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ABSTRACT 

 

TITLE: Exploring the Effects of Communication Delays and Personality on Stress 

during Simulated Space Missions  

AUTHOR: Shayan Shirshekar 

MAJOR ADVISOR: Brooke Wheeler, Ph.D.  

 

The purpose of this study was to examine the effects of communication 

delays and personality on stress levels during a simulated spaceflight mission. The 

study used an experimental, within-groups, repeated-measures design to explore 

these effects during a simulated Mars mission, specifically: (a) 1–3-second (s) 

(control) and (b) a 2-minute (min) one-way communication delay expected during 

the early transit phase of a Mars mission. The Big Five personality traits served as 

moderating variables and included extraversion, agreeableness, conscientiousness, 

neuroticism, and openness to experience. This study was developed and tested with 

participants analogous to an astronaut population: healthy individuals possessing or 

pursuing undergraduate degrees at the minimum junior-level standing, affiliated 

with the Florida Institute of Technology as either student, faculty member, or staff. 

Using the Re-entry space simulator (Wilhelmsen, 2018), subjects performed tasks 

in critical mission scenarios while in communication with the mission control 

center (MCC). A stress Visual Analog Scale (VAS) (Lesage et al., 2012) was 

administered before and immediately after each mission to measure perceived 

stress levels. Each pre-measurement was subtracted from a participant’s post-
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measurement, producing a Difference in Stress (DS) score. Objective measures of 

stress were collected throughout each mission using the Polar H10 heart rate 

monitor and were represented by scores on Baevsky’s Stress Index (SI). Two one-

way repeated-measures ANOVAs were used to measure differences in stress (DS 

and SI scores) between control and delay mission for each subject, and a 

simultaneous regression was conducted to determine how much of the variance in 

stress scores was explained by the five personality factors. The findings revealed no 

significant differences between the control and delay mission for either stress 

variable. Possible reasons included mission length, level of delay, and how stress 

was measured. The findings from the regression analyses indicated that the Big 

Five personalities were not major predictors of DS and SI scores during the delay 

mission. Additional analyses revealed that neuroticism and LOC significantly 

predicted post-mission stress VAS and DS scores, respectively. Future studies 

should investigate longer mission times and incorporate a wider variety of stress 

measures. The inclusion of performance measures would also be recommended. 
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Chapter 1 

Introduction 

Background and Purpose 

 

Background. Scientists and experts have established that the MCC 

dynamic of future long-duration exploration missions (LDEM) will be significantly 

different from what it is today. Missions to the Moon, Near-Earth orbit (NEO), and 

Mars will present logistical challenges, such as delayed communication, between 

ground control and crew, ranging from a couple of seconds (s) to up to 20 minutes 

(min) (Palinkas et al., 2017). A human expedition to Mars will involve increasing 

communication delays between crew and mission control center (MCC), rendering 

normal voice communication impossible within weeks of departing Earth. 

Traveling at the speed of light, messages from Earth can take as long as 24 min to 

reach explorers on Mars and another 24 min for responses to reach Earth. Even 

when the two planets are at their closest, communication latencies will be 4 min in 

each direction (J. Stuster, personal communication, March 4, 2019). Because 

resupply missions would take up to six months or more, crews will be expected to 

make use of the resources brought with them, pre-staged on the planet, or present 

on the Mars surface. The crew will have to become increasingly independent over 

time, and this will serve to compound the sense of isolation. With the crew on Mars 

having limited communication ability with MCC, this will result in a greater 

reliance on “standard operating procedures” for the completion of mission 
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objectives. For example, an emergency on a mission to Mars will preclude any 

chance of rescue and will require a high degree of autonomy for the crew in making 

decisions without any real-time mission support (up to 40 min). As crews venture 

deeper into outer space, the pre-established relationship between the crew and 

ground/MCC is critical, as they will be the only lifeline crews will have back to 

Earth. Under these circumstances, effective and clear communication between 

crewmembers and MCC will be essential for completing mission objectives and 

maintaining mission safety (Kanas & Manzey, 2008). Without the appropriate 

support from MCC, communication delays in future missions could negatively 

impact crewmember performance and behavior (Kanas & Manzey, 2008). Due to 

the lack of LDEM to date, there is limited knowledge on how communication 

delays impact individual crewmembers, and the necessary countermeasures for 

their mitigation still remain largely unknown (Kintz & Palinkas, 2016). Table 1.1 

illustrates the distances and expected levels of delay for various missions and 

highlights the increased delay levels associated with LDEM as the distance from 

Earth increases. 

 

 

 

 



 

 3  
 

Table 1.1 
 
Circuit Distance Communication Delay Time 
 
Destination Distance from Earth Delay time 

Moon ∼ 384,000 km 0.022 minutes 

Mars 55 - 378 million km 2 - 21 minutes 

Jupiter 590 - 970 million km 33 - 53 minutes 

Note. Delays listed are all one-way times.  

Earth-based exploration analogs that operate with little outside support, 

although limited in number, have provided some valuable insight into crew 

performance under communication delays. Analogs are situations on Earth that 

recreate mental, physical, and emotional bodily effects similar to those experienced 

in spaceflight.  ICE analogs are situations that simulate isolated, confined, and 

extreme (ICE) conditions analogous to long-duration spaceflight. ICC analogs are 

isolated, confined, and controlled situations, where communication delays are 

typically implemented between the crew and MCC. Analog studies are often 

conducted at remote locations, with fully staffed ground operations. Depending on 

the analog, astronauts may sometimes serve as the crew for training purposes, 

while others may operate with the general population through an application 

process. Research from analog studies reported communication delays to be 

associated with behavioral and performance-related challenges, such as reductions 

in task efficiency and situational awareness (Fischer & Mosier, 2014; Love & 

Reagan, 2013). For example, delays of 50 s and 5 min have both been shown to 
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negatively affect collaboration in distributed teams, regardless of the 

communication medium. In a study conducted at NASA’s Advanced Exploration 

Systems Autonomous Mission Operations (AMO), mission operation scenarios 

designed for NASA’s Deep Space Habitat (DSH) analog were completed under 

Lunar (1.2-5-s), Near-Earth Object (NEO) (50-s), and Mars (300-s) communication 

delays. Preliminary findings revealed that the crew and the flight control team rated 

higher workloads and coordination difficulty under both 50 and 300-s delayed 

scenarios (Frank et al., 2013).   

 As described in a meta-analysis by Love and Regan (2013), the NASA 

Extreme Environments Operations (NEEMO) analog has conducted a number of 

missions exploring delayed voice communication. Several NEEMO missions have 

employed different delay levels, including 50-s, 5-min, 10-min, and 20-min one-

way communication delays between crewmembers in the underwater habitat and a 

topside mobile control center (Chappell et al., 2011; Chappell et al., 2013). 

Similarly, the Desert Research and Technology Studies (Desert RATS) analog 

previously incorporated a 50-s one-way delay during a simulated geological 

exploration of a near-Earth asteroid in 2011. Consensus reports from both NEEMO 

and Desert RATS missions indicated that crews rated communications with one-

way 50-s delay as borderline to unacceptable; whereas, delays of 1 s or less, the 

standard for current space missions, were rated acceptable (Abercromby et al., 

2013). Debriefings with crews, CAPCOM, and flight controllers from these 
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missions yielded eight categories of challenges associated with communication 

delays: 1) confusion of sequence, 2) interrupted calls, 3) wasted time, 4) impaired 

ability to provide relevant information, 5) “who has heard what?”, 6) perception of 

indifference, 7) slow response to events, and 8) reduced situational awareness 

(Love & Reagen, 2013). A more recent study by Vessey et al. (2013) explored the 

effects of communication delays on teams and individuals in NEEMO mission 16. 

Ratings of communication quality decreased in a 5-min delay simulation, but not 

for a 10-min delay when compared to a no-delay simulation. The latter finding was 

posited to be a result of a number of potential limitations, including a learning 

effect that might have better-prepared crewmembers for the 10-min delay scenario, 

lack of consistency in time constraints among the different delay scenarios, or 

simply that a longer mission duration may be required to detect an effect with a 

longer delay (W. Vessey, personal communication, September 17, 2019). It should 

be noted that the effect of communication delays in Earth-based analogs is often 

underestimated due to the low-fidelity nature of the environment. This will also be 

the case in high-fidelity simulations, as no analog can truly recreate the 

environment and conditions of long-duration spaceflight. 

The International Space Station (ISS) may serve as the most comparable 

and highest fidelity analog to deep space exploration currently available. While 

terrestrial analogs, such as Antarctica, are useful for investigating the effects of 

isolation and confinement, the ISS provides even more fidelity by introducing 
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additional elements, such as the role of microgravity and incorporating the most 

comparable living and working environment to LDEM. In a study by Palinkas and 

colleagues (2017), a 50-s one-way communication delay was implemented between 

astronauts and mission support personnel to investigate its impact on individual and 

team performance, mood, and behavior. Participating astronauts and mission 

support personnel were required to complete specific tasks during which the 

communication delay filter was employed. Examples of tasks included replacing 

broken equipment, performing scientific experiments, and extravehicular 

maintenance. The researchers found that the 50-s audio communication delay led to 

increased stress and frustration expressed by the astronauts and negatively affected 

their efficiency in completing a task. For example, one astronaut stated, “Things 

you could do independently were fine, things where you relied on [Mission Control 

personnel] resulted in lots of time lost and frustration, which is just not going to 

work [for Mars]” (Palinkas et al., 2017, p.23). Additionally, concerns regarding the 

effects of communication delays are neither new nor unique to spaceflight (Krauss 

& Bricker, 1967; Armstead & Henning, 2007; Krausman, 2019). Furthermore, the 

majority of these concerns center on the time gap between an issued order and the 

response action to the order. It is believed that this gap in time will significantly 

affect the operational context in which the command and response are taking place 

(i.e., command becoming obsolete) (Palinaks et al., 2017). This will be 
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compounded in LDEM with extended communication delays between MCC and 

the crew and may result in detrimental behavior and performance changes.  

To date, no studies have explored communication delays from an individual 

differences perspective, specifically exploring how an individual’s personality 

profile moderates their response to the stresses and challenges of asynchronous 

communication of varying delays. Consequently, one of the aims of this study is to 

contribute to the field of spaceflight behavioral medicine, by tapping into the 

psychological requirements of LDEM. One way to determine which applicants may 

be unqualified or unsuitable for future deep exploration missions is through 

personality assessments. Although several personality theories and models exist, 

one of the preferred models of astronaut selection in more recent years is Costa and 

MacCrae’s (1992) Five-Factor Model (FFM) (Landon et al., 2017), also referred to 

as the Big Five personalities. This theoretical model proposes five core personality 

traits that serve as the building blocks to personality: extraversion, agreeableness, 

conscientiousness, neuroticism, and openness to experience. Extraversion (the 

opposite of introversion) is the level of sociability and outgoingness. Agreeableness 

is characterized as the degree of interpersonal trust and altruism. Conscientiousness 

refers to the level of sensibility in decision making, organization, and self-

discipline. Neuroticism is an individual’s emotional stability and tendency to 

experience psychological distress. Finally, openness to experience is proactively 

seeking to try new things (Costa & McCrae, 1992). In addition, each personality 
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trait represents a range between two extremes. For example, most individuals will 

score on a continuum somewhere in between extroversion and introversion. 

Furthermore, the research suggests that the five factors are relatively stable and 

endure throughout adulthood (McCrae & Costa, 2003). Although numerous 

batteries exist for accessing the Big Five personalities, commonly used assessments 

include Costa and McCrae’s NEO Five-Factor Inventory (NEO-FFI) and the 

Revised NEO Personality Inventory (NEOPI-R), which is a longer version of the 

NEO-FFI, consisting of 240 items that have been tested for reliability and validity 

more extensively than any of the other Big Five- factor model scales (McCrae et 

al., 2011; Young & Schinka, 2001). Another commonly used assessment is the Big 

Five Inventory (BFI-44) (John et al., 1991; John et al., 2008), which has also been 

found to possess adequate psychometric properties (Benet-Martínez & John, 1998; 

John et al., 2008; Soto et al., 2008) and has the advantage of being more publicly 

accessible than some of the other assessments measuring the Big Five personalities.  

A large body of literature has validated the Big Five personality traits as 

predictors of performance in a variety of settings, including both organizational 

employment and ICE environments. For example, Barrick et al. (2001), in a 

quantitative review, summarized the results of 15 meta-analytic studies 

investigating the relationship between the Five-Factor Model and job performance. 

They concluded that all five personality traits predicted job performance in some 

way. For example, conscientiousness and neuroticism were valid predictors of 
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overall job performance, whereas openness to experience, extroversion, and 

agreeableness predicted success in specific occupations. The Big Five personalities 

have also been researched in aviation, where pilots were found to possess similar 

personality profiles to astronauts (Fitzgibbons et al., 2004). In accordance with the 

official NASA government website, one of the recommended qualifications for 

submitting an application includes possessing 1,000 hours of pilot-in-command 

time in jet aircraft. This is not to suggest that every member of a future Mars 

mission will possess extensive piloting experience, if any, but that it is an obvious 

advantage for selection.  

In addition to organizational performance, the Big Five personalities have 

also been explored in ICE environments such as Antarctica. For example, Palinkas 

et al. (2000) reported in their study of Antarctic analogs that up to 19% of the 

variance in individual performance was explained by the five personality factors, 

while Landon and colleagues (2017) report that neuroticism/emotional stability and 

agreeableness were the strongest predictors of team performance within the current 

LDEM literature. Despite these assertions, it is important to highlight that some 

studies have yielded contrary results. For example, in a study by Musson et al. 

(2004), personality data from 259 participants in NASA’s final stage of astronaut 

applicants was collected between 1989 and 1995. An abbreviated version of the 

NEO-FFI was used to collect measures of the Big Five personality traits. Results 

indicated that personality traits were not a predictor of applicant acceptance into the 
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astronaut corps. Plausible explanations for these findings included a lack of 

heterogeneity among the individuals tested, and the possibility of some unidentified 

aspects of personality that were not assessed in this study may have played a role in 

the final selection (Musson et al., 2004). These conclusions highlight the multi-

faceted nature of astronaut selection as no single quality or attribute drives final 

crew selection, but rather many criteria must be met in order to make the final 

selection.  

Nevertheless, there appears to be a consensus on the ideal personality 

profile for LDEMs. To best cope with the rigors of LDEM, it is recommended that 

one should possess above-average scores on conscientiousness and agreeableness, 

moderate levels of openness to experience, moderately low to moderately high 

levels of extraversion, and low levels of neuroticism (Suedfeld & Steel, 2000). 

According to Landon and colleagues (2017), extremely high or low outliers for any 

personality factor would suggest unsuitability. The one exception to the rule would 

be extremely low levels of neuroticism, which would suggest very high emotional 

stability (Landon et al., 2017). This study aims to explore the Big Five personality 

traits grounded in these recommendations to identify which might be the strongest 

predictors of behavioral adjustment when experiencing a communication delay 

with MCC.  

