individual level, similar findings showed lack of a 

relationship between individual perceptions of the team’s psychological safety and gender 

at the beginning of data collection [66, 67]. However, how long these team members were 

working with each other prior to the study, or which team they were in was not explicitly 

stated. Similarly, investigations in the engineering design context remain limited, as prior 

work showed only a static view of the impacts of gender [24]. Lack of clarity in how gender 

can influence psychological safety is problematic, as these studies fail to describe the 

trajectory of psychological safety over time from the individual (gender to gender) and 

team levels (team gender composition). Particularly in engineering design, to overcome 

gender-related issues such as the reluctance to contribute, it is important to identify clearly 

as to how psychological safety may play a role promoting team members to help 

individuals and teams share a similar sense of leadership and belonging from the start. 

After establishing team norms, engineering design teams collectively work towards 

their established problem during the concept generation stage. Here, teams are tasked with 

developing creative solutions; a common focus in engineering design [68-72]. In prior 

work, teams with lower psychological safety were shown to feel unsafe for interpersonal 

risk-taking, causing individuals within the teams to feel reluctant to share novel ideas [73]. 

Similarly, feeling safe to speak up and learn from mistakes has also been shown to promote 
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creative behavior in teams [74-76]. Interestingly, prior work in business teams found an 

indirect relationship between status conflict and team creativity via team psychological 

safety [29]. Specifically, greater gender diversity mitigated the negative effects of status 

conflicts that harm creative outputs, demonstrating the relevance of studying gender 

composition in our own engineering design teams. However, even in a mixed-gender team, 

females tend to require a more positive social interaction culture than males before they 

feel safe to engage in knowledge sharing [77]; an output of psychological safety [16, 17]. 

As knowledge sharing plays a role in allowing design teams to develop new concepts [78], 

investigating psychological safety remains a crucial first step for improving generation 

practices.  

Following generation practices, teams screen and select ideas to move forward with 

pursuing [55]. Here, risk aversion is a prominent obstacle for teams to overcome when 

selecting creative ideas [79, 80]. Importantly, because lower psychological safety can 

promote greater risk aversion [16], and females are more likely to be affected by risk 

aversion [81], investigating how gender impacts psychological safety at this stage is 

important as well. From there, teams transform these concepts into prototypes of varying 

levels of fidelity to convey their design [82-85] and detect potential design issues [86]. 

Prototyping shares some similarities with concept screening as well, where prior research 

showed that engineering design students tend to perceive more unique ideas as riskier if 

the fidelity is lower [87]. Consequently, psychological safety may compound the outcome 

of overlooking potentially successful ideas if they do not feel safe for risk-taking [16, 17]. 

Gender composition could further impact such outcomes due to the aforementioned risk 

aversion [81], substantiating the importance of studying gender’s impact on psychological 

safety during prototyping.  

After deciding on and building the final prototype, teams compile their work as a 

final deliverable to demonstrate how they solved their design problem. This end stage can 

be affected by poor communication, which can promote interpersonal tension and irritation 

[17], and lack of time management [14]. In the case of low psychological safety, such 

issues can fester if team members do not feel safe to question the status quo [16]. 

Particularly, prior work shows that females in an engineering team typically assume more 
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stereotypical roles, such as the communicator or planner [45]. However, males tend to 

dominate more in the presence of females and control team conversations [42, 88, 89]. This 

can be problematic for nonmales wanting to take part in team decisions, lowering 

perceptions of psychological safety through making them feel less important [16]. As a 

result, lack of ability to coordinate and come together could be plagued by low 

psychological safety, emphasizing its importance even at the end of a project.  

While findings from prior work provide a foundation for why gender may impact 

psychological safety in engineering design teams, evidence remains limited within 

engineering design. Therefore, this calls for an investigation of how gender from the 

perspectives of peer ratings and teams can impact individual perceptions of and team 

psychological safety, respectively. 

4.3.3 Research Questions 

The goal of this paper was to explore the relationship between gender and 

psychological safety throughout the engineering design process. Specifically, the following 

research questions (RQs) were explored: 

RQ1: How does gender impact individuals’ perceptions of psychological safety 

with other team members? 

We hypothesized a team member’s perception of their psychological safety 

with another individual whose gender does not match their own will be 

different from individuals who share the same gender. This hypothesis is 

based on prior work that has shown that females perceive biases from male 

counterparts in feeling negatively judged based on their gender [40] and 

feeling less anxious on female-majority engineering teams [41]. 

Furthermore, knowledge sharing, which is mediated by psychological 

safety [16, 17], has been shown to require more positive social interaction 

culture from females than males to feel safe to engage in knowledge sharing 

[77]. Through facing similar challenges in adversity [40], we predict that 
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members of the same gender orientation will be more likely to feel more 

psychologically safe with one another. 

RQ2: What is the impact of team gender composition on psychological safety over 

time?    

We hypothesized that over a trajectory of time, a team’s gender composition 

will impact team psychological safety throughout the design process. 

Specifically, we hypothesized that mixed gender teams (gender 

heterogeneous) would have higher psychological safety than teams that are 

all male (gender homogeneous). This hypothesis is based on prior work that 

showed that teams of company employees with more gender-diverse teams 

reported higher psychological safety [29], while other work supports the 

notion of higher performance outputs from heterogeneous gender groups 

[35]. Furthermore, while prior work in engineering education shows lack of 

a difference between teams of varying gender composition [24], this study 

only analyzed psychological safety from a single point in time. As prior 

work shows that the trajectory of psychological safety for an engineering 

design team can vary over time between teams [14], this emphasizes the 

need to analyze how gender composition impacts the trajectory explicitly. 

RQ3: Does the gender composition of a team impact psychological safety by the 

end of a project? 

Building onto RQ2, we aimed to investigate if team gender composition 

contributed to a difference in psychological safety from the start to the end 

of the project. Specifically, we hypothesized that mixed gender composition 

teams’ (gender heterogeneous) psychological safety would differ from all 

male teams (gender homogeneous). This hypothesis is based on prior work 

that showed that psychological safety is lower when gender diversity is 

lower [29, 30], and that psychological safety tends to suffer even more in 

the presence of conflict [29]. Importantly, prior work emphasized how 

males in general tend to approach interpersonal problems through 

aggression when there is lack of agreement [31]. However, mixed gender 
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teams tended to stray from using hostile actions and words [33], creating a 

climate more conducive for overcoming problems and building 

psychological safety [75]. Starting from the team formation stage (Time 

Point 1), we predicted that teams of heterogeneous team gender 

compositions will exhibit greater psychological safety at the end of the 

project (Time Point 5) than the homogeneous teams. 

4.4 Methodology 

To answer the research questions, an empirical study was conducted at a large 

northeastern university in the United States over the first project of a first-year cornerstone 

engineering design course over five semesters. Further study details and the experimental 

design are presented in the remainder of this section. 

4.4.1 Participants 

In total, 38 engineering design student teams, comprised of 148 participants (121 

males and 27 females), participated in the study. All participants were enrolled in a first-

year cornerstone engineering design class at a large northeastern university. Table 4.1 

shows the breakdown of individual gender and racial backgrounds. Table 4.2 shows gender 

and racial background of teams, the where minoritized members in STEM excludes 

majority races such as White and Asian [48]. Importantly, all participants were given the 

option to identify as transgender male/female, genderqueer/non-conforming, or a different 

identity. However, none of the participants identified as a gender besides the cisgender 

categories. Therefore, our nonmale sample was fully female and is referred to as such 

throughout the remainder of this paper. Finally, racial background was not investigated due 

to the overwhelming Whiteness of the sample size. 
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4.4.2 Procedure 

This study was completed during the Fall 2021 semester with six sections of the 

same course. The course schedule remained consistent across all sections, where the all 

participants took the psychological safety survey by Edmondson [16] at each of the time 

points (see Figure 4.1). All participants consented at the beginning of the study based on 

the Institutional Review Board guidelines established at the university. The remainder of 

this section emphasizes the methodologies used to deploy the intervention. 
	

