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ABSTRACT 

 This study investigated the prediction of change in perceptions of decision 

making under stress (DMUS) using measures of personal fear of invalidity, stress, an 

initial assessment of decision making under stress, and a performance feedback metric.  

Subjects in this study were participants in a flight operations center simulator, where a 

team of individuals works together to operate a virtual airline while handling various 

routine and non-routine issues.  An assessment of change in DMUS indicated participants 

in the simulator training reported increased perceptions of their ability to make decisions 

under stress after experiencing three flight operations simulations.  A test of the model 

predicting DMUS indicated the only significant predictor of this variable was the initial 

(pre) assessment of DMUS.  Future research should explore other performance-related 

and individual difference variables that may predict decision making under stress, a skill 

that is critically important to high-stress and high-pressure work environments.  
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CHAPTER I 

INTRODUCTION & LITERATURE REVIEW 

When describing decision making in naturalistic work environments, Orasanu and 

Connolly note that ill-defined problems, ambiguous environmental circumstances, time 

pressure, high-risk situations, and obscure or conflicting goals are some defining 

characteristics (as cited in Cannon-Bowers & Salas, 1998).  A closer look enables a 

connection between these characteristics and flight operations centers, also known as 

command and control centers, or operational control centers.  These work settings bring 

together professionals specialized in various aviation disciplines to collectively manage 

safe and productive airline operations.  With the ultimate goal of ensuring patrons arrive 

at their final destination safely, airlines must balance this goal with competing goals of 

productivity and efficiency (Ball et al., 2010).  Managing this balance often involves 

pressure: pressure to release flights on time, pressure to ensure flights operate in 

accordance with federal aviation regulations, pressure to solve unexpected problems in a 

timely manner, and pressure to make the most efficient yet safe decisions.  Given that 

error in this industry can have harmful and even fatal results (Cannon-Bowers, Salas, & 

Converse, 1993), being able to make decisions under stress is a relevant and warranted 

ability for individuals in this environment.  

 The goal of the current study is to examine potential factors that influence 

individuals’ perceptions of their ability to make decisions under stress.  Students in a 

high-fidelity flight operations center simulator made judgements of their ability to make 

decisions under stress both prior to and after experiencing three simulations.  They 
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received feedback on their teams’ performance after each simulation. Self-reported levels 

of stress, personal fear of invalidity, and performance feedback were analyzed for their 

ability to predict change in perceptions of decision making under stress across the 

semester.  The results of this study can provide insight into what factors can either 

promote or obstruct the development of efficacy in a skill thought to be critical for 

positions in the aviation industry.  Furthermore, this study has implications for how 

simulation training impacts individuals’ perceived levels of efficacy in terms of their 

ability to make effective decisions in stressful work environments.  

To follow is a discussion of research and theory related to the variables of interest 

for this study, which provides the necessary background information to support the 

proposed hypotheses.  Then, the flight operations center simulator is described, along 

with the method and analyses used to test the hypotheses and research questions.  Finally, 

the results of the analyses are reported, followed by a discussion of the findings, 

limitations of the study, and areas for future research. 

Stress and Decision Making 

Rational-actor decision making models describe the decision-maker as a rational, 

intelligent being that will weigh the value of each available alternative to arrive at a 

decision that maximizes the probability of success.  This approach to decision making is 

often noted as ill-suited for natural settings where the ability to systematically evaluate 

possible alternatives is not possible, and where high cognitive loads, limited cognitive 

capacities, and pressing environmental circumstances prevent the use of normative 

techniques (Cannon-Bowers, Salas, & Pruitt, 1996; Janis, 1989; Klein, 2008; March, 
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1988). Indeed, research has suggested that traditional decision-making strategies become 

less adaptive under high stress (Payne, Bettman, & Johnson, 1986), which has direct 

implications for high-stress work environments.  For example, in a naval command and 

control task, participants using a typically maladaptive approach to decision making (i.e., 

according to normative decision strategies) made less misidentifications of naval ships 

than those using an adaptive approach (Johnston, Driskell, & Salas, 1997).  Contrary to 

expectations of normative models, nonsystematic scanning, narrow attentional breadths, 

and a faster, overly-simplistic approach improved performance in a familiar task that 

included high stress, ambiguity, and high cost of failure.  However, most research has 

demonstrated negative effects of stress on decision making; for example, one study that 

analyzed the complexity of conversations between foreign policy leaders while making 

decisions in wartime found that one Navy Chief-of-Staff displayed significant 

simplification in terms of the number of characteristics and dimensions considered when 

making decisions compared to two other foreign policy leaders (Levi & Tetlock, 1980).  

If a decision requires consideration of multiple pieces of information, failing to 

acknowledge all relevant parts could be detrimental to the outcome (Keinan, 1987).  

 While stress has been shown to impact decision processes, it may not function the 

same across individuals.  Edwards, Franco-Watkins, Cullen, Howell, and Acuff (2014) 

discovered that only after implementing a strong stress manipulation did individual 

differences in reactions to stress become less impactful.  In this scenario, individual 

differences in response to stress were less able to impact performance due to the strength 

of the stressor.  This implies that under low to medium stress levels, individuals vary in 
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their response to stress.  This idea is supported by research studies that have examined the 

relationship between individual differences and stress (e.g., Brace & Hein, 2011; Byrne, 

Silasi-Mansat, & Worthy, 2015; Phillips, Fletcher, Marks, & Hine, 2015; Svensson, 

Lindoff, & Sutton, 2008).  Therefore, in order to understand decision making in stressful 

environments, acknowledging individuals’ differential capacities to handle stress will be 

important.  

