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Abstract 

 

Under Pressure: Reducing the Influence of Need for Closure on 

Teamwork and Team Performance in High-Stress Situations 

 

Evan Marc Stein, Ph.D. 

The University of Texas at Austin, 2019 

 

Supervisor:  Arthur B. Markman 

 

 Research on need for closure (NFC) has highlighted the effects of uncertainty on 

motivational processes and decision-making abilities. Need for closure has been found to 

influence how people seek, use, and communicate information to form judgments and 

make decisions. The depth of the information search is affected by need for closure, which 

influences the quality of decisions made. People with high NFC tend to make quick but 

low-quality judgments and decisions based on inconclusive evidence because of their 

aversion to ambiguity and uncertainty. In a team setting, need for closure has been found 

to affect how team members communicate information and form judgments and decisions. 

Teams with high NFC are motivated to reach a consensus, reject deviating opinions, resist 

change, and rely on easily accessible knowledge to make decisions. Together, the 

consequence of high NFC for both individuals and teams is that they make quick but poor 

decisions. Research on checklists in the medical field has shown to reduce mistakes, 

encourage teamwork, and improve communication. To reduce the effects of NFC, I 

propose that checklists can be used to improve teamwork and communication while solving 

problems under pressure. In this dissertation, I used Keep Talking and Nobody Explodes, 
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a video game that requires two people to work together to disarm bombs by solving various 

puzzles under time pressure. In Experiment 1, I showed that the experimental checklist 

designed for this study can be used to reduce the influence of NFC and increase team 

performance. In Experiment 2, I did not find evidence that the experimental checklist and 

fear of invalidity reduced the effects of NFC. Qualitative analysis of the team’s interactions 

during gameplay revealed behaviors that relate to NFC and team performance. In this 

dissertation, I argue that research on motivation can benefit by studying the interventions 

designed and used by real-world teams for reducing uncertainty and improving human 

performance. I also discuss the limitations of both studies and suggest recommendations 

for future studies on advancing the literature on NFC.  
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Chapter 1: Introduction 

In this dissertation, I argue that real-world teams and research on need for closure 

offer each other insight to advance both fields (Putnam & Stohl, 1990; Cooper & Shumate, 

2012). Real-world teams can benefit from understanding the influences of motivation on 

individual and team performance. Similarly, the research on motivation can benefit by 

studying the interventions designed and used by real-world teams for reducing uncertainty 

and improving human performance. I also propose that video games provide an alternative 

way to test naturalistic behavior in a laboratory setting to balance the tradeoff between 

internal and external validity. 

Real-life teams—from first responders (i.e., firefighters, emergency medical 

personnel, etc.) and military, to scientists and creative teams—face complex and uncertain 

events that require them to make quick decisions under pressure. Furthermore, errors in 

judgment can lead to dire consequences. To perform under pressure, teams need to apply 

their training, learn, adapt, and make rapid, effective decisions. However, to make rapid 

decisions, teams need to distinguish between relevant and irrelevant information, and 

communicate that information in a clear, concise, and calm manner (Converse, Cannon-

Bowers, & Salas (1993). Converse et al. (1993) argue that effective team performance 

involves team members sharing a common understanding of task requirements, procedures, 

and responsibilities. I argue that teams can use checklists to reduce uncertainty, increase 

teamwork, and refine decision-making abilities while under pressure to increase team 

performance.   

In social cognition literature, researchers have studied the effects of uncertainty on 

motivational processes and decision-making abilities. For example, need for cognitive 

closure is the desire for a definite answer to a question, to avoid ambiguity and uncertainty 
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(Kruglanski, 1989). Need for cognitive closure influences how people seek, use, and 

communicate information to form judgments and make decisions. The depth of the 

information search is affected by need for closure, which influences the quality of decisions 

made. In a team setting, need for closure has been found to affect how team members 

communicate information (Nijstad & Paulus, 2003; De Dreu, Nijstad, & van Knippenberg, 

2008; Bowman & Wittenbaum, 2012). Similarly, in transactive memory theory (Wegner, 

Guiliano, & Hertel, 1985), communication is a key tool for creating, storing, and retrieving 

shared knowledge (Hollingshead & Brandon, 2003), which has been found to directly 

affect team performance (Choi, Lee, & Yoo, 2010). Therefore, there are parallels between 

real-world team behaviors and research on motivation and cognition. By connecting the 

two, these domains can potentially inform each other and advance both fields. 

In the context of need for closure research, there has been little research on testing 

and developing interventions to improve human performance within the context of need 

for closure at the individual, group, and societal levels (Roets, Kruglanski, Kossowska, 

Pierro, & Hong, 2015). However, real-world teams use interventions (e.g., checklists) to 

reduce the occurrence of errors and improve team performance. Together, the real-world 

teams use interventions that might reduce the influence of need for closure on cognition. 

Reducing the influence of need for closure can potentially help teams perform under 

pressure or in the face of uncertainty by highlighting the costs of premature closure and 

consequences of mistakes (Van Hiel & Mervielde, 2002). Therefore, it is critical to bring 

real-world interventions and test them in the context of need for closure.  

Cognitive psychology research tends to use highly controlled experiments in a 

laboratory setting, which narrows the focus and limits the applicability of the findings. To 
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gain a deeper insight into motivational and cognitive influences on behavior, psychology 

research can benefit by studying real-world organizations.  

Research on psychological processes and outcomes have been studied in two 

polarizing contexts – in the lab or in the real world. These two methodologies offer great 

insight into psychology in a controlled lab setting and in the real world; however, there are 

strengths and weaknesses of both types of research.  

Markman (2018) argues that the limitations of research on cognition in the real 

world are that the studies are mostly descriptive. Descriptive studies make it difficult to 

draw causal inferences that explain behavior. To address this issue, he states that merging 

experimental and real-world research can allow investigators to reconcile the tradeoffs 

between internal and external validity and create complex, but controlled environments to 

better understand naturalistic behavior. Markman (2018) encourages more discussion and 

active collaboration between researchers in these essentially separate areas of research. For 

example, cognitive psychologists can take concepts and solutions from the real-world and 

studies on naturalistic behavior and test them in their laboratory to advance their theories 

and understanding of motivation and cognition. In summary, to better understand and 

model cognitive processes, it is important to examine the relationship between motivation 

and cognition and to study this relationship as it manifests in the real-world. My 

dissertation aims to find a middle ground to study the cognitive and motivational influences 

on behavior in a complex, but controlled setting.  

In this dissertation, I argue that by studying the problems organizations face and 

the solutions they create and implement, cognitive psychologists can apply and test their 

theories in a real-world context. To advance our understanding of motivational processes, 

I connect research from real-world organizations to theories of motivation. I also use video 
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games to simulate a naturalistic, but controlled setting to test the effect of real-world 

interventions on motivation and decision-making processes.   

The research in this dissertation examines how motivation affects a team’s capacity 

to search for, use, and communicate information when making decisions under pressure. 

To appreciate the motivational influences of these behaviors, I apply a motivational 

framework called the need for cognitive closure (Kruglanski, 1989). Furthermore, to make 

a connection between naturalistic research and cognitive science, I investigate the effect of 

team-effectiveness tools on reducing the influence of need for closure on team 

performance. Previous research on need for cognitive closure has been found to influence 

how teams perform, leading to a negative effect on team performance. As previously stated, 

there is also a need to conduct experiments that have both internal and external validity. 

To achieve this, I use a video game where teams must communicate unshared information 

to solve problems under pressure. 

In all of my experiments, I use Keep Talking and Nobody Explodes (Steel Crate 

Games, 2015). This highly interactive video game requires teamwork and efficient 

communication under pressure to succeed. I use this video game to investigate whether the 

experimental checklist reduces the influence of need for closure on team performance. 

To better understand the motivational influences of pressure on teamwork, 

problem-solving, and decision-making, I review the literature on the theory of need for 

closure (Kruglanski, 1989) in Chapter 2. In this chapter, I define need for closure, review 

the dispositional and situationally-induced need for closure, present how need for closure 

is measured, and discuss the behavioral and social consequences of need for closure. 

Importantly, I review the findings from need for closure research on team dynamics and 

on real-world organizations. In Chapter 3, I review the literature on teamwork and team 
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performance. I focus specifically on checklists and their influence on team processes and 

performance. In Chapter 4, I discuss the motivation for using video games in psychology 

research. Furthermore, I present the reason why I use Keep Talking and Nobody Explodes 

to understand teamwork processes and test team performance. After, I highlight the 

theoretical, methodological, and practical applications of the findings from the research in 

this dissertation in Chapter 5. In Chapter 6, I present the two experiments designed for 

testing whether the experimental checklist reduces the influence of need for closure on 

team performance. 

In summary, the main purpose of this dissertation is to understand how high-

pressure situations and uncertainty influence teamwork, communication, and team 

performance. I aim to test the effects of the checklist when teams perform under pressure. 

Furthermore, I posit video games can be used to study, train, and test teams who work 

under pressure, by simulating high-pressure situations.  

The goal of the research in this dissertation is to connect and contribute to the theory 

need for closure and research on checklists. I want to apply the findings from this 

dissertation to help understand and improve different ways teams can effectively solve 

problems and communicate information under pressure. I also want to advance the 

methodology of cognitive psychology research. The research in this dissertation aims to 

benefit both the professional and academic literature.  
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Chapter 2: Need for Closure 

DEFINITION OF NEED FOR CLOSURE 

Within the framework of Lay Epistemic Theory (Kruglanski, 1989), need for 

closure (NFC) is a motivational construct concerned with a person’s motivation to process 

information and form judgments. NFC is defined as the desire for an answer, or any answer, 

to a question, to avoid ambiguity and to end information processing, even if the answer is 

not the best or correct answer (Kruglanski, 1989). This desire to reach closure can promote 

quick judgments and prevent people from reevaluating earlier decisions or judgments. 

Another way to look at this is that NFC is the propensity to adopt a locomotor versus a 

deliberative mindset (Büttner, Wieber, Schulz, Bayer, Florack, & Gollwitzer, 2014; 

Kruglanski, Thompson, Higgins, Atash, Shah, & Spiegel, 2000). The deliberative mindset 

(i.e., thinking mindset) is when you consider other possibilities or pros and cons of making 

a decision. The locomotor mindset (i.e., doing mindset) is when you create and execute a 

plan for reaching your goal. Generally, we are only capable of using one of these two 

complementary motivational mindsets at a time.  

NFC is conceptualized as a continuum that ranges from a low need for closure to 

high need for closure. NFC can vary between people and situations (Kruglanski, 1989; 

Webster & Kruglanski, 1994). For instance, there may be some situations that increase a 

person’s desire for a clear-cut answer, and some situations where people are more 

motivated to avoid closure. Some people may also possess a chronic impulse to reach 

closure, while others might be more inclined to delay or avoid closure. Together, there are 

internal and external factors that motivate and influence how people process information 

and form judgments about the world. 
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DISPOSITIONAL AND SITUATIONAL NEED FOR CLOSURE 

Research on NFC shows there are individual differences in the desire to achieve or 

avoid closure (Webster & Kruglanski, 1994). People with a high dispositional need for 

closure are characterized by a desire for predictability, a preference for order and structure, 

decisiveness, closed-mindedness, and discomfort with uncertainty. People with high need 

for closure tend to make quick judgments and decisions based on inconclusive evidence. 

They also tend to refuse alternative views or information that challenges or provides 

evidence that their understanding or decision may be incorrect.  

Conversely, people with low need for closure desire ambiguity to suspend judgment 

and are reluctant to decide or commit to an opinion. Thus, people with low need for closure 

generate or consider alternatives before forming a judgment or making a decision. To 

conclude, individuals with high dispositional need for closure are averse to ambiguity and 

are characterized by cognitive impatience, which leads to a decision based on incomplete 

evidence. In contrast, individuals that have low dispositional need for closure tend to take 

their time to gain more information to make a more informed decision.  

Need for closure can be enhanced by the perceived benefits of closure and the cost 

of lacking closure to a given question or ambiguous situation (Webster & Kruglanski, 

1994). A benefit of obtaining closure can be the increased ability to predict the world and 

form a basis for action. For example, if you have plans with friends to go out, you might 

ask what time you will be leaving and returning so that you can plan the rest of your day 

accordingly. Similarly, a cost of lacking closure can be missing a deadline for a project or 

the idea of engaging in difficult or laborious information processing. For instance, as time 

runs out, the absence of closure might indicate the danger and consequence of missing a 

deadline for a final paper or project. Thus, under pressure from a looming deadline, a 
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person might not have enough time to read all the necessary information or complete all 

the tasks required for their final paper or project to avoid missing a deadline. In all, the 

perceived benefits of reaching closure and the perceived costs of lacking closure can 

increase the motivational drive to achieve closure for a question or uncertain situation. 

On the opposite end of the spectrum, low need for closure might emerge from the 

perceived benefits of lacking closure and perceived costs of achieving closure. A perceived 

benefit of lacking closure might be the immunity from possible criticisms of achieving 

closure. For example, if a person is neutral and does not voice their opinion about a given 

controversial topic or policy, then they are protected from any criticism or backlash. 

Similarly, a perceived cost of lacking closure might be to avoid potential punishment or 

drawbacks from forming erroneous judgments due to premature closure. For instance, a 

scientist might not interpret data from an experiment with only 10 participants to avoid 

reaching an inaccurate conclusion. Together, the perceived costs and benefits of reaching 

closure or avoiding closure can enhance the desire to reach or avoid closure. These 

contextual factors can be used to increase or decrease one’s need for closure and can 

influence how a person processes information and forms judgments.   

Research on NFC has studied and manipulated different situations that influence 

NFC. Contextual factors that have been shown to increase NFC include inducing a time 

pressure or deadline for a decision (De Dreu, 2003; Heaton & Kruglanski, 1991; 

Kruglanski & Freund, 1983), varying the perceived attractiveness of a task (Webster, 

1993), increasing environmental noise (Kruglanski & Webster, 1991), manipulating the 

feeling of labor-intensive information processing due to fatigue (Webster, Richter, & 

Kruglanski, 1996), or being intoxicated (Webster, 1993b). 
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As previously stated, inducing time pressure can increase NFC. Kruglanski and 

Freund (1983) suggested that time pressure can induce a high NFC. More specifically, as 

a deadline approaches, people tend to seek cognitive closure. As a result, people might not 

consider alternative options and engage in a shallow compared to thorough systematic 

processing of information.  

For example, Heaton and Kruglanski (1991) tested the influence of NFC on a 

person’s perception between introverts and extraverts. In this study, participants were 

asked to predict the success of a male job candidate based on the candidate’s recent 

business experiences. Participants were asked to rate the candidate’s likelihood of success 

as a company president on a Likert scale from 0 (not at all likely to succeed) to 10 (very 

likely to succeed). Critically, the authors manipulated NFC by using either a high or low 

time pressure. In the low time pressure group, participants were told that they have as much 

time as they needed to make a decision about the candidate. The experimenters also 

stressed that the hiring decision is a slow process where participants need to take more time 

the more candidates there are for the job.  In the high time pressure group, participants had 

only 30 seconds to make a decision about the candidate. The participants were told that the 

more candidates for the job, the less time they had to spend on evaluating any one 

candidate. Additionally, the experimenters manipulated the type of information and the 

order of information presented about the candidate to the participant. Participants were 

separated into two different informational sequence conditions. In the positive-negative 

sequence group, participants heard positive and then negative information about the 

candidate. In the negative-positive sequence group, participants heard the negative 

information first and then the positive information.  
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The design of the study was a 2x2 between-subjects design to test the interaction 

between time pressure (high vs. low) and informational sequence (positive-negative vs. 

negative-positive). The authors predicted that when there is high need for closure via time 

pressure, participants are more likely to use early information to predict job success. There 

was a significant interaction between time pressure and information sequence conditions. 

The primacy effects were greater in the high-versus-low time pressure groups. Under high 

time pressure, participants rated the candidate’s success more positively when they heard 

the positive-negative sequence and more negatively when they heard the negative-positive 

sequence. This finding suggests that time pressure can increase need for closure which then 

influences how people process of information. More specifically, participants under a high-

versus-low time pressure had a greater tendency of using early information when predicting 

job success.  

Heaton and Kruglanski (1991) discussed that the results could be explained by the 

fact that participants in the high time pressure group did not have enough time to recall 

information heard toward the end of the information sequence. However, they showed that 

participants in the low time pressure condition did not take longer than 30 seconds to make 

a judgment about the candidate. Heaton and Kruglanski (1991) concluded that participants 

in the high time pressure condition had enough time to complete the task. This study 

demonstrates that time pressure can be used to situationally increase need for closure. 

The use of time pressure has been implemented by giving participants more or less 

time to complete a task. For example, Heaton and Kruglanski (1991) gave the high time 

pressure group had 30 seconds to make a decision, whereas the low time pressure group 

had as much time as they needed to make a decision. However, studies on time and 

performance have shown a positive relationship between the amount of time taken 
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completing a task and task success (Luce, 1986; Wickelgren, 1977). This behavioral effect 

is known as the speed-accuracy trade-off (Fitts, 1954; Heitz, 2014).  

As mentioned in Heaton and Kruglanski (1991), the results of the study could be 

explained by the speed-accuracy trade-off. To resolve this issue, researchers began to 

manipulate whether or not people think they have enough time to complete a task (i.e., 

perceived time pressure). Instead of giving participants more-or-less time to make a 

decision (i.e., actual time pressure), experimenters tell participants whether or not they 

have enough time to complete a task. For example, two separate groups of participants are 

told that they have five minutes to complete a task. In the low perceived time pressure 

condition, participants are told that five minutes is enough time to complete a task. 

However, in the high perceived time pressure condition, participants are told that five 

minutes is not enough time to complete a task. Thus, both groups of participants are given 

the same amount of time to complete a task but might be influenced by whether they think 

they have enough time to complete.  

Instead of using a time constraint to manipulate NFC, researchers tested whether a 

perceived time pressure can be used to increase NFC. De Dreu (2003) investigated the 

effects of perceived time pressure on NFC during negotiations using two experiments. De 

Dreu (2003) hypothesized that perceived time pressure reduces both the motivation to 

deliberately process information and the amount of time needed to reach an agreement.  

In this study, the first experiment examined the influence of perceived time pressure 

on processing information and reaching an agreement. In this experiment, participants 

negotiated with an opponent that majored in either business or religious studies via 

computer. Critically, the opponent was believed to be another participant; however, the 

responses were pre-programmed. Previous studies have shown that people perceive 
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business students as competitive and opportunistic while religious studies students are seen 

as cooperative and ethical (De Dreu, Koole, Oldersma, 1999; De Dreu et al., 1995). 

Importantly, Pruitt and Kimmel (1977) found that expectations of cooperation evoke 

cooperative behaviors and expectations of cooperation evokes non-cooperative behaviors.  

Using this manipulation, De Dreu (2003) studied whether a high-versus-low 

perceived time pressure increases NFC and influences how people process information. 

More specifically, if an increase in NFC via a perceived time pressure leads to the tendency 

to rely on cognitive heuristics when making concessions. In this study, participants were 

tasked to sell a used car to another a buyer whom they were told was another participant 

but was actually a computer program simulating the behaviors of a buyer. To make a valid 

deal, participants had to reach an agreement with delivery time, discount, and financing 

terms. Each of these issues had fifteen outcomes that corresponded with a net value for 

each outcome (e.g., for a delivery time, level 15 = 0 profit and level 1 = 2800 profit). The 

goal for the participants was to maximize their profit in each negotiation. In each 

negotiation, the buyer made the first offer and the seller could make a counter-offer. 

Negotiations ended when either the participants reached an agreement with their opponent, 

or when time ran out.  

De Dreu (2003) used a 2x2 between-subjects design to test the interaction between 

perceived time pressure (high vs. low) and opponent type (business vs. religious studies 

student). To manipulate perceived time pressure, all participants were given 10 rounds to 

negotiate a deal. In the high perceived time pressure condition, participants were told that 

10 rounds were often “quite tight” to reach an agreement. In the low perceived time 

pressure group, participants were told that 10 rounds were “more than enough” to reach an 

agreement. A manipulation check revealed that participants in the low-versus-high 
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perceived time pressure condition reported that they felt that 10 rounds were enough time 

to negotiate a deal. These participants also felt less time pressure when negotiating and 

reported that the time left was not an issue.  

For information processing, there was a main effect of perceived time pressure. 

People in the low perceived time pressure condition took twice as much time to respond 

with a counter-offer. Participants in the low-versus-high time pressure group reported a 

higher motivation to process information. For the average offer, there was a significant 

interaction between perceived time pressure and opponent type. Under a high perceived 

time pressure, the average offer was greater when participants negotiated with a business 

compared to a religious studies student. These results suggest that perceived time pressure 

increased NFC. Furthermore, NFC reduced the motivation to process information and 

increased the reliance on cognitive heuristics when negotiating. 

De Dreu (2003) found that perceived time pressure increases NFC. Under high 

amounts of time pressure, participants with a high need for closure were more likely to rely 

on cognitive heuristics, which resulted in making faster and lower demands and less 

persuasive arguments during negotiations. These results indicate that a perceived time 

pressure increases one’s need for closure, and a heightened need for closure results in poor 

performance. 

Conversely, fear of invalidity has been linked to a reduction in NFC. Fear of 

invalidity is defined as the fear of making incorrect decisions (Kruglanski, 1989; 

Kruglanski & Freund, 1983; Thompson, Naccarato, Parker, & Moskowitz, 2001). Fear of 

invalidity is related to the perceived costs of error for making a decision. For example, 

when the potential costs of closure are high, people tend to be more cautious in their 

judgment. Fear of invalidity is associated with generating more hypotheses, engaging in a 
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more effortful information search, and refraining from reaching closure too quickly 

(Clarkson, Valente, Leone, & Tormala, 2013; Kruglanski & Freund, 1983; Kruglanski & 

Mayseless, 1987).  