Purpose. The purpose of this study was to examine the effects of 

communication delays and individual differences in personality on stress levels 



 

 11  
 

during a simulated space mission. Stress levels were defined as “ Difference in 

Stress” (DS) scores measured by administering a pre and post stress VAS (Lesage 

et al., 2012) and Baevsky’s stress index (SI) scores (Baevsky, 2009), a widely used 

HRV parameter used as a marker of cardiovascular system stress and sympathetic 

nervous activity. SI was recorded by the Polar H10 heart rate monitor. The level of 

delay included a 1–3-s one-way delay serving as a control and a 2-min one-way 

delay representing the early Mars transit phase. For the proposed study, 

communication delays were introduced during a simulated space mission, in which 

participants, while in contact with MCC, performed tasks and responded to an 

emergency. The emergency scenario was carefully selected based on levels of 

perceived risk, importance, and difficulty rated by subject matter experts in Stuster 

and colleagues’ (2019) Mars Task Analysis report. The emergency scenarios were 

introduced using the space simulator game Re-entry (Wilhelmsen, 2018), with 

missions specially designed for this experiment. The emergency scenarios were a 

(a) Primary Life Support Systems (PLSS) pressure regulator failure and a (b) 

Carbon dioxide (CO2) scrubber failure. In the context of the proposed study, 

individual differences were measured using the BFI-44 (John et al., 1991; John et 

al., 2008), resulting in the Big Five personality traits: (a) extraversion, (b) 

agreeableness, (c) conscientiousness, (d) neuroticism, and (e) openness to 

experience. LOC was included in the analysis as a potential control variable and 
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was defined by scores on Rotter’s (1966) Internal/External Scale. The overall 

conceptual model for this study is presented in Figure 1.1. 

Figure 1.1 

The hypothesized model  

 
Note. A conceptual model of the effects of communication delays and individual 
differences on stress levels. 
 

Definition of Terms 

Key terms and phrases relative to the current study were operationally 

defined as: 

Communication Delay. This is the time it takes for a message to be 

delivered from sender to receiver. For example, a question message delivered under 

a communication delay of 120 s (or 2 min) would take 120 s to be delivered from 

crew to MCC. It would take a total round-trip time of 240 s (or 4 min), plus the 

time to formulate a reply, for the crew to receive a message from MCC in response 

to their original inquiry. Future LDEM missions will experience round trip delays 

ranging from as little as a few seconds soon after departing the vicinity of Earth to 

44 minutes when on Mars. In addition, the communication lag between MCC on 
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Earth and the Mars-bound ship in transit will increase by four to six seconds each 

day following the Trans-Mars Injection burn (J. Stuster, personal communication, 

March 4, 2019). 

Stress. In the context of this study, stress is referred to as acute stress and is 

defined as a short-term emotional and physiological response to an environmental, 

interpersonal, or personal situation (Mendes, 2017). Stress was measured with a 

Visual Analog Scale (VAS) (Lesage et al., 2012) before and after each mission to 

produce a “Difference in Stress” (DS) score. These scores were supplemented with 

physiological measures of stress represented by Baevsky’s Stress Index (SI), 

measured with the Polar H10 heart rate monitor. 

Difference in Stress (DS). DS is a perceived measure of stress produced by 

subtracting a participants’ pre-mission VAS score from their post-mission VAS 

score. Scores above zero would indicate an increase in stress post-mission 

compared to pre-mission. A zero score would indicate no change in stress. A score 

below zero would indicate a decrease in stress post-mission compared to pre-

mission. 

Baevsky Stress Index (SI). SI is a widely used heart rate variability (HRV) 

parameter originating from Russian space medicine research that indicates 

cardiovascular system stress and is also strongly linked to sympathetic nervous 

system activity. It is one of the time-domain HRV parameters produced by Kubios 

HRV software. The square root of the SI was used to make the index normally 
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distributed. Subsequently, SI scores ≥ 30 are considered very high, 22.4–30 are 

considered high, 12.2–22.4 are considered elevated, 7.1–12.2 are considered 

normal, and scores < 7.1 are considered low (Kubios, 2019). 

The Big Five Personalities. The Big Five personalities were defined as the 

five dimensions that trait researchers have considered to be the underlying building 

blocks that make up an individual’s personality. The five personality traits 

consisted of (a) extraversion, (b) agreeableness, (c) conscientiousness, (d) 

neuroticism, and (e) openness to experience. The Big Five personalities were 

measured using the BFI-44 (John et al., 1991, 2008). 

Extraversion. Is defined as the level of sociability and outgoingness; this is 

the opposite of introversion (Costa & McCrae, 1992). 

Agreeableness. Is defined as the degree of interpersonal trust and altruism 

(Costa & McCrae, 1992).  

Conscientiousness. Is defined as the level of sensibility in decision-making, 

organization, and self-discipline (Costa & McCrae, 1992).  

Neuroticism. Is defined as individual’s emotional stability and tendency to 

experience psychological distress (Costa & McCrae, 1992).  

Openness to experience. Is defined as proactively seeking to try new things 

(Costa & McCrae, 1992).  
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Locus of Control (LOC). Is defined as an individual’s perceived level of 

control over his/her situation and experiences that shape their lives (Rotter, 1954). 

LOC was assessed using Rotter’s (1966) Internal/External Scale. 

Primary Research Questions and Hypotheses 

 

Research questions. The research questions that guided the study were: 

RQ1: What are the effects of communication delays on an individual’s 

stress levels? 

RQ2: What is the relationship between individual differences in personality 

and stress levels following a communication delay mission? 

a. What is the relationship between an individual’s level of 

extraversion and their stress levels following a 2-min one-way 

communication delay mission? 

b. What is the relationship between an individual’s level of 

agreeableness and their stress levels following a 2-min one-way 

communication delay mission? 

c. What is the relationship between an individual’s level of 

conscientiousness and their stress levels following a 2-min one-way 

communication delay mission? 

d.  What is the relationship between an individual’s level of 

neuroticism and their stress levels following a 2-min one-way 

communication delay mission? 
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e.  What is the relationship between an individual’s level of openness 

to experience and their stress levels following a 2-min one-way 

communication delay mission? 

Research hypotheses. The corresponding research hypotheses, which were 

grounded in the hypothesized model depicted in Figure 1.1, were:   

H1A: The DS scores will be higher following the 2-min one-way 

communication delay mission compared to the control mission. 

H1B: Participants’ stress levels (SI scores) will be higher during the 2-min 

one-way communication delay mission compared to the control mission. 

H2: Individual differences in personality are significant predictors of stress 

levels in a communication delay (2-min one-way) mission. 

H2A: As you move towards the lower or higher end of the extraversion 

continuum, the DS/SI levels will increase following the 2-min one-way 

communication delay mission. 

H2B: As you move towards the lower end of the agreeableness continuum, 

the DS/SI levels will increase following the 2-min one-way communication delay 

mission. 

H2C: As you move towards the lower or higher end of the 

conscientiousness continuum, the DS/SI levels will increase following the 2-min 

one-way communication delay mission. 
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H2D: As you move towards the moderate to high end of the neuroticism 

continuum, the DS/SI levels will increase following the 2-min one-way 

communication delay mission.  

H2E: As you move towards the lower or higher end of the openness to 

experience continuum, the DS/SI levels will increase following the 2-min one-way 

communication delay mission.  

Study Design  

The current study was experimental and predictive correlational in nature 

because it simultaneously explored a possible cause-effect relationship of 

communication delays on stress and the moderating effect of the five personality 

traits. The design of this study was a within-subjects, repeated-measures design 

because all subjects were administered the 1–3-s one-way communication delay 

serving as the control and the 2-min one-way communication delay. The study 

employed a researcher-constructed instrument to survey demographics and 

participant eligibility prior to the start of the experiment, as well as standardized 

instruments to measure personality (John et al., 1991, 2008) and perceived stress 

levels (Lesage et al., 2012). These instruments were made available electronically 

via Qualtrics. A copy of all assessments is available in Appendix A.  

Significance of the Study 

 

The proposed study is significant because most communication delay 

studies have focused on performance measures and preventative measures and 
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countermeasure strategies (Fischer & Mosier, 2014; Fischer & Mosier, 2015; 

Fischer et al., 2013; Frank et al., 2013; Vessey et al., 2013). Although recent 

studies, such as Palinkas and colleagues (2017) investigation of communication 

delays on the ISS have explored its effects on morale and stress/frustration, the 

dynamic between delays and individual well-being is still very much in the 

preliminary stages of the investigation. As a result, there is an apparent dearth of 

literature that focuses mainly on the dynamic between communication delays and 

stress. Stress levels in LDEM can influence the overall health and well-being of 

astronauts and indirectly impact performance and team functioning (Landon et al., 

2016). Furthermore, there is also a gap in the literature regarding how individual 

differences moderate this dynamic. Therefore, in addition to adding to the current 

general body of research on the effects of communication delays, the primary 

contribution of the current study was to introduce and explore the moderating effect 

of individual differences through specific personality traits. The results of this 

study may serve as the groundwork for future inquiries into this dynamic, 

potentially serving as a useful tool in candidate selection, and identifying mission 

members that may need more intervention/training/support to combat the inevitable 

frustration from asynchronous communication. Specific personality profiles may be 

more resilient and resistant to stress-inducing conditions and thus should be 

prioritized for future missions. According to Landon and colleagues (2017), the 
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first essential step in promoting mission success for future LDEM is selecting 

astronauts that possess the “right stuff.” 

The current study is also significant because it was timely. NASA is 

currently developing and advancing both rocket and spacecraft technology with 

aspirations of sending humans to distances that have yet to be explored. For 

example, NASA is planning on sending astronauts back to the Moon sometime in 

the mid-2020s to explore and build the capabilities necessary for deeper exploration 

missions, such as for Mars tentatively scheduled for the 2030s. Though framed for 

the latency expected in a Mars mission, the results of this study will be potentially 

relevant and applicable to any future space mission, where communication delays 

will vary depending on the distance ventured from Earth.   

Study Limitations and Delimitations 

 

Limitations are conditions, events, or circumstances beyond the control of 

the researcher that limit the generalizability of the study’s results. Delimitations are 

conditions, events, or circumstances that a researcher imposes to improve 

feasibility but that consequently limit the generalizability of the results. The 

limitations and delimitations are outlined below. 

 Limitations. The limitations of the current study were: 

Sample demographics. I did not have the capabilities of sampling from 

NASA’s astronaut training groups. The sample consisted of students, faculty, and 

staff from the Florida Institute of Technology, possessing a 4-year degree or higher 
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or at least junior undergraduate level status. Therefore, the results would be 

generalizable to the population of individuals who have these characteristics. 

Furthermore, if the study is replicated with another sample, the results could be 

different.  

Sampling method. The sampling method for this study was convenience 

sampling. However, I may have also inadvertently experienced snowball 

recruitment, as participants could have referred colleagues, friends, and roommates 

through word of mouth. This threat was a concern in the current study because the 

sampling approach may have made the sample unrepresentative of the target 

population. The sample consisted of participants who volunteered to participate in 

the study and might have differed from those who did not volunteer to participate. 

This sampling strategy may have also affected the authenticity of responses. For 

example, some participants could have been mainly interested in the rewards for 

participating in the study. Because I had no control over which participants could 

fill out the demographic survey, I incorporated several of the demographic 

variables into the study as potential control variables. 

Setting fidelity. The location for this study was selected based on current 

recommendations for future LDEM. Work environments are expected to be 

isolated, confined, and monotonous. As a result, an attempt was made to emulate 

these conditions for this study. Unfortunately, there were many aspects of future 

LDEM that could not be replicated. For example, crews of future LDEM will live 
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and operate in microgravity (ZERO-G) conditions, with the work area likely to be 

very confined and cramped. Although some aspects were introduced into the study 

setting, others were either unfeasible or likely violated human subject research 

ethics. This overall lack of setting fidelity threatened the ecological validity of this 

study.  

Simulator fidelity. Like the challenges associated with the setting, the 

emergency simulation that participants were tasked with completing also presented 

fidelity issues. Although Re-entry (Wilhelmsen, 2018) did present some of the most 

realistic conditions and interactive features among orbital spaceflight simulators, 

including missions based on NASA’s space programs and real-life spacecrafts, 

nothing emulates real LDEM conditions. For example, in a real-life LDEM, 

astronauts will experience a true sense of isolation and a feeling of no return. On 

the other hand, participants in this study were comforted knowing they could 

request to stop the simulation if warranted. This lack of true fidelity was another 

threat to the ecological validity of this study. 

Length of study. To conduct the study in a timely manner and collect as 

many participants as possible, the duration of the simulation was reduced from the 

originally planned 60 min to 45 min. Previous literature exploring communication 

delays on behavior and performance suggest at least 1 hour is necessary to ensure 

enough time to capture behavioral assessments and complete ratings (Palinkas et 

al., 2017); however, given the minimum sample size and the risks of fatigue and 
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attrition, this was not achievable. Thus, it is possible that increasing the length of 

each mission may have provided enough time to detect a significant effect for 

differences between the control and delay mission. 

Emergency Scenarios. The emergency scenarios were obtained from a task 

analysis rating the most important tasks during the cruise phase to Mars. Three 

emergency response scenarios were carefully selected from the summary task 

statement rated the most important during this phase of a mission and were 

designed for use in this study. To ensure the highest level of equivalence, all three 

scenarios were rated by SMEs to determine which pair was the most comparable on 

dimensions of perceived risk, difficulty, and importance. From there, the selected 

pair were compared during a pilot study tested with a similar sample. Further steps 

were taken in the main study by counterbalancing the order of the selected pair of 

emergencies and the level of delay; the order effect was also incorporated as a 

between-subjects variable. Despite these preventative measures, it was still possible 

minor differences between the two emergency scenarios might have accounted for 

changes in the dependent variable. 

Study Period. Data collection was temporarily suspended due to the 

COVID-19 global outbreak and eventually resumed months later with safety 

countermeasures to maximize participant safety and to reduce the risk of exposure 

as much as possible. For example, participants were required to wear masks to and 

from the simulation room and had the option to remove the mask inside the 
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simulation room. Furthermore, all face-to-face contact was eliminated between the 

participant and the researcher. Despite these and many other precautions, it was still 

possible that some participants could have felt additional stress related to COVID-

19 that was not brought about by the manipulation of the independent variable.  

Method of incorporating delay. The 2-min one-way communication lag 

period incorporated in the delay mission was introduced through basic timer 

applications manually operated by the researcher. Therefore, the researcher 

working alone as MCC was required to keep track of multiple 4-min round-trip 

timers throughout each mission and send outgoing transmissions in a coordinated 

fashion. Although the researcher gave himself a 5–10 s buffering zone following 

the 4-min period for responding to each transmission, it was possible that without 

advanced delay incorporating technology, some responses from MCC may have 

slightly surpassed this buffering range in situations where participants required a 

high level of support than usual from MCC.  

 Delimitations. The delimitations of the current study were: 

 Scope of research. This study limited the quantitative analysis to a single 

crewmember’s perspective, thus excluding crewmember interaction and the crew 

MCC dynamic. Communication delays are two-sided in nature, and measures from 

the MCC side may have offered an important and potentially unique perspective 

into this dynamic. Furthermore, crews of future LDEM will also need to work as a 

team to successfully achieve mission goals (Landon et al., 2016). Similarly, MCC 
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will also include multiple highly trained individuals working together to support the 

crew.  