Self-Efficacy and Performance 

 According to Albert Bandura, “an efficacy expectation is the conviction that one 

can successfully execute the behaviors required to produce the outcome” (1997).  Self-

efficacy applied in this context may be described as the internal belief that one can make 

effective decisions under stress. This internal belief is thought to influence both cognitive 

appraisals of the self and external behaviors in terms of performance and effort when 

faced with stress (Bandura, 1977).  In his theory of behavioral change, Bandura explains 

four sources of information that influence efficacy expectations: performance 

accomplishments, vicarious experience, verbal persuasion, and physiological state 

(1977).  Evaluated in the context of a flight operations center simulator, three of these 

sources are thought to provide insight into the prediction of individuals’ perceptions of 

their ability to make decisions under stress: performance accomplishments, vicarious 

experience, and physiological state. 

 First, personal success or failure is thought to have a direct influence on the 

development of self-efficacy. Successful performance is likely to increase mastery 

expectations, while failures are likely to decrease them. The timing and collective pattern 
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of successes and failures, however, will determine the final impact of performance on 

efficacy beliefs. Intermittent failure is not expected to overthrow efficacy beliefs if the 

general pattern of behavior experienced is success, though failure in the beginning of the 

development of efficacy may be particularly harmful. The relationship between self-

efficacy and performance is well established (e.g., Stajkovic & Luthans, 1998), and 

research has shown that performance feedback (Daniels & Larson, 2001) and training 

(Davis, Fedor, Parsons, & Herold, 2000; Earley, 1994) can have a direct effect on 

efficacy beliefs.  

A second influence on efficacy beliefs, though thought to be less powerful than 

personal experience, is the effect of others’ experiences.  While this source of 

information is primarily relevant in a clinical context where modeling of another person’s 

behavior can help one overcome a fear, this acknowledges the role of social influences on 

individuals’ efficacy beliefs. Indeed, researchers have found that team-level constructs 

can influence individual level outcomes (e.g., Han & Williams, 2008), and particularly 

relevant here is a study that measured efficacy beliefs at both the individual and team 

level (Chen, Thomas, & Wallace, 2005).  The researchers found that efficacy beliefs for 

performing a simulated flight task were similar across individuals and teams.  These 

findings are highly relevant for work teams that must collaborate to achieve goals.  

 Finally, the third source of information thought to offer insight for the 

development of efficacy beliefs is emotional arousal (i.e., physiological state).  As 

mentioned previously, high-stress situations may elicit high levels of emotional arousal 

that can be detrimental to performance. Bandura notes, “individuals are more likely to 
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expect success when they are not beset by aversive arousal than if they are tense and 

viscerally agitated” (1977, p. 198). In high-stress work environments, this could elicit 

different efficacy beliefs for individuals uniquely susceptible to this kind of arousal 

compared to those who experience less emotional stimulation.  

Efficacy-Performance Spirals 

 Evaluation of change implies the assumption that over time, something might 

happen to inflict such change.  When considering change in efficacy beliefs across time, 

it will be important to recognize those factors that may impart change.  Lindsley, Brass, 

and Thomas (1995) recognize various factors that can contribute to the complex pattern 

of relationships between efficacy and performance in their discussion of efficacy-

performance spirals. These authors propose that deviation in one variable, such as self-

efficacy, can result in a similar deviation in another variable, such as performance. When 

this cycle continues, it is known as a deviation-amplifying loop (Masuch, 1985). 

Downward or upward efficacy-performance spirals then, are a result of similar patterns in 

these variables that amplify over time. Alternatively, a self-correcting cycle refers to a 

pattern whereby deviation in one variable does not match the other, or “when a decrease 

in performance and self-efficacy is followed by an increase in performance or self-

efficacy (or vice versa)” (Lindsley et al., 2005, p. 650).   

While Lindsley and colleagues observe that this relationship has been studied 

primarily at the individual level, they believe it can also function at group and 

organization levels.  They define collective efficacy as “the group’s (or organization’s) 

collective belief that it can successfully perform a specific task,” which may increase or 
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decrease depending on various factors, including task performance (1995, p. 648).  The 

authors note that cognitive appraisal of positive or negative outcomes can confirm 

behavioral expectations, and affect future performance. This relationship is especially 

relevant for the study of group behavior in the context of task simulations, where 

performance during one simulation may affect the group’s belief that they can 

successfully perform during the next simulation (i.e., collective efficacy), affecting future 

performance. 

Lindsley et al. are careful to recognize the complexity of these cycles as they 

discuss multiple influences on the course and pattern of efficacy-performance spirals. 

When evaluated in tandem with Bandura’s behavior change theory, these two theories 

offer valuable insight for the formulation of hypotheses for predicting decision making 

efficacy beliefs over time.  