Previous research on NFC has shown that situations that elicit a fear of invalidity 

can reduce NFC because it highlights the costs of premature closure and the consequences 

of judgmental mistakes (Freund, Kruglanski, & Shpitzajzen, 1985; Roets, Van Hiel, 

Cornelis, & Soetens, 2008; Van Hiel & Mervielde, 2002). Van Hiel & Mervielde (2002) 

found that fear of invalidity caused an increase in information acquisition when 

categorization rules were ambiguous. The findings suggest that fear of invalidity reduces 

the effects of NFC which prompts people to suspend their decisions (Van Hiel & 

Mervielde, 2003).  

Furthermore, Van Hiel & Mervielde (2003) suggest that inducing a fear of 

invalidity might help people process information more effortfully. However, Van Hiel 

(2001) found that fear of invalidity did not motivate participants to change their strategy to 

an optimal one. Van Hiel (2001) also found that the feat of invalidity did not help 

participants solve problem-solving tasks. These findings suggest that motivating people to 

be more concerned with committing errors might reduce the effects of premature closure; 

however, fear of invalidity might not help people develop new strategies to solve complex 

problems. 

Fear of invalidity has been manipulated by either focusing on evaluating one’s 

performance (i.e. evaluation apprehension), highlighting the costs of mistakes, or by 

providing an incentive for good performance. For example, Heaton and Kruglanski (1991) 

manipulated fear of invalidity via evaluation apprehension. In this experiment, Heaton and 

Kruglanski (1991) told participants that their judgments will be compared to those made 
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by professional psychologists. They also told participants that their ability to predict 

success was important. Roets, Van Hiel, Cornelis, & Soetens (2008) manipulated fear of 

invalidity by telling participants to avoid incorrect responses. Further, they told participants 

that incorrect responses would be recorded, that they would receive feedback on their 

performance, and their responses would be compared to other participants. Finally, 

Mayseless and Kruglanski (1987) manipulated fear of invalidity by offering extra credit to 

students who correctly identify 9 out of 10 digits in a tachistoscopic task.  

MEASURING NEED FOR CLOSURE 

In 1994, Kruglanski and Webster developed a 42-item scale to measure 

dispositional need for closure (NFCS) and tested its ability to effectively measure need for 

closure with six different experiments. On this scale, there are five different dimensions of 

need for closure that measure an individual’s: 1) preference for order, 2) preference for 

predictability, 3) decisiveness, 4) discomfort with ambiguity, and 5) closed-mindedness.  

In the first experiment, Kruglanski and Webster (1994) found that the NFCS 

reliably measured the need for closure construct using two different samples. Results also 

showed that psychometric properties measured using the NFCS were replicated across two 

different samples. These two findings suggested that the NFCS reliably assessed the need 

for closure construct.  

In the second experiment, Kruglanski and Webster (1994) investigated whether the 

NFCS measures a unique variable that is distinct from other relevant constructs. In this 

experiment, the author compared NFCS results to 10 different scales that measure 

authoritarianism, dogmatism, intolerance of ambiguity, cognitive complexity, impulsivity, 

need for structure, fear of invalidity, social desirability, need for cognition, and 
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intelligence. Results from a correlation analysis between the NFCS scale and the scores 

from listed constructs suggest that the NFCS possess discriminant and convergent validity 

with respect to the other psychological measures.  

In the third experiment, Kruglanski and Webster (1994) tested whether the NFCS 

can discriminate between two groups of people whose personality traits vary considerably 

in their need for closure. The NFCS was administered to two groups: 1) a conventional 

type that was hypothesized to prefer structured over ambiguous tasks, and 2) an artistic 

type that was hypothesized to prefer free and unstructured tasks over structured and ordered 

activities. It was posited that those with a conventional personality type (i.e., accounting 

majors) would have a high dispositional need for closure, whereas the artistic personality 

type (i.e., studio art majors) would have a low dispositional need for closure. The results 

supported their hypothesis showing that a group of individuals with a conventional 

personality type had higher NFCS scores than those who have an artistic personality type. 

These results suggest that the NFCS can discriminate between groups that vary in 

disproportional need for closure.  

In experiments four through six, Kruglanski and Webster (1994) replicated the 

effects found using situational inductions of need for closure. These experiments tested the 

effects of need for closure on impression formation (Experiment 4), correspondence bias 

(Experiment 5), and resistance to persuasion (Experiment 6). Those with high compared to 

low dispositional need for closure were predicted to form judgments using earlier than later 

information (i.e., primacy effects), exhibit an exaggerated correspondence bias, and are 

more resistant to persuasion. Results from these three experiments confirmed the 

previously stated hypotheses.  
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The results from the fourth experiment suggest that individuals with high 

dispositional need for closure considered less relevant information before making a 

judgment, were more confident in their judgment, and required less time to form one 

compared to those with low dispositional need for closure.  

In the fifth experiment, Kruglanski and Webster (1994) sought to replicate the 

findings from a study on the effects of need for closure on the tendency to display a 

correspondence bias (Webster, 1993). In this experiment, participants took NFCS and then 

were told they were going to watch a student’s speech where the student expressed a 

negative opinion on student exchange programs. However, before the participants watched 

the speech, they were either told that the student either had a choice or did not have a choice 

to prepare the speech. After, participants were asked to estimate the true target’s attitude 

toward student exchange programs. The range of this measure was from 0 (not at all) to 14 

(extremely). Kruglanski and Webster (1993) predicted that participants with high 

dispositional need for closure in the no-choice condition would display a correspondence 

bias by reporting that the student’s speech is not in line with their true attitudes compared 

to individuals with low dispositional need for closure. Results confirmed this prediction 

and suggest that individuals with high need for closure exhibit a correspondence bias 

compared to those with low need for closure. They also found that individuals with high 

need for closure had a higher degree of confidence in their judgment, a higher need to make 

a quick decision, a lower estimated amount of thought required for the task, and lower 

amount of time spent on the task.  

In the final experiment, Kruglanski and Webster (1994) sought to replicate the 

effects from Kruglanski, Webster, and Klem’s (1993) study on need for closure and 

resistance to persuasion. In Kruglanski et al. (1993), participants in groups of two (one 
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naive and one confederate) were given a case where a lumber company was suing an airline 

for an airplane crash induced fire that burned a large amount of lumber. Participants were 

given information about the case and were told to discuss the evidence and reach a verdict. 

Participants were either given all of the information (complete condition) that argued 

conclusively in the favor of one party, or an incomplete set of information (incomplete 

condition) that did not include a legal analysis.  

To manipulate need for closure, participants were either in a noisy environment 

(situationally induced need for closure) or quiet environment (control). Critically, the 

confederate in the group always argued against the side favored by the participant. 

Kruglanski et al. (1993) predicted that with the complete-information condition, the high 

need for closure group would be more resistant to persuasion compared to the low need for 

closure group. In the incomplete condition, the high need for closure group would be less 

resistant to persuasion compared to the low need for closure group. Resistance to 

persuasion was measured in the number of verdict shifts (assumed to be inversely related 

to resistance) and time spent arguing (assumed to be directly related). Kruglanski and 

Webster (1993) replicated these methods but replaced the noisy-versus-quiet condition 

with dispositional NFCS scores. Results showed that participants in the complete-

information condition with high dispositional need for closure exhibited fewer verdict 

shifts and argued longer than those with low dispositional need for closure. In contrast to 

these findings, the participants with high dispositional NFC in the incomplete condition 

displayed larger verdict shifts and spent less time arguing compared to participants with 

low dispositional NFC. These findings showed that the NFCS can be used to replicate 

findings from a study that situationally induced need for closure.  
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Results from all of the experiments in Kruglanski and Webster (1994) showed that 

the NFCS can discriminate between groups that are hypothesized to have different levels 

of dispositional need for closure. The NFCS also exhibits discriminant and convergent 

validation with regarding related personality measures and can replicate the effects found 

in studies on situational inductions of need for closure. Together, there is ample evidence 

to suggest that the NFCS is a reliable and valid instrument that can be used to measure both 

dispositional and situational inductions of need for closure.  

In 2011, Roets and Van Hiel reduced the scale from 42 to 15 items. To create a new 

scale, Roets and Van Hiel (2011) had participants complete the 42-item NFCS scale and 

analyzed the factor loadings of each item. The authors then selected three items with the 

highest factor loading for each of the five dimensions of the NFCS. To compare the 

findings between the full and revised NFC, the authors had a subset of the participants 

return after one month and take the revised NFCS scale. Results show that the revised 

NFCS scores were similar to the scores on the full NFCS. Roets and Van Hiel (2011) 

concluded that this revised NFCS can be used to measure both dispositional and 

situationally induced need for closure. This reduced NFCS has been used in a wide range 

of studies such as the effect of need for closure on decision-making (Jackson & Kleitman, 

2014), group norms (Livi, Kruglanski, Pierro, Mannetti, & Kenny, 2015), and personality 

and social attitudes (Corr, Hargreaves-Heap, Tsutsui, Russell, & Seger, 2013). 

CONSEQUENCES OF NEED FOR CLOSURE: SEIZING AND FREEZING 

When NFC is high, a desired state is to achieve closure by any means. However, 

when closure is not achieved, individuals with high NFC may experience negative affect 

and stress. Evidence for this claim comes from Roets and Van Hiel (2008). They predicted 
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that higher levels of NFC are associated with higher levels of physiological arousal and 

personal feelings of distress when making decisions. In these studies, participants had to 

identify a single digit (range: 1-6) presented at a rate of 50ms. The presentation of the digit 

was masked before and after exposure. Participants were allowed to repeat the exposure of 

that digit before making a decision. Once the participant felt able to make a decision, they 

responded by pressing a button that corresponded with the presented digit. After making a 

decision, a new digit was presented. Dispositional NFC was measured using the revised 

NFCS scale. The experimenters assessed the level of stress by measuring the participants’ 

blood pressure before and during the decision-making task. To assess subjective distress, 

participants reported distress by rating the extent to which they felt each emotion for a 

range of emotion-related adjectives. Individuals with high dispositional NFC showed 

higher levels of distress in terms of blood pressure and self-reported distress compared to 

individuals low in dispositional NFC.  

In a second study, Roets and Van Hiel (2008) tested the temporal progression of 

arousal using a decision-making task where closure was not readily available. The 

researchers used galvanic skin response as a measure of arousal and showed that 

individuals with high NFC showed a progressive increase in arousal when no conclusive 

solution was obtained. Critically, the effect of arousal was not found in individuals with 

low NFC. Together, the results from Roets and Van Hiel (2008) provided evidence that 

individuals with high NFC experience feelings of unpleasantness and physiological distress 

in the absence of closure.  

Kruglanski and Webster (1996) posited that when individuals with high NFC lack 

closure, the aversive and stress response prompts behaviors that are aimed at reaching 

closure. Furthermore, the absence of closure for individuals with high NFC might bias the 
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choices and preferences that help them achieve the desirable state of closure. Kruglanski 

and Webster (1996) claimed that an increased NFC elicits two general tendencies that 

affect information processing, knowledge formation, and decision-making: 1) urgency and 

2) permanence.  

Urgency is defined as the tendency to seize quickly on information that assures 

closure (Kruglanski & Webster, 1996). Given that closure is desired, and the delay of 

closure is aversive, individuals with elevated NFC might hastily form a judgment using 

incomplete or inconclusive evidence. Even though closure was achieved, the knowledge 

or judgment formed could be incorrect due to premature closure.  

In contrast to urgency, permanence is defined as the tendency to maintain closure 

by holding on to or freezing on the acquired judgment or knowledge (Kruglanski & Freund, 

1983). The freezing process facilitates the consolidation of the formed knowledge and 

protects it from contradictory information. Once closure is reached, individuals with high 

NFC want to maintain closure by freezing on the information formed to avoid uncertainty. 

Together, these two tendencies serve to achieve closure and avoid the unpleasantness of 

ambiguity by quickly seizing on information to reach closure and freezing it to prevent 

closure from reoccurring. 

THE EFFECTS OF SEIZING AND FREEZING ON BEHAVIOR AND COGNITION 

The hypothesized consequences of the seizing-and-freezing tendencies elicited by 

elevated levels of NFC affect the extent to which people process information and generate 

hypotheses. Seizing-and-freezing tendencies were posited to restrict the search for and 

limit the processing of information before making a decision.  



 

 

22 

To test this hypothesis, Mayseless and Kruglanski (1987, Study 1) presented 

participants with barely visible digits that had to be identified. Participants were allowed 

to request repeated presentations of that digit before making a decision. This number of 

requested presentations assessed the degree to which participants engaged in the 

information search process. A heightened need to avoid closure was induced by telling 

participants that they would receive extra credit if they correctly identified 9 out of 10 

digits. This condition was designed to increase the tolerance of ambiguity and promote a 

thorough search of the information before making a decision. In contrast, a heightened 

NFC was induced by telling participants that concentration and intelligence were positively 

related to the ability to form unambiguous opinions. This condition was designed to 

magnify the value of closure. As a control condition, the researchers did not induce a 

motivation to achieve or avoid closure.  

Mayseless and Kruglanski (1987, Study 1) predicted that information search (i.e., 

repeated presentation of the digit) would be lowest for those in the high NFC condition, 

intermediate for those in the control condition, and highest in the low NFC closure 

condition. Results supported their prediction and suggested that individuals with 

heightened NFC achieve closure by restricting the information search process. The effect 

of NFC on the information search process was replicated by Roets, Van Hiel, Cornelis, and 

Soetens (2008) using time pressure and noise to induce NFC. Roets et al. (2008) replicated 

this effect using dispositional need for closure, showing that dispositional need for closure 

can limit the effort invested when gathering information. The results from these two studies 

suggest that seizing and freezing tendencies, elicited by a heightened need for closure, 

motivates individuals to achieve closure by restricting the information search process. 



 

 

23 

Furthermore, seizing and freezing tendencies induced by NFC was hypothesized to affect 

the processing of information stored in memory (i.e., the generation of hypotheses).  

In Mayseless and Kruglanski (1987, Study 2), tested the effect of NFC on 

hypothesis generation by showing participants photos of parts of common objects (e.g., a 

comb or toothbrush) that were enlarged and taken from uncommon angles to mask the 

identity of the object. Participants were asked to generate a list of all possible hypotheses 

regarding the objects’ identity before making a decision as to what the object was. Similar 

to Mayseless and Kruglanski (1987, Study 1), NFC was induced by stressing that 

unambiguous opinions were positively related to concentration and intelligence. In 

contrast, a low need for closure was induced by telling participants that correct visual 

recognition of the object is related to concentration and intelligence. The researchers also 

included a control condition that did not induce a motivation to achieve or avoid closure. 

Results confirmed their hypothesis and showed that individuals in NFC-induced condition 

generated fewer hypotheses compared to the control condition. Conversely, individuals in 

the low need for closure condition generated more hypotheses than the control condition. 

The results from this study provided evidence that seizing-and-freezing tendencies 

manifested by a heightened NFC motivates people to reach and maintain closure by 

restricting the processing of information stored in memory.  

A frequent consequence of the seizing-and-freezing tendencies is the 

overutilization of early or readily available information. Similarly, failing to appropriately 

adjust a judgment in the context of new and relevant information is another consequence 

of seizing and freezing. For example, a study by Asch (1946) revealed the “primacy effect” 

in impression formation where people tend to base social impressions on early information 

and neglect later information.  
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Kruglanski and Freund (1983) investigated if the primacy effect reflects the seizing-

and-freezing tendencies, and if this effect can be amplified under high-versus-low need for 

closure. In this study, need for closure was induced by adding in time pressure (i.e., benefit 

to achieve closure), whereas need to avoid closure was induced by telling participants that 

they will be held accountable for their responses (i.e., cost of premature closure). The extent 

of the primacy effect varied positively with the high NFC condition (i.e., time pressure) 

and negatively with the low NFC condition (i.e., accountability). Inducing NFC also 

increases the tendency to rely heavily on anchors (i.e., the anchoring-and-adjustment 

effect; Tversky & Kahneman, 1974) when making estimates or decisions (Kruglanski & 

Freund, 1983, Study 2), increases attributional biases (Webster, 1993), and increases the 

effects priming (Ford & Kruglanski, 1995). 

Results from studies on NFC provide evidence that the motivation to achieve 

closure elicits tendencies that negatively influence the extent to which people process 

external and internal information when making a judgment or decision. Additional research 

on NFC and the consequences of seizing-and-freezing also show that these tendencies 

artificially boosts subjective confidence in judgments (Kruglanski et al., 1993; Kruglanski 

& Webster, 1991; Mayseless & Kruglanski, 1987; Webster, 1993), induces a preference 

for prototypical vs. diagnostic information (Kruglanski & Mayseless, 1988; Trope & 

Bassok, 1983), and increases the recall and use of stereotypical information (Dijksterhuis 

van Knippenberg, Kruglanski, & Schaper, 1996; Jamison & Zanna, 1989). In summary, a 

person’s need for closure elicits the drive to seize and freeze on information to achieve 

closure. Urgency drives individuals to rely on early and easily accessible information, 

whereas permanence drives individuals to disregard later information. The consequences 
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of these tendencies were found to affect information processing and indirectly affect other 

psychosocial and cognitive processes that require information processing. 

NEED FOR CLOSURE AND GROUP DYNAMICS 

Research on NFC and group interactions has shown that there are interpersonal, 

group-level, and intergroup consequences of NFC. Interpersonal consequences of NFC 

include a reduction in perspective taking and empathy to dissimilar people (Webster, 

Findley, & Irvin, 1995), an increased use of abstract language in interpersonal 

communication (Rubini & Kruglanski, 1997), a reduction in persuadability when prior 

opinions exist, and an enhancement of persuadability in the absence of prior opinions 

(Kruglanski, Webster, & Klem, 1993).  

Group-level consequences of NFC includes an increased desire to reach group 

consensus (Kruglanski, Webster, & Klem, 1993), an increased tendency to reject opinions 

that deviate from the group (Kruglanski & Webster, 1991), an increased tendency towards 

task-oriented versus socio-emotional-oriented behaviors, and an increased tendency to 

cooperate with others in a group (De Grada, Kruglanski, Mannetti, & Pierro, 1999). An 

intergroup consequence of NFC is an increased bias toward positive ingroup- and negative 

outgroup behaviors, but not for negative ingroup and positive outgroup behaviors 

(Webster, Kruglanski, & Pattison, 1997). In this section, I focus on the influences of NFC 

on interpersonal communication, reaching group consensus (e.g., persuadability and 

opinion rejection), and how groups process and share information, generate ideas, and 

make decisions. 

Relevant to the studies in this dissertation, studies of interpersonal communication 

and NFC showed that those experiencing a heightened NFC preferred abstract versus 



 

 

26 

concrete descriptions (Boudreau, Baron, & Oliver, 1992; Mikulincer, Yinon, & Kabili, 

1991). The bias towards abstraction may influence how people communicate with one 

another. Semin, Rubini, and Fiedler (1995) found that abstract questions are often matched 

with abstract answers. The bias toward abstraction was hypothesized to be correlated with 

feelings of interpersonal distance and estrangement.  

In the context of NFC, Rubini and Kruglanski (1997) showed that participants with 

a high need for closure chose more abstract questions compared to those in the low need 

for closure group. In a second study, Rubini and Kruglanski (1997) showed that abstract 

questions were found to elicit more abstract answers from participants with high NFC. 

These answers were more focused on the object rather than the subject of the question. 

Participants reported a less positive rapport between the participant and the interviewer. 

These results suggest that the permanence tendency induced by NFC may affect the level 

of linguistic abstraction. More specifically, individuals with high NFC uses more-abstract 

language during interpersonal communication. And the type of language used can 

influence social relations between conversation partners.  

When working in a group, it is often necessary for the group to reach a consensus 

to make a decision and move forward. However, NFC was hypothesized to influence the 

manner in which group consensus is reached. In particular, the tendency to freeze may bias 

behaviors toward judgments that are unlikely to be challenged. Thus, the desire for 

consensus (i.e., reaching closure) may influence an individual’s behavior when engaging 

in a discussion that involves persuasion. As previously mentioned, Kruglanski et al. (1993) 

had participants discuss a legal case with a mock juror, a confederate, and ultimately reach 

a verdict. The researchers manipulated the amount of information given prior to 

deliberation. Half of the participants received prior information that allowed participants 
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to form a confident opinion. The other half received incomplete information that did not 

allow them to form a confident opinion. NFC was operationalized by the NFCS 

(Kruglanski et al., 1993, Study 1) or by the presence of ambient noise (Kruglanski et al., 

1993, Study 2). The experimenters proposed that information processing would be more 

effortful in a noisy-versus-quiet environment. Thus, high-versus-low costs of information 

processing were expected to situationally increase the participant’ NFC. 

In both studies, participants with high-versus-low NFC reported a greater desire to 

achieve closure by reaching a consensus with their partner. Critically, the process in which 

consensus was reached varied as a function of the amount of information given. When 

information was enough to form a prior opinion, individuals with high-versus-low NFC 

preferred an easily persuadable partner and were more resistant to their partner’s persuasive 

attempts. A “change other” strategy (Festinger, 1950), where a person exerts pressure on 

the other to change and match their own opinion, was hypothesized to be used to attain 

consensus (Kruglanski et al., 1993). In contrast, when information was not adequate to 

form a prior opinion, participants with high-versus-low NFC preferred a persuasive partner 

and were more receptive to their partner’s persuasive attempts. Again, it was hypothesized 

that the “change self” strategy (Festinger, 1950) was used to modify their own opinion to 

match their partner’s. These results provide evidence that the freezing tendency can bias a 

person’s behavior towards reaching a consensus.  

However, when a group fails to reach a consensus via the “change self” or “change 

other” strategy (Festinger, 1950), frustration and negative feelings might be directed at 

those whose opinion deviates from the group. Thus, when NFC is high, a dissenting opinion 

may prevent a group from reaching closure, which in turn might elicit feelings of 

unpleasantness and distress within the group. To resolve these aversive emotions and 
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achieve closure, the majority of the group might exhibit a greater tendency toward 

disparaging and rejecting opinions that deviate from the group.  