Data collection instruments. The current study employed one standardized 

instrument to determine participant stress levels: The stress VAS (Lesage et al., 

2012). Similar studies that use different standardized instruments to determine 

stress might not get the same results. Likewise, one physiological measuring 

instrument was used to collect physiological data (Polar®). It is possible other 

studies may apply a different physiological instrument leading to different results. 

 Sampling sources. The current study was limited to students and faculty 

who were affiliated with the Florida Institute of Technology. This private 

university is known for its aviation programs and certified pilot instructor lessons. 

Thus, it is possible a significant proportion would have had experience in cockpits 

and using flight simulators. In addition to flying experience, members of this 

university may have possessed specific professional characteristics, such as a good 

understanding of aviation safety factors. Therefore, similar studies that use different 

sampling sources, such as other colleges with lesser-known aviation programs, 

might not get the same results. 

Form of communication. The current study limited the means of 

communication between the participant and MCC to voice only. It is likely that 

future LDEM missions will use a combination of voice and text as a form of 

communication between crewmembers and MCC (W. Vessey, personal 
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communication, November 13, 2019). Text communication has the advantage of 

remaining visible to the crewmember after a transmission is received, whereas 

voice communication requires more attention and memory capacity. Therefore, 

similar studies that implement multiple means of communication may not get the 

same results. 
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Chapter 2 

 

Review of Related Literature 

Introduction 

This chapter will be presented in three main sections. The first section 

provides a discussion of the theoretical foundation, on which the current study was 

grounded. This section contains an overview of theories related to communication 

(Clark & Brennan, 1991), stress and coping (Lazarus and Folkman, 1984), and 

Costa & McCrae’s (1992) Five-Factor Model. The second section provides a 

review of past research related to communication delays and the moderating 

influence of the Big Five personalities on stress levels. The last section presents a 

summary of the related literature and a discussion of its implications to the current 

study. 

Overview of Underlying Theoretical Framework 

In the current study, hypothesis 1 theorized that individual stress levels 

would be higher in the 2-min one-way delay mission compared to the 1–3-s one-

way delay mission (serving as control). In other words, it was predicted that longer 

delays would lead to higher stress levels. This was grounded in the Common 

Ground Theory of Communication (Clark & Brennan, 1991) and Stress and Coping 

(Lazarus & Folkman, 1984).  

Clark and Brennan’s Common Ground Theory of Communication. 

This theory views communication as a collaboration between individuals and 

proposes that successful common ground is achieved by the coordination of 
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communication processes and its content to ensure the information shared among 

team members is mutually understood and relevant to shared goals (Clark & 

Brennan, 1991). In communication, common ground cannot be achieved without a 

process referred to as “Grounding,” which in its simplest form, is an attempt to 

establish that what has been said has also been understood. According to Clark and 

Schaefer (1989), to reach this stage, groups use three methods of meeting a level of 

understanding (i.e., grounding criterion):  a “New Contribution” wherein a speaker 

will move forward with a new utterance and wait to see if the recipient can provide 

evidence of understanding or confusion; an “Assertion of acceptance,” where the 

recipient accepts the utterance by providing evidence believing they understood it. 

This may be through smiling, nodding, or verbal confirmation. Finally, the 

recipient may present a “Request for clarification” on the information presented by 

the speaker.  

In addition, Grounding is shaped by two main factors: the purpose and the 

medium. Depending on the communicative purpose of the speaker and addressee, 

both will need to adjust their grounding criteria. For example, if the crew and MCC 

are communicating during an emergency response, solving the critical emergency 

is the overall purpose. Grounding is also affected by the communication medium in 

which it is occurring, such as face to face, by telephone, email, text, or video. For 

example, Clark and Brennan (1991) suggest the speed at which two individuals can 

exchange evidence is essential. Communication between a speaker and addressee 
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who are both physically present permits more frequent back and forths in 

succession and a shared visual field. This allows for the reading of facial and body 

expressions among other resources and facilitates the process of reaching a quick 

mutual belief of understanding. Clark and Brennan (1991) identified eight 

constraints inherent in mediated communication: co-presence, visibility, audibility, 

contemporality, simultaneity, sequentiality, reviewability, and revisability. In the 

context of the current study, the simulated missions will present a variety of 

constraints to effective communication, as is depicted in Figure 2.1; however, only 

the contemporality constraint will be manipulated. This medium constraint refers to 

whether team members are receiving information from one another as it is being 

produced (i.e., in real-time). The most common example of this constraint (lack of 

contemporality) would be voicemail and electronic email.  

According to Clark and Brennan (1991), if an individual receives a message 

after a delay, their reaction to that message (and understanding of it) will also be 

delayed. In addition, without contemporality, the precision of timing is also 

affected. Individuals in real-time conversation can start an utterance precisely at the 

completion of their partner’s turn, time their acknowledgments to demonstrate an 

understanding of specific utterances, and interrupt particular words to convey 

agreement or disagreement. Without contemporality, none of this is possible (Clark 

& Brennan, 1991). Finally, the lag time associated with this constraint could lead to 

sequential mistakes if the partner awaiting the message mistakenly moves forward 
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in the wrong way and may also prevent communication from moving forward in a 

timely manner, thus slowing the grounding process and damaging communication 

efficiency (Clark & Brennan, 1991).   

Finally, the common ground theory of communication has been historically 

critical in mitigating misunderstanding and negotiations. Perhaps the most relevant 

example of common ground in communication is evidenced during the first moon 

landing between Apollo 11 and MCC. Throughout this endeavor, the crew of 

Apollo 11 was aided by instructions from MCC while also being required to relay 

their situation and context back to them. Given their distance from the Earth, a 

delay of approximately 1.25 s accompanied each transmission between the crew 

and MCC. Based on the official transcripts, it can be seen how often both sides 

would verify that the other party had clearly heard what had been transmitted. It 

was crucial to provide verbal feedback following each transmission given the 

different medium constraints (Jones, 2019). Presented with a variety of medium 

constraints, including a contemporality constraint of 1.25 sec, the coordinated 

collaboration between the crew and MCC was essential in ensuring that both 

parties' information was mutually understood. With longer delays, both parties will 

need to work even harder to maintain common ground. 
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 Figure 2.1 

The Eight Medium Constraints 

 

Note. Each simulated mission of this study will present issues related to all eight 
constraints (Clark & Brennan, 1991); however, only contemporality * will be 
manipulated.  
 

Lazarus and Folkman Theory of Stress and Coping. This study 

postulated that the challenges associated with the contemporality medium 

constraints inherent in delayed communication would result in decrements in well-

being (i.e., stress). Specifically, the delay would present various challenges that 

would produce stress and frustration directed at the process and their performance. 

Most approaches to investigating stress have centered on three main components: 

the individual, their environment, and the interaction (“transaction”) between the 
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two (Salas et al., 1996). Perhaps the most well-known theory, also serving as the 

theoretical grounding for this study, is the work of Lazarus and Folkman (1984). 

Lazarus and Folkman’s (1984) theory of stress and coping, often referenced as the 

“transaction” approach to stress, defined stress as a byproduct of a complex 

interaction between the individual and their environment that is facilitated by how 

the individual perceives (cognitive appraisal) the situation, and how the individual 

manages through it (copes). Specifically, when individuals appraise stimuli in their 

environment to be challenging, harmful, or threatening, and are unable to cope, 

stress is produced (Figure 2.2). The degree or intensity of the stress response 

depends on the appraisal, of which there are two forms: a primary appraisal and a 

secondary appraisal. A primary appraisal is the individual’s perception of the 

personal significance of an event/stimulus, and a secondary appraisal is the 

individual’s evaluation of available resources and coping options for dealing with 

the stressor. Stress results when perceived demands of a situation outweigh the 

available resources (Lazarus & Folkman, 1984). Primary appraisals are of three 

forms: irrelevant, which carry no implications for wellbeing, benign/positive, and 

stressful. Stress appraisals can be further divided into three categories: (a) 

harm/loss that has already occurred; (b) threat, when harm/loss is anticipated; and 

(c) challenge, which is the potential for gain or growth. In a threat state, the 

perception that current demands may exceed one’s available resources or ability to 

cope creates the stress condition. By contrast, in a challenge state, the perception is 
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that although an individual may be faced with significant demands, he or she 

possesses the resources required to deal with it. For example, in an emergency 

response, it was purported that waiting for delayed information from MCC under 

time constraints may have produced a threat state as crews anxiously awaited 

instructions and worried about responding to the threat in a timely fashion. Stress 

appraisals can also be influenced by situational factors (social context) and personal 

factors (i.e., beliefs, goals, and values) (Lazarus & Folkman, 1984). Together, 

primary and secondary appraisals determine whether an individual will perceive a 

situation as stressful and helps account for differences between how individuals 

respond to the same event. For example, a highly neurotic individual may perceive 

a long communication delay during an emergency response with a higher degree of 

frustration compared to someone who is emotionally stable, which may ultimately 

result in different stress responses. 
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Figure 2.2 

Lazarus and Folkman’s theory of stress and coping 

 
Note. Also known as the transactional model of stress and coping (Lazarus & 
Folkman, 1984). Stress occurs when a stimulus is appraised as either a harm, 
threat, or challenge, and the demands of the stimulus exceed the resources 
necessary for coping. 
 

 Coping is defined as "ongoing cognitive and behavioral efforts to manage 

specific external and/or internal demands that are appraised as taxing or exceeding 

the resources of the person" (Lazarus, 1993, p. 237). Furthermore, three forms of 

coping strategies have been identified: (1) emotion-based coping, (2) problem-

based coping, and (3) avoidance-based coping. Problem-focused coping involves 

changing or managing the problem that causes the stress, emotion-focused coping 

styles focus on diminishing the negative emotions associated with the stressor 

(Lazarus & Folkman, 1984), and avoidance-based coping styles are cognitive and 

behavioral efforts directed at reducing, denying, or ignoring dealing with a stressful 
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event (Higgins & Endler, 1995). Both problem-based and emotion-based styles are 

active forms of coping, whereas avoidance is a passive form. Selection of a specific 

strategy is dynamic and will depend on a variety of factors, including their 

personality and the situational context. For example, in a stressful situation a 

person might take an active approach and attempt to regulate his or her emotional 

response to mediate the outcomes of a stressful event (Lazarus & Folkman, 1984; 

Lazarus, 1993). Similarly, an astronaut awaiting instructions or support during an 

emergency response under delayed communication might choose to regulate any 

anxiety or frustration related to their current disposition before taking a problem-

based coping approach. Following the coping process, the individual reappraises 

both the nature of the stressor and their available resources, and the process begins 

again. 

 Although appraisals and coping may vary from person to person, the 

perception of threat has been scientifically demonstrated to trigger stress responses 

in humans, commonly referred to as the flight or fight response (Crum et al., 2013; 

Ulrich-Lai & Herman, 2009). This response is part of the sympathetic nervous 

system that, together with the parasympathetic nervous system, makes up the two 

main branches of the Autonomic Nervous System (ANS). The ANS is part of the 

peripheral division of the body’s nervous system and directly affects how the body 

responds to psychological stress. During a perceived threat, the sympathetic 

nervous system activates, and the impulses from the hypothalamus trigger the 
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release of epinephrine and norepinephrine (collectively referred to as 

catecholamines) from the adrenal medulla. This is referred to as the 

Sympathomedullary pathway and mediates the body’s short-term stress response 

(Kim et al., 2018; Ulrich-Lai & Herman, 2009). Both epinephrine and 

norepinephrine start a sequence of events that lead to heart rate, pulse, and blood 

pressure changes to prepare the body for the perceived stressor. This process is 

described in Figure 2.3. Finally, this can also be a reciprocal process. For example, 

activation of the sympathetic nervous system leads to increases in heart rate and 

blood pressure, which may, in turn, exacerbate the level of stress (Mallorqui-Bague 

et al., 2016).  

During stress-induced conditions, heart rate is likely to increase, in turn 

decreasing heart rate variability (HRV). HRV quantifies the variation in time 

between consecutive heartbeats and is known to have an inverse relationship with 

heart rate. Various methods exist for collecting heart rate and HRV data when 

analyzing stress in laboratory settings. The ECG is the gold standard for HRV 

measurement; however, heart rate sensors like the polar H10 heart rate monitor 

have recently gained momentum for their accuracy and precision in collecting heart 

rate information. Baevsky’s Stress Index (SI) is a geometric measure of HRV 

reflecting sympathetic activity and central regulation that is sensitive to changes 

over time (Baevsky, 2009). The SI produced in Kubios HRV standard software is 
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simply the square root of Baevsky’s SI transformed for normality purposes and is 

calculated based on the distribution of the RR intervals as seen in (1): 

                    SI = AMo × 100%                    (1)             

2Mo × MxDMn 

where Mo is the most frequent RR interval (mode), AMo is the mode amplitude 

expressed in percent, and MxDMn is the variation scope reflecting the degree of 

RR interval variability (Kubios, 2020). In general, a lower stress index is preferred 

over a higher one. In addition, SI values increase with increased sympathetic 

nervous system activity. In other words, when individuals are stressed, heart rate 

increases, leading to more rigid and less variable RR intervals, lowering the HRV, 

and increasing SI scores. 
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Figure 2.3 

The Sympathetic-Adrenal-Medullary Pathway 

 
Note. The Sympathetic-Adrenal-Medullary Pathway (Ulrich-Lai & Herman, 2009). 
For any stimuli to cause a stress response, it must be first be appraised by an 
individual as being stressful (i.e., individuals appraise events and stimuli 
differently). HR: Heart rate; HRV: Heart rate variability. 
 

As previously indicated, appraisals can be influenced by both personal 

variables such as beliefs and values, as well as by situational factors such as 

duration and ambiguity (Lazarus & Folkman, 1984). Personality traits have also 

been shown to have a varied role in stress, including its influence on the nature of 

the stressors themselves, the appraisal process, and coping (Semmer & Meier, 

2009; Suls et al., 1996). Subsequently, the next section introduces one of the 
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popular theories of personality and explores the many ways each personality trait 

affects or relates to different stages of the stress response.  

Big Five Personalities. The Big Five personalities consist of five 

dimensions that trait researchers have considered to be the underlying building 

blocks that make up an individual’s personality (Funder, 2001). These were later 

coined the Five-Factor Model (FFM) of personality traits by the duo of McCrae & 

Costa (1992) who lead much of the subsequent research. The five dimensions 

described are: extraversion, agreeableness, conscientiousness, neuroticism, and 

openness to experience (Table 2.1). Each of the five dimensions represents a range 

of possible values, meaning individuals may lie somewhere in the middle between 

the polar ends of a dimension. For example, NASA selects astronauts whose 

personality lies in the middle of extraversion and introversion (Landon et al., 2017). 