Figure 4.1 Study timeline – all participants took the psychological safety survey at 
each time point (total time period: 8 weeks). 

After consent was obtained, all students completed a psychological safety 

knowledge self-efficacy presurvey at Time Point 1. These questions focused on being able 

to explain psychological safety to a peer, being able to state why and when it is important, 

and being able to identify factors that impact psychological safety, for example. 

Specifically, one of the items was, “I can describe to a peer what psychological safety is.” 

From there, 3- and 4-member teams were formed to come up with a roughly equal 

distribution of gender compositions within each class. Specifically, approximately half of 

the teams were constructed as gender heterogeneous (either half-male and half-female, or 

majority male), while the other half were constructed as homogeneous (all male). At the 

beginning of first session the teams spent together, the teams watched the first video in the 

series of videos on the four lenses of psychological safety. Specifically, these lenses were: 

Turn-Taking Equalizer, Creativity Promoter, Point of View Shifter, and Affirmation 

Advocate, which are presented in detail in [51]. The purpose of these roles was to 

encourage students to take specific viewpoints that promote stronger communication and 
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explore the problem space. Prior to the start of working on the main project, all teams in 

the intervention condition worked on building a paper bridge as a team-building activity. 

Here, each participant in each team was assigned a role as based on the lenses of 

psychological safety, as described in the video. Then, instructors assigned a design 

challenge to each of the newly-formed teams, where teams researched the context of their 

design problem for approximately 35 minutes. Importantly, sections in the previous studies 

[14, 15] were assigned the same research task as well. Following this, all students took the 

first psychological safety survey. 

During Time Point 2, all sections were presented with the same series of lectures in 

[15] that led up to teams generating problem statement for their project. Importantly, 

sections under the intervention condition watched the second video on the psychological 

safety lenses, which focused on concept generation. Then, the participants sketched as 

many ideas as possible individually in a 15-minute concept generation session. From there, 

using the same roles described before, each student was assigned a role different from what 

they did during the first time point. Next, the participants discussed the ideas they generated 

in their teams and sketched additional solutions as a team. After this, all students took the 

second psychological safety survey. 

During Time Point 3, watched the third video on the psychological safety lenses, 

which was related to concept screening and how to use the roles to foster communication. 

From there, students followed a concept screening activity, where they screened the ideas 

from concept generation. The ideas were mixed up randomly to avoid any ordering biases, 

where students screened ideas as “Consider” or “Do Not Consider,” similar to [14, 15]. 

From there, the teams discussed the ideas using the role assignments and decided on which 

of the four ideas they would rate in more detail. To assess these ideas, students attended a 

presentation on using concept selection matrices, and then applied this method to rate the 

ideas they selected. Finally, all students took the third psychological safety survey. 

At Time Point 4, students watched the fourth and final video on the psychological 

safety lenses. Specifically, this video focused on how to apply each role for the remainder 

of the project. From there, the students watched a brief presentation on low-fidelity 

prototypes, and were then tasked with making their own prototypes as a team while using 
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commonly available materials (e.g., cardboard, post-it notes, etc.). After they finished the 

prototypes, students split from their teams while each student took one of the prototypes to 

share with another group for feedback. After this period, students decided on their final 

design for the functional prototype and worked together to make this higher fidelity 

prototype. After this, the students took the fourth psychological safety survey. 

At Time Point 5, the project ended with students presenting their final deliverables 

as a team and turning in the final report. Specifically, these deliverables focused students 

explaining their design process that led up to the high-fidelity prototype based on a 

computer-aided design (CAD) rendering. Then, they completed the final psychological 

safety survey, along with peer reviews and the same psychological safety knowledge self-

efficacy survey from the beginning of the study. 

4.4.3 Metrics 

To investigate the impact of gender on teams’ psychological safety, several metrics 

were applied, including: individual gender-to-gender peer ratings of perceived 

psychological safety, team psychological safety, and team gender composition. Each 

metric is defined in detail in the remainder of this section. 

Individual Dichotomous Perceptions of Psychological Safety: At the individual 

level, psychological safety is a perception of the individual’s view of how safe they feel 

the team atmosphere is for interpersonal risk-taking [16]. To uncover feelings of being safe 

for interpersonal risk-taking with another individual within the team, participants were 

asked the same psychological safety questions from Edmondson [16] with respect to each 

of their team members at the final time point. From there, these responses were categorized 

under four groups to capture dichotomous perceptions of psychological safety based on a 

member of a particular gender rating another individual of some gender. Specifically, 

males were included as the dominant gender, whereas females and other minority genders 

were included under the “nonmale” category. However, our sample reflected just females 

in this category, thus we will refer to this minoritized group as such. Using the dichotomous 
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structure, psychological safety scores fell into one of four categories: male perceives male, 

male perceives female, female perceives male, and female perceives male. An example of 

how these perceptions were coded is shown in Figure 4.2. 

Team Psychological Safety: Psychological safety at the team level, or the team’s 

belief of feeling safe for interpersonal risk taking [16], is computed from individual 

psychological safety scores of each team member and aggregated as an average at each 

time point. To ensure consistency across individual responses such that all team members 

share similar perceptions, interrater agreement must be computed [90]. The score ranges 

from 1 to 7 and is a continuous value, and is calculated as such: 

𝑡𝑒𝑎𝑚	𝑝𝑠𝑦𝑐ℎ𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙	𝑠𝑎𝑓𝑒𝑡𝑦# =
∑ 𝑋!,#$
!%&

𝐾 									(1) 

 

where 𝑋!,# represents the individual psychological safety score of the ith participant 

on team	j, up to K participants on team j. 

Team Gender Composition: To investigate psychological safety at the team level, 

a team’s gender composition was either categorized as gender homogeneous (in this case, 

all males) or gender heterogeneous (at least one participant was female). This metric is 

based on how team gender composition was analyzed under two groups in prior work [35, 

36] in various contexts including STEM. In an engineering context, females remain 

underrepresented [37], thus this viewpoint allows us to compare historically dominant all-

male teams to mixed teams. 

 
Figure 4.2 Example of how gender-based perceptions were coded. All individual 

ratings were nested within teams. 
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4.5 Results 

Thirty-eight (38) teams comprised of 148 participants (121 males and 27 females) 

were included in the analysis. Of these teams, 19 were homogeneous and 19 were 

heterogeneous in terms of their gender composition. Over all time points investigated, 

homogeneous and heterogeneous teams’ average psychological safety scores were 6.15 

(SD=0.596) and 6.17 (SD=0.522), respectively. The remainder of this section presents the 

results in reference to our research questions. The statistical data were analyzed via SPSS 

v.28. A value of p < .05 was used to define statistical significance [91]. Prior to the 

analyses, the validity of team aggregations of psychological safety at each of the time 

points were verified, similar to prior work [14, 15]. Specifically, Cronbach’s alpha was 

calculated as the first step to ensure scale validity [92], where values ranged from 0.70 to 

0.82 for the team perceptions, and 0.77 for the peer evaluations at Time Point 5. Then, 

interrater agreement calculations revealed an acceptable level of agreement at the five time 

points, with mean rwg ranging from 0.79 to 0.93, ICC(1) ranging from 0.03 to 0.25, and 

ICC(2) ranging from 0.10 to 0.51 [90]. The acceptability is based on the criteria defined in 

LeBreton and Senter (2008) [90], where our ICC(1) estimates are, for the most part, 

medium to large effect sizes, and the rwg values indicate strong agreement. The remainder 

of this section presents the main results of this study. 