Kruglanski and Webster (1991) investigated the effects of NFC on a group’s 

reaction to conforming and deviating opinions by designing an experiment where groups 

with a predefined preference were challenged by an opinion that went directly against the 

group’s preference. In this experiment, groups of scouts were asked to decide between two 

potential locations for a two-week-long work camp. Given that each group’s preference 

was already known, the researchers asked one member from each group to play the role of 

a conformist or dissenter. The task of the confederate was to argue for or against the 

unpopular choice at one of three different time periods: 1) at the start of the discussion 

(objectively early), 2) near the end of the deadline (objectively late) or 3) at the same time 

point as the objectively late condition, but the deadline to reach a decision was postponed 

(subjectively early). Need for closure was induced using a time pressure manipulation. A 

manipulation check confirmed that NFC was proportional to the perceived time remaining 

for the discussion when the confederate’s view was stated. The dependent variable was the 

size of evaluative shifts toward the confederate after the discussion (a composite score of 

the sociometric rating of liking, appreciation, and respect).  

There were no significant differences in evaluative shifts as a function of timing 

with regards to the conformist conditions. However, there was a significant negative 

evaluative shift of the dissenter. The magnitude of the negative evaluative shift increased 

as the timing of the expressed opinion neared the deadline. In a second experiment, 

Kruglanski & Webster (1991) replicated the findings from the first experiment but 

manipulated NFC using ambient noise (noisy-versus-quiet environment). Consistent with 

the hypothesis that working in a noisy environment increases need for closure by making 
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information processing costlier, the results showed that ratings of the dissenter were more 

negative in the noisy-versus-quiet condition. It was also predicted that there is a greater 

rejection of the dissenter when NFC is elevated. To test this hypothesis, the researchers 

replicated the methods of study two but allowed for some of the group to exclude the 

dissenter from the decision-making process. Groups in this condition were allowed to make 

a decision using majority rule instead of reaching a group consensus.  

The rejection of the dissenter occurred only in the high NFC/group consensus 

condition, whereas there was no rejection of the dissenter in the high NFC/majority rule 

condition. This suggests that in the high NFC/group-consensus condition, the dissenter 

frustrated group members by preventing the group from achieving collective closure. 

However, in the high NFC/majority rule condition, collective closure was achieved because 

the dissenter could be overruled by the group. Similarly, conformists who approved and 

supported the consensual view were rated more positively in the high-versus-low NFC 

condition. To conclude, findings from these experiments show NFC might drive a group 

to reach a consensus where nonconformists are rejected and conformists are admired. 

Just as for individuals, it is necessary for groups to process and share information 

to perform cognitive tasks (De Dreu, Nijstad, & van Knippenberg, 2008; Hinsz, Tindale, 

& Vollrath, 1997; Kerr & Tindale, 2004; Laughlin & Ellis, 1986; Laughlin, VanderStoep, 

& Hollingshead, 1991). Nijstad and Paulus (2003) outlined a model of how individuals and 

groups interact to share and process information. Their argument is that individuals use 

available resources such as knowledge, skills, and attitudes to develop ideas, solutions, and 

judgments. During a group discussion, individuals have the opportunity to contribute and 

share their ideas and solutions to each other. The sharing of information allows other group 

members to add to their own knowledge, which then can be used to change preferences, 
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generate new ideas, or present new arguments. Given that group members may differ in 

the knowledge, skills, and attitudes, group judgment and decision-making depend upon 

how the groups combine disparate knowledge provided by each individual. By 

communicating, group members can ultimately reach a shared understanding, resolve 

differences, and generate high-quality solutions (De Dreu, Nijstad, & van Knippenberg, 

2008).  

De Dreu et al. (2008) presented the motivated information processing in groups 

(MIP-G) model. This model provides a framework aimed at explaining the interaction 

between individual and group information processes. MIP-G hypothesizes that social 

motivation influences the type of information group members attend to, encode, and 

retrieve. Epistemic motivation also influences the extent to which new information is 

searched for and processed. Furthermore, both social and epistemic motivation is expected 

to affect, independently and jointly, the generation of solutions to problems, the 

dissemination of information, and negotiations. In summary, social and epistemic 

motivations of the individual can influence (separately or combined) how groups process 

information, which affects group judgments and decision making. Given that epistemic 

motivation affects group judgment and decision making, it is hypothesized that NFC can 

influence the way in which groups search for and process information.  

Prior studies showed that individuals with high NFC tend to engage in a shallower 

information search and process. Individuals with high NFC primarily rely on heuristics and 

inconclusive evidence to make quick judgments and decisions (Kruglanski & Webster, 

1996; Mayseless & Kruglanski, 1987). Further, individuals under time pressure (i.e., 

elevated NFC) are less likely to revise inaccurate information during negotiations (De 

Dreu, 2003). Similarly, need for closure, induced by time pressure, may lower the 
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motivation to search and process information which then drives group members to use 

well-learned principles and routines (De Dreu, 2003; De Grada, Kruglanski, Mannetti, & 

Pierro, 1999; Kruglanski & Freund, 1983). When NFC is elevated due to manipulations 

like time pressure, high levels of ambient noise, and fatigue, groups tend to process 

information in a shallow manner to make a quick judgment or decision.  

At the group level, the desire for group consensus or group centeredness can lead 

to shallow information processing. When group information search is compromised by 

high levels of NFC, groups tend to make suboptimal decisions or judgments by using 

heuristic cues, stereotypic cues, and inconclusive evidence (De Dreu, Koole, & Oldersma, 

1999). Together, these findings and the MIP-G model predicts that high levels of NFC can 

influence group information processes that lead to low-quality decisions.  

When a problem is complex and does not have a clear-cut answer, creativity is 

necessary to generate new solutions. The ability to generate new solutions, decision 

alternatives, or ideas is regarded as a critical aspect of group judgment and decision 

making. De Dreu et al. (2008) suggest that epistemic motivation influences creativity in 

both positive and negative ways. Research on creativity and epistemic motivation showed 

that when individuals perform under a time pressure, creative problem solving is reduced 

(Schultz & Searleman, 1988), cognitive complexity and flexibility are lowered (Van Hiel 

& Mervielde, 2003), and creative task performance is compromised (Baer & Oldham, 

2006).  

At the group level, Chirumbolo, Livi, Mannetti, Pierro, & Kruglanski (2004) found 

that inducing a time pressure results in lower levels of group creativity. They also found 

that groups composed of individuals with high-versus-low NFC performed less creatively 

and showed less expressed ideas during group interaction. The pressure to conform to the 
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group mediated the negative relationship between dispositional need for closure and group 

creativity. These findings suggest that inducing NFC compromises the process of 

generating creative ideas or solutions at both the individual and group level. Under a high 

level of NFC induced by time pressure, individual and group creativity performance are 

substantially inhibited. 

Regarding the dissemination of shared versus unshared information, time pressure 

has been found to reduce the frequency of information exchanged between group members, 

leading to poor performance (Kelly & Karau, 1999; Kelly & Loving, 2003). Bowman and 

Wittenbaum (2012) further corroborated these results in a study on time pressure and 

hidden profile performance. In the hidden profile task (Winquist & Larson, 1998; 

Wittenbaum, 2010) information is distributed such that some information is shared among 

group members (i.e., everyone knows the information prior to discussion) while other 

information is unshared (i.e., information is known to only one group prior to discussion). 

The shared information supports a less desirable or suboptimal option, whereas the 

unshared information supports an optimal alternative.  

To perform in this task, group members must pool unshared information to discover 

the optimal option. Results from Bowman and Wittenbaum (2012) found that under high-

versus-low time pressure, groups engaged in shorter discussions about decision alternatives 

and exchanged less information. The results suggest that time pressure impairs hidden 

profile performance by reducing the opportunity to pool unshared information across group 

members. Other studies support this finding by showing that time pressure impairs hidden 

profile performance (Fraidin, 2002; Parks & Cowlin, 1995) and impairs effective group 

decision-making processes (Lehner, Seyed-Solorforough, O’Connor, Sak, & Mullin, 1997; 

Neck & Moorhead, 1995).  
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Similarly, in a study on the effects of NFC on the contents and process of group 

interaction, De Grada et al. (1999) had groups of four participants role-play as members of 

a corporate committee and were tasked to divide monetary rewards among exemplary 

employees. By using time pressure to increase NFC, De Grada et al. (1999) found that 

groups with high NFC focused more on task-related solutions and less on interpersonal 

aspects of the situation. This demonstrated that NFC can influence how group members 

behave during group interactions. In a second study, De Grada et al. (1999) tested how 

group context affects the process in which group interactions unfold. In this experiment, 

groups were composed of individuals with high dispositional NFC or low dispositional 

NFC. During group discussions, there were greater pressures to conform and less 

egalitarian participation in high-versus-low NFC groups. These results suggest that NFC 

affects both what groups discuss and the process in which they interact with one another.  

In all, by inducing an elevated NFC, time pressure has been shown to be detrimental 

to the process of sharing information. As a result, group decision-making processes are 

compromised. Thus, groups tend to succumb to the effects of NFC, which leads to a 

tradeoff between the quality of the decision and the speed of the decision. 

In summary, high levels of both dispositional and situational NFC can affect 

intragroup and intergroup behaviors and preferences. Research suggests that high levels of 

NFC contribute to the emergence of a behavioral syndrome termed group-centrism 

(Kruglanski, Pierro, Mannetti, and De Grada, 2006). Group-centrism is expressed as a 

pressure to reach a consensus via opinion uniformity (De Grada, Kruglanski, Mannetti, & 

Pierro, 1999) and reject of deviating opinions and dissenters (Kruglanski & Webster, 1991; 

Kruglanski et al., 1993). Group-centrism is also conveyed by the encouragement of 

autocratic-versus-egalitarian group processes (De Grada et al., 1999; De Grada et al., 
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2003), in-group favoritism (Shah, Kruglanski, & Thompson, 1998), resistance to change 

(Kruglanski et al., 1993; Livi, 2003), and the maintenance and reliance on group norms 

(Levine & Moreland, 2003; Livi, 2003). Roets, Kruglanski, Kossowska, Pierro, and Hong 

(2015) suggested that group-centric tendency manifests from high levels of team members’ 

NFC and is exacerbated by high-pressure situations. This often leads teams to rely on easily 

accessible, shared in-group knowledge and reject deviating opinions or information that 

threatens the stability of the group or individuals’ knowledge. Together, elevated levels of 

NFC drives the emergence of group-centrism which then negatively affects group 

effectiveness and performance.  

To reduce the effects of the motivational influence of NFC, research on situational 

manipulations of low need for closure suggests that epistemic motivation can be increased 

by raising the stakes (Mayseless & Kruglanski, 1987), emphasizing process accountability 

(Tetlock, 1992), and inducing a fear of invalidity (Roets et al., 2008). Furthermore, group 

members with low NFC tend to be open-minded when it comes to deviating opinions 

(Kruglanski & Webster, 1991; Kruglanski, Webster, & Klem, 1993). In line with these 

findings, De Grada et al. (1999) found that groups composed of members with low NFC 

showed less conformity pressure and more egalitarian participation in groups. With respect 

to group creativity, groups can benefit from a more egalitarian style of participation 

(Nijstad, Stroebe, & Lodewijkx, 2002) and from a culture that tolerates divergent thinking 

(Shalley, Zhou, & Oldham, 2004). Finally, Scholten, van Knippenberg, Nijstad, and De 

Dreu (2007) found that groups focused on process accountability experienced a greater 

need for more information, repeated unshared information more frequently, and ultimately 

chose the optimal decision alternative. Together, these findings show that the effects of 
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NFC induced by either time pressure or ambient noise can be reduced by increasing 

epistemic motivation within an individual and/or group. 

NEED FOR CLOSURE IN THE REAL-WORLD 

To advance the theory of NFC, researchers started to study and apply their findings 

to real-world settings such as organizations. Studies on organizations investigated the 

influence of NFC and its role as a source of prejudice (Onraet, Van Hiel, Roets, & Cornelis, 

2011; Roets & Van Hiel, 2006, 2011b; Van Hiel Pandelaere, & Duriez, 2004), its role in 

prejudice reduction (Tadmor, Hong, Chao, Wiruchnipawan, & Wang, 2012), and its 

relationship to violent extremism (Dugas et al., 2015). In this section, I focus on the 

applications to real-world organizations. Studies on organizations revealed that NFC plays 

a role in coping with organizational change, procedural fairness, performance in 

organizations, and decision-making in the medical field.  

Organizations are constantly changing for reasons including technology, mergers, 

acquisitions, and restructuring to stay competitive in the market (Wanberg & Banas, 2000). 

Given that change destabilizes an organizational environment, it was hypothesized that 

NFC might influence how people cope with these organizational changes. Because 

individuals with high NFC desire stability and closure, and are averse to ambiguity, 

organizational change might interfere with one’s desire to achieve closure. To test the 

hypothesis that NFC is negatively related to one’s ability to successfully cope with 

organizational change, Kruglanski, Pierro, Higgins, and Capozza (2007) conducted a series 

of studies on different organizations in Italy. These studies tested a variety of employees 

experiencing organizational change and showed that NFC was negatively related to various 

measures of coping (e.g., reaction to change and adaptation to change). An interaction was 
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found between NFC and perceived organizational support for innovation and change. The 

relationship between NFC and coping with change was less negative when perceived 

support for the organization was high-versus-low. These results suggest that NFC is related 

to coping with organizational change where individuals with high NFC have trouble 

dealing with change. Furthermore, these results show that NFC can be applied to real-world 

settings and provide evidence that organizational support can attenuate the effects of NFC 

on coping.  

Within research on fairness, procedural fairness has been found to reduce 

uncertainty (Lind, 2001; Van den Bos & Lind, 2002). Procedural fairness places an 

emphasis on the process of making a decision rather than the outcome. It conveys the extent 

to which authority figures can be trusted because it establishes limitations that can reduce 

the anxiety associated with the exploitation of people working under a superior (Leventhal, 

1980; Lind, 2001; Tyler, 1997). Leaders who use procedural fairness follow a set of fair 

and proper procedures to make decisions. Because NFC is concerned with resolving 

uncertainty, there is a possibility that it plays a role in moderating the relationship between 

perceived procedural fairness and perceived leadership effectiveness. Pierro, 

Giacomantonio, Kruglanski, and van Knippenberg (2014) hypothesized that the 

association between perceived procedural fairness and leader effectiveness should be 

stronger in those with high NFC. Pierro et al. (2014) found that employees with high NFC 

rated leaders, who are perceived as high in procedural fairness, more positively on 

measures of team identification, job satisfaction, investment of effort, and performance. 

Within the context of leader-employee conflicts, leadership fairness promoted a more 

constructive and effective approach to conflict resolution for employees high in 

dispositional NFC (Giacomantonio, Pierro, and Kruglanski, 2011). These studies 
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demonstrated that procedural fairness can reduce the uncertainty associated with decision 

outcomes and that employees with high dispositional NFC resolve leader-employee 

conflicts if their leaders are perceived as high in procedural fairness.  

As stated previously, research on group behavior has shown that both situational 

and dispositional NFC can contribute to the emergence of a behavioral syndrome known 

as group-centrism. Kruglanski et al. (2006) argued that group-centrism is characterized by 

the extent to which individuals aim to enhance a shared reality, or “groupness”. Thus, NFC 

may increase a group’s motivation to reach a consensus by exerting conformity pressures 

on each other. Evidence from De Grada et al. (1999) found that groups composed of high 

NFC exhibit greater pressures to conform and less egalitarian participation as opposed to 

those with low NFC.  

In line with NFC, once a group has established a shared reality, they should freeze 

and maintain that shared reality. Together, individuals with high dispositional NFC might 

prefer a firm shared reality of a group more so than individuals with low NFC. Based on 

this claim, Pierro, Sheveland, Livi, and Kruglanski (2015) investigated whether the 

similarity of NFC between group members, and of the group, function better and enhance 

employee performance than those with dissimilar measures of NFC. Employees with high 

NFC performed better in the context of other employees with high NFC. Likewise, 

employees with low NFC performed better in workgroups with low NFC as a whole. 

Employees also identified more with their workgroup if their NFC levels were matched. 

More importantly, self-report identification with their group slightly mediated the 

influence of employee-group NFC fit on performance. Together, these results suggest that 

the fit between individual-group NFC plays an important role in group interaction and 

performance within organizations.  
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In the context of medical decision-making (Eisenberg, Murphy, Sutcliffe, Wears, 

Schenkel, Perry, & Vanderhoef, 2005; Weiner, Schwartz, Weaver, et al., 2010) studies 

have explored how dispositional NFC affects the way doctors handle uncertainty when 

faced with complex decisions. Research on NFC has demonstrated that both seizing and 

freezing tendencies can affect the formation of judgments and decisions made. The desire 

to find an answer and resolve uncertainty leads to quick judgments or decisions based off 

of incomplete evidence (i.e., seizing). NFC also induces a desire to maintain closure by 

preventing people from reconsidering information or earlier decisions (i.e., freezing). 

Because freezing can have potentially dangerous consequences, researchers in the medical 

field have become interested in applying NFC research to medical decision making and 

education (Croskerry & Norman, 2008; Kostopoulous, Russo, Keenan, Delaney, & Douiri, 

2012; Krupat, Sprague, Wolpaw, Haidet, Hatem, & O’Brien, 2012).  

Roets, Raman, Heytens, and Avonts (2013) investigated the effect of dispositional 

NFC on freezing tendencies in medical decision-making and whether this effect is 

moderated by medical training and expertise. Using groups of less and more experienced 

medical students, the researchers had participants complete two computerized diagnostic 

cases. During this task, participants were given information about a patient in a stepwise 

fashion. In each step, participants reported their potential diagnosis and how confident they 

were in their response. Information about each case was presented such that the initial 

diagnosis was gradually disconfirmed with increasing information. Both cases were 

presented where early information suggested one condition; however, as more information 

was presented, evidence suggested a different condition. Dispositional NFC was measured 

using the revised NFCS (Roets & Van Hiel, 2007). Results showed that dispositional NFC 

was associated with high levels of freezing, but only in medical students without clinical 
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experience. An unexpected finding was that the more experienced group that failed to reach 

a correct diagnosis showed more freezing behaviors than the inexperienced group who 

failed.  

Given the findings, the authors suggested that no claims can be made about the 

relationship between freezing behaviors and misdiagnosis. However, they proposed that 

novices lack a pre-existing knowledge structure which leads them to rely more on a 

stepwise information process. The stepwise processing of information was hypothesized to 

make it easier to switch a diagnosis, even if the initial information does not fit the new 

diagnosis. Contrarily, more experienced professionals might use a more structured 

information process where new information is integrated into existing knowledge (Barbour 

& Gill, 2017; Jones, 1992; Round, 2001). More experienced professionals might consider 

the accumulated knowledge when making a decision. It was proposed that if experienced 

professionals cannot find a diagnosis that fits the accumulated information, then they are 

more prone to maintaining their original diagnosis. Roets et al. (2013) concluded by 

suggesting that the degree of freezing in less experienced students depends on their level 

of dispositional NFC. However, for more experienced students, the degree of freezing and 

maintaining an incorrect initial diagnosis may depend on their epistemic ability. 

In another study on NFC and medical decision-making, Raglan, Babush, Farrow, 

Kruglanski, & Schulkin (2014) studied the effects of dispositional NFC on OB-GYN’s 

practice patterns. Specifically, they hypothesized that OB-GYNs with high levels of NFC 

would use fewer sources when prescribing a new drug, would be less likely to ask questions 

during clinical visits, and would be less likely to perform procedures under risky 

conditions. In this study, OB-GYNs completed surveys that measured NFC, questions 

about resources when prescribing new medications, frequency of consultation with 
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specialists, the scope of exams, and conditions under which procedures are performed. 

Results showed both consistent and inconsistent behaviors of NFC in OB-GYNs.  

Contrary to their hypothesis, physicians with high NFC queried more sources when 

prescribing a new drug. The authors suggested that a possible explanation is that 

individuals with high NFC might be uncomfortable with change (Kruglanski, Pierro, 

Higgins, & Capozza, 2007), which is why they might resist prescribing new drugs and 

consult more information compared to those with low NFC. Performing procedures under 

risky conditions were not associated with NFC. In support of their hypothesis, they found 

that physicians with high NFC asked fewer questions during screening procedures 

compared to low NFC. Together, the research showed that NFC is correlated to some 

aspects of OB-GYNs’ practice patterns and behaviors.  

Given the studies’ descriptive nature, the authors emphasized and recommended 

that the effects found in this study should be replicated and experimentally tested to 

investigate the causal relationship between NFC and physician’s practice behaviors. 

Furthermore, Raglan et al. (2014) suggested that if NFC does influence practice, then 

training and education might be able to counteract the detrimental effects of NFC. It was 

also suggested that a reminder system might be helpful in counteracting the negative 

influence of NFC by recommending appropriate questions to ask patients.  

Similarly, in a study on the adherence of doctors to medical guidelines under time 

pressure, Tsiga et al. (2013) found that doctors under time pressure did not adhere to 

national guidelines by asking fewer questions about current symptoms, conducting a less-

thorough exam, relying more on heuristics, and giving less advice on lifestyle choices (e.g., 

addressing alcohol and drug-related use). Doctors were less confident in their diagnosis 
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during the study. Tsiga et al. (2013) suggested that time pressure negatively influences 

decisions made by doctors which ultimately puts the patient’s health and safety at risk. 

The studies reviewed in this section provide evidence that the concept of NFC can 

be applied to explain various behaviors related to coping with change, conflict-resolution, 

group performance, decision-making, and information search in real-world settings. These 

studies have demonstrated the relevance to real-world issues of modern interest and 

advanced the understanding of NFC. In a review of NFC, Roets et al. (2015) concluded by 

stating that future goals of NFC research should include the continuation of NFC research 

on real-world settings and to use these insights to develop interventions designed to 

improve human performance. 
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Chapter 3: Team Performance and Checklists 

From teams of first-responders to military to teams of scientists, it is important to 

understand how people work together effectively to solve problems and achieve their 

performance goals. Over a century of findings from studies on teams and teamwork has 

provided vital insight into how teams think, what they feel, and what they do (Salas, Reyes, 

& McDaniel, 2018). Research shows that a team’s collective performance can often be 

greater than the combined performance of each team member working separately (Fraidin, 

2004; Laughlin, Hatch, Silver, & Boh, 2006; Stagl, Shawn Burke, & Pierce, 2006). 