The five-factor model has been extensively studied and validated as a model of 

personality (e.g., Digman, 1990; McCrae & Costa, 1987; McCrae & John, 1992). It 

has also emerged as the most widely implemented personality taxonomy today 

(Judge et al., 2002). A description of each trait and its predicted role as a 

moderating influence in this study will be discussed briefly. 
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Table 2.1 

The Five Factor Model and their Definitions  
 

Dimension Definition 

Neuroticism The tendency to experience anxiety, 
anger hostility, depression, self-
consciousness, impulsiveness, and 
vulnerability 

Openness to experience  Describes the breadth, depth, 
originality and complexity of an 
individual’s mental and experiential 
life 

Agreeableness The quality of one's interpersonal 
interactions along a continuum from 
compassion and altruism to 
antagonism 

Conscientiousness 
 

Persistence, organization, and 
motivation in goal-directed behaviors, 
and socially prescribed impulse 
control 

Extraversion An energetic approach to the world, 
including warmth, gregariousness, 
assertiveness, activity, excitement 
seeking, and positive emotions  

Note. Summarized from “The Big Five Trait Taxonomy: History, measurement, and 
theoretical perspectives”, by John, O. P., & Srivastata, S. (1999), Handbook of 
Personality: Theory and Research (2nd ed., p. 102-138). 
 

Individuals high in extraversion tend to seek stimulation and excitement, 

and prefer social interaction (Costa & McCrae, 1992). Those low on the 

extraversion scale tend to be more reserved (also referred to as introversion). 

Research has shown extraversion to be positively correlated with positive affect 

(DeNeve & Cooper, 1998; Costa & McCrae, 1980; Lucas et al., 2008). Individuals 

with positive affect tend to experience greater positive emotions and interact with 
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life's challenges in a more positive way. In a review by Jackson and Schneider 

(2014) on the relationship between extraversion and stress, it was concluded that 

most studies have reported bivariate relationships of personality with stress 

outcomes, with extraversion leading to more favorable outcomes. It was also noted 

that neuroticism was a more valid and reliable predictor of stress responses and 

coping than extraversion. It has also been theorized that the benefits of extraversion 

may lie in how individuals appraise stressful situations. Specifically, this is 

achieved by selectively attending to and fostering attention to the positive aspects 

of stress (Hemenover & Dientsbier, 1996). This is in contrast to neuroticism, which 

tends to focus on the negative aspects of stress. Finally, whereas individuals high in 

neuroticism use passive coping strategies, studies have shown extraverted 

individuals to utilize active coping strategies (Vollrath & Torgersen, 2000; Watson 

& Hubbard, 1996). For example, extraversion was positively related to problem-

focused coping styles in Watson and Hubbard (1996).  

Individuals high on agreeableness are often perceived as considerate, 

trusting, and cooperative. Those lower on this scale are often perceived as less 

helpful and lacking empathy. Previous studies reported agreeableness to be 

positively associated with social support, active coping, and positive reappraisal, 

and negatively associated with avoidance coping (Penley & Tomaka, 2002; Watson 

& Hubbard, 1996).  
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Individuals high on conscientiousness tend to show more self-regulation, 

persistence, and impulse control (Costa & McCrae, 1992). Overall, it has been 

empirically established that this trait plays an important role in how one assesses 

and responds to stress; however, Lee-Baggley et al. (2005) suggested how it affects 

the coping process is ambiguous. Some have found conscientiousness to be a strong 

predictor of coping styles. For example, conscientiousness has been found to be 

related to the use of more active coping strategies (Watson & Hubbard, 1996; 

Connor-Smith & Flachsbart, 2007). 

Individuals who display high levels of neuroticism tend to be emotionally 

unstable, more prone to experiencing negative emotions, have psychological 

maladjustment issues, and possess poor coping strategies (Ormel et al., 2013; Suls 

& Martin, 2005). Individuals possessing low levels of neuroticism tend to remain 

calm in response to stressful situations, worry less, and view problems in a more 

positive outlook (Costa & McCrae, 1992). Research has shown neuroticism to 

influence stress appraisals and coping strategies (Costa & McCrae, 1980; Ormel et 

al., 2013; Smith et al., 1989), and it has been linked to a poor stress response 

(Gunthert et al., 1999). One of the central concepts behind these responses in 

highly neurotic individuals is called the stress reactivity effect (Bolger & Schilling, 

1991; Suls, 2001), which is the tendency for individuals high in neuroticism to 

react to stressful events with high negative affect. One of the theoretical 

underpinnings for this level of hyperactivity relates back to the stress and coping 
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theory, which suggested individuals high in neuroticism were found more likely to 

appraise stressors as threats rather than challenges, thus increasing the probability 

of experiencing negative affect in response to a stressful stimulus (Bolger & 

Schilling 1991; Suls, 2001). Research has also shown neuroticism to be positively 

linked to avoidance coping (Watson & Hubbard, 1996), thus leaving individuals at 

greater risk for experiencing psychological distress. Furthermore, those high in 

neuroticism have been shown to be very aversive to uncertainty or the unknown 

(Hirsh & Inzlicht, 2008). 

Finally, individuals high on openness to experience are novelty-seeking and 

intellectually curious, whereas individuals low on this trait prefer predictability, are 

less tolerant of the unknown, and are often closed-minded (Costa & McCrae, 

1992). Previous studies have reported openness to experience to be associated with 

reduced negative psychological responses to stress, such as lower perceived stress 

(Penley & Tomaka, 2002; Schneider et al., 2012). For example, evidence suggests 

those higher on openness to experience are more likely to engage in positive 

reappraisal (O’Brien & DeLongis, 1996; Watson & Hubbard, 1996). There is also 

evidence indicating that individuals high in this trait have a tendency to engage in 

more adaptive, flexible coping in the face of stress (Lee-Baggley et al., 2005).  

It was expected that when faced with a stressor such as delayed communication, 

specific levels of each of the five personality traits would moderate an individual’s 

stress response. Depending on the range of scores for each of the five factors, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4084696/#R71
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individuals may have experienced higher or lower stress levels with increased 

levels of communication delay. For example, based on the above findings, lower 

levels of neuroticism and higher levels of openness to experience, agreeableness, 

conscientiousness, and extroversion would all have promoted a better stress 

response. Slight variations to these values are recommended in the LDEM literature 

with respect to crew selection (Landon et al., 2017) and will be discussed in the 

next section. The transactional model that underlies Lazarus and Folkman’s (1984) 

theory of stress and coping and the moderating influences of the Big Five 

personalities is represented in Figure 2.4.  

Figure 2.4 

Summary of Conceptual Framework  

 
Note. Application of FFM to Stress and Coping Theory. Personality is purported to 
moderate the effect of communication delays on stress levels.  
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Despite there being a broad consensus among personality theorists that 

this model is the best present description of the structure of personality, the FFM 

does have contrarian views. For example, some of these assertions relate to its 

limited scope in describing personality and its descriptive rather than explanatory 

nature. It is argued that the Big Five personalities are too limited in scope for a 

concept as holistic as one’s personality, particularly considering there are various 

other traits that exist outside the Big Five that could make up an individual’s 

personality (Block, 1995; Boyle, 2008; McAdams, 1992). For example, the FFM 

neglects many other domains of personality, such as masculinity/femininity, 

honesty/dishonesty, and humor. Another critique of the FFM is its limitations as an 

explanatory or predictive theory for understanding why individuals behave the way 

they do (McAdams, 1992). Trait theories such as the Big Five present information 

about individuals and regarding which traits are antecedents to specific behaviors; 

however, there is no explanation for why these traits interact the way they do. For 

example, extroverted individuals thrive in social interactions and actively seek out 

social situations, but trait theory does not offer any explanation for why this might 

occur. This latter limitation plays into another critique that the Big Five 

personalities are not based on any underlying theory; rather, it is simply an 

empirical finding from a factor analysis revealing the clustering of certain 

descriptors (McAdams, 1992). Despite these contrarian views, the FFM still 
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remains one of the most common and popular validated models of personality to 

this day (Digman, 1990; McCrae & Costa, 1987; McCrae & John, 1992). 

When examined in the context of the current study, plausible explanations 

for higher stress levels during the 2-min one-way communication delay stem from 

the communication medium constraints imposed on the ability to reach common 

ground. This is grounded in Clark and Brennan’s (1991) Common Ground Theory 

of Communication. For example, scenarios in which team members are physically 

separated require more effort to reach common ground as fewer resources are 

available, and this is further complicated when communication lacks 

contemporality. This constraint presents a series of challenges that weaken 

communication efficiency and lead to wasted time. It was purported that these 

challenges would present situations that may produce a stress response in 

individuals depending on how the situation is appraised and their ability to cope. 

This was based on Lazarus and Folkman’s (1984) Stress and Coping theory that 

presents the stress condition as a byproduct of the perception of current demands 

exceeding one’s available resources (i.e., ability to cope). In addition, both the 

appraisal process and coping can be influenced by a variety of personality factors, 

including the Big Five personalities. Although argued not to be based on an 

underlying theory (McAdams, 1992), the FFM has emerged as the most common 

model representing personality (John, 2008; Barrick & Mount, 1991).  
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Review of Past Research Studies  

Because the current study explored communication delays in future LDEM, 

the following review of past research studies will concentrate mainly on analog 

studies conducted in simulated ICE conditions. Past research into communication 

delays has focused primarily on performance measures and subjective ratings, as 

well as countermeasures and other training protocols for improving communication 

under asynchronous conditions. As a result, there was limited research pertaining to 

the direct effects of delayed communication on well-being measures such as stress. 

There was also a lack of research pertaining to the moderating role of individual 

differences in performance and well-being under significant communication delays. 

Specifically, there were no studies on how personality characteristics such as the 

Big Five moderate well-being or performance under different levels of 

communication delay. Thus, this section will review the relationship between these 

personality traits and well-being/performance both from a general perspective and 

specifically as it pertains to ICE conditions.  

Communication Delays. One of the earliest studies to explore the effect of 

communication delays was conducted by Krauss and Bricker (1967). This study 

investigated the effect of transmission delay and access delay on the efficiency of 

verbal communication in a two-person task. Following an experimental design, 14 

pairs of male subjects completed tasks under no delay and round-trip transmission 

delays of 1.8 and 0.6 s. One individual from each pair was positioned in separate 
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acoustic enclosures and communicated using a dynamic directional microphone to 

complete the assigned task. The task involved solving a novel graphic design 

problem that required exchanging information between the sender and receiver to 

correctly identify each design. The task was not timed, and subjects were 

encouraged to complete them at their own pace. The researchers collected recorded 

transcripts of each trial and were interested in the total number of words (only 

meaningful words were selected) and the number of utterances by both sender and 

receiver. Subsequent subjective measures of performance were collected via 

questionnaire following each trial. Using an analysis of variance, it was revealed 

that transmission delay was a significant source of variation for the number of 

recorded words used by the sender (f = 28.864, p < .001). Specifically, there was a 

significant difference between the 1.8-s delay condition and both the no delay trial 

and the 0.6-s delay condition, with the latter trials producing significantly fewer 

words than the former. There was no significant difference between the 0.6-s delay 

condition and the no-delay condition. Furthermore, it was revealed that there was 

no significant variation in the number of utterances among the three conditions. 

The authors did reveal, however, that the effect of transmission delay led to an 

increase in the length of utterances rather than the frequency. Finally, an analysis of 

variance of responses to the post experiment questionnaire corroborated the 

findings. Subjects in the 1.8-s condition reported more difficulty with 

communication and were more aware of the delay than subjects were in the 0.6 s 
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and no-delay condition (F= 10.20, p < .001). Subjects in this condition also tended 

to rate their partner as less attentive to a higher degree compared to the other two 

conditions. In other words, the round-trip latency led to subjects perceiving their 

partners as inattentive to their transmissions (Kruss & Brickell, 1967). The authors 

concluded that the 1.8-s transmission delay damaged communication efficiency, 

while subjects performed equally efficiently in the 0.6-s delay and the no-delay 

condition. The results of this study suggest delays as low as 1.8 s are enough to 

hamper effective communication between two individuals. A key limitation of this 

study relates to its generalizability, as the sample consisted of all males. It is 

conceivable that a more heterogeneous sample, or all-female sample may have 

yielded different results. Additionally, subjects were not under time constraints, 

which might have enhanced difficulty in performance. As it relates to the current 

study, it was expected that significantly longer delays would likely further hamper 

the ability to effectively communicate, and the perception of inattentiveness would 

likely be enhanced given the critical and time-sensitive nature of the task being 

performed (i.e., emergency response). 

Another study by Armstead and Henning (2007) explored the effect of 

audio communication delays on team performance. Paired in teams of two (N =  

67), participants sampled from a pool of introductory psychology students 

completed a modified form of NASA’s multi-attribute task battery (MATB) with 

closed-loop audio communication delays ranging from 0 to 16 s. Using a 
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counterbalanced approach, teams were assigned to two possible conditions each 

with a set of three tasks. Both conditions included a no-delay control, while 

condition A consisted of a 4 s and 12-s delay, and condition B consisted of an 8 s 

and 16-s delay. The MATB simulates specific piloting tasks and requires 

coordination and written communication by the two individuals working in tandem. 

Some of these required tasks included monitoring, tracking, and resource 

management (RMT). Audio delay was introduced using two digital reporting units 

that recorded speech from each team member and replayed the recording back to 

the other member after a specific delay period. The authors defined closed-loop 

delay as the minimum amount of time that a team member could receive a response 

from the other member. For example, a question-and-answer with a one-way, 8-s 

audio delay would result in a 16-s, closed-loop audio delay (Armstead & Henning, 

2007). Like the current proposed study, individuals were separated in different 

rooms, and the authors trained participants on working with the technology, by 

means of a trial run without delay. Some of the outcome variables included 

objective measures of performance automatically recorded by the MATB, root 

mean square (RMS) error of a cursor relative to its target for tracking, response 

time, mission/commission errors for monitoring tasks, and RMS error of fuel levels 

for resource management. Analysis was conducted via multilevel models, described 

as “regressions of regressions” and repeated measure for within group trials. 
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The results of Armstead and Henning’s (2007) study revealed that 

communication delays were a significant predictor of performance. Specifically, 

they found that longer delays lead to progressively worse performance on the RMT, 

F(1, 57.1) = 94.19, p < .001. This effect was also found during nonlinear tests using 

quadratic and cubic terms of delay length, which yielded a significant linear and 

cubic function of delay on RMT. Performance on the tracking task was not 

significantly affected by the length of delay, and due to difficulties with the MATB, 

results for the system monitoring task could not be yielded. In addition, the results 

suggested that the most rapid rate of degradation of performance occurred between 

delay levels of 4 and 8 s and began to slow (though still quite poor) as delays 

approached 12 to 16 s. One plausible explanation for the significant effect of the 

RMT task was provided by Jentsch et al. (1994), who argued that individuals tend 

to focus on those tasks that provide the greatest feedback quality. During each trial, 

only one individual performed monitoring and the other performed tracking, 

whereas both team members collaborated on the RMT task. The RMT task required 

more feedback, and thus may explain the large drop in performance with increased 

delay. Armstead and Henning (2007) recommended minimizing delays as much as 

possible, as well as minimizing work that requires coordination demands when 

faced with long delays. One of the main differences of this study compared to the 

current study was the measure of outcomes on both sides of the communication 
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delay. Although this dynamic of investigating both sides is important for future 

LDEM, this study only explored the perspective of the crew.  