4.5.1 RQ1: How does gender impact individuals’ perceptions of 
psychological safety with other team members? 

The objective of our first research question was to examine if a team member’s 

perception of their psychological safety with a team member of a different gender differed 

from members of the same gender. To answer this research question, 361 ratings of 

perceived psychological safety was analyzed across the 38 teams. We hypothesized that 

team members’ psychological safety ratings of individuals whose gender did not match 

their own would be different from individuals who shared the same gender. This hypothesis 

was based on prior work that has shown that females tend to feel negatively judged by their 
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male counterparts based on their gender [40] and feel less anxious in female-majority 

engineering teams [41]. Through enduring similar challenges together [40], we also 

predicted that female participants would have higher levels of perceived psychologically 

safe with other female team members compared to male team members. See Table 4.1 and 

Table 4.2 for the demographic breakdown. 

 

Table 4.1 Descriptive statistics of individuals based on gender and racial 
background 	 

Team Gender Composition N Team Racial Background Composition N 
0 Females 19 0 minoritized members 26 
1 Females 
 

11 1 minoritized member 11 

2 Females 8 2 minoritized members 1 

3 Females  0 3 minoritized members 0 
 
Note: N represents the number of teams that have a specified number of females on their team (0 females=all male). M 
represents the number of teams with minoritized individuals in STEM, or individuals who do not identify as White or 
Asian (0 minoritized members=all White and/or Asian). 

 

 

Table 4.2 Descriptive statistics of teams based on gender and racial background	 

	
Individual Gender Count N Individual Racial Count M 
Male 121 White 102 

Female 27 Black 7 
Transgender Male/Female 0 Asian 24 

Non-cisgender 0 Native American 1 

  Multiracial 5 

  Prefer Not to Say 9 

 
Note: N represents the number of individuals that identified as a particular gender, whereas M represents the racial 
background of these individuals that they identified with.   

 

To test these hypotheses, a nested ANOVA was conducted to examine the main 

effects of individual gender-based perceptions, team membership, and individual gender-

based perceptions nested within teams on dichotomous perceptions of psychological safety. 
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Specifically, individual gender-based perceptions refers to when a team member of a 

specific gender perceives how psychologically safe they feel with another team member of 

some gender. The groups were classified into four groups with the following group sizes, 

unweighted marginal means, and standard deviations: male perceptions of males (n=242, 

M=6.50, SD=0.652), male perceptions of females (n=49, M=6.71, SD=0.441), female 

perceptions of males (n=55, M=6.31, SD=0.826), and female perceptions of females (n=15, 

M=6.84, SD=0.119), see Figure 4.3 for a graph of these differences.  

 
Figure 4.3 Average individual peer-rated psychological safety scores for each gender 

combination, F(3, 283) = 6.260, p < 0.001. X on the graph represents the mean for 
each category. 

Prior to the analysis, assumptions were checked. Specifically, outliers were 

assessed by inspection of a boxplot, and the few outliers were transformed into less extreme  

values. Data was not normally distributed for each group, as assessed by the Shapiro-Wilk 

test (p < .001), and homogeneity of variances was violated, as assessed by Levene's Test of 

Homogeneity of Variance (p < .001). Because the nested ANOVA is robust to deviations 

from normality and homogeneity [93], the analysis proceeded as planned.  

The results of the nested ANOVA showed that there was a statistically significant 

main effect of dichotomous individual perceptions of psychological safety, F(3, 283) = 
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6.260, p < 0.001, partial η2 = .062. Additionally, there was a statistically significant main 

effect of the teams themselves, F(37, 283) = 2.676, p < 0.001, partial η2 = .259. This 

showed that teams’ psychological safety scores varied significantly in comparison to each 

other. However, there were no significant main effects of dichotomous individual 

perceptions of psychological safety nested within teams, F(37, 283) = 1.272, p = .144, 

partial η2 = .143. This conveyed that team membership did not have a significant impact 

on dichotomous perceptions of psychological safety. All pairwise comparisons were 

computed with 95% confidence intervals and Bonferroni-adjusted p-values. The results 

showed that female participant perceptions of psychological safety with other female team 

members was higher by 0.5971 points, 95% CI [0.1434, 1.051] compared to their 

perceptions of a male team member (p = .003). Additionally, female team member 

perceptions of a male team member were associated with a lower psychological safety by 

0.3949 points, 95% CI [-.7009, -.0890] compared to males perceived psychological safety 

with a female team member (p = .004). 

These results support our hypothesis that gender would influence dichotomous 

individual perceptions of psychological safety. Specifically, females found themselves to 

feel less psychologically safe with males than they do with other females. This aligns with 

prior work that showed females to feel less anxious around other females in engineering 

[41], alluding to the idea that females tend to feel greater support when working with a 

minoritized gender such as themselves. Interestingly, females feel less psychologically safe 

with males than males feel with females, further supporting the notion that females in 

engineering have more intensified feelings of discomfort than males face when interacting 

with females. This can be attributed to the greater presence of males, as males do not face 

the same adversity that females would encounter [40, 42]. In fact, males’ perceptions of 

other males compared to perceptions of females were not significantly different. This 

further substantiates that females are more at risk for lower perceptions of psychological 

safety in engineering teams. Taken together, these findings imply that to increase 

psychological safety within an engineering design team, placing two females on a team 

together can allow these individuals to empower one another to feel psychologically safe. 
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4.5.2 RQ2: What is the impact of team gender composition on 
psychological safety over time? 

The objective of our second research question was to examine how team gender 

composition impacts team psychological safety over five time points in the engineering 

design process. Specifically, we hypothesized that mixed gender teams (gender 

heterogeneous), that contained at least one female, would have higher psychological safety 

than teams that were all male (gender homogeneous). This hypothesis was based on prior 

work that showed that individuals reported higher psychological safety in more gender-

diverse teams [29]. Furthermore, mixed gender teams have been shown to stray away from 

engaging in hostile behavior [33], suggesting that the negative interactions that could break 

down psychological safety are less likely to occur in mixed gender teams. 

To answer this question, we generated a repeated measures mixed linear model 

(LMM), with team gender composition and the time points in the engineering design 

process as fixed effects, and class section and team number as random effects using 

diagonal components covariance. This model was used over other simplified models to 

account for non-independence in the data (see [94] for full explanation), where the outcome 

(psychological safety) was measured more than once on the same teams split among 

multiple class sections. Additionally, random effects allow us to generalize the findings to 

other engineering design teams and classrooms using random effects, similar to prior work 

in engineering education [95]. Importantly, aggregations to the team level were supported 

by scale validity and interrater agreement values, presented in beginning of the “Results 

and Discussion” section.  

To compute this, we first ran the full model while accounting for an interaction 

effect between gender composition and the time points. This analysis failed to show 

statistical significance, F(4, 47.844) = .465, p = 0.761, and was removed. After removing 

the interaction effect, results indicated that there was no significant main effect of team 

gender composition on team psychological safety scores, F(1, 34.704) = .002, p = 0.968, 

Cohen’s d=0.0438. However, the main effect of the time points was statistically significant, 

F(4, 48.725) = 11.174, p < 0.001. Specifically, estimates of fixed effects showed that there 
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was a significance mean difference with higher psychological safety at Time Point 5 than 

Time Point 1, M= 0.468, 95% CI [0.306, 0.631], p < .001, Cohen’s d = 0.650. Similarly, 

there was a significance mean difference with higher psychological safety at Time Point 5 

than Time Point 2, M= 0.31, 95% CI [0.164, 0.456], p < .001, Cohen’s d = 0.308. A graph 

of these differences is shown in Figure 4.4.  