Link Between Behavior Change Theory and Efficacy-Performance Spirals 

 Just as Bandura (1997) noted that task experience, vicarious experience, and 

emotional arousal can influence efficacy expectations, Lindsley et al. (1995) describe 

how these factors affect efficacy-performance spirals. They suggested that after 

performing the task, the reception of detailed feedback on performance will determine the 

direction and/or occurrence of subsequent performance spirals.  Feedback then, serves to 

determine efficacy-performance spirals similar to the way success or failure can 

determine efficacy expectations. Both feedback and task performance have been 

demonstrated to be related to self-efficacy beliefs (Davis et al., 2000; Early, 1994; Shea 

& Howell, 2000).  
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Another link involves emotional arousal. Based on Bandura’s theory, Lindsley 

and colleagues suggest that spirals will be more likely to occur when arousal exceeds 

typical levels. They propose decreased sensitivity to feedback, failure to process complex 

information, and failure to adapt strategies for performance as a result of emotional 

arousal will induce downward efficacy-performance spirals. Underlying stress or worry 

are self-preoccupying thoughts which remove an individual’s focus on the task at hand 

and onto task-irrelevant items such as self-doubt, fear of failure, and concern for peer 

judgment.  Such thoughts serve to interfere with the mental processes and behaviors 

required to successfully perform a task (Sarason, 1982; Sarason, Sarason, Keefe, Hayes, 

& Shearin, 1986).  Based on these theories and past research on the effects of stress, we 

prose the following hypothesis: 

Hypothesis 1: Higher reported levels of stress during the simulations will predict 

lower self-perceptions of the ability to make decisions under stress.  

Finally, Lindsley and colleagues make a connection between Bandura’s notion of 

vicarious experience and efficacy-performance spirals by acknowledging that collective 

efficacy is developed from group-level evaluation.  The behavior of the group is 

observed, and subsequently influences efficacy beliefs.  It may be thought that individual 

efficacy beliefs are likely to be influenced by the group’s overall efficacy expectations.  

This idea has implications for how team-level constructs can manipulate individual level 

constructs.  Chen et al. found evidence for the relationship between team- and individual-

level processes when they found individual and team empowerment were positively 

related (2007).  Further, individual empowerment served to increase individual 
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performance, subsequently enhancing team performance.  Evidence of the cross-

fertilization of influences among individuals and teams is relevant for this study since we 

evaluate perceptions of individuals that are nested within teams.  More specifically, team 

performance feedback may be expected to influence individual level constructs; 

therefore, a multilevel modeling approach is explored to handle the nested data. 

Distal Hypothesis and Research Question 

 A construct that may be thought to contrast the belief that one can make effective 

decisions under stress is personal fear of invalidity (PFI).  PFI is the concern for making a 

mistake in the face of a decision (Thompson, Naccarato, Parker, & Moskowitz, 2001).  

Thompson et al. comment that individuals high in PFI may ruminate on which course of 

action to take and be less inclined to quickly arrive at a solution (2001).  In this case, their 

decision performance on naturalistic tasks that require quick responses under ambiguous 

circumstances may suffer.  In line with this, Brace discovered that individuals who rated 

themselves as high in PFI also reported less effective decision-making behaviors (2011). 

A potentially harmful consequence of this characteristic is the attitude of ambivalence 

(i.e., indecision when faced with competing options; Thompson & Zanna, 1995).  Thus, 

individuals with a greater concern for committing an error may not be equipped to handle 

decision situations with intense time pressure, dynamic environments, and ill-defined 

problems.  

Hypothesis 2: Individuals high in personal fear of invalidity will predict lower self-

perceptions of the ability to make decisions under stress.  
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 Our research question involves the influence of the variables in the developed 

model. The current study utilized self-perception ratings and performance feedback 

ratings gathered across a three-month period. The individuals within the flight dispatch 

teams worked together in three flight operations center simulations. In the context of this 

study, it is likely that team performance fluctuated from one simulation to another.  

Similarly, individuals may feel their stress levels are elevated during the first simulation 

compared to the second or third simulations.  However, since the number and difficulty 

of problems that the students in the simulations must solve increase from the first 

simulation to the third, stress levels may increase in a sequential fashion. Considering the 

potential fluctuations in these variables across the semester, the influence of stress, 

performance feedback, and personal fear of invalidity on change in decision making 

perceptions across the semester cannot be foreseen.  See Figure 1 below for a model 

predicting change in decision making under stress. A pre-test assessment of decision 

making under stress is included as a predictor to account for change in this construct. 

Research Question 1: How will various levels of each predictor influence change in 

self-perceptions of the ability to make decisions under stress?  

 

 

 

 

Figure 1. Research Question 1. Hypothesized model for predicting change in decision 

making under stress.  
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CHAPTER II 

METHOD 

Participants 

 The participants of this study consisted of individuals participating in an 

aerospace capstone lab course. Undergraduate seniors enrolled in this course participate 

in three flight operations center simulations across the semester, where they work 

together in teams to operate a virtual airline. The lab has developed an ongoing research 

project intended to explore various individual and team-related attitudes, actions, and 

experiences that result from participation in the simulations. At the start of each semester, 

students are provided with an online informed consent document that details the purpose 

of the research and asks for their participation in multiple data collection sessions. It is 

during the post-training and post-simulation questionnaires that the measures detailed 

below are administered to students.  The following analyses used data collected from a 

total of 117 students that participated in the capstone lab during the Spring and Fall of 

2017.  These students comprised 12 teams; there were nine teams with 10 individuals and 

three teams with nine individuals.   

Experimental Setting 

 Aerospace Capstone Lab.  Participants in the capstone lab are senior 

undergraduate aerospace students.  At the beginning of the semester, all students 

complete onboarding and are introduced to “Universal E-lines” at the same time.  