 A more recent study by Krausman (2019) conducted further investigation 

into the effects of communication delays on various distributed team interaction 

and processes, as well as explored medium-based countermeasures to alleviate 

these effects. Using samples recruited from the military and civilian population, 

thirty teams of two performed collaborative problem-solving tasks centered around 

a hypothetical terror plot. Using both audio conferencing and videoconferencing 

technology, delays of 0, 800, or 1600 ms were introduced as participants worked 

together and verbally shared information with each other to complete the assigned 

task. Using a 2 (audio or video) x 3 (delay) within-subject experimental design, 

participants were assigned to separate soundproof rooms to simulate team members 

being distributed from each other. Krausman (2019) used the Delay Line Video and 

Audio Delay System (Allen Avionics, Inc.) software to implement delays and 

cameras to video record each session. For each experimental session, each member 

received a specific amount of information for the task at hand, so neither had 

enough to fully solve the problem on his/her own. This was done intentionally by 

Krausman (2019) to necessitate the exchange and sharing of information between 

team members. 

 Some of the performance measures included objective measures of task 

completion time, shared understanding (task accuracy), information sharing, and 
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subjective ratings of satisfaction, trust, and mental workload. Mental workload was 

rated via the NASA Task Load Index (TLX) workload rating scale (Hart & 

Staveland, 1988) and consisted of subscales such as mental demand, performance, 

effort, and frustration. Of those results relevant to the current study, linear mixed 

models analyses revealed that task completion time, F(2, 120) = 3.33, p = .04, and 

percentage of information shared, F(2, 270) = 4.13, p = .02, were significantly 

affected by the delay. Participants required more time to complete the task at the 

800 ms delay and shared less information with each other at the 1600 ms delay. 

Furthermore, although the overall workload was not significantly affected by the 

delay, two of its subscales, physical demand and frustration, did show significant 

effects. For example, separate analyses into the different subscales of workload 

ratings found that frustration ratings were significantly affected by delay F(2, 270) 

= 4.65, p = .01, with participants rating higher frustration levels at the 1600 ms 

delay compared to the 0 ms delay; however, no significant differences were found 

between the 800 and 1600 ms delays or the 0 and 800 ms delays. These results have 

obvious implications for more dynamic or operational conditions, such as future 

LDEM, where much longer levels of delay could be expected. One of the 

limitations of this study challenged the population generalizability of the results. 

Participants were recruited from the same organization and thus likely shared many 

similarities with respect to performance and communication style. In addition, 

because the study was conducted in laboratory settings, not all the complexities and 
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stressors of an operational environment were fully captured, thus limiting the 

ecological validity. Krausman (2019) recommends that future research approach 

the impact of communication delays from a longitudinal perspective; however, this 

is not without its difficulties with respect to time and expenses. 

Delayed voice communication has also been explored in high-fidelity 

simulations of future space exploration missions. The Advanced Exploration 

Systems Autonomous Mission Operations (AMO) study by Frank et al. (2013) was 

the first study in NASA’s Earth-analog environment to examine the effects of 

communication delay in an operational environment of high fidelity. More 

specifically, this study utilized experienced NASA flight controllers and astronauts 

as participants and employed many of the plans and procedures used in today’s 

crewed missions. Using an experimental design, four distinct crews of four 

performed 2-hour simulated missions encompassing the cruise phase of a long-

duration mission. The scenarios were simulated in time delays that represented 

Lunar (1.2-5 s), Near Earth Object (50 s) and Mars (300 s) missions, although only 

results for the latter two were provided. The tasks to be completed included a 

computer-simulated water transfer activity, a vehicle survey following a potential 

meteor strike, a lost item search, and hard drive troubleshooting. In addition to time 

delay, Frank et al. (2013) also explored different operational scenarios and 

compared baseline measures to mitigation configurations that implemented 

protocols to improve communication. Frank et al. (2013) obtained qualitative 
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written feedback from participants at the end of each simulation and used 

quantitative techniques to obtain objective scores on performance/task completion 

and subjective ratings of performance. It was hypothesized that with increased time 

delay, task completion would decrease, whereas both crew ground coordination 

difficulty and workload would increase. Preliminary results of the study revealed 

that both crewmembers and the flight control crewmembers experienced an 

increase in workload under increasing time delay. Specifically, more workload 

ratings fell in the unsatisfactory range of the Bedford workload rating scale for the 

300-s delay compared to the 50-s delay simulation. In addition, the authors 

concluded that activity completion rates were not impacted to any meaningful 

extent by the time delay. Specifically, when comparing the 50-s delay to the 300-s 

delay, the average number of activities completed during the simulation did reduce 

in number; however, this change was very modest. Finally, ratings of coordination 

difficulty also increased with time delay. This was supported by statistical analysis, 

where the ANOVA main effect of time delay on coordination difficulty ratings was 

found to be significant at F(1,12), 7.57, p < .01. Written feedback from participants 

supplemented these findings with quotes such as: 

Time delay made it difficult to do voice comm and still keep your place in 

procedures since the time is long enough the crew moves onto other tasks 

while waiting for the [Mission Control Center] MCC to get back in touch 

for further direction. (Frank et al., 2013, p. 14) 
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This quote highlights the concerns regarding the time gap between an issued order 

and the response action to the order, and how longer delays may lead to commands 

from MCC becoming obsolete (Palinkas et al., 2017). In comparing different delay 

magnitudes, the results suggest that with longer delays, all eight challenges 

identified by Love and Reagan (2013) were more pronounced. Contrary to 

expectation, one of the key findings of Frank et al. (2013) study revealed that in 

comparing participant responses from simulations in 50 and 300-s delay, no 

consensus was reached as to which was more challenging. Frank et al. (2013) 

suggested some participants rated the 50-s time delay more challenging because 

they attempted to operate as they would in real-time operations. These results do 

not imply that shorter delays are more challenging than longer ones, but that crews 

operate under certain perceptions depending on the level of delay.  

The key challenges associated with performing under communication 

delays were developed by Love and Regan (2013) in their meta-analysis of 

simulated deep space exploration missions, spanning over three years. Love and 

Regan (2013) used feedback from crew, MCC, and other personnel to develop 

eight conjectures. These conjectures were obtained from a variety of analog 

missions, including NASA Extreme Environment Mission Operations (NEEMO), 

Desert Research and Technology Studies (Desert RATS), Research and 

Technology Studies (RATS), The Pavilion Lake Research Project (PLRP), and the 

Autonomous Mission Operations (AMO) project. These conjectures/challenges 
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were identified as: 1. confusion of sequence, 2. interrupted calls, 3. wasted time, 4. 

impaired ability to provide relevant information, 5. who has heard what, 6. 

perception of indifference, 7. slow response to events, and 8. reduced situational 

awareness (Table 2.2). This study hypothesized that stress and frustration may have 

been one of the many byproducts of these challenges inherent in the contemporality 

medium constraint. 
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Table 2.2 
 
Summary of the Challenges of Delayed Voice Communication  
 

Challenge Description 

Confusion of sequence 
 
 

Leads to minor confusion such as 
conversational order problems 

Interrupted calls 
 

Crews may talk over each other and 
interfere with conversational flow 
 

Wasted time 
 

Crews are aware of time spent waiting 
for response 
 

Impaired ability to provide relevant 
information  
 
 

Reduced frequency of exchange 
hinders accuracy of information and 
shared mental models  
 

Who has heard what? 
 
 

Difficulty in keeping track of which 
messages have been and not been 
received  
  

Perception of indifference  
 
 

Perceiving a lack of response as an 
individual’s indifference or not caring 

Slow response to events 
 

Crews may receive delayed time- 
critical advice 
 

Reduced situational awareness  Less communication opportunities, 
crewmembers may be unaware of 
each other’s status 
 Note. Contemporality medium constraint. Summarized from “Delayed voice 

communication,” by Love, S. G., & Reagan, M. L. (2013), Acta Astronautica (p. 89-
95). 
 

Another study by Vessey et al. (2013) explored the effects of 

communication delays on teams and individuals in NEEMO mission 16. 

Specifically, Vessey and colleagues (2013) explored the association between 
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communication delays and individual/crew well-being and performance. Specific 

tasks were assigned, lasting just under an hour, under three different scenarios of 

high criticality and novelty: detection of smoke (no delay), lionfish sting (5-min 

one-way delay), and a crack in the window (10-min one-way delay). Data 

collection methods included observational data and self-report data, such as 

subjective and objective ratings of communication quality, autonomy, and team 

performance (and team debriefing). Most participants (n = 7) were male, were an 

average age of 30, and all had prior experience with team simulations (such as 

NEEMO). As expected, communication quality decreased in the 5-min delay 

simulation, and this was statistically significant, p < .05. One of the conclusions 

drawn from the study indicated that the 5-min delay in communication was 

perceived as equal to having no communications. Furthermore, perceptions of 

autonomy also increased in association with increased communication delay, 

although this was not statistically significant. On the other hand, ratings of 

communication quality did not differ between the 10-min delay and the no delay 

simulation. One limitation indicated by Vessey and colleagues (2013) that may 

explain the lack of statistical significance in the 10-min delay suggests that 

operations under conditions of 50-s delay prior to exploring the longer delays may 

have prepared participants to anticipate and adapt to future delays. It is also 

possible a mission duration of 45 min incorporating a 10-min one-way delay may 

not have been sufficient to detect an effect. If all three missions were conducted 
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under similar time constraints (e.g., 1 hr), it is possible Vessey, and colleagues’ 

(2013) study may have yielded different results. 

A more recent study by Palinkas et al. (2017) expanded on previous 

findings by examining the effects of communication delays on behavioral health 

and performance on the ISS, the analog most comparable to LDEM. The ISS is 

currently the best existing high-fidelity environment, in which to formally explore 

the effects of communication delays on individual and interpersonal issues (Keeton 

et al., 2011). The initial protocol for this study intended to explore the effect of 

personality as a moderating variable; however, this was ultimately forgone due to 

concerns expressed by the astronaut office (AO) about the astronaut’s willingness 

to answer specific types of information in standardized form (Palinkas et al., 2017). 

The authors used theories of communication (Clark, 1996), stress and coping 

(Lazarus & Folkman, 1984), and other empirical studies of asynchronous 

communication to derive a complex model of moderating and mediating variables 

on specific individual and team outcomes of performance and wellbeing (Figure 

2.5). For the purposes of this study, however, results of the moderating and 

mediating inquiries will not be discussed. Participants included three ISS astronauts 

and 18 MCC support staff, who were required to perform 10 tasks (N = 6 with no 

delay and N = 4 with a 50-s one-way delay) over a three-month period. The tasks in 

the study varied on two dimensions (moderating variables): task complexity and 

task-related communication demands. Palinkas and colleagues (2017) also explored 
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potential mediators, specifically the perception of communication quality and task 

autonomy. 

Figure 2.5 

Conceptual Model for Palinkas et al. (2017) 

 
Note. The Research model that served as the theoretical foundation for 
investigating the impact of communication delays on individual and team 
performance and well-being. Reprinted from "Assessing the impact of 
communication delay on behavioral health and performance: An examination of 
autonomous operations utilizing the international space station," by L.A. Palinkas, 
N. Kintz, W. B. Vessey, C. P. Chou, L. B. Leveton, 2017, p. 9. NASA/TM-2017-
219285. Copyright 2017 by NASA. Reprinted with permission. 
 

 Palinkas and colleagues (2017) used an experimental, crossover design to 

contrast conditions under delay versus conditions under no delay (control). The ten 

tasks that were identified with the assistance of the Flight Operations Directorate 

(FOD) were decided on based on the following requirements: 1) task duration of at 

least 60 min; 2) task involved communication between crew and ground control; 3) 

a minimum of two team members were involved in performing the task; 4) delays 
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included all mediums of communication (except telemetry and hardware/system). 

Among the data collection tools relevant to the current study were a group 

environmental scale (Moos, 2002) used to assess crew well-being (morale) and an 

individual well-being (stress/frustration) scale that was scored from 0 (not stressed/ 

frustrated) to 1 (stressed/ frustrated). As previously indicated, a number of 

standardized survey instruments that were included in the original study protocol 

were not used due to concerns expressed by the Astronaut Office (AL).  

 A total of N = 37 post-task assessments were collected for the ten tasks 

from both ISS astronauts and MCC personnel. Following the hypothesis that 

communication delays would be inversely related to outcomes such as performance 

and positively related to outcomes such as stress/frustration, responses from each 

astronaut and MCC personnel were averaged for each task and compared across the 

delay and control conditions using an independent samples t-test. A two-way 

analysis of variance (ANOVA) was used to explore the effect of communication 

delays and task complexity on the outcome variables. Results indicated that 

communication delays were significantly associated with both wellbeing measures 

of crew morale and individual stress/frustration. Specifically, crew morale was 

significantly lower in the communication delay condition compared to the control 

tasks (t(7) = 2.762, p = .001), and stress/frustration was more frequently reported in 

the communication delay condition compared to control conditions (Fisher’s exact 

test one-sided =.03). On the other hand, there was no statistical difference between 
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control (N = 6) and communication delay (N = 4) tasks for all three performance 

measures (individual, crew, and team). Palinkas and colleagues (2017) proposed 

the 50-second delay in communication may have been insufficient to detect 

meaningful and statistically significant differences in the performance variables. In 

addition, there was also significant association between communication delays and 

communication quality. Communication quality was also found to be significantly 

lower under conditions of communication delay compared to control tasks (t(8) = 

2.74, p =.01). When exploring this variable as a potential mediator, communication 

quality was also significantly associated with crew morale and stress/frustration 

(and the three performance outcomes); however, there was no independent 

association between communication delay and any of these outcome variables. 

Consequently, the authors concluded that communication quality may indeed 

mediate the relationship between communication delay and performance and well-

being (crew morale + stress/frustration). In summary, both quantitative and 

qualitative data suggest communication delays reduced crew well-being (increased 

stress/frustration) and the quality of communications. These findings supported the 

hypotheses of the current study in predicting that the 2-min one-way delay mission 

would produce higher levels of stress compared to the control 1–3-s delay mission. 

Some of the limitations of this study, however, were the apparent small sample size 

of subjects and the low number and type of tasks selected, which limited the ability 

to generalize the results to other astronauts and a wider range of tasks, respectively.  
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The Big Five Personalities. In the current study, the Big Five personalities 

are identified as moderating variables that may influence the level of stress 

experienced during and following the 2-min one-way communication delay. To 

date, there were no studies exploring the moderating influence of personality 

variables on the effect communication delays on stress levels. There were, 

however, studies that investigated the relationship between these personality traits 

and individual well-being/performance outcomes in spaceflight (i.e., astronaut 

selection) and comparable fields, such as aviation and in ICE conditions.  

A general performance study was conducted by Barrick et al. (2001), 

quantitatively summarizing results of previous meta-analytic studies investigating 

the personality-performance relationship. Reviewing previous literature on the Big 

Five personality and job performance conducted during the 1990s, Barrick et al. 

(2001) identified 15 meta-analyses, of which data from 11 were reported in their 

study. A second-order meta-analysis was used for quantitative analysis, in which 

each analysis was rated based on its sample size. In summarizing the results of the 

earlier meta-analytic findings on the Big Five personalities, correlations revealed 

that conscientiousness and emotional stability (opposite of neuroticism) were 

moderately strong and stable predictors of future job performance, regardless of 

position or job type, with the former possessing the strongest predictive validity of 

job performance (Barrick et al., 2001). Openness to experience was found to 

correlate strongly with training proficiency and learning capacity, although 
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possessing lower predictive power than both emotional stability and 

conscientiousness. Extraversion was found to predict performance within a specific 

field, notably managerial jobs, whereas agreeableness failed to predict performance 

in any job role (Barrick et al., 2001). In comparing the results of this study to the 

results from Barrick and Mount’s (1991) prior meta-analytic study on personality 

and job performance, the authors noted that most of the findings and conclusions 

were similar. Although quite generic, the results from this summary make intuitive 

sense and supported the overall picture regarding performance and personality. For 

example, individuals with high levels of conscientiousness and emotional stability 

(less anxious and stress-prone) would likely perform better regardless of the 

context.  