 
Figure 4.4 Average team psychological safety scores at each time point, F(4, 48.725) 

= 11.174, p < 0.001. X on the graph represents the mean for each category. 

These results refuted our hypothesis, as team gender composition was not shown to 

contribute to differences in team psychological safety. While prior work suggests that 

interactions in mixed gender teams tend to be less hostile and aggressive than single gender 

teams [32, 33], where hostile environments can be perceived as not psychologically safe 

[34], that was not the case here. However, results did show psychological safety to be 

statistically significantly different over time, regardless of gender composition. 

Specifically, psychological safety was highest at the end of the project (Time Point 5), and 

was significantly higher than teams’ psychological safety at the team formation (Time 

Point 1) and concept generation (Time Point 2) stages. While not explicitly related to 

gender, this indicates that teams in the earlier stages of the design process could be subject 

to lower psychological safety. This could impact how teams establish norms at the 

beginning of the project, impacting the entire lifespan of a project [57-60]. Furthermore, 
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generation processes could be at risk as well, as lower psychological safety could impair 

teams’ capabilities to engage in creative behavior [76-78]. However, while these 

differences may seem concerning, the increase in psychological safety is actually 

beneficial. Thus, we can assume that team members can become more psychologically 

safety with each other over time, and not the other way around. 

4.5.3 RQ3: Does the gender composition of a team impact psychological 
safety by the end of a project? 

The objective of our final research question was to investigate how team gender 

composition impacted psychological safety by the end of the project. Specifically, we 

hypothesized that teams of mixed gender composition (gender heterogeneous) would have 

different psychological safety scores compared to all male teams (gender homogeneous). 

This hypothesis was based on prior work that showed that psychological safety is lower 

when gender diversity is lower [29, 30]. Particularly, the link between psychological safety 

suffering due to unmanageable conflict [29] could be associated with negative interactions 

that are characteristic of certain genders. For example, prior work emphasized how in 

general, males on a team tend to approach interpersonal problems through aggression when 

there is lack of agreement [31]. However, mixed gender teams tended to stray from using 

hostile actions and words [33], creating a climate more conducive for managing issues and 

building psychological safety [75]. 

To answer this question, an ANCOVA was run to determine the effect of 

homogeneous and heterogeneous team gender compositions on team psychological safety 

at Time Point 5 after controlling for team psychological safety at Time Point 1. Prior to 

conducting the analysis, scale validity was validated for Time Points 1 (α=0.75) and 5 

(α=0.70). From there, interrater agreement was also validated for Time Points 1 

(ICC(1)=0.154, ICC(2)=0.38, mean rwg=0.89) and 5 (ICC(1)=0.092, ICC(2)=0.268, mean 

rwg=0.90). Unadjusted means are presented, unless otherwise stated. 
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Table 4.3 Adjusted and Unadjusted Means and Variability for Psychological Safety 
(PS) at Time Point 5 with Time Point 1 PS as a Covariate 

 

  Unadjusted Adjusted 
 N M SD M SE 
Gender Homogenous 19 6.46 .352 6.46 0.87 
Gender Heterogenous 19 6.33 .466 6.32 0.87 

 

The results showed that team psychological safety was greater in gender 

homogeneous teams (M = 6.46, SD = 0.352) compared to the gender heterogeneous teams 

(M = 6.33, SD = 0.466) (see Table 4.3, where N=number of teams, M=mean, SD=standard 

deviation, and SE=standard error). Of the heterogeneous teams, 11 had one female and 8 

had two females. Prior to conducting the analysis, several assumptions were verified. First, 

we determined that there was a linear relationship between Time Point 1 and Time Point 5 

team psychological safety scores for both gender homogeneous and heterogeneous groups, 

as assessed by visual inspection of a scatterplot. Also, there was homogeneity of regression 

slopes as the interaction term was not statistically significant, F(1, 34) = .139, p = .711. 

Standardized residuals for the gender groups were normally distributed, as assessed by 

Shapiro-Wilk's test (p > .05). Additionally, standardized residuals for the overall model 

were normally distributed, as assessed by Shapiro-Wilk's test (p > .05). There was 

homoscedasticity, as assessed by visual inspection of the standardized residuals plotted 

against the predicted values, and there was homogeneity of variances, as assessed by 

Levene's test of homogeneity of variance (p = .288). Finally, there were no outliers in the 

data, as assessed by no cases with standardized residuals greater than ±3 standard 

deviations. After adjustment for team psychological safety at Time Point 1, results failed 

to show a statistically significant difference in team psychological safety at Time Point 5 

between the two gender composition types, F(1, 35) = 1.206, p = .280, Cohen’s d = .343. 

These results did not support our hypothesis, as team gender composition did not 

impact whether teams’ psychological safety changed by the end of the project. Although 

prior work showed that psychological safety tends to be lower when gender diversity is 

low [29, 30], such differences between the teams were not apparent here. These results 
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convey that there are factors beyond team gender composition, such as the environment 

(education versus industry) that can influence psychological safety by the end of a project. 

4.6 Discussion 

The main objective of this paper was to explore the relationship between gender 

and psychological safety throughout the design process at the individual and team levels. 

The main findings of this study were as follows: 

• Females perceive themselves as being less psychologically safe with males 

than males perceive themselves with females. 

• Females perceive themselves as less psychologically safe with males than 

they do with other females. 

• Team gender composition was not shown to significantly impact 

psychological safety over time, although psychological safety did 

significantly vary when comparing both Time Point 1 and 2 to 5. 

• Psychological safety did not change significantly under the influence of 

team gender composition at the end of the project. 

To understand the implications of these findings, we provided a discussion on each 

of the main analyses. Specifically, results from the first research question indicated that 

while constructing teams as all-male or mixed gender (one or two females) does not 

necessarily elicit differences in psychological safety, individual dichotomous perceptions 

of psychological safety were significantly impacted by gender. The finding that females 

had lower perceptions of psychological safety complements prior work that found that 

females felt less anxious when teams consisted of more females than males [41]. 

Furthermore, females perceived their psychological safety to be lower with males than 

males did with females. This conveys a heightened sense of discomfort for females when 

interacting with males. In contrast, males do not perceive the same level of discomfort 

when interacting with females, remaining unaffected by the presence of females. Possible 

causes suggest that gender status beliefs, which can promote issues for minoritized genders 
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in engineering that do not impact males [44, 45], may be at play. Importantly, such 

differences in dichotomous interactions raise concerns for interactions at the team level. 

Individual interactions could transpire as negative interactions that impact the entire team 

and harm performance due to perceptions between two individuals. While outside of 

engineering, meta-analysis showed that females tend to have lower perceptions of 

psychological safety that impair their ability to contribute as much as their male 

counterparts in teams [46]. Such findings leave implications for engineering design teams, 

where hesitation in contributing ideas can limit the creativity of design outputs [76-78]. In 

addition to sharing fewer ideas, lower psychological safety can decrease feeling safe 

interpersonal risk-taking [73]. Particularly, risk-averse individuals are more against 

selecting ideas perceived as risky, or “too creative” [79, 80], where risk aversion already 

tends to be greater in females [81]. As a result, findings at the individual level indicate a 

need to improve females’ psychological safety in predominantly male teams. 

In contrast with findings at the individual level, team level analyses for the second 

research question did not indicate differences in psychological safety due team gender 

composition. While prior work showed that greater gender diversity was associated with 

higher psychological safety [29], our findings aligned with prior work that found no 

significant relationship [25, 26]. This could be due to the fact that other factors may be at 

play, such as team characteristics (e.g., personality), team leadership, and problem-solving 

efficacy [17]. Similarly for the third research question, psychological safety was not found 

to change significantly by the end of the project as a result of team gender composition. 