Additionally, motivation and performance can be strengthened in the presence of others, 

compared to those in isolation (Hertel, Kerr, & Messé, 2000; Michaelsen, Watson, & 

Black, 1989; Tindale & Larson, 1992). For a team to work together effectively, teams and 

their members must exhibit individual expertise (i.e., taskwork competencies), and 

teamwork expertise (i.e., team competencies). Task competencies are critical for achieving 

individual performance. Team competencies are critical for coordinating effective 

interactions between team members to produce positive team-based outcomes (Salas, 

Rosen, Burke, & Goodwin, 2009). Team competencies (Salas et al., 2009) are categorized 

into attitudes (e.g., psychological safety, commitment, etc.), behaviors (e.g., coordination, 

communication, etc.), and cognition (e.g., transactive memory, team mental models, etc.). 

THE EFFECT OF CHECKLISTS ON TEAMWORK 

One way to improve teamwork is to use checklists (Buljac-Samardžić, Dekker-van 

Doorn, Van Wijngaarden, & Van Wijk, 2010). The use of a checklist has a long history in 

aviation and other high-risk fields where safety is a major concern. In 2004, the World 

Health Organization (WHO) began its “Safe Surgery Saves Lives” campaign (Safety & 
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WHO, 2009). The campaign introduced the Surgical Safety Checklist for teams to use 

when performing at critical points in their procedures. While the main goal is to reduce 

clinical errors, they also are designed to improve team performance by focusing on 

teamwork and communication (Haynes et al., 2009). Research from health-related studies 

has demonstrated that checklists decrease mistakes and encourage teamwork (Haynes et 

al., 2009; Pronovost, Needham, Berenholtz et al., 2006). Research has shown that 

checklists improved communication, caught potential mistakes before they occur, and 

promoted team cohesion (Lingard et al., 2005; Pugel et al., 2015; Treadwell, Lucas, & 

Tsou, 2013). More specifically, checklists can potentially prevent errors that are caused by 

problems associated with memory, task omission, or order (Catchpole & Russ, 2015). 

Although studies have demonstrated that checklists can have a positive influence 

on team effectiveness, other studies have shown that checklists can have a negative effect 

on teamwork and performance (Fourcade, Blanche, Grenier et al., 2012). A review of 

safety checklists has revealed limited evidence of effectiveness in medical care teams in 

acute hospital settings (Ko, Turner, Finnigan, 2011). Compliance with checklists has been 

inconsistent (Rydenfält, Johansson, Odenrick, Åkerman, & Lasson, 2013). Checklists have 

also been shown to distract users from recognizing or communicating information that does 

not fit with the categories included in the checklist (Deutsch, 2016). Checklists can also 

penalize efficiency, decrease patient satisfaction (Calland, Turrentine, Guerlain et al., 

2011), and lead to checklist fatigue (Hales & Pronovost, 2006; Grigg, 2015). Checklist 

fatigue is an increasingly common outcome where the overuse or an overwhelming number 

of checklists results in reduced compliance (Hales & Pronovost, 2006; Vivekanantham, 

Ravindran, Shanmugarajah, Maruthappu, & Shalhoub, 2014).  
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The overuse of checklists can also impede the quality and the speed of the delivered 

service. Overusing a checklist can also foster a dependence that interferes with the user’s 

professional judgment and objective decision-making processes (Hales & Pronovost, 

2006). Errors in judgment might be due to a user strictly adhering to a checklist rather than 

exercising critical thinking when evidence is incomplete or requires a different procedure 

(Winters, Gurses, Lehmann, Sexton, Rampersad, & Pronovost, 2009). Similarly, checklists 

can be completed in a rote or disengaged manner which creates a false sense of safety 

without attending to potential hazards (Deutsch, 2016). The effectiveness of a checklist can 

be determined by the content, amount of information, readability, and how it is 

implemented (Deutsch, 2016). Similarly, checklists can be long, overwhelming, hard to 

use, and/or impractical (Gawande, 2009). It is recommended that checklists should be 

periodically reviewed and updated to stay relevant (Verdaasdonk, Stassen, Widhiasmara, 

Dankelman, 2009; Ziewacz, Berven, Mummaneni et al., 2012; Federico, 2013). In all, 

research on checklists has shown that they can both positively and negatively influence 

teamwork and development. 
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Chapter 4: Research Implications 

THEORETICAL IMPLICATIONS 

The theoretical implications of this dissertation include expanding upon the 

research on NFC and the research on team processes and team development interventions. 

I propose that these two distinct areas of research can be connected to facilitate a better 

understanding of both research domains.  

Research demonstrates that NFC can influence how individuals and teams process 

information, form judgments, and make decisions (for a review Roets et al., 2015; Webster 

& Kruglanski, 1998). NFC has been manipulated by inducing a time pressure or by 

presenting ambient noise during task performance (Chirumbolo et al., 2004; De Dreu, 

2003; Heaton & Kruglanski, 1991; Kruglanski & Freund, 1983). A common outcome of 

increased need for closure is the compromise of information shared in a team setting and a 

desire to reach a group consensus (De Grada et al., 1999; Kruglanski et al., 2006). The 

outcomes of the behavioral consequences of NFC generally lead to poor performance. 

Further, reducing the effects of NFC when teams perform under pressure is limited. 

Research on checklists suggests that checklists can reduce the effects of NFC when 

teams perform under pressure. Health-related studies have demonstrated that checklists can 

promote teamwork and reduce errors (Haynes et al., 2009; Pronovost, Needham, 

Berenholtz et al., 2006). As previously mentioned, research has shown that checklists 

improved communication, caught potential mistakes before they occur, and promoted team 

cohesion (Lingard et al., 2005; Pugel et al., 2015; Treadwell, Lucas, & Tsou, 2013). More 

specifically, checklists can potentially prevent errors that are caused by problems 

associated with memory, task omission, or order (Catchpole & Russ, 2015).  
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METHODOLOGICAL IMPLICATIONS  

The studies in this dissertation can advance decision-making research by using a 

unique methodological approach that tests both experimental and real-world contexts. 

Markman (2018) presents the benefits and limitations of both naturalistic and laboratory 

decision-making research. Laboratory decision-making studies tend to have a narrow 

focus, ignore context, and use simple environments, whereas naturalistic studies are more 

broadly focused, incorporate context, and are studied in complex environments. One 

approach put forth by Markman (2018, p. 8) is to merge research strands “by creating 

environments that are less complex than the real world, but still contain variables that are 

important for understanding naturalistic behaviors”. I propose that KTaNE provides an 

environment that is dynamic, but less complex than the real world. 

PRACTICAL IMPLICATIONS 

Real-world teams are constantly dealing with uncertain information and having to 

make split-second decisions that may have severe consequences. Understanding how teams 

work under pressure and understanding how they use, communicate, and process 

information in high-pressure situations is important. If I want to make teams better 

performers, I can use NFC to study and test how teams search and communicate 

information under pressure. I can use the NFC framework and findings to educate teams 

who deal with time pressure and ambiguous information about the downfalls of this 

motivational influence. NFC can be used to make teams aware that they will process 

information and communicate information differently as time runs out. Real-world teams 

can also learn about how NFC can influence their teamwork, communications, and their 

tendencies towards group-centrism during team discussions.  
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Roets et al. (2015) proposed that future goals of NFC research should include the 

continuation of NFC research on real-world settings and to use these insights to develop 

interventions designed to improve human performance. By using real-world techniques 

that improve team effectiveness, I can further test how NFC can be reduced or enhanced 

and if NFC influences how teams use checklists. 

In this dissertation, I also propose that video games can be used as a way to provide 

a safe environment to practice improving team processes and teamwork/team-building. 

Video games can be used to help promote teamwork, and help teams practice problem-

solving and communication under pressure. It can also be used to help increase a team’s 

psychological safety. Studies using video games have shown that they are effective in 

developing team cohesion and coordination (Greitemeyer & Cox, 2013; Anderson & 

Hilton, 2015) and increasing creativity and deep learning (Azizan, Mellon, Ramli, & 

Yusup, 2018).  

Together, the research in this dissertation can be used to further theories that span 

across NFC and teamwork processes. It can also help improve methodologies that enhance 

the understanding of decision-making processes in both laboratory and real-world settings. 

These findings can also provide insight into the use and effects of team development 

interventions. Furthermore, these findings can motivate the use of video games to increase 

teamwork processes and test concepts and theories of NFC, teamwork, and decision-

making. 
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Chapter 5: The Present Studies 

KEEP TALKING AND NOBODY EXPLODES 

For all the experiments in this dissertation, I used a commercial video game called 

Keep Talking and Nobody Explodes (KTaNE; Steel Crate Games, 2015). KTaNE is an 

award-winning, commercially available, open-source multiplayer puzzle-video game that 

is available on Windows, OS X, and Linux through Steam. It is also available on Android, 

PlayStation 4 (PS4), Nintendo Switch, and Xbox One. The Windows, PS4, and Android 

versions of KTaNE include virtual reality support. 

In KTaNE, the object of the game is for two parties to work together to defuse a 

bomb by solving various puzzles, but there is one catch. The defuser who interacts with 

the bomb but cannot see the solutions to these puzzles. On the other hand, the experts who 

have a manual with the solutions to the puzzle but cannot see the bomb. Therefore, to 

successfully defuse a bomb in the allotted time, the defuser and the experts need to 

communicate their part of the information effectively and clearly. This game is similar to 

the hidden-profiles task (Winquist & Larson, 1988; Wittenbaum, 2010) in that information 

is distributed such that it there is shared and unshared information. Both participants learn 

that they must work together and communicate to solve the puzzles at hand. However, both 

parties need to communicate the critical, unshared information in front of them to 

successfully solve the puzzles and defuse the bomb. KTaNE requires clear and effective 

communication to solve each bomb. It also emphasizes and requires problem-solving 

through teamwork.  

KTaNE simulates a high-stakes and high-pressure environment that might induce 

a situational NFC because it involves a time pressure, a noisy environment, and ambiguous 

unshared information that is critical for success. Each bomb must be solved in a specific 
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amount of time. There is also loud, dramatic music and a countdown beep that creates a 

noisy environment. Furthermore, once you make a mistake, there is a loud buzzer, and the 

timer counts down faster. There are also a different set of instructions for the defuser and 

expert. It is critical for them to understand the directions and share this important unshared 

information to work together and solve each bomb.       

KTaNE is a versatile and engaging game that can be played from different 

locations. The defuser and experts can be in the same room, different rooms, or in 

completely two different locations. It can also be used in a VR setting to make the 

experience highly immersive. The game is engaging because of its dynamic environment. 

You can play the same bomb twice and have different modules. As you progress, the 

difficulty of each bomb increases, motivating participants to play more. Similarly, the 

rewards are highly intrinsic and extrinsic. Solving bombs as fast as you can be highly 

motivating and learning how to solve a difficult module or bomb can be internally 

rewarding.  

KTaNE offers researchers an open-source video game that is flexible in that you 

can set a time limit, include music and sound effects that induce stress, choose the modules 

for each bomb, and create new puzzles to fit an experiment’s needs. KTaNE can be played 

in-person or via the internet (e.g. Skype, etc.). Furthermore, only one copy of the game is 

required to be played, making it a cost-effective, lightweight, and portable video game.  

In summary, KTaNE is a multipurpose video game that can simulate high-pressure 

situations that require complex decision-making and communication. Furthermore, 

KTaNE can be used to study teamwork processes and the influences of cognitive and 

personality factors and can be used to train or test team development interventions used in 

the real world. 
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EXPERIMENT 1: WHAT IS THE EFFECT OF USING A PROCEDURAL CHECKLIST ON TEAM 

PERFORMANCE UNDER PRESSURE? 

In the first study, I explore the influence of need for closure (NFC)—a propensity 

to adopt a deliberative versus a locomotor mindset—on team performance under pressure. 

When teams solve problems under pressure, performance is often compromised by low 

quality and uninformed decisions. Research on NFC shows that high-pressure situations 

increase NFC in individuals and teams when making decisions (De Drue, 2003). This 

change in motivation increases the tendency to act quickly, often relying on suboptimal 

strategies to make decisions. Previous studies on medical teams have found that checklists 

can increase teamwork and communication, and decrease errors (Haynes, 2009).  

I hypothesize that using a checklist reduces the effects of a team’s average NFC, 

leading to better performance under pressure. In this study, teams play a video game that 

requires teamwork and communication to solve puzzles under pressure, with or without a 

checklist. The results of this research have implications for a variety of situations in which 

teams perform under pressure. 

METHOD 

Participants 

I recruited 135 undergraduate students from an introductory psychology course at 

The University of Texas at Austin. All participants gave informed consent using procedures 

approved by the UT Austin IRB and were compensated with course credit upon completion 

of the study. Of the 129 participants, 85 participants reported their age and gender. The 

mean age was 19.4 years old (SD = 1.66, Max = 28, Min = 18). There was 39 female (46%) 
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and 46 males (54%) participants. Data from six participants were missing due to 

experimenter error and were subsequently removed from the data analyses. 

These participants were split into teams of two or three people, resulting in a total 

of 51 teams. I randomly assigned each team to either a checklist (n = 25) or a no-checklist 

(n = 26) experimental condition. In the checklist condition, there were 12 teams of 2 people 

and 13 teams of 3 people. In the no checklist condition, there were 14 teams of 2 people 

and 12 teams of 3 people.  

Materials 

In this study, I used Keep Talking and Nobody Explodes (Steel Crate Games, 

2015). It is a cooperative, multiplayer puzzle game where teams of two or more people 

work together to defuse a bomb under a time pressure. The goal of the game is for one 

player to defuse a bomb with the assistance of other players who read and communicate 

instructions from a manual.  

Players are split into two different roles: 1) the bomb defuser who interacts with the 

bomb on the computer screen and relays information about the bomb to the 2) the bomb 

experts who are able to read the bomb defuser manuals. The bomb defuser cannot look at 

the solutions to the problems and the bomb experts cannot look at the bomb. To 

successfully defuse the bombs, both the defuser and experts need to communicate 

information that is not shared directly with the other party. 

In the campaign mode of KTaNE, bombs increase in difficulty by either including 

more difficult modules, reducing the time to solve a bomb, limiting the number of mistakes 

made before explosion, and/or by adding more modules. A list of the potential modules 

and the order of the bombs are presented in Table 1 and Table 2, respectively. Players must 
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solve the current bomb before moving on to the next one. During gameplay, dramatic music 

plays and increases in volume and intensity as time runs out. As the countdown timer 

decreases, an audible beep is played for each second. When the team has one-minute left 

to solve the bomb, red lights flash in the virtual room. When a team makes a mistake, they 

hear a loud buzzer indicating that they made a mistake. Following a mistake, the 

countdown timer speeds up. At random times, an alarm clock with sound which makes a 

loud and repetitive buzzing noise, or the lights will turn off. Together, there are many 

variables that are used to induce pressure via time and noise.  

 

Module Name Difficulty Page 

number 

On the Subject of Wires (Wires) Very easy 5 

On the Subject of The Button (Button) Very easy 6 

On the Subject of Keypads (Symbols) Easy 7 

On the Subject of Says (Simon says) Very Easy 8 

On the Subject of Who’s on First (Who’s on First) Easy 9-10 

On the Subject of Memory (Memory) Very easy (Defuser) 

Easy (Expert) 

11 

On the Subject of Morse Code (Morse Code) Very easy (Defuser) 

Medium (Expert) 

12 

On the Subject of Complicated Wires (Complicated 

Wire) 

Very easy (Defuser) 

Medium (Expert) 

13 

On the Subject of Wire Sequence (Wire Sequence) Easy (Defuser) 

Medium (Expert) 

14 

On the Subject of Maze (Maze) Easy 15 

On the Subject of Passwords (Password) Easy 16 

Table 1: List of modules, difficulty rating (According to Repository of Manual 

Pages, n.d.) and page number in the Bomb Defusal Manual (Appendix A).  

Before playing each bomb, the defuser receives information about the current 

bomb. Defusers see the bomb name, a description of the bomb that provides a hint as to 

what to expect, and the bomb configuration. The bomb configuration includes how much 
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time the team must solve the bomb, the number of modules, and how many mistakes they 

can make (i.e., strikes).  

Team members must also read the module directions carefully to know what 

information to communicate and to solve the bomb. Team members must also take notes 

and concentrate on relevant information to help them efficiently solve the modules. 

Problem-solving skills, communication, conflict resolution, teamwork and the creation of 

team mental models (e.g., shared vocabulary, back up behavior, roles, etc.) are necessary 

for success. This game was chosen because it allowed us to investigate how teams of people 

work together and communicate information to be successful. 

For this study, I created a list of ground rules when playing KTaNE. In between 

bombs, participants were able to take a break and meet with each other, the defuser was 

able to meet with the experts, and players could switch roles.  

A Sony ICDUX560 stereo digital voice recorder was used to record the team 

interactions during the experimental session.  

Paper and pens were provided to the experts so that they could take notes while 

playing KTaNE.  

A procedural checklist was created for this study. This checklist included 11 items 

that were relevant to the current bomb or promoted teamwork behaviors. For example, 

bomb-relevant items included how much time until explosion, how many mistakes can be 

made, and how many modules are on the bomb. For teamwork behaviors, I included items 

such as: Did experts prepare and organize the bomb manual? Did the experts review the 

instructions for modules that were missed; and does anyone want to switch roles?  

 I had each participant fill out questions related to their experience in the video 

game and their team’s behavior. I also gave participants the brief NFCS (Roets & Van Hiel, 
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2011), a team NFC questionnaire (based on De Dreu, 2003), the Conflict Questionnaire 

(Jehn, 1995; 1997; Yang, 2009). For exploratory analyses, we also had participants respond 

to the Ten-Item Personality Inventory (Goslin, Rentfrow, & Swann, 2003), the 

Relationship and Task-Oriented Leadership Scale (Yukl, 1999), the Single Item Narcissism 

Scale (Konrath, Meier, & Bushman, 2014), and the Trust Scale (McAllister, 1995). Finally, 

I created a set of questions that asked participants to assess their team’s team- and task-

work-related behaviors.  

Participants answered open-ended questions about what the individual would 

change about their team to make them more effective, what issue they would discuss in an 

open way, and what is one norm that prevents the team from functioning better. 

Participants also rated if they had played KTaNE before and if they enjoyed playing 

KTaNE (1 - definitely yes to 5 - definitely not), how motivated were they to reach their 

goal (1 - a great deal to 5 - none at all), how difficult was KTaNE (1 - extremely easy to 5 

- extremely difficult), and how often they play video games (1 - daily to 5 - never).   

The brief version of the Need for Closure Scale (Roets & Van Hiel, 2011; Webster 

& Kruglanski, 1994) was used to measure each participants level of dispositional NFC.   

A modified NFCS used by De Dreu (2003) that assessed the team’s NFC 

tendencies. This three-item questionnaire asked participants to rate how frequently their 

team engaged in three different NFC-related behaviors, such as taking into consideration 

all possible perspectives, making thorough judgments and decisions, and thinking deeply 

before making a decision, during their gameplay on a scale from 1 (never) to 5 (always).  

The Ten-Item Personality Inventory (Gosling et al., 2003) is a 10-item measure of 

the Big 5 Personality traits: extraversion, agreeableness, conscientiousness, emotional 
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stability, and openness to experiences. Participants rated how much they agree with each 

statement on a scale of 1 (disagree strongly) to 7 (agree strongly).   

The Conflict Questionnaire (Jehn, 1995; Jehn, 1997; Yang, 2009) is a 15-question 

survey designed to test four different types of conflicts: relationship, task, process, and 

temporal conflict. Participants rated how much they experience these types of conflicts 

with their team. This questionnaire allowed us to see what types of conflicts each team 

experiences and how they experience them.  

The Relationship and Task-Oriented Leadership Questionnaire is a two-part 

questionnaire that assessed an individual's leadership style and role when faced with 

relationship and task-oriented problems. Participants rated their own leadership behaviors 

on a scale from 1-3 (1 - rarely, 2 - sometimes, 3 - most of the times) for three items 

concerning relationship-oriented leadership and four items for task-oriented leadership.  

The Affect- and Cognition-based Trust Scale (McAllister, 1995) measured affect- 

and cognition-based trust in teams. This is an 11-item scale, with five items for affect-

based trust and six items for cognition-based trust. Participants rated their agreement with 

each statement on a seven-item Likert scale (1 strongly disagree, 7 strongly agree). See 

Appendix B for Experiment 1 materials.  

Table 2: The order and the information for each bomb in KTaNE’s default gameplay 

mode. *Always on the bomb, +Chance of being on the bomb, ^Could have 1 

or 2 of said module. 