In a study by Fitzgibbons, Davis, and Schutte (2004), researchers 

investigated the NEO-Personality Inventory-Revised (NEO-PI-R), to determine 

whether it could provide a personality profile for commercial aviation pilots. As 

previously noted, pilots have been discovered to possess similar personality profiles 

to astronauts (Fitzgibbons et al., 2004). Ninety-three commercial pilots with 

various levels of experience were surveyed with the NEO-PI-R and yielded the 

following results: over 60% of the pilots scored low or very low on neuroticism, 

42% scored high on extraversion (23% scored on the low end), both openness to 

experience and agreeableness appeared normally distributed, and finally 58% pilots 

scored very high on conscientiousness. This was followed by an investigation into 
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the six facets of each dimension, which culminated with the development of a 

descriptive (not empirical) personality profile. The authors reported the basic 

personality profile of a commercial pilot to be: 

of an emotionally stable individual who is low in anxiety, vulnerability, 

angry hostility, impulsiveness, and depression. This person also tends be 

very conscientious; being high in deliberation, achievement-striving, 

competence, and dutifulness. He also tends to be trusting and 

straightforward. Finally, he is an active individual with a high level of 

assertiveness (Fitzgibbons et al., 2004, p. 5). 

This description paralleled previous reports of personality profiles, such as those of 

Hörmann and Maschke's (1996) and Picano's (1991). Fitzgibbons and colleagues 

(2004) also note that this report was exclusively from commercial pilots, whereas 

previous reports, such as that of Picano (1991) was of experienced military pilots, 

suggesting there might be a universal pilot personality, regardless of experience or 

position. These results paralleled other findings and supported the overarching 

theme concerning the optimal personality profile for LDEM. 

The Big Five personalities have also been investigated in ICE conditions, 

mimicking various aspects of LDEM. In a study by Palinkas et al. (2000) on the 

predictors of behavior and performance in extreme environments, a number of 

personality traits, including the Big Five, were measured in a cohort of 657 

individuals, who lived and worked in Antarctica. Of the many ICE analogs, 
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Antarctic stations are among the most highly regarded environments with respect to 

fidelity. For example, the high degree of isolation, confinement, and restricted 

communication, appears to replicate many of the conditions of LDEM. Personality 

measures were collected during the screening for the winter over mission using the 

deep-freeze opinion survey (DFOS), which contains 133 items resulting in 20 

different scales. The authors noted that there were too many personality traits as the 

independent predictors, and therefore the 20 scales were subject to a principal 

component factor analysis that ultimately produced the five factors that correspond 

to the NEO-FFI. Outcome measures of performance included peer and supervisor 

evaluations of each member as well as self-reports of depressive symptoms using a 

Winter-Over Syndrome Scale that measured items such as level of irritation, 

tiredness, and worry. Statistical analysis was conducted through a least-squares 

linear regression model, where the authors conducted separate regression analyses 

with the forced entry of specific variables of each set independently, followed by a 

simultaneous regression of all the variables within each set. An F test measured the 

proportion of variance that each set of characteristics accounted for. The results of 

the study revealed that all sets of predictors collectively accounted for 9 to 17% of 

the variance in performance. From a simultaneous perspective, Neuroticism (β = -

0.13, p = .01) and conscientiousness (β = -0.18, p < .01) were found to be 

significant independent predictors of overall performance, while extraversion (β = -

0.14, p = .01) was found to be an independent predictor of nominations of ideal 
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winter over candidate. Openness to experience was also found to be significantly 

positively related to overall performance and peer evaluations of the ideal 

candidate. Consequently, the authors concluded that individuals with low levels of 

neuroticism, extraversion, and conscientiousness, and high levels of openness to 

experience would be more effective in ICE environments based on individual 

performance and peer evaluations. Agreeableness was not significantly related to 

any of outcome variables. The authors noted one of the main limitations of the 

study was that the cohort was all-male and predominantly enlisted military 

personnel representing one nation. Crews of future LDEM will likely be composed 

of mixed-gender crews, representing several nations and cultural backgrounds. 

Thus, the ability to generalize these results to astronauts in LDEM is limited. The 

authors also recommended proceeding with caution when attempting to compare 

the results of their study with other future studies implementing the five-factor 

model. They note that despite the principal component factor analysis that led to 

the five-factor model, the DFOS was not originally designed to measure these five 

personality traits. Despite these limitations, the results of the study by Palinkas et 

al. (2000) laid an important foundation for research into individual performance 

and well-being in ICE conditions, which due to the high-fidelity nature of analog, 

could also be applicable to the LDEM literature. 

In Musson (2003), Antarctic research station personnel (N = 111) were 

compared to active duty astronauts (N = 66) and a normative population to 
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determine to what degree they were similar in terms of personality trait profiles. 

Implementing a modified version of the NEO-FFI, an analysis of variance revealed 

both similarities and differences between both groups. Significant differences were 

found for neuroticism, agreeableness, and conscientiousness. Specifically, both 

astronauts and Antarctic personnel scored substantially lower on neuroticism 

compared to the normative population (both p < .001), with astronauts scoring even 

lower than Antarctic personnel (p = .004). Furthermore, both groups scored 

substantially higher on agreeableness compared to the normative population (both p 

< .001), although they did not differ from each other on this trait. Similarly, both 

groups also scored higher on conscientiousness compared to the normative 

population (both p < .001) but did not differ when compared with each other. 

Musson (2003) concluded that although there were some similarities between 

Antarctic personnel and astronauts, significant differences between those two 

groups were also identified. Despite this, the results in this study not only supported 

the consensus for the recommended personality profile for LDEM, but also 

demonstrated the effectiveness of this analog. If time and budget would have 

permitted, implementing delayed communication between Antarctic personnel and 

mission support could have explored the moderating influence of the Big Five 

personalities under much higher fidelity. 

 To build on current astronaut selection strategies at the time, Musson & 

Keeton (2011) conducted an analysis exploring the relationship between existing 
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astronaut trait data and public metrics of astronaut performance. The authors used 

two data sets derived from a previous study exploring astronaut personality and 

performance and a NASA astronaut recruitment campaign (N = 65 + 63 = 128). 

Predictors in the analysis included both demographic data such as age, gender, and 

military service, and psychological traits such as the Big Five personalities assessed 

by a modified version of the NEO-FFI. This mandated version included five, 8-

item scales, as opposed to the five, 12-item scales due to restrictions in testing 

astronaut participants. For research purposes, the authors addressed this limitation 

by comparing the modified version to the full version NEO-FFI, where it was 

found to possess adequate levels of reliability. The outcome variables obtained 

from public records included binary variables (Y/N): 1) Assignment of command 

positions on space flights, 2) Assignment to CapCom position, and 3) Leadership 

positions within the Astronaut Office (i.e., chief or deputy chief of the Astronaut 

Office). Also included were scaled outcome variables: 1) Time delay to first flight 

assignment, 2) Number of flight assignments, and 3) Number of extravehicular 

activity assignments over an astronaut’s career. A predictive model was 

implemented to calculate Pearson product and Spearman rho correlations between 

the predictor and outcome variables. In addition, an independent samples t-test was 

used to compare groups for the binary outcome variables. When analyzing the 

results, descriptive statistics revealed that astronauts, as a population, scored very 

low on neuroticism, moderately high on extraversion, and relatively high on 
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agreeableness and conscientiousness (Musson & Keeton, 2011), with no systematic 

gender differences. Inferential statistics revealed openness to experience to be 

significantly related to Assignment of command positions on space flights 

(measure of perceived competence) with those assigned to command positions 

scoring slightly lower than their counterparts (t = 2.52, p = .01), and significantly 

negatively correlated to number of extravehicular activity assignments (r = -0.24, p 

= .02). In addition, none of the Big Five were found to be significantly related to 

Assignment to CapCom position or leadership positions within the astronaut office. 

Finally, neuroticism was found to be significantly positively related to time delay to 

first flight assignment (r = 0.22, p = .04). The latter result was found to be 

consistent with theories suggesting high levels of neuroticism to be associated with 

unsuitability for flight assignment, whereas results related to openness to 

experience were difficult to explain, and may have been spurious (Musson & 

Keeton, 2011). Based on these findings, the authors concluded that personality in 

this population would likely not have a significant impact on the measures explored 

in their study, and recommended future researchers find a more appropriate model 

of outcome measures (i.e., less technical metrics), such as assessing suitability for 

long-duration cohabitation. One potential limitation mentioned by the authors was 

the collection of data from two different populations, which may have led to small 

biases in personality trait scores. Another noted limitation was the large number of 

comparisons conducted in the analysis, which may have increased the chance of 
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findings spurious correlations (Musson & Keeton, 2011). Despite these assertions, 

some of the results obtained from Musson & Keeton (2011) did support the current 

trend regarding the recommended personality profile for LDEM, mainly the 

importance of possessing low levels of neuroticism. 

Another study by Musson et al. (2004) explored the relationship between 

personality and the final selection of astronauts into NASA’s astronaut training 

program. The authors conducted a survey study over a six-year period with a 

sample size of 259 astronauts in the final stage of selection. All participants were 

required to complete a Personal Characteristic Inventory, which measures the broad 

traits of instrumentality and expressivity. In addition, 147 of the 259 also 

completed the NEO-FFI, assessing the Big Five personality traits. Among the many 

aims of Musson et al. (2004) study, which included exploring the relationships 

between the scales of both instruments, the most relevant as it pertains to this study 

was exploring the predictive effect of personality traits, as assessed by the PCI and 

NEO-FFI scales, in determining final astronaut selection. The results indicated that 

neither personality assessment played a major role in the final stage of astronaut 

selection, and they could not identify any differences in psychological assessment 

between those candidates who were eventually selected and those who were not 

(Musson et al., 2004). Specifically, the authors could not find any significant 

differences on any raw scores from the PCI and NEO-FFI scales. Although these 

results indicate that the Big five do not play a role in astronaut selection, the 



 

 72  
 

authors noted that one possible reason for this may have been because selection 

was based on qualifications and career accomplishments, following initial 

application into the program. In addition, there was a high degree of homogeneity 

among the individuals that may have explained the lack of discernible differences 

(Musson et al., 2004). 

 In a retrospective review by Landon and colleagues (2017) exploring 

astronaut selection for future LDEM, final recommendations were made on which 

critical psychological factors are imperative for mission success. Among these 

factors were the Big Five personalities, which were identified as a relevant model 

of personality, and one of the preferred models among NASA scientists in more 

recent years (Landon et al., 2017). Based on a review of studies in ICE 

environments, the authors summarized each of the five factors and provided a 

justification for selection for future LDEM (Table 2.3). According to Landon and 

colleagues (2017), extremely high or low outliers for any personality factor would 

suggest unsuitability. The one exception to the rule would be extremely low levels 

of neuroticism, which would suggest very high emotional stability (Landon et al., 

2017). The hypotheses for the second research question exploring the moderating 

effect of the Big Five personalities were founded based on these recommendations. 
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Table 2.3 
 
Summary of the Five Factors and their Relationship to Team Performance on Long 
Duration Exploration Missions. (LDEM) 
 

 
Note. From “Selecting astronauts for long-duration exploration mission: A 
retrospective review and considerations for team performance and functioning,” 
by L.B. Landon et al. (2017), p. 43. Copyright 2017 by Elsevier. Reprinted with 
permission. 
 

Summary and Study Implications 

As reported in this chapter, several studies have reported the inherent 

challenges related to behavior and performance when operating under varying 

levels of communication delay. Preliminary studies investigating delays of 800 ms 

(Krausman, 2019), 1.8 vs. 0.6 s (Krauss & Bricker, 1967), and levels between 4–16 
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s (Armstead & Henning, 2007) have all reported significant effects on various 

performance measures such as workload, coordination, and task completion time. 

In addition, communication delays were also reported to be associated with reduced 

communication efficiency. Earth-based analog studies in higher fidelity testing 

environments have yielded similar findings related to performance under 

communication delay (Frank et al., 2013; Love & Regan; Vessey et al., 2013). A 

meta-analysis by Love and Regan (2013) investigating several of the Earth-based 

analogs simulating deep space exploration missions yielded eight key challenges 

associated with performance under delayed communication: 1) confusion of 

sequence, 2) interrupted calls, 3) wasted time, 4) impaired ability to provide 

relevant information, 5) “who has heard what?”, 6) perception of indifference, 7) 

slow response to events, and 8) reduced situational awareness. A more recent study 

on the ISS investigating a 50-second one-way communication delay reported 

significant effects on behavioral health measures, including crew morale and 

individual stress/frustration (Palinkas et al., 2017). 

The Big Five personalities are one of the most extensively studied and 

validated models of personality, having been investigated as predictors of 

performance and well-being. Studies have reported the Big Five to be a significant 

predictor of general performance (Barrick & Mount 1991; Barrick et al., 2001) and 

in ICE conditions such as in Antarctica winter-over missions (Musson, 2003; 

Palinkas et al., 2000). Reports from these studies support a common trend 
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regarding the recommended personality profile for LDEM. Specifically, 

Neuroticism was reported to be one of the stronger predictors of performance in 

ICE conditions, with lower levels associated with better performance. Based on a 

review of the literature regarding performance in ICE conditions, it was 

recommended that astronaut selection for future LDEM missions avoid extremely 

high or low outliers for any of the five personality factors except for low levels of 

neuroticism (Landon et al., 2017). 

Although the findings from these studies were insightful and helped identify 

the risks and challenges associated with communication delays, there were several 

key limitations. First, some of the early investigations into communication delays 

were not conducted under time constraints, a factor which may have played a part 

in the individual’s overall performance. Furthermore, not all the complexities and 

stressors of an operational environment were fully captured in the laboratory-type 

environment. Some of the higher fidelity studies did implement time constraints 

(Vessey et al., 2013); however, they varied between the missions. Additionally, 

some of the studies were conducted with very small sample sizes (Palinkas et al., 

2017). Finally, many of these studies focused on various performance measures, 

and thus there is limited literature on how communication delays influence well-

being. Those that did investigate measures of well-being such as stress/frustration 

only implemented subjective data collection methods. Although poor performance 

may in turn produce stress, there may be intermediate factors at play. These 
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limitations highlight the importance of displaying caution when generalizing the 

findings to LDEM. Similarity, the literature on the Big Five personalities, though 

quite extensive, has yet to be explored under the context of delayed 

communication. Specifically, there is a dearth in the current literature with respect 

to what role it might play as a moderating variable in predicting an individual’s 

stress response under different levels of communication delay.  