While not analyzed longitudinally, our findings align with prior work in engineering design 

[24]. Furthermore, while not a direct result of team gender composition, psychological 

safety was statistically significantly higher at the end of the project in comparison to both 

the team formation and concept generation stages. From the perspective of design outputs, 

our findings hint at other factors beyond gender that could impact teams’ productivity and 

abilities to work together. 
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4.7 Conclusions, Limitations, and Future Work 

The main goal of this paper was to investigate the impact of gender on 

psychological safety at the individual and team levels. To achieve this goal, we investigated 

the psychological safety of 19 all-male teams and 19 mixed-gender teams over five distinct 

time points. The main findings from this study indicated that while a team’s gender 

composition did not have a significant impact on psychological safety, individual 

dichotomous perceptions of psychological safety were significant. Specifically, females’ 

perceptions of psychological safety with other females were significantly higher than their 

perceptions with males. Similarly, females had a significantly lower perception of 

psychological safety with males than males had with females.  

While this paper presents results to broaden our view of gender on team interactions 

in engineering design, this paper does not come without limitations. First, we analyzed 

gender as two categories for the sake of comparing homogeneous gender composition to 

heterogeneous gender composition. While dividing the heterogeneous teams into “majority 

male” and “half male” would have been advantageous for more detailed differences in team 

gender composition, the given sample size made this impractical. The equal split between 

homogeneous (N=19) and heterogeneous (N=19) teams was determined to be more 

statistically sound than breaking up the heterogeneous group into smaller sample sizes for 

half-male (N=8) and majority male (N=11). Interestingly, prior work pointed to differences 

between equally split and gender dominant teams, where psychological safety was slightly 

higher in teams with an equal split [29]. However, these findings were crowdsourced using 

a scripted team interaction, and not an actual longitudinal team project. Hence, conclusions 

on team gender composition should be interpreted conservatively until more data is 

collected. 

In addition to difficulties with analyzing teams of a heterogeneous gender 

composition at a more detailed level, this study cannot be generalized to genders beyond 

cisgender. Although we gave participants in this study the option to identify as a gender 

beyond the conventional “male or female” choices that most studies in engineering design 

use, none of our participants identified as such. To push for a change in the paradigm of 
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how researchers study gender in engineering education [10, 11], we included these options 

to allow participants of different genders to feel included. Even in a fully cisgender sample, 

we encourage future work to include more inclusive options when surveying gender 

demographics. 

Future work is also needed that explores these effects in marginalized racial groups. 

While we collected racial background data, we were not able to analyze it as a variable of 

interest it due to the extremely low sample size of minoritized races in STEM and at the 

university being studied. As members of a minoritized race tend to experience 

microaggressions when interacting with majority race members in STEM [48], future work 

should investigate how team composition from this perspective impacts psychological 

safety. Furthermore, work should investigate effects on females of a minoritized race as 

well, as these individuals tend to experience even more difficulties than majority race 

females [49]. 

Aside from limitations with generalizing results to specific demographic 

backgrounds, reasons behind the lower perceptions of psychological safety for females 

with males remain limited. Regardless, findings present important implications for 

studying psychological safety in engineering teams. Particularly, as males remain the 

dominant gender in engineering [37], constructing female-dominant teams for the sake of 

making females feel more psychologically safe may not be a feasible solution. As first-

year females may lack the confidence needed to provide contributions early on [38], our 

findings contribute to the knowledge on gender-based issues in engineering design teams 

in education. Such findings show that problems still exist, and more work is needed to 

create psychologically safe environments for all individuals. Furthermore, while not the 

focus of this paper, the participants in this study were under an intervention condition that 

focused on role assignments [50]. While this intervention could have had impacts on 

communication patterns similar to anti-bias training, we would anticipate there to be little 

impact on psychological safety in combination with team gender composition. Thus, we 

suggest future work to focus on intervention methods that focus on increasing nonmale 

members’ intentions to participate in all design sessions. Finally, while this paper did not 

focus on increases in team psychological safety at each of the time points alone, the 
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differences between the team formation and ideation sessions with the end of the project 

point to directions for future work. As psychological safety can impact these design 

sessions [15, 22], investigating performance outputs from a gender lens could yield 

interesting implications for how these variables are related. 
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CHAPTER 5	

5 CONCLUSIONS AND CONTRIBUTIONS 

Since the reveal of Google’s Project Aristotle promoting psychological safety as 

the leading factor in what makes teams outperform others [5], various entities in education 

and industry have been looking to use this construct as way to observe and improve team 

interactions. For engineering design teams in education, working towards this 

improvement remains a critical goal due to the widespread belief that teams are seen as 

more effective than individuals alone when solving complex problems. However, when 

teams spend more time trying to figure out how to work together than actually solving the 

problem at hand, this can be detrimental to team performance. Specifically, prior work 

outside of engineering showed that when team members do not feel psychologically safe, 

they may be apprehensive to take interpersonal risks and not feel valued enough to share 

their ideas [7, 8]. Such findings allude to a potential impact on design outputs through 

limiting innovation due to the relationship between risk-taking aversion and selecting 

creative concepts [15], for example. In general, implications from previous studies in 

engineering design can be used to hypothesize that psychological safety may have an 

impact on design outputs in engineering design through claims of psychological safety’s 

positive influence on creativity in work outside of engineering design [29, 104]. However, 

prior work has not proven that psychological safety may actually be of importance when 

considering engineering design team performance. Therefore, this dissertation aimed to 

establish identify the impact of psychological safety in engineering design student teams 

and the factors underlying its establishment. 

To identify some of the inputs and outputs of psychological safety in engineering 

design teams in education, the current dissertation aimed at exploring these relationships 

through three studies. Specifically, Paper I (Chapter 2) explored the role of psychological 
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safety its relationship to the fluency and goodness of design ideas generated, and the 

underlying role of idea ownership. From there, Paper II (Chapter 3) explored how 

individual cognitive style with individual perceptions of psychological safety could be used 

to predict the paradigm-relatedness of design outputs generated at concept generation. 

Furthermore, it investigated how cognitive style diversity and elevation can be applied 

together in conjunction with team psychological safety to predict the paradigm-relatedness 

of the selected concepts and the concepts of the functional prototypes. Finally, Paper III 

(Chapter 4) investigated how individual gender and team gender composition can be used 

to influence the establishment, building, and maintenance of psychologically safe 

environments during a multi-week engineering design team project. The knowledge gained 

from this research can be applied to facilitate our understanding of psychological safety in 

engineering design teams and how antecedents to psychological safety could be applied to 

promote better team performance. This dissertation also provides the groundwork for the 

future development of specialized intervention methods to address team issues and foster 

psychological safety. Finally, the knowledge gained from these studies can help researchers 

in engineering education understand how psychological safety may apply to team projects 

in their courses. The following sections of this chapter synthesize the findings of the three 

papers in this dissertation and point out future research directions. A summary of the 

findings is shown in Appendix C. 

5.1 Psychological safety shares an inverse relationship with idea 
fluency during concept generation practices, but not the 
paradigm-relatedness of individual ideas 

The first main contribution of this dissertation is the identification of the 

relationships between engineering design outputs during the concept generation stage. In 

Paper I (Chapter 2), results showed an inverse relationship between team psychological 

safety and idea fluency, or the total number of ideas per team (normalized per the number 

of team members that contributed in the design session in this study). This meant that as 

teams’ psychological safety scores increased, the normalized number of ideas per team 
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decreased. This finding suggests that both researchers and instructors in engineering design 

education should pay attention to this form of “comfort,” where team members may feel 

relaxed together, making the team unlikely to push themselves to explore other solutions 

that may push the boundaries of the solution space. In contrast, findings from Paper II 

(Chapter 3) did not significantly predict the likelihood of the paradigm-relatedness of 

individually-generated concepts from concept generation using psychological safety and 

cognitive style, or one’s preferred problem-solving style [40]. This suggests that feeling 

psychologically safe within a team does not necessarily lead to individuals producing 

concepts that align with their preferences for problem-solving (i.e., generating more 

incremental solutions than radical solutions, or vice versa). On the other hand, controlling 

for design task was a significant predictor for the types of solutions that student designers 

come up with, aligning with prior work [144]. 