Universal E-lines is the mock-employer for these students for the entire semester, 

designed by lab administrators to increase the fidelity of the airline simulation. After 
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onboarding, the students are separated into teams consisting of approximately 10 students 

each.  Team assignment is guided by students’ aviation concentration in order for each 

unit to have a diverse and balanced skill-set.  The concentrations include: aviation 

management, dispatch, maintenance management, professional pilot, technology, and 

unmanned aircraft operations.  

Students within each team are designated to one of ten positions and are tasked 

with specific responsibilities and duties linked to the collective operation of the airline. 

Team size, however, can vary depending on the number of students enrolled in the 

capstone lab. The ten positions include: flight operations coordinator, weather specialist, 

flight operations data 1 (i.e., scheduling), flight operations data 2 (i.e., weight and 

balance), crew scheduling specialist, hub coordinator, maintenance specialist, ramp 

tower, and CRJ pilot 1 and 2 (See Figures 2 and 3).  Position assignment remains stable 

across simulations, with the exception of pilots operating the CRJ-200 flight simulator.  

For some teams, each pilot acts as the Hub Coordinator for their team during one 

simulation.    
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Figure 2.  Simulation Lab Layout. Graphic of the capstone lab layout including the 

location of the ten positions. The positions in boxes work in separate locations for fidelity 

purposes. 

 

 

Figure 3.  Capstone Lab Graphic. This figure displays seven of the positions in the 

capstone lab. Ramp tower and the pilots are not pictured. Ramp tower is located in a 
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room adjacent to the lab, while the pilots are located in a separate building at the location 

of the flight simulator.  

 

Flight Operations Center Simulator.  During each three-hour simulation, 

students in their unique positions work together to dispatch flights for the airline safely 

and effectively.  This requires frequent communication between the positions to ensure 

each factor that influences a flight is accounted for and complies with Federal Aviation 

Administration regulations (e.g., proper fuel load, adequate weather conditions, 

maintenance issues fixed).  Throughout this process, the students are required to make 

both routine and non-routine decisions that affect 1) individual performance as rated by a 

trained evaluator and subject matter expert and 2) team performance as rated by a group 

of trained evaluators and indicated through various financial performance metrics.  The 

tasks that remain constant throughout each simulation, requiring little problem solving as 

a result of their familiarity, are thought of as routine decisions.  In contrast, each team is 

also presented with “triggers”, or unexpected, non-routine situations or problems that 

must be handled to return to normal operations and ensure safety.  Some examples of 

triggers include on- and off-flight emergencies such as a passenger peanut allergy 

reaction, plane equipment malfunctions, and airport security issues.  Since new triggers 

are presented during each simulation, they often require creative solutions and necessitate 

communication, teamwork, and adaptability.  While the triggers are new to the teams, 

they are standardized so that each team experiences the same difficulty level during each 

simulation. 
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A week after each simulation, teams participate in an after action review where 

they are debriefed on their performance in the previous simulation. Positive and negative 

outcomes of their performance are discussed, and the team identifies specific behaviors 

that can be attributed to the outcomes. Goals are formed through action plans that are 

designed to help the team improve their performance in the upcoming simulation.  

The Product of Stress.  Due to the gravity of the consequences if standard 

operating procedures are not followed, the uncertainty of tasks, time pressure, and 

complexity of the operations, working in airline operations proves to be a stressful work 

environment.  Safety is the number one priority for airlines, leaving great responsibility 

on the individuals who can impact passengers’ and crew members’ safety on a daily 

basis.  Recognizing the impact of stressors (e.g., emergency situations, heavy workload) 

on human performance, aviation training devotes time to education on the harmful effects 

of stress and provides techniques to avoid human error as a result of such stress (e.g., 

Crew Resource Management; Helmreich, Merritt, Wilhelm, 1999).   

Since high-risk situations, intense workloads, and time pressure are a reality of 

this industry, the capstone lab strives to obtain a high level of fidelity each year to 

facilitate a real-world experience for the students. As a result, the researchers in the lab 

are privy to the impact of these stressors on the students.  While no formal stress metric 

has been used in the past, it is hypothesized that the students will indicate feelings of 

stress during the simulation.  This idea is based on personal anecdotes from students in 

the after-action review meetings, observations of the students’ interactions with one 

another during the simulations, and the constant call for more training in the end-of-year 
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lab evaluation survey. This finding will contribute to the ability to examine decision 

making in a natural context under stressful conditions. 

Data Collection Sequence. This study will utilize archival data from three 

measures distributed to students in the capstone lab and one team-level metric. The 

Personal Fear of Invalidity scale (PFI) and the Decision Making Under Stress (DMUS) 

scale (selected items from the Leadership Behavior Description Questionnaire; LBDQ) 

are administered to students after they have completed the individual training session for 

their position in the capstone lab, and thus, before the first flight operations simulation. 

The Decision Making Under Stress scale is administered again after the completion of all 

three simulations. A four-item stress scale is administered to the students after they have 

completed the after action review in the week following each simulation; thus, it is given 

three separate times.  All measures are administered to students via Qualtrics survey 

platform and are taken in a university computer lab. The final metric used in the analyses 

includes delay loss, which is a team-level financial performance metric that is calculated 

during each of the three simulations and provided to teams during their after action 

review following the simulation.  