This study examined the effect of delayed communication on stress levels in 

a simulated space mission, and it also attempted to bring to light the moderating 

effect of personality on this dynamic, in turn filling a necessary research gap and 

establishing the building blocks for future researchers interested in this query. 
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Chapter 3 
 

Methodology 

Population and Sample 

Population. The target population for this study was adult males and 

females early in NASA’s astronaut training program, who may have been eligible 

for a future LDEM. The ideal accessible population consisted of members of 

NASA’s astronaut candidate class; however, International Traffic in Arms 

Regulations (ITAR) and other restrictions made this unobtainable. For the purpose 

of this study, the accessible population was all healthy individuals affiliated with 

the Florida Institute of Technology as either student, faculty member, or staff who 

possessed a bachelor’s degree or were at minimum junior undergraduate level 

status. This was selected as a best approximation of individuals who are similar to 

the ideal accessible population. Members of NASA’s astronaut training program 

must also be in good health and possess at least an undergraduate degree. 

Sample. The sampling strategy for this study was convenience sampling. I 

actively sought out potential subjects by emailing graduate and undergraduate level 

faculty with recruitment material, including a link to a short demographic survey to 

identify those who met the criteria listed above and requested that they share the 

material with their classes. The study was also advertised over email through FIT 

forum, posters were put up around campus, and electronic flyers were advertised on 

monitor screens in Evans library. The FIT forum email provided a link to the 

demographic survey on Qualtrics. Those who completed the survey and qualified 
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were then asked if they were willing to participate in the study. Thus, the sample 

consisted of those individuals who met the sample selection criteria, were willing to 

participate in the study, and were available during time slots for the study. This 

study also may have inadvertently experienced snowball recruitment as participants 

who completed the study could have actively recruited colleagues, friends, and 

roommates. This limitation will be discussed further in chapter 5. 

Power analysis. The minimum sample size needed was a function of the 

statistical strategy used. An a priori power analysis using G* power (Faul et al., 

2013) for a one-way repeated-measures (one repetition) multiple analysis of 

variance (MANOVA) F-test with an average effect size of .25, alpha level of .05, 

and a power of .8 yielded a required minimum sample size of 65 subjects. An a 

priori power analysis for a simultaneous regression with an average effect size of 

.15, and alpha level of .05, a power of .8, and five predictors yielded a required 

minimum sample size of 92 subjects. Applying Cohen and colleague’s (2003) 

guidelines, the minimum sample size needed for this study was N = 92. 

Overview of Simulated Spaceflight Mission 

Developing emergency scenarios. Because of internal validity threats 

related to sensitization and learning in a repeated-measures study, the emergency 

scenarios could not be functionally identical. However, both emergency scenarios 

needed to be objectively similar, such that the number of steps, training, and time 

required to complete each protocol needed to be approximately equivalent. The 
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scenarios also needed to be subjectively comparable by possessing similar levels of 

perceived risk, difficulty (complexity), and importance to the mission. To best 

address these requirements, the emergency scenarios were selected based on the 

results of the Stuster and colleagues’ (2019) Mars task analysis report. This report 

contained a comprehensive inventory of 1,125 tasks likely to be performed during 

the 12 phases of the first Mars expedition, from the launch to landing 30 months 

later. Sixty subject matter experts (SMEs) rated 158 summary task statements in 

terms of frequency, difficulty to learn, and importance; an overall measure, labeled 

criticality, was calculated by combining the mean ratings of each summary task 

statement. Of those 158 summary task statements, “Respond to technical 

emergencies, following procedures and with equipment provided, during Cruise to 

Mars” was rated as the most important (Stuster et al., 2019, p .35). This summary 

statement was composed of 15 tasks:   

 Respond to spacecraft fire alarm. 

Respond to spacecraft CO2 alarm. 

Respond to spacecraft hull breech alarm. 

Respond to spacecraft navigation alarm. 

Respond to spacecraft general ECLS failure alarm. 

Respond to spacecraft micro-meteorite impact alarm. 

Respond to spacecraft toxic substance/outgassing alarm. 
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Remove fire extinguisher from bulkhead bracket and manually carry to 

source of fire. 

Apply patch and adhesive material to meteor penetration site, manually, to 

close leak. 

Retrieve repair kit from storage and carry to location of meteor penetration 

or hull breech. 

Retrieve and don protective fire-fighting ensemble, manually, to prepare for 

fire emergency. 

Retreat to shielded area of spacecraft with crew in response to critical 

radiation event warning. 

Remain in shielded area of spacecraft with other members of the crew 

during critical radiation event. 

Point fire extinguisher nozzle at burning material and activate system 

manually while wearing protective ensemble to suppress fire. 

Identify precise location of meteor penetration/hull breech, visually/aurally, 

assess severity, and determine method(s) to stop loss of pressure (Stuster et 

al., 2019, p. 48). 

Three tasks on this list were identified as appropriate for the current study, and 

three emergency scenarios were created based on those tasks. It was hypothesized 

that a potential power outage resulting from a battery failure in the cockpit during a 

simulated mission would likely disable all essential systems, including independent 
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systems. The scenarios selected for the study were an emergency response to 

failures of three of those different independent systems: a) primary life-support 

systems (PLSS) pressure regulator failure, b) carbon dioxide (CO2) scrubber 

failure, and c) lighting system power outage. An attempt was made to ensure all 

three scenarios were objectively similar with respect to a) level of training required 

to complete, b) number of steps, and c) time to complete. Following development 

of the emergency scenarios, I consulted with seven SMEs by email for advice 

regarding subjective equivalence and had them rate all three emergency scenarios 

on level of perceived risk, difficulty, and importance to the mission to determine 

which two emergency scenarios were most comparable (Table 3.1). The scales for 

each dimension were adapted from Stuster et al.’s (2019) Mars task analysis report. 

A breakdown of the SME’s demographics, including highest educational degree, 

years of NASA experience, and field of work, are provided in Table 3.2.  

A one-way repeated-measures MANOVA was conducted to compare the three 

emergency scenarios on level of perceived risk, difficulty, and importance to the 

mission. The overall model was significant (F(6, 20) = 3.25, p = .02). Further 

analysis demonstrated a significant difference in level of perceived risk, F(1, 6) = 

9.35, p = .02 and importance to the mission F(1, 6) = 10.80, p = .02. Post hoc 

comparisons using Fisher's Least Significant Difference (LSD) test indicated that 

the mean score for level of perceived risk for Lighting system power outage (M = 

3.26, SD = 1.11) was significantly different from the PLSS pressure regulator 
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failure (M = 4.57, SD = 0.53) and the CO2 scrubber failure (M = 4.29, SD = 0.76). 

Similarly, the mean score for importance to the mission for Lighting system power 

outage (M = 4, SD = 0.82) was significantly different from the PLSS pressure 

regulator failure (M = 4.86, SD = 0.38) and the CO2 scrubber failure (M = 4.86, SD 

= 0.38). The PLSS pressure regulator failure and CO2 scrubber failure were not 

significantly different from each other on any of the three dimensions. Taken 

together, these results indicated that the PLSS pressure regulator failure and CO2 

scrubber failure were the most statistically comparable of the three emergency 

scenarios. Although this was sufficient for face validity, it was still necessary to run 

a pilot study with the two selected emergency scenarios to further investigate their 

comparability. This was essential to reduce any potential internal validity threats 

wherein differences in stress levels may have been due to slight discrepancies 

between the two emergency scenarios. The pilot study was conducted with a 

sample of six (N = 6) students, faculty, and staff at the Florida Institute of 

Technology who possessed a bachelor’s degree or were at the minimum junior 

undergraduate level status. I counterbalanced the order of the emergency scenarios 

to eliminate potential order effects and compared both scenarios on Stress VAS 

scores (post-mission only) and SI scores under an equal level of time delay of 4-

min round trip to keep this variable constant. Two paired-samples t-tests were 

conducted to compare stress VAS scores and SI scores in the PLSS regulator 

failure emergency and the CO2 scrubber failure emergency conditions. There was 
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no significant difference in the VAS scores for the PLSS regulator failure 

emergency (M = 5, SD = 2.76) and the CO2 scrubber failure emergency (M = 5.5, 

SD = 2.95) conditions; t(5) = -0.81, p = .46. Similarly, there was no significant 

difference in the SI scores for the PLSS regulator failure emergency (M = 6.08, SD 

= 1.04) and the CO2 scrubber failure emergency (M = 7.45, SD = 3.79) conditions; 

t(5) = -0.74, p = .49. These results suggested that there was no significant 

difference in stress levels between the two emergency scenarios when the level of 

delay was held constant. Two separate independent-samples t-test were conducted 

to compare the effect of order (PLSS, CO2 versus CO2, PLSS) on VAS scores and 

SI scores in both emergency scenarios. There was a significant difference in SI 

scores in the CO2 scrubber failure emergency scenario for order sequences PLSS, 

CO2 (M = 4.2, SD = 1.61) and CO2, PLSS (M = 10.7, SD = 1.25); t(4) = -5.52, p = 

.01. These results suggested that whether the CO2 scrubber failure emergency 

scenario was completed first or second significantly affected SI scores in the CO2 

scrubber failure emergency scenario. This was assumed to be due to random chance 

given the very small sample size for the pilot and may also have indicated a 

learning effect. It should be noted that despite these precautions and lack of 

statistical significance, the difference between the two emergency scenarios and 

potential for order effects remained an internal validity threat and limitation of the 

study.  
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Table 3.1 
 
Descriptive Statistics for Emergency Scenario Rating Survey 
 

Emergency Scenario Dimension N M SD  
PLSS regulator failure 
 

 
Perceived risk 
Difficulty 
Importance to mission 
 

 
7 
7 
7 

 
4.57 
2.71 
4.86 

 
0.53 
0.76 
0.38 

CO2 scrubber failure  
 

 
Perceived risk 
Difficulty 
Importance to mission 
 

 
7 
7 
7 

 
4.29 
3.00 
4.86 

 
0.76 
0.82 
0.38 

Lighting systems failure  
Perceived risk 
Difficulty 
Importance to mission 

 
7 
7 
7 

 
3.26 
2.86 
4.00 

 
1.11 
0.69 
0.82 

Note. Overall sample size of N = 7. Level of perceived risk, difficulty, and 
importance to the mission were measured on a nine-item, researcher-adapted 
instrument measured on a Likert scale (1 = Not at all to 5 = Very). 

Table 3.2 
 
Subject matter expert (SME) demographics 
 

SME Highest degree 
earned: 

Current work/research 
field 

Years of NASA or space-
related experience 

 
1               Ph.D. 
2               Ph.D. 

 
Engineering 
Industrial engineering 

  
30+ 
38 

3               MS 
 
4               Ph.D. 
5               Ph.D. 
6               Ph.D. 
7               Ph.D. 

Aeronautical 
engineering 
Motor control 
Planetary science 
Psychiatry 
Social psychology 

 
 
 

9 
 
30 
20+ 
52 
30 

Note. SMEs were contacted via email and asked to complete an emergency 
scenario rating survey online through Qualtrics. 
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Description of setting. The study took place at the Florida Institute of 

Technology. The researcher was set up in one room to view and communicate with 

the participant who was in a separate room designated as the simulation room. The 

simulation room was far enough from where the researcher was set up to ensure the 

participant could not hear the researcher unless it was through their walkie-talkie. 

The simulation room was designed and configured based on some of the 

requirements for future LDEMs. One of the main design considerations was the 

size of the workspace. The researcher followed the guidelines and 

recommendations for the minimum acceptable Net habitable volume (NHV) for 

future LDEMs. NHV is defined as the minimum volume of a habitat that is 

necessary for mission success during LDEM missions with prolonged periods of 

isolation and confinement in a harsh/extreme environment (Whitmire et al., 2014). 

According to a consensus on minimum acceptable NHV, a minimum acceptable 

NHV of 25 m³ (883 ft.³) is recommended per person for future exploration missions 

with a maximum duration of 912 days. Furthermore, a workspace of 8.12 m² is 

recommended to allow up to four crewmembers to work simultaneously (Whitmire 

et al., 2014). The allowable workspace in the simulation room was designed based 

on these recommendations. Another design consideration was isolation, which 

includes physical isolation and acoustic isolation. Although it is not possible to re-

create the physical isolation of future LDEMs, the participant and researcher were 

placed in separate rooms, and the simulation room was soundproofed from outside 
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noise using a surround sound system that played continuous sounds of celestial 

white noise throughout the duration of the simulation. On the International Space 

Station, air circulation fans and other equipment produce a constant level of 

background white noise. Finally, to re-create the lack of sensory stimulation and 

monotonous conditions, the windows were covered with two large projector 

screens. Prior to making these configurations, I consulted with SMEs to ensure the 

proper level of fidelity was achieved. Of course, certain conditions such as 

microgravity and a true sense of isolation were not possible to re-create, thus 

threatening the ecological validity of the study (see limitations and delimitations). 

 Within the simulation room, a chair and table were provided, along with the 

mission pad containing the checklists necessary for completing the missions (see 

Appendix C). In addition, the following technological equipment was used: 

Gaming computer. A Dell gaming computer was used to run the 

simulator. The minimum system requirements were a 64-bit processor and 

operating system, Windows 8 or 10, Intel core i5, 8 or 16 GB RAM, 

NVIDIA GeForce GTX graphics card, direct X version 11, and at least six 

GB of available space. 

HDMI cord. An HDMI cord was used to connect the gaming 

computer to a projector that displayed the output on a 100-inch flat screen.  

Gaming mouse. A wireless gaming mouse was used to operate the 

simulator.  
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Gaming keyboard. A wireless gaming keyboard was used for a 

variety of functions throughout the simulation. 

Walkie-talkie. Portable walkie-talkies were used for listening to 

commands and communicating with MCC during the simulation. A wired 

ear-piece device with a built-in microphone that connected directly to the 

walkie was originally used for simplicity but was later replaced with a 

wired dispatch due to COVID-19 concerns.  

iPhone. An iPhone was placed inside the room hidden behind the 

participant to capture live video recordings of the simulation using the 

Microsoft teams live video sharing application (the participant was not able 

to see the researcher). 

The Simulation. The simulation was executed using the Re-entry Space 

Simulator by Wilhelmsen Studios (2018). This spaceflight simulation game was 

made specifically for PCs and provides a realistic and interactive experience from 

the viewpoint of an astronaut. It came equipped with access to full historical 

missions such as Project Mercury and the Apollo, and thanks to a custom mission 

editor, allowed the creation of new missions designed to challenge the user. All 

virtual cockpits were fully interactive, allowing the user to manually control almost 

every single component of the cockpit, from gouging electrical systems to 

environmental control. For the purpose of this study, many of the elements from the 

Mercury capsule mission module were customized and developed to represent a 
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Mars mission. The Mercury project contained some of the most basic controls and 

configurations ideal for this study. This was redesigned to make the player feel 

fully immersed within a Mars mission, including modified backdrop graphics 

showing the red planet along with completing tasks, system checks, and emergency 

protocols all characteristic of a real Mars mission. Prior to developing the 

customized mission, Re-entry was carefully inspected by multiple SMEs to ensure 

it possessed the necessary capabilities for carrying out simulated missions with 

communication delays as well as providing an adequate level of fidelity with 

respect to realism. Both concerns were met prior to developing the customized 

missions. 