5.2 Psychological safety shares a positive relationship with concept 
screening practices, but not selection practices 

In addition to the relationship between concept generation design outputs and 

psychological safety, the current work identified a relationship between the perceived 

goodness of the individual concepts generated during concept generation. Specifically, in 

Paper I (Chapter 2), higher team psychological safety shared a positive relationship with 

the average perceived goodness of ideas within the teams. This meant that the more 

psychologically safe teams felt, the more the average idea goodness of all members would 

increase. Such findings point to a potential relationship between psychological safety and 

trusting others’ ideas through screening the solutions as “consider” to give them a chance. 

Because prior work has already established a connection between trust and psychological 

safety [8], further investigation on the social interactions that may influence screening 

practices, such as trust, is needed.  

When analyzing the relationship between psychological safety and ownership bias, 

Paper I (Chapter 2) incidences of ownership bias could not be predicted using 
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psychological safety. Such results convey that if ownership bias had occurred, there could 

be other underlying factors, such as gender [36], that would have been more influential 

than psychological safety. From there, Paper II (Chapter 3) investigated how team 

psychological safety and cognitive style diversity/elevation can be used to predict the 

percentage of the ideas in each paradigm-relatedness category that a team selects for low-

fidelity prototyping. While findings showed that both psychological safety and team 

cognitive style metrics were not statistically significant, the controlling for the availability 

of ideas in each paradigm-relatedness category was statistically significant. Aligning with 

prior work that identified that the availability of certain ideas influences the kinds of ideas 

that will survive the selection process [59], these findings show that concept generation 

practices are important for the kinds ideas that survive screening and selection processes. 

Taken as a whole, the findings from Paper I (Chapter 2) and Paper II (Chapter 3) 

established directions for further empirical investigations that could assess to what extent 

psychological safety may be impactful on other interactions and performance outputs 

during these design activities. 

5.3 Only cognitive style diversity was related to the paradigm-
relatedness of the concepts behind the functional prototypes 

Elaborating on the findings presented in the previous two sections of this chapter, 

psychological safety was not found to be statistically significant in predicting the 

paradigm-relatedness of specific design outputs at the concept generation, concept 

selection, and prototyping stages of the engineering design process. Specifically, results 

from Paper II (Chapter 4) showed that feeling psychologically safe had no significant 

bearing on whether individuals or teams generated or selected concepts that aligned with 

their cognitive styles. Furthermore, incidences of cognitive style diversity were significant 

only when teams collectively selected the design for their functional prototype. This meant 

that KAI diversity (the metric used to represent cognitive style diversity) was a significant 

predictor for teams selecting more paradigm-challenging and paradigm-breaking 
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functional prototype concepts over paradigm-consistent concepts. Such results imply that 

on the surface, cognitive style does not become an important predictor of design outputs 

until the prototyping stage. However, results could be confounded simply due to the 

psychological safety scale’s inability to capture interactions such as coping behavior, 

which can contribute to a misalignment between cognitive style and the kinds of design 

outputs produced by teams and individuals [39, 87]. Overall, the results from Paper II 

(Chapter 4) established future directions for investigating the role of other confounding 

factors that could be impacting the paradigm-relatedness of design outputs. 

5.4 Females felt less psychologically safe with males, however 
effects were not apparent at the team level  

After establishing some of the potential relationships between psychological safety 

and various outputs in the engineering design process, Paper III (Chapter 4) established a 

baseline for antecedents to psychological safety. Specifically, main findings showed that 

dichotomous individual perceptions of psychological safety were statistically significant, 

where females felt less psychologically safe with males than males did with females, and 

females felt less psychologically safe with males than they did with other females. These 

findings indicated that females experience a heightened sense of discomfort when 

interacting with males. On the other hand, males do not perceive the same level of 

discomfort when interacting with females, remaining unaffected by the presence of 

females. These outcomes could be due to gender status beliefs, which can promote issues 

for underrepresented genders in engineering that do not affect males [145, 146]. In all, 

these results show that there is still more work to do to help females feel more 

psychologically safe in engineering. 

When females feel less psychologically safe under the influence of gender, such 

differences in the dichotomous interactions could be problematic at the team level. For 

example, if team members do not feel psychologically safe to contribute ideas, this lack of 

sharing could have a negative impact on the creativity of design outputs [30, 125, 147]. In 
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addition to sharing fewer ideas, lower psychological safety can decrease feeling safe for 

interpersonal risk-taking [29], where risk-averse individuals are more against selecting 

ideas perceived as risky [15, 74]. This aversion can be even more detrimental to design 

outputs, as prior work showed that risk aversion already tends to be greater in females than 

males [148]. These results could be critical to design outputs, such as those examined in 

Paper I (Chapter 2) and Paper II (Chapter 3). For example, when females feel less 

psychologically safe than males, lower psychological safety could result in lower 

perceptions of idea goodness, particularly from females. Taken as a whole, these findings 

at the individual level indicate the need to improve females’ psychological safety in 

predominantly male teams to not only improve the design process, but to make engineering 

design education more equitable for students of all genders.  

Apart from the individual level analysis, team level analyses on team gender 

composition showed that team gender composition did not significantly impact differences 

in team psychological safety. Specifically, Paper III (Chapter 4) showed that over a 

trajectory of five time points in the engineering design process, neither one of the time 

points had any significant variation in team psychological safety when comparing gender 

homogeneous (all male) to gender heterogeneous (mixed male and female) teams. Results 

also showed that when comparing the end of the project to the very beginning of the project, 

teams did not experience a significant change in psychological safety in either of the two 

types of team compositions. However, psychological safety was significantly different 

between some of the time points, where teams had lower psychological safety at both the 

team formation and concept generation stages in comparison to the final deliverables stage. 

This conveys other factors besides gender may influence team productivity through 

psychological safety, and certain interactions that occur during these design stages may 

elicit interactions that lead to either the waning or building of team psychological safety.  
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5.5 Key Findings on Psychological Safety in Engineering Education 
and Expanding its Importance to Industry 

To understand the findings of this dissertation as a whole, the three papers presented 

throughout this document can be summarized as follows. Specifically, the individual-level 

analysis on gender showed that gender as an input influences individual dichotomous 

perceptions of psychological safety within teams at the end of the project. This finding 

implies that the lack of safety that females encounter may be impacting their ability to 

participate in the design process. Further analyses on gender at the team level present 

implications for other design outputs as well. For example, while not significantly different 

due to gender, psychological safety was significantly higher at the final deliverables stage 

in comparison to both the team formation and concept generation stages. This finding 

implies that interactions at the team formation stage, which is where team norms are 

established [51, 53, 54], as well as the concept generation stage, which is where teams seek 

to develop creative solutions to a given problem [31, 149-152], may be at risk. Because 

these earlier stages lead up to the final design, instructors should pay attention to team 

interactions at these stages. Furthermore, psychological safety was shown to share an 

inverse relationship with the number of ideas that teams produce, but what can be said for 

the quality of these ideas remains inconclusive.  