Measures 

Personal Fear of Invalidity. Personal fear of invalidity, or the fear of making a 

mistake in the face of a decision, was assessed using the 14-item Personal Fear of 

Invalidity scale (Thompson et al., 2001).  Thompson et al. found a Chronbach’s alpha of 

.88 on the final version of the scale, with item-total correlations between .44 and .72 

(2001).  The authors also found the PFI scale to be correlated with distally related 
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constructs including the personal need for structure (r = .24), authoritarianism (r = .22), 

depression (r = .47), and self-consciousness (r = .64; Thompson et al., 2001).  The PFI 

scale has proven to be a reliable measure, with Cronbach’s alpha reaching .75 to .84 

(Blais, Thompson, & Baranski, 2005; Brace, 2011; Clarkson, Valente, Leone, & 

Tormala, 2013; Clow & Esses, 2005; Rietzschel, De Dreu, & Nijstad, 2007; Thompson & 

Zanna, 1995).  Response options fell along a 6-point Likert scale (1 = strongly disagree, 

6 = strongly agree).  Individuals high in PFI are more ambivalent when making decisions 

for fear of being wrong (e.g., “I wish I did not worry so much about making errors”), 

while individuals low in PFI are less ambivalent in their decisions (e.g., “Decisions rarely 

weigh heavily on my shoulders”).  This scale was administered once after students 

completed training for their position. See Appendix A for the scale items. 

Decision Making Under Stress Scale.  In a study that sought to examine 

leadership effectiveness and decision making, a 14-item scale was developed from the 

Leadership Behavior Description Questionnaire – Form XII, (LBDQ; Stogdill, 1963) to 

assess decision-making under stress (DMUS; Brace, 2011).  The author selected items 

from the LBDQ that related specifically to decision making.  Sample items include, “I 

anticipate problems and plans for them,” and, “I take full charge when emergencies 

arise.”  Each item was rated on a 5-point Likert scale (1 = never, 5 = always).  Higher 

scores correspond to more effective decision making under stress.  After removing 

reverse-scored items, Brace found a Cronbach’s alpha of .81 (2011), and item-total 

correlations ranging from .175 to .568.  This scale was administered twice: once after 
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students completed training for their positions (i.e., pre) and once after the completion of 

all three simulations (i.e., post).  See Appendix B for the 14-item DMUS scale.   

Measure of Stress. A four-item stress scale was developed by the researchers in 

the capstone lab to capture perceived stress. The items include “I feel used up at the end 

of the lab,” “I feel that my workload in the lab interferes with the quality of my work,” “I 

feel busy or rushed during the lab,” and “I feel pressured during the lab,” (See Appendix 

C).  Participants in the lab indicated their level of agreement with the statements on a 5-

point Likert scale (1 = strongly disagree, 5 = strongly agree).  This scale was 

administered after the completion of the after-action review that took place the week 

following each simulation; therefore, there are three administrations of this scale.  Since 

the proposed model intends to predict decision making under stress after the simulations 

have occurred, the last measurement of stress will be used in the analyses.  This 

measurement of stress is closest in time to the second administration of DMUS.  

Performance Feedback.  During each after action review, the students received 

feedback on their teams’ past simulation performance.  For financial performance, the 

team received information on how well they performed in terms of delay loss and 

penalties accrued.  Delay loss represents the revenue loss per minute due to failure to 

release flights by their scheduled departure time.  Penalties consist of fines associated 

with various airline operations.  Examples include fines from the Federal Aviation 

Administration for releasing a flight into dangerous weather conditions, fines for leaving 

an airplane stranded, and airline tickets for passengers who have missed a connecting 

flight.  For the purposes of this study, only delay loss will be used in the analysis. 
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In order to help the team better understand their performance, the team is made 

aware of the average delay loss and penalties for that particular simulation (i.e., first, 

second, or third) across previous semesters.  With this information, the teams may receive 

generally positive, negative, or neutral feedback as they learn how well they performed in 

comparison to other teams.  To avoid categorizing feedback as positive, negative, or 

neutral, z-scores were assigned to team delay loss for each simulation using the average 

and standard deviation of this metric across previous semesters.  Since teams participated 

in three simulations, this resulted in three standard scores.  Higher standard scores 

represent more positive feedback, while lower standard scores represent more negative 

feedback.  These scores were entered into the regression model as variables.  This method 

allows performance feedback to function as a continuous variable in the model proposed 

in the research question.   
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CHAPTER III 

RESULTS 

 Descriptive statistics for stress, personal fear of invalidity, and decision making 

under stress at both administrations can be found in Table 1.  Prior to analyzing the 

hypotheses and research model, reliability analyses were performed.  When reverse 

scored items were included in the PFI measure, we obtained a Cronbach’s alpha of .67.  

Excluding reverse scored items increased the PFI scale reliability to .80.  The previous 

study that examined PFI and DMUS similarly removed reverse scored items on this scale 

to improve reliability (Brace, 2011).  All subsequent analyses are performed with the PFI 

measure that excludes reverse scored items.   