Order Bomb 

# 

Bomb Name 

 

Time 

to 

Solve 

Number 

of 

modules 

Number 

of 

Strikes 

Potential Modules 

Practice 

1 

1.3 The First Bomb 5 

mins 

3 3 • Wires* 

• Button* 

• Simon says* 

Practice 

2 

1.3 The First Bomb 5 

mins 

3 3 • Wires* 
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Table 2 (continued) • Button* 

• Simon says* 

1 2.1 Something Old, 

Something New 

5 

mins 

3 3 • Wires^ 

• Button^ 

• Symbols^ 

• Simon says+ 

• Memory+ 

• Maze+ 

2 2.2 Double Your 

Money 

5 

mins 

6 3 • 2x Wires* 

• 2x Button* 

• 2x Symbols* 

3 2.3 One Step Up 5 

mins 

4 3 • Wires+ 

• Button+ 

• Simon says+ 

• Symbol+ 

• Who’s on First+ 

• Memory+ 

• Maze+ 

4 2.4 Pick up the Pace 3 

mins 

3 3 • Wires+ 

• Button+ 

• Simon says+ 

• Symbol+ 

• Who’s on First+ 

• Memory+ 

• Maze+ 

5 3.1 A Hidden 

Message 

5 

mins 

3 3 • Wires+ 

• Button+ 

• Simon says+ 

• Symbol+ 

• Who’s on First+ 

• Memory+ 

• Maze+ 

• Password* 

6 3.2 Something’s 

Different 

5 

mins 

3 3 • Wires* 

• Simon says+ 

• Memory+ 

• Sequence 

Wires+ 

• Complicated 

Wires+ 
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Table 2 (continued) 

7 3.3 One Giant Leap 5 

mins 

4 3 • Button+ 

• Symbols+ 

• Who’s on First+ 

• Morse Code+ 

• Sequence 

Wires+ 

• Complicated 

Wires+ 

• Maze+ 

• Password+ 

8 3.4 Fair Game 5 

mins 

5 3 • Wires+ 

• Button+ 

• Simon says+ 

• Symbols+ 

• Who’s on First+ 

• Memory+ 

• Morse Code+ 

• Sequence 

Wires+ 

• Complicated 

Wires+ 

• Maze+ 

• Password+ 

DESIGN & PROCEDURE 

The independent variable was whether a team did or did not use a procedural 

checklist, which was manipulated between teams. I used the team’s average NFC score as 

an independent variable that interacted with the checklist variable. To control for the 

difference in NFC between each person within a team, I used the range of each team’s NFC 

scores as a covariate.  

Our main dependent measure was the proportion of solved bombs and the number 

of attempts. I also recorded the time to solve each bomb, the number of mistakes made per 

bomb, the number of role switches, and the number of meetings.  
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Upon arrival, we obtained informed consent using procedures approved by the IRB 

at The University of Texas at Austin. Prior to playing the game, groups of two to four 

participants were randomly assigned to one of the following conditions: 1) the checklist 

condition - where teams read through and confirm items on the checklist before playing a 

bomb and 2) the no checklist conditions - where teams play KTaNE at their own pace.  

All teams were given a synopsis of the game and the roles. All participants read the 

rules and instructions of the game (Appendix A, Bomb Defusal Manual, page 3). All team 

members were taught how to control and interact with the bomb. One team member 

volunteered to be the defuser and followed the control tutorial (Module 1.2). All 

participants listened and watched so that all team members would know how to control the 

bomb if they switched roles during the 45-minute gameplay. During this time, the 

experimenter explained additional information about the bomb such as the location of 

auxiliary identification items (Appendix A, Bomb Defusal Manual, pages 21-23). The 

experimenter also told the participants that an alarm clock might go off during gameplay 

and that the lights might temporarily shut off.  

After, the experimenter told the teams about the ground rules. We printed a copy of 

the ground rules and placed them above the experts’ desk as a reminder that they can 1) 

take a break and meet with each other, 2) the defuser can meet with the experts, and 3) you 

may switch roles. On the expert’s table, we provided all teams with the Bomb Defusal 

Manual (Appendix A), pens and scratch paper, and a clock that showed the time left in the 

experimental session. Teams were told that they had 45 minutes to solve as many bombs 

as they could. Teams could use the 45 minutes however they pleased.  

Once the teams were ready to play, both teams played the first bomb as a practice 

round. After finishing the first practice round, the checklist teams were presented with the 
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checklist and were instructed to use the checklist before each bomb they attempted. The 

teams without a checklist did not receive any additional instructions. Both teams were 

reminded that this was a time where they could exercise the ground rules. Teams were then 

instructed to replay the first bomb as a second practice round before the experimental 

session started.  

After the second practice round, teams were reminded of the ground rules. The 

checklist teams were reminded that they were to use the checklist before each time they 

attempted a bomb. Both teams were reminded that they had 45 minutes to solve as many 

bombs as they could. All teams were told that they had to solve a bomb before moving on 

to the next one. If the team failed, then they had to replay that bomb until they successfully 

defused it. After, the experimenter made sure that everyone was ready. Once they were 

ready, the experimenter simultaneously started the voice recorder and the timer. All teams 

then played the campaign mode of Keep Talking and Nobody Explodes for 45 minutes.  

For the first two rounds, both teams were reminded of the ground rules. During 

gameplay, experimenters recorded information about the bomb (e.g., number of modules, 

types of modules, etc.) and team performance (e.g., if the team solved the bomb, how much 

time was left, number of mistakes, etc.). The experimenter remained in the room for the 

entire experimental session to ensure data quality.  

If teams had less than five minutes left on the countdown timer, they were instructed 

that they did not have enough time to attempt another bomb. At 45 minutes, the teams were 

told that the video game portion of the experiment was done.  

All individuals were then given a laptop and were instructed to complete the 

questionnaires listed above. The questionnaire was hosted on Qualtrics and was presented 

in a random, but counter-balanced order. All participants were instructed to answer each 
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question as quickly and honestly as possible. This part of the experiment was self-paced. 

Upon completion, the participants were debriefed and thanked for their participation. The 

experimenters then awarded each individual course credit for their participation. See Figure 

1 for an overview of the design.  

 

 

Figure 1: Schematic of Experiment 1’s design. 

RESULTS 

Survey analysis 

For all analyses, I used R version 3.5.3 (R Core Team, 2019. First, I ran pairwise 

correlations between the NFC scale (α = 0.87; Roets & Van Hiel, 2011), the team NFC 

scale (α = 0.68; De Dreu, 2003), and the Big 5 Personality traits measured via the Ten-Item 
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Personality Inventory (Gosling et al., 2003). The correlation plot shows the correlation 

coefficient for each pairwise comparison (Figure 2). 

 

Figure 2: The pairwise correlation plot for the survey data from Experiment 1. The 

numbers in each box represent the correlation coefficient. Warm colors 

represent positive relationships and cool colors represent negative 

relationships. Non-significant relationships have X’s in each box. 

The effect of switches, meetings, and attempts on performance 

I tested to see if there was a difference in the number of attempts, the number of 

switches, and the number of meetings between the checklist and no checklist teams using 

independent samples t-tests. There was a significant difference in number of attempts 

between the no checklist (M = 10.23, SE = 0.25) and checklist (M = 8.52, SE = 0.13) teams 

(t(49) = 5.77, p < 0.05). This suggests that the checklist teams attempted fewer bombs 

compared to no checklist teams. 
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There was no significant difference in number of role switches between the no 

checklist (M = 1.38, SE = 0.41) and checklist (M = 1.72, SE = 0.292) teams (t(49) = -0.66, 

p = 0.51). There was no significant difference in number of meetings between the no 

checklist (M = 2.04, SE = 0.41) and checklist (M = 2.64, SE = 0.46) teams (t(49) = -0.99, 

p = 0.33). I also found that the number of switches (r = -0.07, p = 0.63), number of attempts 

(r = 0.20, p = 0.17), and number of meetings (r = -0.26 p = 0.07) did not correlate with 

performance.  

The effect of checklists and team size on performance 

I tested to see if there was a difference in performance between the checklist 

conditions and the number of people in each team. I ran a two-way ANOVA using the 

aov_ez() function from the afex package (Singmann, Bolker, Westfall, & Aust, 2019).  The 

checklist condition and the number of people in each team were the independent variables 

and proportion correct was the dependent variable (Figure 2). Results showed that there 

was no significant main effect of checklist condition (F(1, 47) = 2.22, p = 0.14), number 

of people in a team (F(1, 47) = 0.24, p = 0.63), or interaction between the two factors (F(1, 

47) = 0.05, p = 0.82, Figure 3). The results suggest that team size does not affect 

performance.  
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Figure 3: Boxplot of the effect of the checklist and team size on the proportion of 

bombs solved. Each point represents an individual team’s performance. The 

middle black line represents the median. 

The distribution of average NFC scores 

Before running the multiple regression analysis, I analyzed the distribution of 

average NFC scores for both the no checklist and checklist conditions. I used the mixed() 

function from the afex package (Singmann, Bolker, Westfall, & Aust, 2019) to conduct a 

linear mixed effects model with average NFC score as the dependent variable, the checklist 

condition as the independent variable, and the team as the random effects. The results 

showed that there was no significant difference between the no checklist (M = 3.82, 95% 

CI = 3.65, 3.99) and checklist (M = 3.92, 95% CI = 3.74, 4.10) conditions (F(1, 47.82) = 

0.38, p = 0.54, Figure 4). This result suggests that there was no difference in NFC between 

the checklist and no checklist conditions.  
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Figure 4: Boxplot of the average NFC scores for the no checklist and checklist 

conditions. Each point represents an individual’s average NFC score. The 

middle black line represents the median. 

The effect of checklists and NFC on performance 

To test the hypothesis that using a checklist reduces the effects of situational factors 

on a team’s NFC, leading to better performance under pressure, I used a multiple linear 

regression analysis. The dependent variable was team performance operationalized as the 

number of bombs solved divided by the number of attempts. The main independent 

variables were whether the team used a checklist and the team’s average NFC score. In this 

model, I included the interaction between these two variables as well as the team’s NFC 

range, number of attempts, number of meetings, and number of role switches as covariates.  
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For this analysis, I ran the model listed above with all teams. The full model did 

not violate any assumptions of multiple linear regression. The results showed that the full 

model was not significantly different from the intercept-only model (F(7, 43) = 1.89, p = 

0.096, R2 = 0.23). In this model, the interaction between the checklist condition and the 

team’s average NFC scores was significant (F(1, 43) = 4.86, p < 0.05). When I investigated 

the full model, I saw that there were some outliers that could influence the model fit.  

 To detect outliers in the data sample, I used Cook’s Distance (Cook, 1977) on the 

model with all teams using the 4/n – k - 1 cutoff (Hair, Black, Babin, & Anderson, 2009), 

where n (51) is the number of teams and k (8) is the number of predictors in our model. 

Cook’s Distance analysis revealed that there were 3 teams that were outliers. I removed 

those 3 teams and re-ran the model.  

The model without the outliers did not violate any assumptions of multiple linear 

regression (Figure 5). The interaction model with covariates had a marginally significant 

model fit compared to an intercept-only model fit (F(7, 40) = 2.11, p = 0.065, R2 = 0.27). 

There was a main effect of checklist (F(1, 40) = 6.17, p < 0.01); however, there was no 

main effect of the average NFC (F(1, 40) = 0.83, p = 0.37). Critically I found a significant 

interaction between the checklist condition and the team’s average NFC score (F(1, 40) = 

6.25, p < 0.05).  

I tested the influence of the interaction between the checklist condition and the 

team’s average NFC score on the model fit by comparing the interaction model to a model 

without the interaction term using a likelihood ratio test. First, the model without the 

interaction not significantly different from the intercept only model (F(6, 41) = 1.26, p = 

0.30, R2 = 0.16). A likelihood ratio test using the lrtest() function from lmtest package 

(Zeileis & Hothorn, 2002) between the interaction and main effects model showed that the 
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interaction model was a significantly better fit than the main effects model (X2(1) = 6.97, 

p < 0.01).  

To decompose the interaction, a simple slopes analysis showed that there is a 

significant decrease in slope of NFC for the no checklist condition (b = -0.12, t = -2.28, p 

< 0.05). However, there was no significant effect of NFC in the checklist condition (b = 

0.06, t = 1.28, p = 0.21). Furthermore, I calculated the estimated marginal means for teams 

with min (NFC = 2.8), average (NFC = 3.9), and max (NFC = 4.8) team NFC average. I 

found that there was a significant difference in performance between the no checklist  

(emmean = 0.539, SE = 0.062) and checklist condition (emmean = 0.358, SE = 0.058) at 

the minimum average NFC value (difference estimate = -0.18, t = -2.15, p < 0.05, Figure 

5).  
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Figure 5: The effect of the checklist and team’s average need for closure scores on the 

proportion of bombs solved.  

The effect of checklists and NFC on bombs failed by 3 strikes 

As an exploratory analysis, I investigated the effect of dispositional NFC and the 

use of a checklist on the number of bombs where the team failed via three strikes for teams 

of two people. My dependent variable was the proportion of bombs failed via three strikes 

and the number of bomb attempts. For my predictors, I had the interaction between 

checklist condition and the team’s average NFC score. I also used the team’s NFC range 

as a covariate. The analysis was performed on 13 checklist teams and 14 no checklist teams.  
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Figure 6: The effect of the checklist and team’s average need for closure scores on the 

proportion of bombs failed via three strikes. There was a significant 

interaction between checklist and team’s average need for closure (p < 

0.05). 

The multiple regression linear model did not violate any assumptions and was 

significantly better fit than the intercept model (F(4, 22) = 3.57, p < 0.05, Adjusted R2 = 

0.28; Figure 5). I found that there was a significant interaction between checklist and 

team’s average need for closure (F(1, 22) = 6.60, p < 0.05). There was also a significant 

main effect of the team’s range of NFC scores (F(1, 22) = 6.96, p < 0.05). Using a simple 

slopes analysis, I found that the slope of the team’s average NFC score for the checklist 

team was not significantly different from 0 (Estimate = -0.04, t = -0.50, p = 0.62). However, 

we did find that there was a significant positive slope for the no checklist team (Estimate 

= 0.25, t = 2.95, p < 0.05, Figure 6). 
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DISCUSSION 

I hypothesized that using a checklist reduces the effects of a team’s average 

dispositional NFC on team performance, leading to better performance under pressure. The 

results from this study support this hypothesis and showed that the effect of NFC depends 

on whether a team uses the checklist. The model results showed that a team with low 

average NFC benefits from not using a checklist; however, a team with high average NFC 

benefits from using a checklist. The results suggest that using a checklist might hinder the 

performance of teams with low average NFC, whereas a checklist might help teams with 

high NFC perform better.  

Teams that suffer from the influence of NFC when solving problems under pressure 

may communicate more and resolve ambiguity by using a checklist (Lingard et al., 2005; 

Treadwell et al., 2014). This claim is supported by the finding that teams with high average 

NFC performed better when using a checklist compared to not using a checklist.  

Teams not influenced by NFC might not need a tool to help them communicate the 

relevant information to perform. The finding that teams with low average NFC performed 

better without a checklist suggests a potential weakness of a checklist. Hales and Pronovost 

(2006) hypothesized that the overuse of checklists can also impede the quality and the 

speed of the delivered service. Additionally, the overuse of checklists can foster a 

dependence that interferes with the user’s professional judgment and objective decision-

making processes (Hales & Pronovost, 2006). The consequences of overusing the checklist 

may relate to the reliance on heuristics through the seizing and freezing properties of NFC. 

In the context of NFC, overusing a checklist can a) fulfill the desire to find an answer and 

resolve uncertainty leads to quick judgments or decisions based off incomplete evidence 
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(i.e., seizing) and b) induce a desire to maintain closure by prevent people from 

reconsidering information or earlier decisions (i.e., freezing). 

As an exploratory analysis, I found that there was an effect of dispositional NFC 

and the use of a checklist on the number of bombs where the team failed via three strikes 

for teams of two people. This finding suggests that as a team’s average NFC score 

increases, teams without a checklist tend to fail more bombs (out of the number of attempts) 

via three strikes than teams with a checklist. This finding is important because it supports 

the idea that checklists can improve performance by reducing the number of mistakes made 

(Haynes et al., 2009; Pronovost, Needham, Berenholtz et al., 2006).  

Results from the first experiment supported the hypothesis that checklists can 

reduce the effects of NFC leading to better team performance under pressure. However, 

there were study design limitations that could have influenced our results and conclusions. 

In this study, I did not have a manipulation check for the perceived effectiveness of 

a checklist. Understanding whether the checklist was perceived as effective is important 

for supporting our finding of an interaction between the team’s average NFC and the 

checklist condition. For example, we could have assessed if there was a difference in the 

perceived effectiveness of a checklist between high and low NFC teams. This would have 

allowed me to explain if checklist teams with low NFC performed worse than teams 

without a checklist because they found the checklist to be ineffective and burdensome.  

The number of people per team can also influence team dynamics and overall team 

performance. In a study on perceived team effectiveness in improving chronic illness care, 

Shortell et al. (2004) found that there was a negative relationship between perceived team 

effectiveness and team size. Similarly, in a study of team size and performance on a 

complex task, Mao, Mason, Suri, & Watts (2016) found that individuals in teams exerted 



 

 

71 

lower overall effort compared to individual workers. However, Mao et al. (2016) found 

that there was a positive relationship between team size and engaging in collaborative 

behavior. These findings provide evidence that the number of people in a team can 

influence the perceived effectiveness of a team and overall performance when teams are 

working together to solve complex tasks.  

Another limitation of the study is that I did not control for the assignment of the 

roles, the number of role switches, number of meetings, or number of attempts. Teams who 

switched roles engaged in cross-training, where the expert and defuser both experienced 

and appreciate the nuances of each role. Marks, Sabella, Burke, and Zaccaro (2002) found 

that cross-training enhanced the development of shared team-interaction models. Cross-

training also increased coordination and backup processes within a team which leads to an 

increase in team performance. Similarly, teams who met more could have shared more 

information which could have influenced how they strategized and performed. During team 

meetings, the defuser could meet and review the instructions to each puzzle with the expert. 

The sharing of this information could help teams understand what information they needed 

to share and how to share it while solving each bomb (Wittenbaum, Hollingshead, & 

Botero, 2004). Teammates could also share what they struggled with, working together to 

address any uncertainty or ambiguity with each module.  

Similarly, the number of attempts could have also influenced performance. Teams 

who attempted more bombs could gain more experience with each module, allowing them 

to perform better or faster on future bombs with the same module (Thurstone, 1930; Wamg, 

Reitz, Hostler, & Yealy, 2005). Teams could also learn from previous mistakes on modules 

and perform better when they encounter that module later (Ohlsson, 1996).  
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Each team had to play each bomb until they solved it before moving on to the next. 

One problem with this approach is that some teams would fail a bomb multiple times before 

moving on. For example, team 1 could have solved four different bombs in four attempts 

whereas team 2 might have solved one bomb in four attempts. This limitation made it hard 

to compare a team’s performance for each bomb. Further, the type and number of modules 

on the bomb could have changed between attempts for the same bomb (See Table 2). For 

example, on the second bomb, there could be one or two wires module, one or two button 

modules, one or two symbols modules, and there could be either one Simon says, one 

memory, or one maze module.  

Another limitation is that I used the campaign mode of KTaNE. Even though the 

campaign mode is designed to increase in difficulty, the time, the number of modules, types 

of modules, and the probability of modules appearing on a bomb would change from bomb 

to bomb. For example, the first four bombs were set at 5 minutes, but had 3, 3, 6, and 4 

modules, respectively. The fifth bomb was set at 3 minutes but only had 3 modules. This 

mode did not allow us to control how many modules or how much time a team had to solve 

each bomb. 

Finally, there is the limitation that I used self-reports to measure a participant’s 

NFC. Although it is easy to collect and score (Kline, 2013), argue that response bias, such 

as socially desirable responding, acquiescent responding, and extreme responding, could 

negatively influence the validity of the self-report as a measure (Moskowitz 1986; Paulhus, 

1991; Paulhus & Vazire, 2007). 

Despite these limitations, this study provides evidence that the experimental 

checklist can either help or hurt team performance, and that this effect depends on the 

team’s average NFC. This finding suggests that checklists can be used to reduce the 
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negative influence of dispositional NFC on team performance. It is important to build off 

these findings and investigate how checklists reduce the influence of situational NFC on 

team performance under pressure.  

EXPERIMENT 2: WHAT IS THE EFFECT OF SITUATIONAL NEED FOR CLOSURE ON USING A 

CHECKLIST ON TEAM PERFORMANCE UNDER PRESSURE? 

In Experiment 1, I hypothesized that using a checklist reduces the effects of a 

team’s average dispositional NFC on team performance, leading to better performance 

under pressure. The results from this study support this hypothesis and showed that the 

effect of NFC depends on whether a team uses a checklist. The model results showed that 

a team with low average NFC benefits from not using a checklist; however, a team with 

high average NFC benefits from using a checklist. The results suggest that using a checklist 

might hinder the performance of teams with low average NFC, whereas a checklist might 

help teams with high NFC perform better.  

As mentioned in Experiment 1, there were several limitations that could have 

influenced our results. In Experiment 2, I control for the team size by limiting the team size 

to two participants per team. Finally, I created a custom campaign where each team played 

the same 10 bombs. The first five bombs had three modules (wires, button, and symbols) 

and a three-minute time limit. The last five had four modules (wires, button, symbols, and 

Simon says) and a three-minute time limit. I also controlled the number of meetings by 

allowing all teams to meet twice for one minute during the experiment, once after round 

one and another after round six. All teams moved on to the next bomb regardless of if they 

solved it or not.  

One major change to Experiment 2 is that I control the number of role switches and 

the assignment of roles. All teams were not allowed to switch roles throughout the 



 

 

74 

experiment. I also assign the roles based on the participant’s NFC score. Within each team, 

the participant with the higher NFC score will be the expert and the other will be the 

defuser. Because the expert must read, understand, and communicate the instructions to 

solve each module, I predict that the expert most affected by influences of NFC. For 

example, I predict that the expert’s NFC will negatively affect how they communicate 

information, strategize, and perform.  

To build off the findings from Experiment 1, I investigate the effect of reducing 

situational NFC via fear of invalidity and checklists on team performance under pressure. 

Previous research on NFC has shown that fear of invalidity manipulations can reduce NFC 

because they highlight the costs of premature closure and the consequences of judgmental 

mistakes (Freund, Kruglanski, & Shpitzajzen, 1985; Roets, Van Hiel, Cornelis, & Soetens, 

2008; Van Hiel & Mervielde, 2002).  