Even though psychological safety was not shown to significantly predict the 

likelihood for these concepts being categorized within any of the three categories that 

determines how incremental or radical an idea is (paradigm-relatedness), it was found that 

the design task alone was enough to predict this outcome. In fact, psychological safety was 

not shown to significantly predict any of the outcomes for the paradigm-relatedness of 

concepts at the generation, selection, and prototyping stages. However, psychological 

safety did share a positive relationship with idea goodness, or the team members’ 

perceptions of the quality of others’ ideas [36], during the screening stage. On the other 

hand, ownership bias, or the tendency for others to select their own ideas [70], failed to 

show a significant relationship with psychological safety. These findings imply that when 
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team members are more psychologically safe, this form of safety could tap into feelings of 

trust that encourage them to consider others’ ideas in the next stage of the design process. 

While the findings of this dissertation have overarching implications for the 

engineering design process in education, translating the findings already presented here to 

an industry environment remain critical for establishing psychological safety’s importance 

outside of education. Particularly, industry initiatives and perspectives tend to less 

comfortable and effective when discussing topics such gender bias, even when there is an 

honest attempt to address the issue [153]. This is problematic, as females, a minoritized 

gender in STEM fields, have reported feeling negatively judged by their gender [114] and 

are pushed into assuming more secretarial roles [154], for example. One perspective that 

academics can take is relating constructs such as psychological safety to engineering 

failures. For example, the Challenger space shuttle disaster of 1986 was more than just an 

issue with O-rings failing in cold temperatures, but rather managers at Morton Thiokol 

were coerced by NASA officials into ignoring and dismissing their own engineers’ 

concerns [155]. As a result, engineers lacked the psychological safety to speak up any 

further [156, 157], ultimately leading to the explosion of the Challenger and death of seven 

people aboard the shuttle. Such drastic outcomes can be construed as a lack of 

psychological safety within the group, but without making this connection for those 

working in industry, bringing up psychological safety may come across as another coined 

term in organizational psychology. Furthermore, we can encourage industry professionals 

to consider other potential factors in these situations, such as discrepancies in gender 

balance or other forms of diversity under a lens of not politically-charged constructs (such 

as belonging uncertainty [158]). Thus, unless our findings in academia are shared and 

translated to the industry environments, team leaders and employees in engineering 

industry may not recognize potentially ongoing problems in their teams. Such deficiencies 

could lead to failure in employee retention (particularly for females and other minoritized 

groups in engineering and technology [159, 160]), and worse yet, the loss of human life 

and billions of dollars [161]. 

Building onto the discussion of translating the importance of psychological safety to 

an industry environment, specific findings from this dissertation can also be translated to 
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industry in a meaningful way. For example, if we look at the findings from Paper I (Chapter 

2), one of the findings showed that psychological safety shared an inverse relationship with 

normalized idea fluency. While this finding can get at the “dark side of psychological 

safety” where team members “slack away in comfort,” [81], this finding points to an even 

deeper and more impactful issue for industry: engaging in unethical activity through 

prioritizing utilitarianism [80]. Referring back to the Challenger accident, such interactions 

within management teams could be said to be emulating the same negative behavior. 

Specifically, business and imposed deadlines took precedence over the safety of others 

when making the decision to launch the spacecraft [156]. While it may be a stretch, we can 

think of the management cohort as feeling psychologically safe to prioritize this unethical 

behavior for the sake of business’s interests. This idea alludes to them feeling 

psychologically safe enough to not explore more options to the issue at hand. Because prior 

work showed that increases in the idea fluency studied in this dissertation is linked to being 

able to explore the solution space [35], such a connection can be made to failing to explore 

other solutions in certain industry cohorts. 

While the first finding from Paper I presented some concerns for industry in terms 

of psychological safety in certain cohorts, the second finding showed that psychological 

safety shares a positive relationship with teams’ average idea goodness scores. This finding 

gets at increases in psychological safety promoting team members to trust others’ ideas 

enough within the group enough to consider putting them into practice. For example, in the 

Challenger case, the engineering cohort may have felt psychologically safe enough with 

one another to trust that the idea of speaking out against the launch was the right thing to 

do. That being said, Paper II (Chapter 3) failed to show any significant outcomes when 

investigating psychological safety and the paradigm-relatedness of design outputs. This 

hints that other factors such as coping behavior [39] may play a role in industry teams, 

where leadership style can vary and influence creative performance [162]. This is not to 

say that creative outputs in engineering cannot be affected by psychological safety, 

especially with the abundance of literature on psychological safety and creativity [29, 106, 

117], but rather other factors may be more dominant in predicting how individuals and 

teams come up with more incremental or radical solutions. However, more work is needed 
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to make such conclusions for industry professionals in engineering. In conclusion, while 

these findings point to potential implications for industry, it is important to clarify that 

education and industry are not the same environments and implications for each may vary. 

However, being that the students studied in this dissertation may be the very people who 

go into these high-risk engineering careers, these results hold importance for building an 

understanding of how industry employees’ interactions within teams may impact team 

performance. 

5.6 Limitations and Future Directions 

While this dissertation presented the role of psychological safety in the design 

process and established a baseline for investigating antecedents to the psychological safety 

that can impact design processes, there are several limitations. First, while the results in 

this dissertation demonstrated an inverse relationship between team psychological safety 

and normalized idea fluency, the effect size of this relationship was small. Additionally, 

while this study revealed a positive relationship between psychological safety and the 

average idea goodness of a team’s ideas, the effect size of this relationship was also small. 

These findings indicate that other factors may contribute to how many ideas individuals 

can propose. Prior work found that both design task [144] and prior background knowledge 

[163] can influence design outputs. Such factors could influence how many ideas a student 

feels that they can generate (idea fluency), or how well they understand the design task to 

agree with others’ ideas (idea goodness). While these findings were surprising at first 

(particularly the inverse relationship between psychological safety and idea fluency), the 

small effect sizes indicate that there is more work that can be done when it comes to 

accounting for other variables in the analyses. When considering a combination of the idea 

fluency and goodness metrics together (such as a weighted goodness of ideas paired with 

the number of ideas generated), preliminary analyses showed lack of a significant 

relationship between idea fluency and the goodness of these ideas. Analyzing idea fluency 

at greater detail in future work could be beneficial, however, it was not a critical goal of 
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this first paper. Furthermore, using idea goodness to detect ownership bias serves as a 

proxy [69]. Because the emergence of ownership bias may be too implicit to detect through 

verbalized interactions [69], using idea authors’ ratings serves as a reasonable, however 

indirect method to detecting ownership bias. This imposes a risk that ownership bias may 

actually occur in ways not explicitly presented in the empirical results, limiting our 

interpretation of how psychological safety may influence this bias. 

When psychological safety at Time Point 3 was used to represent teams’ 

psychological safety during concept screening, this occurred in the same session as concept 

selection (analyzed in Paper II). Therefore, there is a chance that some interactions may 

have occurred between them, impacting psychological safety measures at the end of the 

class. However, effects are expected to be minimal due to the short amount of time (less 

than an hour) that had elapsed between the events. Although psychological safety could 

have been measured twice via the survey in the same class period, the time between the 

events would be too short, where respondents may have memorized the survey [164]. 

In contrast with Paper I (Chapter 2), findings from the investigation of 

psychological safety and cognitive style on the paradigm-relatedness of design outputs at 

in Paper II (Chapter 3) presented limitations as well. For example, an individual’s tacit 

knowledge about a particular design task can influence the kinds of concepts that they 

propose [163], as well as how an individual engages in coping behavior [39]. Furthermore, 

individual perceptions of psychological safety were included to capture how safe 

individuals felt to take risks via sharing unique ideas. However, statistical insignificance 

shows that psychological safety does not necessarily capture the coping behavior that may 

drive more adaptive individuals to produce innovative outputs, and vice versa [39]. Thus, 

this study establishes the need to include explicit measures of coping behavior to control 

for any effects it may have on the paradigm-relatedness of individually generated concepts. 