To analyze both hypotheses, intercorrelations were performed between the 

measures of stress, personal fear of invalidity, and decision making under stress assessed 

before (i.e., pre) and after (i.e., post) the simulations occurred.  Cronbach’s alpha for each 

scale and intercorrelations between scales can be found in Table 2.  Hypothesis 1 was not 

supported.  The relationship between stress and the decision making under stress scale 

was not significant, r(85) = -.15, p = .17 at pre (N = 87), r(85) = -.11, p = .30 at post (N = 

87).  Hypothesis 2 was partially supported.  Personal fear of invalidity displayed a 

significant negative relationship with decision making under stress prior to the 

simulations, r(85) = -.33, p = .001 (N = 87), but this relationship did not hold after the 

simulations occurred, r(85) = -.19, p = .07  (N = 87).  Upon analyzing the data, we 

created an interaction variable between PFI and stress.  We expected individuals with 

high PFI to be more influenced by a high-stress situation, and for this product to 
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exacerbate feelings of personal fear of invalidity and ultimately influence perceptions of 

the ability to make decisions under stress.  Persons with a high score on this interaction 

experienced high stress during the last simulation and scored high in PFI.  This variable 

was moderately negatively correlated to decision making under stress prior to the 

simulations, r(85) = -.29, p < .0001 (N = 87), but did not meet the .05 significance level 

when correlated with decision making under stress after the simulations, r(85) = -.21, p = 

.052 (N = 87).  

 

Table 1 

Descriptive Statistics for Stress, PFI, and DMUS 

 95% Confidence Interval 

Measure n M SD Lower Bound Upper Bound 

Stress 97 2.92 .88 2.74 3.10 

PFI 111 3.53 .74 3.45 3.71 

DMUS (pre) 111 3.46 .40 3.38 3.54 

DMUS (post) 104 3.58 .41 3.50 3.65 

Note. PFI = Personal Fear of Invalidity; DMUS = Decision Making Under Stress. 

 

Table 2  

Summary of Cronbach’s Coefficient Alpha and Intercorrelations for Scores 

on Stress, PFI, DMUS, and PFI*Stress 

 

Measure (n = 87) α 1 2 3 4 5 

1. Stress .85 -     

2. PFI .80 .09 -    

3. DMUS (pre) .76 -.15 -.33* -   

4. DMUS (post) .77 -.11 -.19 .60** -  

5. PFI*Stress - .85** .56** -.29* -.21 - 

Note. PFI = Personal Fear of Invalidity; DMUS = Decision Making Under Stress. The 

product of PFI and stress scores for each individual represent PFI*Stress.  

*p < .05. **p < .0001. 
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Before testing the model predicting change in decision making under stress, a 

paired samples t-test was conducted to examine change in scores on the decision making 

under stress scale prior to and after completing the flight operations simulations.  The 

results of this analysis indicated there was a significant change in scores, t(98) = -2.33, p 

= .02, d = -.23 (N = 99).  See Table 2 for descriptive statistics for each variable.  Scores 

on the decision making under stress scale prior to the simulations were generally lower 

(M = 3.46, SD = .40) compared to scores after participating in the simulations (M = 3.58, 

SD = .41).  

Since individuals in this study are nested in teams, the researchers evaluated the 

need to examine the research question using multilevel modeling techniques.  To 

determine the level of variance in decision making under stress accounted for at the team 

level, we computed the intraclass correlation coefficient (ICC) through estimating an 

unconditional means model in SAS using PROC MIXED.  This model assessed between-

team variation in decision making under stress (post measure).  The covariance parameter 

estimates for this model are shown in Table 3.  The estimate for between-team variation 

on decision making under stress after the simulations was not significant, τ2 = .009, z = 

.71, p = .24 (N = 104).  The estimate for within-team variation on decision making under 

stress after the simulations was significant, σ2 = .158, z = 6.72, p < .0001 (N = 104).  The 

estimates for between- and within-team variation generated an ICC of .052.  Due to 

minimal between-team variation on the criterion variable, multilevel modeling analysis 

techniques were not used to test the proposed model (i.e., research question 1).  
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Table 3 

Covariance Parameter Estimates for the Unconditional Means Model   

Parameter Subject Estimate SE Z Significance 

UN (1,1) Team .009 .012 .71 .24 

Residual - .158 .023 6.72 < .0001 

Note. UN (1,1) corresponds to the estimated between variance. Residual corresponds to 

the estimated within variance. N = 104. 

 

 In lieu of multilevel modeling, regression analyses were performed to predict the 

proposed model (refer to Figure 1 above).  Decision making under stress (post) was 

regressed on the pre-assessment of decision making under stress (to account for change in 

this construct) and each predictor to examine the impact of each independent variable.  

Models 1 and 2 included DMUS (pre) and stress and PFI, respectively.  In each of these 

models, the only significant predictor was the first assessment of DMUS.  See Table 4 for 

the regression analyses results.  Model 3 included the first assessment of decision making 

under stress; this variable significantly predicted change in decision making under stress 

(post), β = .59, t(97) = 7.16, p < .0001.  The first assessment of decision making under 

stress also accounted for a significant portion of variance in the second assessment of 

decision making under stress scores, R2 adj = .34, F(1, 97) = 51.30, p < .0001.  Influence 

and fit diagnostics indicated that one observation had a Cook’s distance value of .58 that 

far exceeded other observations.  Cook’s distance identifies influential observations in 

predictor variables (Cook, 1977).  Closer examination revealed this observation scored 

high on the pre-assessment of DMUS and scored low on the post-assessment of DMUS.  

Since DMUS generally increased after the simulations occurred, this observation 

countered the trend, and thus highly influenced the fit of the regression equation.  Model 

4 included the first assessment of decision making under stress but this time excluded the 
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observation with high Cook’s D, β = .67, t(96) = 8.53, p < .0001.  The adjusted R-squared 

value rose to .43, F(1, 96) = 72.82, p < .0001.  So, while most students in the simulation 

lab reported improved perceptions of the ability to make decisions under stress, this was 

not the case for all students.  This insight is fertile ground for exploring predictors of both 

upward and downward trends in decision making under stress after participating in high-

fidelity simulation training.  Model 5 tested the impact of the performance feedback 

metrics in the presence of the first assessment of decision making under stress.  Feedback 

did not significantly predict change in decision making under stress (see Table 4 for the 

results.  