Van Hiel & Mervielde (2002) found that fear of invalidity caused an increase in 

information acquisition when categorization rules were ambiguous. This shows that fear of 

invalidity reduces the effects of NFC which prompts people to suspend their decisions (Van 

Hiel & Mervielde, 2003). Furthermore, Van Hiel & Mervielde (2003) suggest that inducing 

a fear of invalidity might help people process information more effortfully. However, Van 

Hiel (2001) found that fear of invalidity did not motivate participants to change their 

strategy to an optimal one. Van Hiel (2001) also found that the feat of invalidity did not 

help participants solve problem-solving tasks. These findings suggest that motivating 

people to be more concerned with committing errors might reduce the effects of premature 

closure; however, fear of invalidity might not help people develop new strategies to solve 

complex problems.   
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Together, checklists and reducing NFC via fear of invalidity might help teams 

perform better under pressure by reducing the number of mistakes made during team 

performance. By highlighting the costs of mistakes and by reducing the number of mistakes 

made using a checklist, the negative effects of NFC can be reduced, especially under 

pressure, allowing for teams to perform better.  

Using Keep Talking and Nobody Explodes to induce NFC, I aim to see how fear 

of invalidity and checklists can reduce the effect of NFC. In this study, I investigate the 

two-way interaction effect of reducing NFC via fear of invalidity and the use of a checklist 

on team performance and the number of mistakes made. I predict that there will be a two-

way interaction between fear of invalidity and checklists. Teams with a low fear of 

invalidity and a checklist will perform the same as teams with a high fear of invalidity and 

no checklist. These teams will perform significantly better than teams with low fear of 

invalidity and no checklist. Teams who use a checklist and have a high fear of invalidity 

will perform the best and make fewer mistakes than the other conditions. 

I predict that there will be a main effect of fear of invalidity, where high fear of 

invalidity teams will outperform and make fewer mistakes teams with low fear of 

invalidity. I also predict that there will be a main effect of the checklist, where teams with 

a checklist will perform better and make fewer mistakes than teams without a checklist.  

As an exploratory analysis, I analyze the qualitative data collected via Microsoft’s 

screen capture and audio recording function to see if there are behavioral manifestations of 

NFC during the experiment. More specifically, I choose and listen to recordings of teams 

based on their performance on round 6 and 7 for each of the four conditions. I chose rounds 

6 and 7 because I introduce a new module and want to see how each team solves this 

module. I try to understand why some teams performed better than others and see if there 
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is evidence of seizing and freezing through their understanding of each module, what 

strategy they develop, the communication of information, and communication style.       

METHOD 

Participants 

I recruited 120 participants for this study. Participants from an introductory 

psychology course at UT Austin (n = 65) were compensated with course credit. Participants 

from the UT Austin and Austin community (n = 55) were compensated at a rate of $8 an 

hour. All participants gave informed consent using procedures approved by the UT Austin 

IRB and were compensated upon completion of the study. There were 47 males (39%) and 

73 females (61%). The mean age was 19.5 years old (SD = 1.77, Max = 33, Min = 18).  

There was a total of 60 teams that consisted of two participants per team. I randomly 

assigned each team to one of the four conditions. There was a total of 15 teams per each 

condition.    

Materials 

In this study, I used a modified version of Keep Talking and Nobody Explodes 

(Steel Crate Games, 2015, See Tables 3 & 4).  

I used Microsoft’s gameplay record program to record the video gameplay and 

voices for each team.  

A Blue Yeti USB Microphone was used to record the team interactions during the 

experimental session.  

Paper and pens were provided to the experts so that they could take notes while 

playing KTaNE.  



 

 

77 

A procedural checklist was made for this study. This checklist included 8 items that 

are relevant to promoting teamwork behaviors. For teamwork behaviors, I included items 

such as: Did experts prepare and organize the bomb manual?; and did the experts review 

the instructions for modules that were missed? 

Participants rated if they have ever played KTaNE before and if they enjoyed 

playing KTaNE (1 - definitely yes to 5 - definitely not), how motivated they were to reach 

their goal (1 - a great deal to 5 - none at all), how difficult was KTaNE (1 - extremely easy 

to 5 - extremely difficult), how often they play video games (1 - daily to 5 - never), and to 

rank the difficulty of each module (Appendix C). 

Participants answered questions related to their experience in the lab and with the 

game, the brief NFCS (Roets & Van Hiel, 2011), a team NFC questionnaire (based on De 

Dreu, 2003), the Personal Fear of Invalidity scale (Thompson et al., 2001), and the Ten-

Item Personality Inventory (Goslin, Rentfrow, & Swann, 2003). See Appendix C for all 

materials.  

 

Module Name Difficulty Page 

number 

On the Subject of Wires (Wires) Very easy 5 

On the Subject of The Button (Button) Very easy 6 

On the Subject of Keypads (Symbols) Easy 7 

On the Subject of Says (Simon says) Very Easy 8 

Table 3: List of modules, difficulty rating (According to Repository of Manual 

Pages, n.d.) and page number in Bomb Defusal Manual (Appendix A).  
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Rounds Time to 

Solve 

Number of 

modules 

Number of 

Strikes 

Potential Modules 

Practice 1 - 2 5 mins 3 3 • Wires 

• Button 

• Symbols 

 

Rounds 1 - 5 3 mins 3 3 • Wires 

• Button 

• Symbols 

 

Rounds 6 - 10 3 mins 4 3 • Wires 

• Buttons 

• Symbols 

• Simon says 

Table 4: The order and the information for each bomb in the custom version of the 

KTaNE game.  

DESIGN  

The study used a 2x2 between-subjects design to test the interaction between 

checklist (yes vs. no checklist) and fear of invalidity (high vs. low fear of invalidity). The 

first independent variable was whether a team used a checklist. The second independent 

variable was high-versus-low fear of invalidity. Fear of invalidity was manipulated via 

evaluation apprehension instructions given to participants prior to gameplay (Appendix C). 

The main dependent measure was the total number of strikes a team made and team 

performance. I recorded the time to solve each bomb and the number of strikes each team 

made for each bomb.  

I used De Dreu’s (2003) 3-item NFC scale to test the effect of NFC via fear of 

invalidity on teamwork behavior. This was used as a manipulation check to see if I 

successfully manipulated fear of invalidity. I also used the Personal Fear of Invalidity (PFI; 
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Thompson et al., 2001) scale to measure the teams average PFI score to see if we 

manipulated NFC via fear of invalidity.  

To check the manipulation of the checklist, I created a questionnaire that asked 

participants to rate how much they agreed with each statement on a 6-point Likert scale (1 

– Strongly disagree, 6 – Strongly agree). Both checklist and no checklist teams rated how 

much they agreed that the checklist was or would have been helpful, helped their overall 

strategy, helped their communication, and overall team performance. 

I also analyzed the audio recordings and video gameplay for NFC behaviors such 

as seizing (e.g. primacy effect with understanding instructions and initial development of 

a strategy) and freezing (e.g., maintenance of a non-optimal strategy). I also examined the 

recordings for examples of NFC language (e.g. references to time, talking fast, speeding 

through the checklist, the information shared, and quality of the communication). 

PROCEDURE 

In each session, we recruited two participants from either SONA or from students 

from UT Austin. Upon arrival, we obtained informed consent using procedures approved 

by the IRB at The University of Texas at Austin.  

Each team was randomly assigned to one of the following conditions: 1) the 

checklist condition with high fear of invalidity, 2) the checklist condition with low fear of 

invalidity, 3) the no checklist condition with high fear of invalidity, and 4) the no checklist 

condition with low fear of invalidity. 

Prior to playing the game, all participants took the brief NFC scale (Roets & Van 

Hiel, 2011). All participants were instructed to answer as quickly and honestly as possible. 

Once complete, the experimenters scored each questionnaire. The experimenters calculated 
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both participant’s dispositional NFC scores and assigned the participant with higher NFC 

as the expert and the participant with lower NFC as the defuser.    

After, the experimenter then read the corresponding fear of invalidity instructions 

to each team.  

Teams in the high fear of invalidity condition were told and read: 

 “This game is used to assess and measure teamwork and performance between two 

people. This game has been found to be a valid method of identifying how well two people 

can work together, especially under pressure. This game has also been found to predict the 

success of an individual in a team setting. It has been used by medical teams, firefighters, 

police officers, and hostage negotiators to remove people or replace people who do not 

work well in a team. Predicting the ability to work in a team is of considerable importance, 

and it is useful to know the extent to which a person possesses it. To determine their ability 

to work in teams, your judgments would be compared with those rendered by professional 

psychologists and real-world teams. I (the experimenter) will observe your gameplay, take 

notes, and assess your teamwork and problem-solving ability throughout the experiment. 

At the end of the experiment, we will tell you how you performed in comparison to other 

teams.” 

Teams in the low fear of invalidity instructions were told and read: 

“We are trying to see if this game can be used as a valid way of measuring and 

assessing teamwork. Currently, our experiment is in an early stage and we are testing this 

and other games that involve teamwork. Right now, we do not know if this is a valid test 

of teamwork. For this experiment, we are attempting the effects of teamwork and problem-

solving of teams without experience with teamwork problem-solving under pressure. I (the 

experimenter) will observe your gameplay to not evaluate your performance. I am here to 
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learn how to solve the problems and assess the game as a tool for measuring teamwork. At 

the end of the experiment, we will ask you what strategies they found the most effective.” 

All teams were told a synopsis of the game. The expert was then seated at the 

expert’s table and the defuser was seated at the computer. All participants read the rules 

and instructions of the game for their respective role. The expert read their instructions 

(Appendix A, Bomb Defusal Manual, page 2-4) and the defuser followed the game 

overview and controls tutorial (Module 1.1 and 1.2). The experimenter told the teams that 

they could not switch roles, but that they could meet after the first and sixth round for one 

minute.  

Once the teams were ready to play, both teams played the first bomb as a practice 

round. After finishing the first practice round, the checklist teams were presented with the 

checklist and were instructed to use the checklist before each bomb they attempted. The 

expert was tasked with reading the items on the checklist before the start of each bomb. 

The teams without a checklist did not receive any additional instructions. Teams were then 

instructed to replay the first bomb as a second practice round before the experimental 

session started.  

The checklist teams were reminded that they were to use the checklist before each 

time they attempted a bomb. All teams were told that they were going to attempt to solve 

10 bombs as fast as they can. The high and low fear of invalidity teams were reminded of 

the purpose of the experiment to reinforce the fear of invalidity manipulation.  

After, the experimenter made sure that everyone was ready. Once they were ready, 

the experimenter started the audio and screen capture recording. All teams played 10 

bombs (Table 4).  Critically, the teams played the same bomb five times. In round 6, I 



 

 

82 

presented a new module (i.e., Simon says) in addition to the original three modules to see 

how they strategize and prioritize their problem-solving process. 

During gameplay, the experimenter recorded information about the bomb (e.g., 

number of modules, types of modules, etc.) and team performance (e.g., if the team solved 

the bomb, how much time was left, number of mistakes, etc.). The experimenter remained 

in the room for the entire experimental session to ensure data quality. Checklist teams were 

reminded to use the checklist if they did not use it.  

After 10 bombs, all individuals were given the gameplay questionnaire, a checklist 

check questionnaire, the team NFC scale (De Dreu, 2003), the PFI (Thompson et al., 2011), 

the TIPI, and the demographics questionnaire. All participants were instructed to answer 

each question as quickly and honestly as possible. This part of the experiment was self-

paced. Upon completion, the participants were debriefed and thanked for their 

participation. The experimenters then awarded each individual course credit or $8 for their 

participation. See Figure 7 for a design overview. 
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Figure 7: Schematic of Experiment 2’s design. 

QUANTITATIVE ANALYSIS 

Survey analysis 

I ran pairwise Pearson’s correlations between the checklist check (α = 0.95), NFC 

scale (α = 0.71; Roets & Van Hiel, 2011), the team NFC scale (α = 0.77; De Dreu, 2003), 

the FOI scale (α = 0.79; Thompson et al., 2002), and the Ten-Item Personality Inventory 

(Gosling et al., 2003). The correlation plot shows the correlation coefficient for each 

pairwise comparison (Figure 8). 
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Figure 8: The pairwise correlation plot for the survey data from Experiment 2. The 

numbers in each box represent the correlation coefficient. Warm colors 

represent positive relationships and cool colors represent negative 

relationships. Non-significant relationships have X’s in each box.  

Manipulation checks 

For all analyses, I used R version 3.5.3 (R Core Team, 2019). For all manipulation 

checks, I used the mixed() function from the afex package (Singmann, Bolker, Westfall, & 

Aust, 2019). 

  For the checklist manipulation check, all four statements were averaged to get a 

single measure for each participant. I used a linear mixed effects model to test the 

interaction between the checklist and fear of invalidity conditions using the team number 

as a random effect (Figure 9, Table 5). There was no significant main effect of the checklist 

condition (F(1, 56) = 0.05, p = 0.82), no significant main effect of the fear of invalidity 
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condition (F(1, 56) = 0.60, p = 0.44), and no significant interaction between the checklist 

and fear of invalidity conditions (F(1, 56) = 0.20, p = 0.66). The results suggest that there 

was no difference in how helpful the teams thought the checklist was.  

 

 

 

Figure 9: Boxplot of the average checklist check score by checklist and fear of 

invalidity condition. Each point represents an individual participant’s 

average checklist check score. The middle black line represents the median. 
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Checklist 

Condition  

Fear of 

Invalidity 

n M 95% CI [lower, 

upper] 

No Checklist Low 30 3.75 [3.23, 4.27] 

No Checklist High 30 3.84 [3.39, 4.29] 

Checklist Low 30 3.69 [3.23, 4.16] 

Checklist High 30 4.03 [3.55, 4.50] 

Table 5: The descriptive statistics for the average checklist check score for all 

conditions. The checklist check was scored from 1 (Strongly disagree) to 6 

(Strongly agree). 

For the fear of invalidity check, I averaged the responses from the PFI scale 

(Thompson et al., 2002) to get a single measure for each participant. I used a linear mixed 

model to test the interaction between the checklist and fear of invalidity conditions using 

the team number as a random effect (Figure 10, Table 6). There was no significant main 

effect of the checklist condition (F(1, 56) = 0.28, p = 0.60), no significant main effect of 

the fear of invalidity condition (F(1, 56) = 0.04, p = 0.84), and no significant interaction 

(F(1, 56) = 0.62, p = 0.44). The results suggest that I did not successfully manipulate fear 

of invalidity between the high and low fear of invalidity teams.  
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Figure 10: Boxplot of the average PFI (Thompson et al., 2001) score by checklist and 

fear of invalidity condition. Each point represents an individual participant’s 

average PFI score. The middle black line represents the median. 

Checklist 

Condition  

Fear of 

Invalidity 

n M 95% CI [lower, 

upper] 

No Checklist Low 30 3.32 [3.07, 3.56] 

No Checklist High 30 3.23 [2.96, 3.50] 

Checklist Low 30 3.12 [2.81, 3.43] 

Checklist High 30 3.27 [3.01, 3.53] 

Table 6: The descriptive statistics for the average FOI score for all conditions. FOI 

was scored on a scale from 1 (Strongly disagree) to 6 (Strongly agree). 

As a secondary check for the manipulation of fear of invalidity and NFC, I averaged 

the responses from De Dreu’s (2003) 3-item NFC scale to get a single measure for each 

participant. I ran a linear mixed model to test the interaction between the checklist and fear 

of invalidity conditions using the team number as a random effect (Figure 11, Table 7). 

There was no significant main effect of the checklist condition (F(1, 56) = 2.13, p = 0.15), 
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no significant main effect of the fear of invalidity condition (F(1, 56) = 0.00 p = 0.99), and 

no significant interaction (F(1, 56) = 0.34, p = 0.56). The results from the secondary 

manipulation check of fear of invalidity and NFC suggests that I did not successfully 

manipulate fear of invalidity. 

 

Figure 11: Boxplot of the average score of De Drue’s (2003) 3-item NFC scale by 

checklist and fear of invalidity condition. Each point represents an 

individual participant’s average 3-item NFC score. The middle black line 

represents the median. 
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Checklist 

Condition  

Fear of 

Invalidity 

n M 95% CI [lower, 

upper] 

No Checklist Low 30 2.12 [1.85, 2.37] 

No Checklist High 30 2.02 [1.77, 2.27] 

Checklist Low 30 2.26 [1.99, 2.52] 

Checklist High 30 2.34 [2.02, 2.67] 

Table 7: The descriptive statistics for the average 3-item NFC scale score for all 

conditions. The 3-item NFC scale was scored on a scale from 1 (Always) to 

5 (Never). 

The difference in average NFC scores between roles for checklist and fear of 

invalidity 

To evaluate the difference in average NFC between roles for the checklist and fear 

of invalidity conditions, I first ran a multiple linear regression. The independent variables 

were the checklist condition, fear of invalidity condition, and the interaction between the 

checklist and fear of invalidity conditions. The dependent variable was the difference in 

average NFC scores between the expert and defuser.  

Using a Shapiro-Wilk test of normality, I found that the residuals were not 

normality distributed (W = 0.92, p < 0.01). This model violated the assumption of normality 

of residuals. Therefore, I used a Poisson regression to see if there was a difference in 

average NFC scores between the expert and defuser using the same independent variables 

described above.  

Using the dispersiontest() function from the AER package (Kleiber & Zeileis, 

2008), I found that the model violated the assumption of dispersion (z = -6.79, p = 1, 

dispersion = 0.38). A Likelihood-ratio chi-square test showed that there was no significant 

main effect of the checklist condition (X2(1) = 2.88, p = 0.09) and no significant main effect 

of the fear of invalidity condition (X2(1) = 0.16, p = 0.68). There was also no significant 

interaction between checklist and fear of invalidity conditions (X2(1) = 0.94, p = 0.33). The 
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results suggest that there was no difference in expert’s and defuser’s average NFC score 

between the checklist and fear of invalidity conditions (Figure 12).   

 

 

Figure 12: Boxplot of the difference in average NFC score between roles split by 

checklist and fear of invalidity condition. Each point represents the team’s 

difference in average NFC score between the expert and defuser. The 

middle black line represents the median. 

The effect of checklists and fear of invalidity on performance 

To test the prediction that there will be a two-way interaction between fear of 

invalidity and checklists on performance, I used a multiple linear regression analysis. The 

dependent variable was team performance operationalized as the number of bombs solved 

divided by the number of attempts. The main independent variables were whether the team 

used a checklist and their fear of invalidity level. In this model, I included the interaction 
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between these two experimental conditions and the average NFC score for the expert and 

the defuser as covariates (Figure 13). 

For this analysis, I ran the model listed above with all teams. The full model did 

not violate any assumptions of multiple linear regression. The results showed that the full 

model was not significantly different from the intercept only model (F(5, 54) = 0.56, p = 

0.73, R2 = 0.05). There was no significant main effect of checklist (F(1, 54) = 0.08, p = 

0.77), fear of invalidity (F(1, 54) = 0.13, p = 0.73). There was also no main effect of the 

expert’s average NFC score (F(1, 54) = 1.47, p = 0.23) and defuser’s average NFC score 

(F(1, 54) = 0.14, p = 0.71). Finally, there was no significant two-way interaction between 

checklist and fear of invalidity conditions (F(1, 54) = 1.53, p = 0.22).  

 

Figure 13: The effect of the checklist, fear of invalidity, and expert’s average NFC 

scores on the proportion of bombs solved. 95% confidence intervals are 

represented by the colored bands.  
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The effect of checklists and fear of invalidity on number of strikes 

To test the prediction of a two-way interaction between fear of invalidity and 

checklists on the total number of strikes, I used a multiple Poisson regression analysis. The 

dependent variable was the total number of strikes operationalized as the sum of all strikes 

across the 10 bomb attempts. The main independent variables were whether the team used 

a checklist and their fear of invalidity level. In this model, I included the interaction 

between these two experimental conditions and the average NFC score for the expert and 

the defuser as covariates. 

For this analysis, I ran the model listed above with all teams. Using the 

dispersiontest() function from the AER package (Kleiber & Zeileis, 2008), I found that the 

model violated the assumption of dispersion (z = 3.77, p < 0.001, dispersion = 2.71), where 

the conditional variance was greater than the conditional mean. This means that there was 

extra variance that was not accounted for by the Poisson model. 

To account for the overdispersion of the count data, I used a negative binomial 

regression analysis instead (Figure 14). Using the glm.nb() function from the MASS 

package, I ran the full model listed above. After, I compared the model of interest to the 

null model (intercept-only) using a log-likelihood test and found that there was no 

difference between the full and null model (X2(5) = 4.75, p = 0.48, McFadden’s Pseudo R2 

= 0.08). I found that there was no significant main effect of the checklist condition (X2(1) 

= 1.44, p = 0.23), no significant main effect of the fear of invalidity condition (X2(1) = 0.18, 

p = 0.67), and no significant interaction between the checklist and fear of invalidity 

conditions (X2(1) = 0.46, p = 0.49). There was also no significant effect of the defuser’s 

average NFC score (X2(1) = 2.58, p = 0.1).  
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Interestingly, there was a marginal effect of the expert’s average NFC score on the 

total number of strikes (X2(1) = 3.32, p = 0.07, b = 0.38, p = 0.06, IRR = 1.46, 95% CI = 

0.97, 2.22). For a one-unit increase in expert’s average NFC, the expected log count of the 

number of mistakes made increases by 0.38 mistakes. The IRR means that the number of 

strikes would be expected to increase by a factor of 1.46 for each unit increase in the 

expert’s average NFC score. 

 

Figure 14: The effect of the checklist, fear of invalidity, defuser’s, and expert’s average 

NFC scores on the total number of strikes made in 10 attempts. Panel A 

(top) shows the relationship between the total number of strikes and the 

expert’s average NFC score. Panel B (bottom) shows the relationship 

between the total number of strikes and the defuser’s average NFC score. 

95% confidence intervals are represented by the colored bands.  

QUALITATIVE ANALYSIS 

For the qualitative analyses, I sampled and analyzed the audio recordings of the 

interaction between the defuser and expert for rounds 6, the meeting after round 6, round 
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7, and 10. I randomly sampled teams from each condition who either 1) solved rounds 6 

and 7 (n = 3, Table 8), 2) failed on round 6 and solved 7 (n = 4, Table 9), or 3) failed on 

rounds 6 and 7 (n = 4, Table 10). A total of 11 teams was analyzed. There was no team 

from the no checklist and high fear of invalidity condition that solved both rounds 6 and 7. 