Along with individual-level analyses, the team-level analyses in Paper II (Chapter 

3) are subject to limitations as well. Particularly, coping behavior may add a layer of 

complexity to teams’ decision processes. While aggregation models typically assume that 

all team members will be represented equally [97], this is not always the case. Some 

individuals may have more influence through controlling the team discussion, allowing 
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them to push their preferences upon others and ultimately get what they want [102]. As a 

result, team members who are apprehensive to challenge the decision give in to the 

dominating member’s wants. Such dialogues could show incidences of ownership bias as 

well, which was investigated in Paper I (Chapter 2), but was not detected. Furthermore, 

prior work has found that when gender faultlines are activated through either a design task 

perceived as more feminine or masculine, design outputs such as idea fluency and overall 

creativity may be lower [112]. While perceptions of design prompts from the perspective 

of feminine versus masculine were not investigated in this dissertation, future work may 

benefit from exploring these variables along with psychological safety and design outputs. 

In all, the lack of significance from psychological safety in all analyses in Paper II was also 

a bit surprising. However, this lack of significance could be due to needing to account for 

other team constructs in future analyses. 

In addition to the limitations that found limited effects of psychological safety in 

the engineering design process, the investigation on gender as an antecedent to 

psychological safety presented limitations as well. Specifically, results on team gender 

composition presented in Paper III (Chapter 4) are limited by analyzing gender using just 

two categories. Gender homogeneous was represented as all males, as females and other 

genders tend to be minoritized in STEM fields and consequently, the number of members 

in the minoritized groups tends to be far less than males. This sample size issue was 

propagated to teams in the gender heterogeneous category. Specifically, 8 teams in the 

study were half male, whereas the remaining 11 teams were majority male; all of which 

were less than the number of all male teams: 19 teams. Although keeping the gender 

breakdown as two different groups allowed the sample sizes to be equal, there could be 

differences between the majority male and half male teams. Specifically, prior work 

outside engineering design education pointed to differences in psychological safety in 

teams depending on this breakdown, where equal gender teams tended to have higher 

psychological safety than majority gender [50]. Therefore, future work in engineering 

design education should focus on collecting more data with greater variations in 

breakdowns of team gender composition to understand how more specific configurations 

of genders on a team could impact team psychological safety over time.  
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To further understand the impacts of team gender composition on teams with 

minoritized individuals, future work would also benefit from oversampling specific team 

configurations in a controlled study. Specifically, organizing teams with equal sample sizes 

of both different gender and racial background compositions could help to understand to 

what extent these team breakdowns may have an impact on psychological safety. Because 

prior work has found that not only do female students report perceived biases because of 

their gender [114], but other work has shown minoritized racial background members to 

report similar issues [128, 129], controlling for this in future studies could be informative 

in knowing what could cause negative interactions to arise and how to address them. This 

form of oversampling could be applied to studies such as those in Papers I and II to 

investigate how team configurations may influence engineering design outputs, as teams 

with a more dominant gender or race may vary in terms of their design outputs. 

Adding to developing a deeper understanding of team gender composition, the 

individual level analyses would benefit from future work that focuses on why female 

perceptions of psychological safety are lower than males’ perceptions. While Paper III 

provided several speculations of why females’ perceptions were lower than males’ 

perceptions, constructs such as belonging uncertainty, or the concern about the quality of 

one's social ties to the group [158], raise questions about how females felt connected to 

their teams. Future work would benefit from exploring the relationship between gender-

based perceptions of psychological safety and the willingness to work on a given team 

again.  

While expanding on individual and team levels of gender composition should be a 

direction for future work, expanding the scope to include racial background as a predictor 

is a critical goal as well. Specifically, prior work showed that members of marginalized 

racial backgrounds may experience microaggressions when interacting with majority race 

members in STEM [128]. Even worse, females from minoritized racial groups have 

reported even more difficulties than majority race females in the STEM environment [129]. 

Therefore, future work should collect more data from these minoritized groups to 

understand how both racial background and gender impact psychological safety. 



 

 148 

As a whole, this dissertation showed that psychological safety has differential 

effects when observed under different variables at different stages of the engineering 

design process. Specifically for Paper III, results showed that gender was a significant 

predictor of psychological safety at the individual level, but not at the team level. On the 

other hand, results from Paper II showed that psychological safety did not have any 

significant influence any of the outcomes. While coping behavior may play a role in such 

outcomes, this is only speculation. Therefore, expanding upon the findings of this 

dissertation as a whole to include both gender as well as account for coping behavior, may 

help to understand to what extent psychological safety plays a role in predicting various 

kinds of design outputs. Design outputs should also extend beyond what was covered in 

this dissertation to give a more thorough view of how psychological safety and other inputs 

are related to measures of individual and team performance. Furthermore, because Paper 

III showed significant effects at the individual level with respect to gender and 

psychological safety, future work would benefit from more controlled studies at the 

individual and team levels when comparing groups. Particularly, such controls would be 

useful for when looking at the combination of gender breakdowns and how coping behavior 

may unfold within specific interactions. Adding to the previously mentioned point about 

controlling for gender and racial background, carrying out these controls could help to 

develop a fuller picture of how psychological safety plays a role at both the individual and 

team levels (while also promoting an equal sample size of dichotomous ratings between 

females and females (or other nonmales) in comparison to dichotomous ratings that stem 

from the perception of already abundant males in engineering education). Finally, future 

work would benefit from exploring the differences between groups exposed to 

interventions focused on improving psychological safety in teams and non-intervention 

groups. Because Paper III had a gender balance created on purpose and the teams were also 

exposed to an intervention on psychological safety, this could have acted as an “anti-bias” 

training in some ways. Therefore, it is possible that the non-intervention results may vary, 

but more work would be needed to make an assertion. 
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APPENDIX A – DEMOGRAPHICS SURVEY  

Demographic Information 
Please write legibly.  
 
Your name (first and last): ___________________________ 
 
 
Age: ______________ 
 
Gender: ______________ 

 Male        Female        Trans male/trans man        Trans female/trans woman            
 Genderqueer/gender non-conforming      Different identity (please state above)    
 Prefer not to respond 

 
How would you describe yourself? (Choose one or more from the following racial 
groups):  

 American Indian/Alaska Native       Asian            Native Hawaiian/Other Pacific 
Islander   

 Black/African American                   White            More than One Race   
 Prefer not to answer 

 
Intended Major: _________ 
ie: Mechanical Engineering, Industrial Engineering, Chemical Engineering, etc. 
 
Semester Standing: _______ 
ie: If this is your first semester at Penn State, write down “1”. If it is your second, write 
down “2”, and so on. 
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APPENDIX B – PSYCHOLOGICAL SAFETY SURVEY 

Please select a response to each of the items below on how you feel it represents your 
feelings: 
 
 
 

 
Very 

Inaccurate 
(1) 

 
 

(2) 

 
 

 (3) 

 
 

(4) 

 
 

 (5) 

 
 

(6) 

Very 
Accurate 

(7) 

If you make a 
mistake on this 
team, it is often 

held against you. 
o  o  o  o  o  o  o  

Members of this 
team are able to 

bring up problems 
and tough issues. 

o  o  o  o  o  o  o  

People on this team 
sometimes reject 
others for being 

different. 
o  o  o  o  o  o  o  

It is safe to take a 
risk on this team. o  o  o  o  o  o  o  

It is difficult to ask 
other members of 
this team for help. 

o  o  o  o  o  o  o  

No one on this 
team would 

deliberately act in a 
way that would 
undermine my 

efforts. 

o  o  o  o  o  o  o  

Working with the 
members of this 
team, my unique 
skills and talents 
are valued and 

utilized. 

o  o  o  o  o  o  o  
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APPENDIX C – SUMMARY OF MAIN FINDINGS OF THIS 
DISSERTATION  
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