 

Table 4 

Regression Analyses Predicting Change in Decision Making Under Stress (post)  

Model  Predictor b SE β t R2 adj 

Model 1a  Stress 

DMUS (pre)** 

-.01 

.58 

.04 

.09 

-.02 

.60 

-.26 

6.74 
.34** 

F = 23.57 

Model 2b  PFI 

DMUS (pre)** 

.01 

.60 

.05 

.09 

.01 

.59 

.13 

6.77 
.33** 

F = 25.40 

Model 3c 

DMUS (pre)** .59 .08 .59 7.16 
.34** 

F = 51.30 
Model 4d  

DMUS (pre)** .67 .08 .66 8.53 
.43** 

F = 72.82 
Model 5e Performance 

Feedback 

S1 Delay Loss 

S2 Delay Loss 

S3 Delay Loss 

DMUS (pre)** 

 

 

.06 

-.03 

-.01 

.60 

 

 

.03 

.04 

.04 

.08 

 

 

.16 

-.06 

-.01 

.60 

 

 

1.9 

-.64 

-.14 

7.33 

 

.35** 
F = 14.00 

Note. PFI = Personal Fear of Invalidity; DMUS = Decision Making Under Stress; R2 adj 

= Adjusted R-squared value; b = unstandardized regression coefficient; β = 

standardized regression coefficient. 

 an = 87,   bn = 99,  cn = 99,  dn = 98 (removed highly influential observation),  en = 99.  

*p < .05. **p < .0001. 
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CHAPTER IV 

DISCUSSION 

 Results from hypothesis 1 indicated that simulation participants’ stress as reported 

in the last after action review did not relate to their perceptions of their ability to make 

decisions under stress after all simulations had occurred.  We hypothesized that students 

with higher reported stress would indicate lower perceived ability to make decisions 

under stress; however, the descriptive statistics of the stress measure indicate that on 

average the students did not report being stressed in the simulation lab during the final 

assessment.  Based on observation and student anecdotes, this result was unexpected.  At 

the time of this data collection, stress was measured a week after the actual simulation 

occurred, which may be influencing students’ perceptions of stress in the simulations.   

Results from hypothesis 2 indicate that prior to partaking in flight operations 

center simulations, individuals high in personal fear of invalidity report lower self-

perceptions of the ability to make decisions under stress.  This supports past research that 

discovered the same relationship (Brace, 2011).  This suggests that individuals who fear 

making mistakes in the face of a decision and ruminate on a course of action similarly 

feel less capable of making effective decisions under high-pressure, high-stress situations.  

Important to note is that this relationship disappeared after the students participated in all 

three flight operations simulations.  Due to the increase in decision making under stress 

scores after the simulations, personal fear of invalidity scores no longer displayed a 

significant negative correlation with decision making under stress. 
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 An encouraging result from examining change in decision making under stress in 

the context of flight operations center training is that student participants reported 

increased perceptions of the ability to make decisions under stress after experiencing all 

three simulations.  This indicates that the simulator training resulted in greater efficacy-

related beliefs in a skill that is critical to the aviation industry.  It is suggested here that 

simulator training, which exposes students to handling real-world aviation problems, is a 

viable option for helping students foster greater perceptions of their ability to face these 

issues and make decisions in the face of high-pressure and high-risk situations, 

ambiguous circumstances, competing goals, and complex problems.  

 The results of our proposed research question in the form of a model predicting 

change in decision making under stress (post) using personal fear of invalidity, stress, 

decision making under stress (pre), and team performance feedback indicated that the 

only significant predictor was the first assessment of decision making under stress.  

Similarly, stress, personal fear of invalidity, and performance feedback failed to account 

for a significant portion of variance in decision making under stress (post) scores.  This 

suggests that students’ initial perceptions of their ability to make decisions under stress 

provides the best explanation for their perceptions of this outcome after they’ve 

experienced flight operations center training.   

 The use of multilevel modeling for analyzing the research question was 

unnecessary in this study, since there was minimal between-team variation in decision 

making under stress.  This finding indicates that this variable may be highly 

individualized and therefore, less susceptible to influence by team level factors such as 
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team performance.  This idea corresponds with the finding that the team-level 

performance feedback variable, delay loss, failed to predict students’ perceptions of their 

ability to make decisions under stress.  

Limitations & Future Research 

 Sample size was a limitation for this study, since only 12 teams (made up of an 

average of 10 students) were available for analysis.  This was a natural limitation due to 

the nature of the capstone course from which the research was conducted, which has a 

limit on student enrollment each semester.  As each semester passes, sample size will 

increase and provide a more robust study of this topic.  In addition to the initial sample 

size issue, since the data were collected over the sequence of a semester, attrition was 

also a limitation.  A related limitation of this study is the inclusion of team members in 

the analyses that held positions which likely experienced minimal decision making under 

stress.  These positions (i.e., pilot and ramp tower) were included to avoid decreasing the 

sample size.  The job duties of these positions are fairly routine and do not involve a 

significant amount decision making in general.  To capture a more robust picture of 

decision making under stress, future analyses should include only those positions that are 

subject to making decisions under high-stress, high-risk situations, and under ambiguous 

or complex circumstances.  