I chose round 6 because I introduced a new module called Simon says with the 

original three modules (wires, buttons, and symbols). I wanted to see how teams handled 

the introduction of the new module. The instructions for Simon says depends on three 

critical pieces of information a) the number of strikes and b) if there is a vowel in the serial 

number, and c) what color is flashing (Figure 15). The vowel in the serial number orients 

the expert to one of two tables that converts the color(s) that are flashing to the correct 

color the defuser must hit. The number of strikes determines which color to hit.  

For example, if the red button is flashing and if the bomb has a vowel in the serial 

number and they have 1 strike, the expert should tell the defuser to click the yellow button. 

After the defuser makes the correct response, red will flash followed by another color – 

blue. The expert would then tell the defuser to press yellow and then green. The sequence 

then grows by one and ends at after 3, 4, or 5 color flashes. If the expert does not ask the 

defuser for a vowel in the serial number and for the number of strikes, the team risks getting 

a strike. Additionally, if the defuser does not communicate the colors and the correct order 

of the colors, they risk making a mistake. Therefore, it is necessary for teams to understand 

the module directions and how to read the table to succeed.   
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Figure 15: The color conversion table from the Bomb Defusal Manual (Appendix A) 

for the Simon says module. The expert needs to know if the serial number 

contains a vowel, how many strikes, and what color(s) are flashing to solve 

Simon says.  

I also investigated whether there was any evidence of seizing (e.g. primacy effect 

with understanding instructions and initial development of a strategy) and freezing (e.g., 

maintenance of a non-optimal strategy). I also examined the recordings for examples of 

NFC language (e.g. references to time, talking fast, speeding through the checklist, the 

information shared, and quality of the communication).  
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Descriptive analysis of teams that solved round 6 and 7 

Solved Round 6 and Round 7 

Checklist 

Condition  

Fear of 

Invalidity 

Overall 

Performance 

Total 

Number 

of Strikes 

Defuser NFC Expert NFC 

Checklist Low 10/10 0 3.53 3.67 

Checklist High 8/10 3 3.60 3.73 

No Checklist Low 10/10 0 3.40 3.47 

No Checklist High -- -- -- -- 

Table 8: The descriptive statistics for teams who solved both round 6 and 7. There 

was no team in the No Checklist/High Fear of Invalidity condition that 

solved rounds 6 and 7. 

In the 6th round, the defusers would identify the Simon says module and described 

it as “a diamond with colors”. The expert then would quietly read the instructions and then 

read them out loud, the defuser waited patiently and did not rush the expert. All experts 

asked if there was a vowel in the serial number and for the number of strikes before 

recommending any action. After, the expert asked for the flashing color and then told the 

defuser which color to press. When two colors flashed, the defuser would state which two 

colors flashed and waited for the expert to give them instructions before taking action. Both 

defuser and expert would go back and forth until the module was solved. None of these 

teams made any mistakes on the Simon says module in the 6th round. All teams 

communicated in a clear and calm manner, did not mention how much time was left, and 

did not rush each other as time was running out. The three teams solved the 6th bomb with 

35 seconds, 2.71 seconds, and 18 seconds left.  

In the meeting, all teams discussed the order they wanted to solve each module in. 

One team said, “Let’s solve it in the same order. If we get something new, just stick to the 
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same order.” Only one team discussed the instructions of Simon says. This finding is 

similar to the structure and predictability components on NFC. 

In the 7th and 10th round, all teams understood and communicated the necessary 

information quickly without any confusion. This finding is supported by the evidence that 

all teams did not make any mistakes in the 7th or 10th round. It was evident that the expert 

and defuser knew which information was important. The defuser would often look at the 

serial number before the expert asked if there was a vowel in the serial number.  

The teams that solved 6 and 7 shared many common traits that allowed them to 

succeed. First, all three teams solved each module in the same exact order from bombs 6 

thru 10. Two of the teams saved Simon says for the last position, whereas the other team 

solved it in 3rd position. Second, the experts and defuser spoke in a calm manner and did 

not speed up their speech as time ran out. Third, the experts and defusers on all teams 

understood what information was necessary to share.  

Descriptive analysis of teams that failed round 6 and solved 7 

Failed Round 6 and Solved Round 7 

Checklist 

Condition  

Fear of 

Invalidity 

Overall 

Performance 

Total 

Number 

of Strikes 

Defuser NFC Expert NFC 

Checklist Low 7/10 8 4.00 4.00 

Checklist High 9/10 4 3.73 3.93 

No Checklist Low 9/10 1 3.93 4.00 

No Checklist High 9/10 2 4 5.2 

Table 9: The descriptive statistics for teams who failed round 6 and solved 7. 

 In the 6th round, three of four teams got strikes on the Simon says module. Also, 

three of the teams ran out of time while describing and understanding the Simon says 

module. In the one team that failed by 3 strikes, the expert at first did not ask for the serial 
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number and said to press the wrong button. Almost immediately after getting their first 

strike, the expert said, “Oh shoot, is there a vowel?”. The expert then told the defuser the 

right color to press. For the second strike, on the second sequence, the expert confused the 

instructions and told the defuser to press another color without waiting for the defuser to 

tell them which colors were flashing. For the final strike, the expert said the wrong order 

of the buttons to press.  

For the team that received two strikes, the expert asked for the right information, 

but the defuser clicked the wrong button for the first strike. After, the expert then told the 

defuser to hit the wrong button for the second strike. The defuser sounded anxious and then 

said “Oh my…*nervous laugh*…I’m just going to hit the blue button” before time ran out.  

Two of the teams that ran out of time both left Simon says for last and started to 

solve it with only 30 seconds left. In one of the teams, the expert and defuser did not 

understand the button. For 1 minute and 22 seconds, the expert asked for other information 

to try to solve it but became frustrated and moved on to the Simon says module without 

finishing the button. For example, the expert said, “I don’t know…I don’t know if I am 

reading this [the button module] wrong.” The other team that failed by time took 1 minute 

and 28 seconds to solve the symbols module. While solving the symbols module, the 

defuser would unnecessarily say which position each symbol was in. After describing all 

the symbols, the expert said one symbol out loud, meaning to confirm that symbol, but did 

not state that they were confirming each symbol. Almost immediately after, the expert 

incorrectly clicked that symbol and got one strike. The expert and defuser went back and 

forth trying to clarify the symbols. Both teams ran out of time while trying to figure out the 

Simon says module because the experts and defusers were not quickly communicating the 

important information necessary for solving the button and symbols module.  
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 During the meeting, all experts reviewed over the Simon says module with the 

defuser. All teams identified that the vowel in the serial number and the number of strikes 

were important for solving Simon says. The teams that made mistakes reviewed over the 

modules to clarify what they need to do differently. The team that did not understand the 

button talked about the button before discussing the Simon says module. The expert on this 

team said “I scanned these really quick, but I don’t have them memorized yet. I scanned 

them and I didn’t see one, so I chose one. This one [Simon says] I’m still figuring out…”.  

 In the 7th and 10th round, three teams solved Simon says by communicating the 

vowel in the serial number, how many strikes, and the flashing color. The team that did not 

understand the button solved Simon says by chance. This team communicated everything 

but the vowel but still was able to solve the module. All teams solved rounds 7 and 10 but 

persisted with strategies that were sub-optimal. For example, the team that did not 

understand the button continued to use the wrong information, despite getting multiple 

strikes, and solved the module by chance. 

 On a different team, the expert would always ask if there was a timer on the bomb, 

which there always was, and the defuser would say the position of the symbols, which was 

unnecessary and wasted time. There was also a team where the expert would read through 

the whole instructions for the wires to solve this module. On a different module, the expert 

would always ask the defuser if there was a lit indicator, which was ambiguous because 

there are different lit indicators that meant different things.  

 The teams who failed the 6th round, but solved the 7th round, did not solve the 

modules in any predictable order. All teams used sub-optimal strategies in the 6th round 

and persisted to the 7th round. The use of sub-optimal strategies became problematic in the 

6th round. Two of the teams failed to even attempt the Simon says module because they 
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wasted over half of the time limit solving the modules that were present on the first 5 

bombs.  

Interestingly, there was a team that heavily focused on time. Although the defuser 

had a lower NFC score value, the defuser exhibited behaviors related to a high NFC 

individual. The defuser would speak fast when communicating information throughout the 

6th, 7th, and 10th round. During the meeting, the defuser asked the expert, “Do you want me 

to tell you when there are 30 seconds left?”. After, the defuser then told the expert, “Let’s 

speed up on this…But try to speed up on this.”  During Simon says, the defuser would also 

communicate the vowel before the expert asked for it and would constantly talk over the 

expert. In all, these teams used sub-optimal strategies and would often miscommunicate or 

communicate irrelevant information.  

Descriptive analysis of teams that failed round 6 and 7 

Failed Round 6 and Round 7 

Checklist 

Condition  

Fear of 

Invalidity 

Overall 

Performance 

Total 

Number 

of Strikes 

Defuser NFC Expert NFC 

Checklist Low 5/10 17 4.00 4.13 

Checklist High 2/10 19 3.33 4.00 

No Checklist Low 3/10 8 3.00 3.80 

No Checklist High 5/10 13 2.13 4.40 

Table 10: The descriptive statistics for teams who failed round 6 and 7. 

In the 6th round, teams who failed both the 6th and 7th round shared some common 

behaviors with the teams who failed the 6th but solved the 7th. Teams who failed both the 

6th and 7th round misunderstood different aspects of the Simon says module. For example, 

two teams did not communicate the vowel in the serial number when solving Simon says. 

Two teams did not understand that the sequence would grow, confusing them at which 
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point they switched to solve another module without completing the Simon says module. 

On one team, the defuser identified the Simon says module, but the expert could not find 

the Simon says instructions. The expert then directed the defuser to move to a different 

module.  

All teams used sub-optimal strategies when solving the original modules. One team 

did not understand the button module, where the defuser failed to communicate the color 

of the strip to solve it. On another team, the expert read out all the steps for wires and did 

not ask the defuser what color wires they had. This same team had trouble with the symbols 

module, where the defuser and expert were miscommunicating the symbols, leading to 

multiple strikes. On a different team, the defuser would unnecessarily describe the location 

of the symbols. These teams failed to solve the 6th bomb because they either 

miscommunicated or communicated in a confusing way, communicated unnecessary 

information, did not understand the critical information, or did not understand the 

instructions.  

In the meetings, three of the teams did not engage in a meaningful discussion of the 

modules. One team groaned and asked if it was necessary to meet. During that meeting, 

the expert and defuser focused on time and working faster (“We gotta go fast”). They did 

not discuss the modules or any changes in strategy. Another team quickly discussed the 

Simon says module but did not fully understand the instructions. That team then moved on 

to discuss other modules that they did not encounter. On a different team, the expert 

misunderstood the color mapping on the Simon says instructions and moved on to asking 

what they needed to improve. This team ended up focusing up on time, where the defuser 

said, “I think I should say the time more”. The expert agreed. Overall, the teams did not 
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take the opportunity to clarify or understand the modules they misunderstood. This is 

evident in their discussions and their performance on the 7th and 10th rounds.  

In the 7th and 10th rounds, all teams continued to make careless mistakes by either 

miscommunicating instructions or overcommunicating information. Several teams used 

ambiguous language while solving the modules. The ambiguous communication led to 

wasted time or careless mistakes. For example: 

Defuser: “There’s 6 wires, three blue, one black, and one white. And then we have 

the four squares with the colors. The red is flashing.” 

Expert: “Does it have yellow?” 

Defuser: “Uh…yellow wire or yellow button?” 

Expert: “The wire.”  

 Teams also made mistakes due to either misunderstanding, misspeaking, or not 

hearing their teammate correctly. For example, the expert would either say the wrong order 

of the symbols, the defuser would cut the wrong wire, or the expert would read the wrong 

instructions. These four teams combined made 42 mistakes (2.1 mistakes each round) in 

the last 5 rounds of the experiment. These teams also spoke loudly and sped up their speech 

as time ran out. This often led to miscommunication and strikes.  

 

Round outcome Wires Button Symbols Simon says Grand 

Average 

Solved 6 & 7 3.00 2.00 0.83 4.50 2.58 

Failed 6, Solved 7 2.88 2.5 2.38 6.38 3.54 

Failed 6 & 7 2.00 1.25 1.38 5.25 2.47 

Table 11: For round 6 and 7 only. The average number of questions asked per round 

for each round outcome group.  
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Round outcome Irrelevant 

Information 

Strikes Mention Time 

Solved 6 & 7 0 0 4 

Failed 6, Solved 7 17 8 11 

Failed 6 & 7 23 18 7 

Table 12: For round 6 and 7 only. The number of times a team shared irrelevant 

information, the number of strikes, and the number of times they mentioned 

timed. 

 Overall, these teams performed poorly because they did not understand the 

instructions or communicate in a clear way. Two teams focused on time and going fast. 

The defuser on one team was very impatient and would pressure the expert to go faster. 

The defuser became frustrated and said, “Why can’t you get the button? You were doing 

so well.” The expert showed signed of helplessness and exclaimed, “I’m just so 

confused…Just let it die…”. All teams rushed and made careless errors through lapses in 

communication. The high amount of errors seemed to create mistrust between the expert 

and defuser. Towards the end, the defusers were hesitant to press any buttons and would 

wait a few seconds before making an action.  

 The teams who performed well (solved rounds 6 and 7) team were calm and did not 

focus on the time. They tended to focus on clear and concise communication. The experts 

understood and read each of the instructions thoroughly. Towards the end, the defusers and 

experts knew which information to communicate and when. These high performing teams 

also asked the right information and communicated only necessary information. These 

teams averaged fewer questions for each module per round compared to the fail 6, succeed 

7 teams and spent less time on each module (Table 13). However, they asked about the 

same amount of questions compared to the fail 6 and 7 groups. This is mostly because the 

teams who performed poorly did not know what information to communicate when solving 
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each puzzle, which coincides with the finding that these poor performing teams spent more 

time on each module compared to the other groups. These teams did not share any 

irrelevant information, did not make any careless mistakes that resulted in a strike, and 

solved a module before changing to a new one (Table 12). 

 The teams who failed round 6 but solved round 7 showed a general understanding 

of what information was needed to communicate; however, these teams tended to use sub-

optimal strategies that lead to wasted time, giving them less time to work on other modules. 

Some teams tended to share information that was not necessary. For example, the defuser 

would state the position of each symbol or would tell the experts about how many batteries 

were on the bomb when it wasn’t necessary. These teams shared a lot of irrelevant 

information that would help them solve any given module, made a moderate number of 

mistakes, but mentioned time (e.g. asking or telling how much time is left or checking the 

time on the bomb) the most out of all the groups (Table 12). These teams shared a lot of 

irrelevant information and asked a greater number of questions, which is why they spent 

as much time trying to solve the modules as the poor performing teams.  

 The teams who performed poorly (failed rounds 6 and 7) showed that there was a 

misunderstanding of the instructions and what information to communicate. All teams 

maintained sub-optimal strategies and took longer to solve modules. These teams would 

over or under share information and would say ambiguous statements which lead to 

confusion. All teams made careless mistakes which stemmed from not understanding each 

other. As time ran out, teams would speak faster and louder, leading to more careless 

mistakes. Because of the high number of mistakes, the experts and defusers seemed to 

mistrust each other and were hesitant to recommend or take action, respectively. These 

teams asked the same amount of questions per round as the high performing teams, but the 
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quality of these questions was lower. Furthermore, these poor performing teams shared the 

most irrelevant information and made the most strikes compared to the other groups. These 

teams performed poorly overall and would spend a lot more time trying to solve each 

module compared to the solved 6 and 7 teams and the failed 6, solved 7 teams.  

  

Round outcome Wire Time 

Spent (s) 

Button Time 

Spent (s) 

Symbols Time 

Spent (s) 

Simon says 

Time Spent (s) 

Solved 6 & 7 19.60 s + 2.26 s 23.35 s + 5.35 s 23.55 s + 3.34 s 62.20 s + 8.22 s 

Failed 6, Solved 7 19.10 s + 2.39 s 29.00 s + 10.25 s 32.49 s + 8.60 s 73.86 s + 11.68 s 

Failed 6 & 7 28.10 s + 4.28 s 30.28 s + 6.28 s 36.25 s + 2.93 66.63 s + 6.07 s 

Table 13: For round 6 and 7 only. The average time spent on attempting to solve each 

module and the standard errors of the mean. 

DISCUSSION 

I hypothesized that the use of a checklist and increased fear of invalidity would 

reduce the influence of situational NFC on team performance and the number of mistakes 

made. The results showed that there was no effect of the checklist condition, no effect of 

the fear of invalidity manipulation, and no interaction between the checklist and fear of 

invalidity conditions. 

The checklist manipulation check showed that checklist and no checklist teams 

slightly agreed that the checklist was/would have been helpful. This manipulation check 

shows me that the participants in all experimental conditions perceived that the checklist 

was potentially helpful to their overall performance. However, one limitation was that we 

did not ask participants in the checklist condition why they thought it was helpful. This 

would have helped us understand which aspects of the checklist was important or 

unnecessary.   
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The manipulation check of fear of invalidity showed that we did not successfully 

manipulate fear of invalidity. The results from the PFI questionnaire (Thompson et al., 

2001) showed no difference in fear of invalidity between the high and low fear of invalidity 

teams. There was also very little variability in average PFI scores, the mean PFI score for 

all participants was 3.23 and the 95% confidence intervals were 3.10 and 3.37.  

Similarly, responses from De Dreu’s (2003) 3-item NFC scale showed that there 

was no difference in the 3-item NFC scores between the checklist and fear of invalidity 

conditions. This questionnaire asked participants if they felt like their team considered all 

possible perspective, made thorough judgments and decisions, and if they thought deeply 

before making a decision.  

I tried to manipulate fear of invalidity by telling the teams that we were evaluating 

their performance (i.e., high fear of invalidity) or the video game to measure teamwork 

(i.e., low fear of invalidity, Appendix C). One possibility is that the video game created a 

high level of stress that overshadowed our manipulation of fear of invalidity. The video 

game possesses elements that have been found to elicit situational NFC (e.g., time pressure 

and loud noises). The increase in situational NFC could potentially override the effect that 

an increase in fear of invalidity would lead to a need to avoid closure.  

Van Hiel and Mervielde (2002) studied the effects of ambiguity and need for 

closure on the acquisition of information. The experimenters manipulated NFC via fear of 

invalidity by telling the experimental group that they would receive extra credit if they 

obtained a score of 19 on 20 experimental trials. They were also told that this was very 

difficult to achieve. To manipulate ambiguity, the participants were given either non-

ambiguous or ambiguous rules for categorizing figures into 2 categories. Van Hiel and 

Mervielde (2002) found that ambiguity leads to more informed information search and 
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slower decision-making, but high levels of NFC hindered the tendency to seek additional 

information.  

It is also possible that the manipulation was not believed by participants or was not 

motivating enough to make participants avoid premature closure. I could have asked 

participants if they believed our manipulation at the end of the study.  This could potentially 

help explain whether the fear of invalidity manipulation worked. I could have also used a 

different way to manipulate fear of invalidity. Van Hiel and Mervielde (2002) used a 

manipulation where they used a bonus incentive based on performance to induce fear of 

invalidity.  

I could have also made the fear of invalidity manipulation more salient by 

evaluating a team’s performance in the practice bombs or by comparing a team’s 

performance to other teams. For example, after a team solves a bomb, I can tell the 

teammates how other teams did on that bomb. Alternatively, I have teams view the 

interactions between either a high- or low-performing team and tell them that they need to 

evaluate that team’s performance. I would then tell those teams that their performance will 

be evaluated by another team that participates in this study. A straightforward manipulation 

of fear of invalidity would be to change the number of strikes until explosion. For instance, 

I could have a high fear of invalidity condition where if a team made one mistake, the bomb 

would explode (e.g. only one strike allowed). Whereas low fear of invalidity teams could 

have 3 or more strikes before explosion. This would highlight the costs of mistakes, making 

people refrain from reaching premature closure. These manipulations could possibly 

reinforce the fear of invalidity instructions, making the manipulation more salient.   

One thing that I successfully controlled for was the assignment of participants to 

roles based on NFC scores. I assigned the participant with higher NFC to the role of the 
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expert because I believed that this would influence how a team would perform. The results 

showed that there was a main effect of NFC score between roles. The experts had 

significantly higher NFC scores than the defuser. Further, there was no difference in 

expert’s and defuser’s NFC scores between conditions. In KTaNE, the expert must read, 

understand, and communicate instructions to the defuser to solve each module. Under 

pressure, the expert with a high NFC score would drive them to engage in a less effortful 

information search during gameplay, affecting their ability to perform. 

In this experiment, I did find that there was a marginally significant effect of the 

expert’s NFC score on making mistakes. The results showed that as the expert’s NFC 

increased the number of strikes a team commits also increase. There was no effect of 

defuser’s NFC on the number of strikes a team made. However, this finding is based on a 

sample of NFC scores that has very little variability because of the design. Thus, these 

findings might be statistical noise.  

For 60 participants, the mean for the expert’s average NFC score was 4.16 with a 

standard error of 0.06. There were 0 participants between the average NFC scores of 1 and 

3, 27 participants between 3 and 4, 31 participants between 4 and 5, and only 2 participants 

between 5 and 6. Similarly, for 60 participants, the mean score for the defuser’s average 

NFC score was 3.60 with a standard error of 0.06. There were 0 participants between the 

average NFC score of 1 and 2, only 8 between 2-3, 46 between 3 and 4, 6 between 4 and 

5, and 0 between 5 and 6. The results for both the effect of the defuser’s and expert’s 

average NFC score on the total number of strikes is based on NFC scores within the range 

of 3-4 for the defuser and 3-5 for the experts. 

To test the effect of the defuser’s and expert’s average NFC score effect on the total 

number of strikes, I would have to randomly assign participants to each role. Similarly, it 
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would be interesting to investigate when the defuser has higher NFC than the expert. This 

would complement this study and show how NFC affects each role in relation to 

performance. Future studies should also investigate the effects of similarity of NFC 

between the defuser and expert. For example, compare performance between teams with 

high NFC and teams with low NFC, or teams with dissimilar NFC versus similar NFC 

scores.  

As previously mentioned, one limitation of the NFC scale is that it is a self-report 

survey. Response bias, such as socially desirable responding, acquiescent responding, and 

extreme responding, could negatively affect the validity of the self-report as a measure 

(Moskowitz 1986; Paulhus, 1991; Paulhus & Vazire, 2007). Therefore, it is necessary to 

develop another measure of NFC.  

The findings from the qualitative data analysis revealed differences in team 

interactions and problem-solving approaches under pressure between high and low 

performing teams. It also revealed behaviors that might relate to NFC and team 

performance under pressure.  

High performing teams were able to identify and correctly communicate 

information in a calm, clear, and concise manner even as time ran out. One interesting 

finding was that these high performing teams solved each module in the same order. This 

relates to the predictability and preference for order component of high NFC.  

Low performing teams struggled with previous modules and were unable to engage 

in an effortful information search process. These teams created and maintained sub-optimal 

strategies even when they made mistakes which provides evidence of seizing and freezing. 

This finding also relates to closed-mindedness because the experts and defusers were not 

receptive to new ideas or different strategies that could have helped them. The experts on 
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these teams tended to not understand the instructions because they did not read them 

thoroughly. Further, the defusers would not clearly communicate important pieces of 

information while they interacted with the bomb. There were a lot of careless mistakes that 

resulted from poor and unclear communication. The interactions between the defusers and 

experts in low performing teams tended to focus on time and going fast both during the 

meeting and while playing the game. One interesting finding was that these teams also 

would talk louder and faster as time ran out.  

A limitation of the qualitative data was that we lacked video recordings of the teams 

while they solved bombs. Participants exhibited a lot of non-verbal behaviors that could 

also be used to measure NFC. Some participants would shake their foot, fidget, shuffle 

through the instructions, and react when they got a strike. The non-verbal video recordings, 

audio recordings, and the recording of the gameplay can be used to be a comprehensive 

measure of NFC.   

Together the findings from the qualitative data analysis show that NFC can 

potentially be measured through behaviors in addition to the self-report measures of NFC. 

By using behavior as a measure of NFC, I can better understand the relationship between 

dispositional and situational NFC, especially within the context of this experiment. Further, 

the development of a codebook of both non-verbal and verbal behaviors related to NFC 

can be used to understand NFC and the behavioral manifestations of NFC. 
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Chapter 6: General Discussion 

OVERVIEW 

This dissertation examines how need for closure (Kruglanski, 1989) affects a 

team’s capacity to search for, use, and communicate information when making decisions 

under pressure. Prior research on need for closure has been found to influence how teams 

communicate and perform, leading to a negative effect on team performance. For example, 

Bowman and Wittenbaum (2012) found that time pressure impaired group performance on 

a hidden profile task. Groups under a high time pressure tended to share less information 

and had faster discussions compared to groups under a low time pressure, which lead to 

poor performance. Other studies on NFC shows that high-pressure situations increase NFC 

in individuals and teams when making decisions (De Drue, 2003). NFC has been found to 

increase the tendency to act quickly leading to the use of suboptimal strategies to make 

decisions. 

Research on checklists has shown that checklists can reduce errors and improve 

team performance by focusing on teamwork and communication (Haynes et al., 2009). I 

argued that checklists on can be used to reduce the influence of need for closure on team 

performance. As previously stated, there is also a need to conduct experiments that have 

both internal and external validity (Markman, 2018). To achieve this, I used a video game 

where teams must communicate unshared information to solve problems under pressure 

either with or without a checklist. Findings from the two experiments in this dissertation 

are summarized and discussed below. I also present the limitations of both experiments 

and suggestions for future experiments.  

In Experiment 1, I investigated the influence of dispositional NFC and checklists 

on team performance under pressure. I hypothesized that using the experimental checklist 
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reduces the effects of a team’s average dispositional NFC on team performance, leading to 

better performance under pressure. The results from this study support this prediction, 

showing that the effect of NFC depends on whether a team uses the checklist. The model 

results showed that a team with low average NFC benefits from not using the checklist; 

however, a team with high average NFC benefits from using the checklist. This suggests 

that using a checklist might negatively affect the performance of teams with low average 

NFC, whereas a checklist might increase performance for teams with a high average NFC.  

Experiment 2 went further by investigating the finding that the experimental 

checklist can reduce the effect of dispositional NFC on team performance by manipulating 

situational NFC. I hypothesized that the checklist and reducing NFC via fear of invalidity 

might help teams perform better under pressure by reducing the number of mistakes made 

during team performance. The quantitative results showed that there was no effect of fear 

of invalidity or checklists on team performance under pressure. I found a marginally 

significant positive relationship between the expert’s dispositional NFC on the number of 

strikes made, where an increase in an expert’s NFC increases the likelihood of making a 

mistake. However, there was very little variability in both role’s NFC score, making it hard 

to interpret and generalize this finding.  

The findings from the qualitative data analysis revealed differences in team 

interactions and problem-solving approaches under pressure between high and low 

performing teams. High performing teams remained calm and read through and 

communicated the instructions in a clear and concise manner. Low performing teams made 

careless mistakes and showed a shallow understanding of the modules and the information 

necessary to communicate. The qualitative analysis highlighted and related behaviors that 
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indicate elevated levels of NFC. These findings suggest that analyzing these behaviors can 

possibly corroborate and expand the self-reported measurements of NFC.  

Experiment 1 showed that checklists reduced the influence of dispositional NFC 

leading to better performance.  However, Experiment 2 showed that there was no effect of 

checklists or fear of invalidity on reducing the effects of NFC and team performance. These 

results only apply to the checklist that was designed for these experiments. Together, these 

findings showed that more research needs to be conducted to see if and how checklists can 

potentially reduce the influence of NFC. 

LIMITATIONS AND FUTURE DIRECTIONS 

Keep Talking and Nobody Explodes (Steel Crate Games, 2015) is a dynamic and 

interactive game that simulates a high-pressure environment where participants must work 

together to solve problems. Given that there are different ways to manipulate different 

aspects of KTaNE (e.g. change time to solve, number of strikes, number of modules, and 

types of modules), more testing needs to be done to figure out how to create a mode where 

it allows for variability in performance and increased statistical power. For example, in 

Experiment 1, we used the campaign mode. In this mode, a team could play the same bomb 

but have different modules appear each time. This reduced our statistical power because 

different teams could have experienced different modules. To increase power, Experiment 

2 was designed where the same three modules were presented to each team 12 times, which 

includes the practice round. One problem with this approach is that there was a ceiling 

effect for these three modules. In all, KTaNE has the potential to be a powerful 

experimental test of teamwork; however, more piloting of different designs is needed. 
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A limitation of the experiments is that we only used surveys to assess a person’s 

dispositional NFC. Self-reports of NFC are susceptible to validity problems. For example, 

response bias, such as socially desirable responding, acquiescent responding, and extreme 

responding, could negatively affect the validity of the self-report as a measure (Moskowitz 

1986; Paulhus, 1991; Paulhus & Vazire, 2007). Similarly, it was hard to control for the 

NFC of participants. This requires a lot of pre-testing of NFC and scheduling participants 

based on NFC. To fix this problem, I could have run larger groups of participants (e.g., 

groups of 30) and separated them using the NFC scale. However, it was difficult to do so 

because I was restricted by time, participation rate, computers, and research assistants.   

Another limitation is that I could not measure if a situational NFC was induced for 

each team. NFC is limited to only self-reported surveys. My findings from the qualitative 

data analysis showed that it is possible that NFC manifests as non-verbal or verbal 

behavior. Observing and scoring behaviors during gameplay could assist and corroborate 

the measures from the NFC questionnaire. In Experiment 2, I recorded the verbal 

interactions between teammates and the gameplay from the defuser’s perspective. One 

limitation is that we did not have a video recording of each teams’ behaviors during the 

experiment. Non-verbal behaviors include tone of voice, body language, or facial 

expressions. These behaviors can communicate attraction and perceptions of power and 

dominance which can increase persuasiveness and the intentional act to influence another’s 

behavior (Burgoon, Dunbar, & Segin, 2002). Persuasiveness and changing other’s behavior 

relate to the effect of NFC on team dynamics (e.g. persuasion and group-centrism; 

Kruglanski et al., 1993; Kruglanski et al., 2006). 

 Furthermore, overserving and measuring behavior and relating it to the self-report 

can provide insight into the relationship between dispositional and situational NFC. 
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Understanding this relationship would advance our knowledge of NFC because it might 

show that the effect of situational NFC could affect people with varying levels of 

dispositional NFC differently. Future studies on NFC should investigate what verbal and 

non-verbal behaviors are associated with seizing and freezing. These studies should also 

outline procedures in how to score the behaviors of NFC to create a more objective measure 

of NFC. 

Another limitation of this study is that I used a checklist specifically for this game. 

Thus, I cannot generalize my findings to checklists that are used in the real world. Creating 

a checklist requires testing out the effectiveness of different items. One way to do this is 

by asking participants which items they felt were the most helpful. Additionally, I could 

create modules or situations that emulate real-world problems. For example, creating a 

module where the teams must solve it based on rapidly changing information – this could 

simulate situations that doctors and nurses encounter in the ER. This way I can use real-

world checklists and test the effectiveness of them within Keep Talking and Nobody 

Explodes.  

One important limitation for both experiments was the study population. Teams 

were composed of undergraduate students from an introductory psychology course and 

undergraduate students from other departments at UT Austin. It is unlikely that the naïve 

teams in this study possess the necessary teamwork skills or experience, making it difficult 

to generalize our findings to expert, real-world teams. I believe that using these designs 

with real-world teams that use checklists can provide insight into how expert teams 

understand and communicate unshared information while performing under pressure. 

Further, I believe that comparing naïve teams to expert teams can also highlight different 

behaviors related to NFC that affect team performance.  
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Another barrier to generalizing our findings to larger teams is that we used teams 

of two or three in Experiment 1 and only teams of two in Experiment 2. Findings from Mao 

et al. (2016) showed a positive relationship between team size, collaboration, and team 

performance. The authors also showed that as team size increased, individual in teams 

exerted less effort than independent workers. These findings suggest that team behaviors 

and performance depend on the size of the team. Studies on team size and communication 

on team effectiveness showed a difference in performance between two- and three-person 

teams (Fincannon, Evans, Phillips, Jentsch, & Keebler, 2009; Fincannon, Keebler, Jentsch, 

Phillips, & Evans, 2011).  

We did not find a difference in performance between two- and three-person teams; 

however, team size could have been a factor that influences how teams communicated and 

solved the modules on each bomb. To test the effect of team size on team performance 

under pressure, future studies can have different sized teams play together to see how teams 

manage roles, communicate information, and make decisions. 

CONCLUDING REMARKS 

In summary, the purpose of this dissertation was to understand how high-pressure 

situations and uncertainty influence teamwork, communication, and team performance. I 

tested the effects of the experimental checklist on reducing the influence of NFC while 

teams perform under pressure. Furthermore, I used a dynamic video game that simulated 

high-pressure situations and demonstrated that it can be an effective tool to study, train, 

and test teams who work under pressure. The goal of the research in this dissertation was 

to connect the theory need for closure and research on checklists.  
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The present work enriches the literature on NFC, teamwork, and checklists by 

taking a mixed methods approach to understanding team dynamics under pressure. The 

quantitative findings showed that the experimental checklist may play a role in reducing 

the negative effects of NFC on team performance under pressure. The qualitative findings 

expanded upon the literature by revealing behaviors that relate to NFC which affected team 

performance under pressure. Together, these results provide more insight into the 

relationship between the checklist and the behaviors related to NFC that manifest from 

working under pressure.  
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Appendices 

APPENDIX A 

Keep Talking and Nobody Explodes Bomb Defusal Manual 
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APPENDIX B 

Checklist for Experiment 1 

Checklist Instructions: Before each bomb, the person with the checklist will go over and 

verbally announce the prompts below. Please do not move onto the next prompt until you 

have heard a response.   

o Does anyone want to switch roles? 

o What is the current bomb’s name? 

o What is the current bomb’s description? 

o How much time until explosion for this bomb? 

o How many modules are on this bomb? 

o How many strikes are on this bomb? 

o Did the experts prepare and organize bomb manual? 

o Do the experts have scratch paper and a pen ready? 

o Did the experts review the instructions of the module that you missed? 

o Is everyone ready to start the bomb? 

o Defuser announces when they started the bomb. 

Team Need for Closure Scale (Adapted from De Dreu, 2003) 

Instructions: Read each of the following statements and decide how much you think your 

team engaged in each behavior. Please respond according to the scale provided. Please use 

the following scale: 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often, 5 = Always. 

1. The team tried to take into consideration all possible perspectives during gameplay. 

2. The team tried to make judgments and decisions as thoroughly as possible. 

3. The team though deeply before making a decision.  
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The Brief Need for Closure Scale (Roets & Van Hiel, 2011) 

Instructions: Read each of the following statements and decide how much you agree with 

each according to your beliefs and experiences. Please respond according to the scale 

provided. Please rate how much you agree with agree or disagree with the statement using 

the following scale: 1 = Strongly Disagree, 2 = Moderately Disagree, 3 = Slightly Disagree, 

4 = Slight Agree, 5 = Moderately Agree, 6 = Strongly Agree.  

1. I find that a well-ordered life with regular hours suits my temperament. 

2. I find that establishing a consistent routine enables me to enjoy life more. 

3. I enjoy having a clear and structured mode of life. 

4. I don't like to go into a situation without knowing what I can expect from it. 

5. I don't like to be with people who are capable of unexpected actions. 

6. I dislike unpredictable situations. 

7. When I have made a decision, I feel relieved 

8. When I am confronted with a problem, I’m dying to reach a solution very quickly. 

9. I would quickly become impatient and irritated if I would not find a solution to a 

problem immediately. 

10. I don't like situations that are uncertain. 

11. I feel uncomfortable when I don't understand the reason why an event occurred in 

my life. 

12. I dislike it when a person's statement could mean many different things. 

13. I dislike questions which could be answered in many different ways. 

14. I feel irritated when one person disagrees with what everyone else in a group 

believes. 

15. I do not usually consult many different opinions before forming my own view. 
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Conflict Questionnaire 

Relationship conflict (adapted from Jehn, 1995) 

1. How much friction is there among members in your team? 

2. How much are personality conflicts evident in your team? 

3. How much tension is there among members in your team? 

4. How much emotional conflict is there among members in your team? 

Task conflict (adapted from Jehn, 1995) 

1. How often do people in your team disagree about opinions regarding the work 

being done? 

2. How often are there conflicts about ideas in your team? 

3. How often are there differences of opinion in your team? 

4. How often are there disagreements within your team about the task you are 

working on? 

Process conflict (adapted from Jehn, 1997) 

1. How often are there disagreements about resource allocation in your team? 

2. How often is there conflict in your team about task responsibilities? 

3. How often are there disagreements about the way to complete a certain task? 

4. How often are there disagreements about who should do what in your team? 

Temporal conflict (adapted from Yang, 2009) 

1. To what extent do team members disagree about time allocation in your work 

team (how much time to spend on tasks)? 
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2. To what extent is there conflict about how you should pace task activities in your 

team? 

3. To what extent are there disagreements about how long to spend on specific tasks 

in your team? 

The Relationship and Task-oriented Leadership Questionnaire 

Relationship-Oriented Leadership 

This person...(1=Rarely; 2=Sometimes; 3=Most of the times) 

1. Took into account others needs 

2. Solved relationship issues in the group 

3. Managed relationships both within groups and with stakeholders 

Task-Oriented Leadership 

This person... (1=Rarely; 2=Sometimes; 3=Most of the times) 

1. Set goals for the project 

2. Delegates tasks and allocates resources 

3. Provided Structure 

4. Steered the team 

Affect and Cognition-based Trust Scale (McAllister, 1995) 

Affect-based trust 

1. Our team have a sharing relationship. We can both freely share our ideas, feelings, 

and hopes.  

2. I can talk freely to my team about difficulties I am having at work and know that 

they will want to listen.  
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3. Our team would both feel a sense of loss if one of us was transferred and we could 

no longer work together. 

4. If I shared my problems with my team, I know they would respond constructively 

and caringly.  

5. I would have to say that our team have both made considerable emotional 

investments in our working relationship.  

Cognition-based trust 

1. Our team approaches our job with professionalism and dedication.  

2. Given our team’s track record, I see no reason to doubt our competence and 

preparation for the job.  

3. I can rely on this team not to make my job more difficult by careless work.  

4. Most people, even those who aren't close friends of this individual, trust and respect 

the members of our team.  

5. Other people who must interact with our team consider us to be trustworthy. 

6. If people knew more about our team’s background, they would be more concerned 

and monitor our performance more closely.* reverse 

Ten-Item Personality Inventory (Gosling et al., 2003) 

Here are a number of personality traits that may or may not apply to you. Please 

write a number next to each statement to indicate the extent to which you agree or disagree 

with that statement. You should rate the extent to which the pair of traits applies to you, 

even if one characteristic applies more strongly than the other. 

1 = Disagree strongly 

2 = Disagree moderately 
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3 = Disagree a little 

4 = Neither agree nor disagree 

5 = Agree a little 

6 = Agree moderately 

7 = Agree strongly 

I see myself as: 

1. _____ Extraverted, enthusiastic. 

2. _____ Critical, quarrelsome. 

3. _____ Dependable, self-disciplined. 

4. _____ Anxious, easily upset. 

5. _____ Open to new experiences, complex. 

6. _____ Reserved, quiet. 

7. _____ Sympathetic, warm. 

8. _____ Disorganized, careless. 

9. _____ Calm, emotionally stable. 

10. _____ Conventional, uncreative. 
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APPENDIX C 

Instruction for high fear of invalidity 

“This game is used to assess and measure teamwork and performance between two 

people. This game has been found to be a valid method of identifying how well two people 

can work together, especially under pressure. This game has also been found to predict the 

success of an individual in a team setting. It has been used by medical teams, firefighters, 

police officers, and hostage negotiators to remove people or replace people who do not 

work well in a team. Predicting the ability to work in a team is of considerable importance, 

and it is useful to know the extent to which a person possesses it. To determine their ability 

to work in teams, your judgments would be compared with those rendered by professional 

psychologists and real-world teams. I (the experimenter) will observe your gameplay, take 

notes, and assess your teamwork and problem-solving ability throughout the experiment. 

At the end of the experiment, we will tell you how you performed in comparison to other 

teams.” 

Instructions for low fear of invalidity 

“We are trying to see if this game can be used as a valid way of measuring and 

assessing teamwork. Currently, our experiment is in an early stage and we are testing this 

and other games the involve teamwork. Right now, we do not know if this is a valid test of 

teamwork. For this experiment, we are attempting the effects of teamwork and problem-

solving of teams without experience with teamwork problem-solving under pressure. I (the 

experimenter) will observe your gameplay to not evaluate your performance. I am here to 

learn how to solve the problems and assess the game as a tool for measuring teamwork. At 

the end of the experiment, we will ask you what strategies they found the most effective.” 
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Checklist for Experiment 2 

1. How much time until explosion? 

2. How many modules are on this bomb? 

3. How many strikes are on this bomb? 

4. Did the experts prepare and organize the bomb manual? 

5. Did the experts review the instructions of the module that you missed? 

6. Do we want to meet for 1 minute? 

7. Is everyone ready to start the bomb? 

8. Defuser please announce when you start the bomb 

Modified Personal Fear of Invalidity (Thompson et al., 2001) 

Instructions: Read each of the following statements and decide how much you agree with 

each according to your beliefs and experiences. Please respond according to the scale 

provided. Please rate how much you agree with agree or disagree with the statement using 

the following scale: 1 = Strongly Disagree, 2 = Moderately Disagree, 3 = Slightly Disagree, 

4 = Slight Agree, 5 = Moderately Agree, 6 = Strongly Agree.  

1. I may have struggled with a few decisions during gameplay but not very often.* 

2. I did not put off making important decisions when playing the game.* 

3. Sometimes I became impatient over my indecisiveness. 

4. Sometimes I see so many options to a situation that is really confusing. 

5. I was reluctant to commit myself to something because of the possibility that I am 

wrong. 

6. I tended to struggle with most decisions today. 

7. Even after making an important decision I continued to think about the pros and 

cons to make sure that I am not wrong. 
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8. Regardless of whether others see an event as positive or negative I did not mind 

committing myself to it.* 

9. I preferred situations where I do not have to decide immediately. 

10. I rarely doubted that the course of action I have selected will be correct.* 

11. I tended to continue to evaluate recently made decisions. 

12. I wish I did not worry so much about making errors when playing. 

13. Decisions rarely weighed heavily on my shoulders.* 

14. I found myself reluctant to commit to new ideas but find little comfort in remaining 

with the tried and true.  

Gameplay Questionnaire 

1. Have you ever played Keep Talking and Nobody Explodes before? 

2. Did you enjoy playing Keep Talking and Nobody Explodes? 

3. How motivated were you to read your goal in Keep Talking and Nobody Explodes? 

4. How difficult was Keep Talking and Nobody Explodes? 

5. How often do you play video games? 

6. How stressful was Keep Talking and Nobody Explodes? 

7. Check all that apply. Which parts of Keep Talking and Nobody Explodes stressed 

me out? 

a. The directions 

b. Communicating instructions 

c. Communicating strategies 

d. The countdown beep 

e. The music 
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f. The time pressure 

g. The number of modules 

8. Please rank the difficulty of the wires module. 

9. Please rank the difficulty of the button module. 

10. Please rank the difficulty of the symbols module. 

11. Please rank the difficulty of the Simon says module. 

Demographics 

1. What your age? 

2. What is your gender? 

3. Are you a native English speaker? 
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