 Another limitation concerns the methods of data collection.  First, the decision 

making under stress scale consists of 14 items that are adapted from the Leadership 

Behavior Description Questionnaire (Form XII).  While these items were selected 

specifically because they relate to decision making, some items may not fully capture the 
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concept of making decisions under stress (e.g., “I make accurate decisions”).  In the 

future, this scale should be examined more closely in order to understand the underlying 

factors it is assessing.  Second, students were administered the stress scale a week after 

the simulation had occurred, and the items do not specifically refer to the prior 

simulation.  That is, the questions remain the same throughout the semester, and ask 

students to report feelings of stress in the simulation in a more general way.  Further, 

none of the four scale items refer explicitly to “stress”, and instead use terms like “used 

up”, “pressured”, and “rushed”.  Future studies in this type of training setting should seek 

to examine stress during and immediately following each simulation in order to collect a 

more accurate reading of students’ stress levels.  In addition, utilizing an established 

measure of work stress for future analyses may be useful.  Third, all scales used in this 

study were self-report Likert scales. Therefore, another avenue of exploration is to 

examine other methods for measuring these variables (where this is logical), such as 

observer-rated performance for decision making under stress.  Finally, delay loss as a 

measure of performance feedback failed to influence the outcome variable of decision 

making under stress in this study.  As mentioned previously, this could be because 

decision making under stress is a highly individualized construct that is not easily 

influenced by team level outcomes.  This could also be due to the nature of the items on 

the DMUS scale since they are not written in the context of the flight operations center 

and do not explicitly refer to simulation performance.  In the future, other performance 

variables beyond delay loss should be examined for their influence on decision making 
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under stress, such as perceptions of teamwork, observer-rated teamwork, individual task 

performance, or other metrics of team performance.  

Conclusion 

 In conclusion, this study explored predictors of change in perceptions of decision 

making under stress in the context of a flight operations center simulator.  While personal 

fear of invalidity was initially negatively related to decision making under stress, the first 

assessment of decision making under stress was the only variable that predicted the post-

assessment measure of decision making under stress.  An encouraging finding of this 

study is that simulation-based training that presents students with scenarios they are 

likely to encounter in the work setting can increase students’ efficacy-related beliefs 

pertaining to their ability to make decisions under stress, which is a vital skill in the 

aviation industry.  Future studies should examine other possible predictors of decision 

making under stress, such as various performance-related metrics and other individual 

differences.  
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Appendix A 

Personal Fear of Invalidity Scale (PFI) 

________________________________________________________________________ 

 

1. *I may struggle with a few decisions but not very often. 

2. *I never put off making decisions. 

3. Sometimes I become impatient over my indecisiveness. 

4. Sometimes I see so many options to a situation that it is really confusing. 

5. I can be reluctant to commit myself to something because of the possibility that I 

might be wrong. 

6. I tend to struggle with most decisions. 

7. Even after making an important decision I continue to think about the pros and 

cons to make sure that I am not wrong. 

8. *Regardless of whether others see an event as positive or negative I don’t mind 

committing myself to it. 

9. I prefer situations where I do not have to decide immediately. 

10. *I rarely doubt that the course of action I have selected will be correct. 

11. I tend to continue to evaluate recently made decisions. 

12. I wish I did not worry so much about making errors. 

13. *Decisions rarely weigh heavily on my shoulders. 

14. I find myself reluctant to commit to new ideas but find little comfort in remaining 

with the tried and true. 

________________________________________________________________________ 

Note.  * = reverse scored. 

  

Response options: 

1 = Strongly disagree 

2 = Disagree 

3 = Somewhat disagree 

4 = Somewhat agree 

5 = Agree 

6 = Strongly agree 
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Appendix B 

Decision-Making Under Stress Scale  

 Selected items from LBDQ** Form XII 

________________________________________________________________________ 

 

1. *6) I am hesitant about taking initiative in the group 

2. 9) I make accurate decisions 

3. 12) I become anxious when I cannot find out what is coming next 

4. 29) I am able to predict what is coming next 

5. 44) I decide what shall be done and how it shall be done 

6. 59) I am accurate in predicting the trend of events 

7. *61) I get swamped by details 

8. 72) I remain calm when uncertain about coming events 

9. 76) I take full charge when emergencies arise 

10. 78) I drive hard when there is a job to be done 

11. 81) I can reduce a madhouse to system and order 

12. 89) I anticipate problems and plans for them 

13. *91) I get confused when too many demands are made of me 

14. *92) I worry about the outcome of any new procedure 

________________________________________________________________________ 

Note. * = reverse scored; ** = Leadership Behavior Description Questionnaire. The first 

number corresponds to the order the item appears in the measure. The second number 

corresponds to the original item number in the LBDQ-XII.  

Response options: 

1 = Never 

2 = Seldom 

3 = Occasionally 

4 = Often 

5 = Always 
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Appendix C 

Stress Scale 

________________________________________________________________________ 

 

1. I feel used up at the end of the focus lab. 

2. I feel that my workload in the lab interferes with the quality of my work. 

3. I feel busy or rushed during the lab. 

4. I feel pressured during the lab. 

________________________________________________________________________ 

Response options: 

1 = Strongly disagree 

2 = Disagree 

3 = Neutral 

4 = Agree 

5 = Strongly Agree 
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