Mission. The basic premises of the missions were the same for each 

participant. Each participant took part in two, 45-min, Mars mission simulations on 

Re-entry. The missions incurred a minimal delay (control) and a longer delay that 

would be expected during the initial stages of the transit phase (approximately 30 

days into mission). The control mission encountered a one-way 1–3-s delay, 

whereas the Mars transit phase mission encountered a 2-min one-way delay (4-min 

round trip). Participants were not made aware of the phase of the mission to avoid 

introducing any extra discrepancies between both missions (i.e., distance effect). 

The order of delays and emergency scenarios were randomized for each participant 

to eliminate the potential for order effects. Each mission was divided into two 

segments, with the first 15 min dedicated to basic tasks, including monitoring 
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systems, attitude control, and photography, and the latter 30 min for responding to 

the emergency scenario. The participant began the simulation finding themselves 

inside the cockpit of a spacecraft, looking towards the darkness of space. The 

simulation started with a 5–10-min tutorial involving an artificial intelligence (AI) 

introducing and welcoming the participant to the mission. The AI then explained 

the controls and introduced the participant to the cockpit he or she would be 

operating in. Some of the controls included how to click buttons and switches, pull 

levers, and turn knobs. The AI also taught the player how to monitor different 

panels, including pressure, carbon dioxide, temperature, oxygen, and battery levels. 

After the tutorial was completed, the AI notified the player that the mission would 

begin by clicking the prompt on the screen.  

Transmissions. The beginning of the mission was marked by the first of 

several transmissions that were pre-recorded and delivered by the researcher as 

MCC. Each was prerecorded through the same iPhone device, and the recording 

files were then transferred to a laptop and played through a speaker. The 

transmissions played through the speaker were relayed to the participant via the 

walkie-talkie. This was done to ensure consistency in the sound of transmissions 

from MCC. Some of the prerecorded transmissions were received by the player at 

fixed times for both missions, while others were received based on the progress of 

the participant. For example, a participant might have received a prerecorded 

transmission much sooner in the control (1–3-s one-way) mission compared to the 

https://en.wikipedia.org/wiki/Artificial_intelligence
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2-min one-way delay mission. A full script of each prerecorded transmission can be 

found in Appendix D. The six prerecorded transmissions were: 

 Transmission I. This transmission was received at the 20-s mark of both 

missions and began by informing the participant about the mission objectives and 

mission pad containing the various checklists. The transmission also informed the 

participant about the potential for communication lag between the player and MCC. 

The main objective of this transmission was to instruct the player to complete the 

preliminary task along with subsequent tasks. The player was directed to the 

mission pad for instructions on how to complete the tasks in a step-by-step fashion. 

Transmission II. This transmission was received at the 3-min mark of both 

missions, and its main objective was to inform the participant about the emergency 

panel and how to proceed in case of emergency. This transmission emphasized that 

the emergency would take precedence over any task.  

Transmission III. This transmission was received depending on when the 

participant had completed all the required protocol from the preliminary mission 

task. The preliminary task was a primary, life-support systems monitoring checklist 

that required the participant to record and report specific readings to MCC. The 

main objective of this transmission was to acknowledge that all the readings from 

the preliminary mission task had been received by MCC and to direct the 

participant to move forward to task one and two. The timing of this incoming 

transmission was contingent on the level of delay experienced in the mission. 
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Transmission IV. This transmission was received after the participant had 

reported an active emergency alarm to MCC. The main objective of this 

transmission was for MCC to acknowledge an emergency status in the cabin and 

guide the player to follow the recommended protocol in the mission pad. The 

timing of this transmission was contingent on the level of delay experienced in the 

mission. 

Transmission V. This transmission was received after the participant had 

reached out to MCC for instructions on which circuit breakers to switch off to 

recycle batteries and repower systems. The main objective of this transmission was 

to relay crucial information needed to respond to a cabin emergency. The timing of 

this transmission was contingent on the level of delay experienced in the mission. 

Transmission VI. This transmission was received at the 35-min mark of 

both missions, and its main objective was for MCC to request an update on the 

status of the crew. The player would be required to compile information and 

respond to MCC by providing a detailed status of every crewmember’s stasis pod.  

The remainder of the transmissions received from MCC were sent live and 

not prerecorded. Some of these transmissions were as short as a single word (i.e., 

roger) or full sentences. Several MCC generic responses to general questions from 

the participants in the pilot were compiled and used in the study to keep the 

variability in MCC transmissions as low as possible. These transmissions were also 

contingent on what the player was requesting or stating to MCC. For example, one 
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player might have required more assistance and thus more guidance from MCC 

compared to another player, who might have been more autonomous and less 

communicative. Furthermore, those in the delay scenario may not have had the 

ability to communicate as much simply due to the 2-min one-way lag in 

transmission. Thus, the number of transmissions, including both prerecorded and 

live sent from MCC and those sent by the participant, varied. 

Mission pad and checklists. As mentioned in the description of the first 

transmission, the participant was made aware of the mission pad on the table in 

front of them containing various checklists that needed to be completed. The 

mission pad content relevant to the missions: 

Checklist Preliminary Task. Primary Life Support Systems (PLSS). This 

checklist was referenced for monitoring different systems, including pressure, CO2, 

cabin air, oxygen tanks, and voltage levels in all the six electrical power sources 

and relaying this information back to MCC in a status report. The participant was 

required to provide another PLSS report following task 2 if the emergency had not 

yet been triggered. This task was also repeated in various steps of the emergency 

response checklists (see Appendix C), and participants were encouraged to monitor 

these levels frequently, especially during long delays when participants were 

awaiting incoming transmissions. 

Checklist Task 1. Reaction Control Systems. This checklist was referenced 

for instructions on how to complete the first task of the mission, following 
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completion of the preliminary PLSS task. This task required the player to find a set 

of switches, and then use the keyboard to slowly maneuver the spacecraft in a pitch 

down direction. The objective of this task was to teach the player how to maneuver 

the spacecraft and maintain attitude control. The last instruction in the checklist 

directed the player to send a status report to MCC about whether he or she was able 

to achieve attitude control and present any questions for MCC. 

Checklist Task 2. Martian Photograph Task. This checklist was referenced 

for instructions on how to complete the second task of the mission, following 

completion of task 1. This task involved tracking Mars with the skills learned from 

the previous task and using the camera within the spacecraft to photograph images 

of the planet’s surface. The last instruction in the checklist was to direct the player 

to send a status report to MCC about whether he or she was able to take a 

photograph, briefly describe the photograph taken, and present any questions for 

MCC. 

Emergency Alarm: Cabin Pressure Checklist. This checklist was used to 

diagnose and recover from a low/high cabin pressure warning. If the participant 

followed the guidelines correctly, they would have been directed to the Emergency: 

PLSS Pressure Regulator Failure checklist. 

Emergency Alarm: Excess CO2 Checklist. This checklist was used to 

diagnose and recover from a high cabin CO2 level. If the participant followed the 
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guidelines correctly, they would have been directed to the Emergency: CO2 

Scrubber Failure checklist. 

Emergency: PLSS Pressure Regulator Failure checklist. This checklist 

was used to diagnose and recover from a pressure regulator issue 

Emergency: CO2 Scrubber Failure checklist. This checklist was used to 

diagnose and recover from a failure with the CO2 canister and scrubber. 

Instrumentation 

 The current study employed five data collection instruments, including a 

stress visual analog scale (VAS), the Polar H10 heart rate monitor, the BFI-44 

(John et al., 1991, 2008), Rotter’s Internal/External Scale (1966), and the 

demographics survey.  

Stress VAS. This scale is commonly used in the medical field by 

occupational physicians to assess stress among workers (Dutheil et al., 2012; 

Dutheil et al., 2013; Lesage et al., 2012) and has been suggested as a tool for 

assessing perceived stress in both clinical and research settings (Lesage et al., 

2012). This assessment consisted of a single item (“What is your current stress 

level?”) that provided a quick measure of stress. When completing a computerized 

stress VAS, participants were presented with a horizontal line divided into equally 

sized partitions on a 10-point scale (0 = No Stress and 10 = Agonizing) with a 

sliding locator (see Appendix A). Participants were asked to mark the point that 

best represents their perception of their current stress state. This assessment was 
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appropriate because it provided a quick, situational measure of perceived stress. 

VASs afford rapid administration and high completion rates, providing a useful 

advantage over more standard multi-item inventories that require more time and 

effort from the participant (Rossi & Pourtois, 2012). The participants were required 

to complete two separate simulations separated by a 25-min break; thus, the use of 

a VAS over a more standard, multi-item inventory might have helped prevent any 

disruption to the flow of the experiment (MacLeod et al., 2002; Poma et al., 2005). 

The stress VAS was presented alongside other visual analog scales assessing 

dimensions including fatigue, level of difficulty, and communication quality. These 

supplemental scales were included to reduce participant awareness about the 

variables of interest. 

Experimental studies have found the stress VAS to possess good sensitivity 

for stress events, and other work has shown the stress VAS to possess very 

satisfactory psychometric properties (Lesage et al., 2012). For example, several 

employee-based surveys reported the stress VAS to possess satisfactory stability 

(Lesage et al., 2009) and high inter-rater reliability (Lesage et al., 2011). Moderate 

correlations have also been reported between the stress VAS and other validated 

stress assessment tools. For example, when comparing the stress VAS with the 14-

item Perceived Stress Scale (PSS) (Cohen et al., 1983), a Pearson’s correlation 

coefficient of .68 and Lin’s concordance correlation coefficient of .66 were 

reported (Lesage & Berjot, 2011). In addition, when reporting stress levels between 
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two groups, the stress VAS has also been reported to be at least as discriminating as 

a questionnaire like the 14-item PSS (Lesage et al., 2012). A later study by Dutheil 

and colleagues (2017), using a larger data set, confirmed the previous findings from 

Lesage and Berjot (2011), regarding the relationship between the VAS and the 14-

item PSS of Cohen et al. (1983) (r = .65, p < .001 versus r = .68, p < .001), further 

supporting the discriminative power of the VAS in predicting PSS scores. Other 

experiments have found significant relationships with objective stress measures 

such as heart rate (Hulsman et al., 2010; Langelotz et al., 2008) and even salivary 

cortisol levels (Hoeger Bement et al., 2010). For example, in a study investigating 

the physiological and psychological stress of medical students, the VAS was found 

to be correlated with some cardiovascular stress measures. Specifically, VAS 

measures were significantly related to the cardiovascular HR and cardiac output 

(CO) measures with correlation coefficients ranging between r = .50 and r = .71 

(Hulsman et al., 2010). 

Physiological recordings. HRV data was collected by sensor technology 

worn throughout each mission to measure the SI of participants. During stressful 

moments, the human body produces a surge of hormones that temporarily increase 

blood pressure by raising the HR (Schubert et al., 2009). Because HRV is the 

variation in time between heartbeats, it decreases as the heart beats more rapidly 

and increases when the heart is beating slowly. Recordings of these small changes 

(ms) in the intervals between successive heartbeats are called R-R intervals. Due to 
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the limited amount of options available on the standard version of Kubios HRV 

analysis software, HRV was represented by Baevsky’s Stress Index (SI) (Baevsky, 

2009). SI is an HRV parameter widely used in Russian space medicine that is 

linked to sympathetic nervous system activity (Baevsky, 2009). Because of its 

sensitivity, SI is useful for recording changes within a subject over time. SI was 

measured using the Polar H10 chest strap heart rate monitor by Polar USA. The 

Polar H10 is Polar’s newest generation of heart rate sensor technology that offers 

improvements in measuring HR and HRV compared to previous iterations, such as 

the H7 heart rate sensor, which has been widely used as a reference for wearable 

heart rate measurement systems (Cheatham et al., 2015; Giles et al., 2016; Plews et 

al., 2017). The Polar H10 is often used in NASA flight analog research in 

combination with the Polar M430 wrist-worn heart rate monitor, though the H10 is 

not currently being deployed due to the extended nature of the research. This was 

due to concerns with using the long-duration chest straps in four-month missions 

that could negatively impact or irritate subjects over time. However, given the short 

duration of this study, the Polar H10 was recommended as a suitable device for 

measuring HRV (W. Vessey, personal communication, September 17, 2019). 

Physiological readings were sent directly to the Elite HRV application for apple 

products and were then exported as a CSV file for analysis. CSV files were 

analyzed using Kubios, a standard HRV analysis software recommended for 

researchers. 
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Big Five Inventory Scale-44 (BFI-44). The BFI-44 (John et al., 1991, 

2008) is a 44-item measure with five scales: Extraversion (8 items), Agreeableness 

(9 items), Conscientiousness (9 items), Neuroticism (8 items), and Openness to 

experience (10 items). Participants are provided the phrase: “I am someone 

who…”, followed by an item statement that participants rate in terms of agreement 

using a 5-point Likert scale ranging from 1 (Disagree Strongly) to 5 (Agree 

Strongly). The item was developed as a time-efficient alternate measure of the FFM 

that can be completed in approximately 10 min. The BFI-44 has shown to possess a 

clear five-factor structure, reliability, convergent validity with other Big Five scales 

(such as the NEO-PI-R and NEO-FFI), and strong self-peer agreement (Benet-

Martínez & John, 1998; John et al., 2008; Soto et al., 2008). For example, when 

analyzing internal consistency, the alpha reliability coefficients have been reported 

as .86 for extraversion, .79 for agreeableness, .82 for conscientiousness, .87 for 

neuroticism, and .83 for openness to experience, yielding an average of .83 (John et 

al., 2008). Furthermore, cross-cultural samples using multiple translations of the 

BFI-44 have revealed alpha reliability coefficients ranging from .70 to .80 and test-

retest reliability coefficients ranging from .75 to .90 (Benet-Martínz & John, 

1998; Cross & Worrell, 2004). All subscales of the NEO-FFI have also been found 

to possess acceptable internal consistency with α ranges from .68 to .86 (Costa & 

McCrae, 1992). Further evidence was provided by Robins et al. (2001), who 

conducted a 2-week retest reliability that yielded α ranging from .86 to .90 for the 
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five scales. For accuracy, Costa and McCrae (1992) compared the shorter NEO-FFI 

with the original NEO-PIR domain scales, and correlations were found to be .77-

.92, suggesting high criterion validity. The NEO-FFI has also been assessed in 

multiple languages and demonstrated validity and use in several different contexts, 

making it one of the most widely used measures of the FFM (Costa & McCrae, 

1992). When exploring the validity of the BFI-44, it was found to possess a 

corrected mean convergence of r = .95 when compared to the NEO-FFI, which 

suggests high convergent validity between this scale and a commonly used short 

personality measure (John et al., 2008). Finally, it was also found to have strong 

convergence with the corresponding facets assessed with the NEO-PI-R (Soto & 

John, 2009). Based on the above findings, the BFI-44 was found to possess robust 

psychometric properties and was a strong choice for measuring the Big Five 

personalities in this study. 

Rotter’s Locus of Control Scale. Rotter’s Internal/External Scale is a 

forced choice 29-item scale that previous studies have reported possessing 

acceptable reliability and validity (Rotter, 1966; Goodman & Waters, 1987). For 

example, Rotter (1966) has reported internal consistency estimates ranging from 

.65 to .79, and test-retest relitestability estimates ranging between .49 and .83. The 

Internal/External Scale was administered by paper and pencil to participants during 

the 25-min break to control for this variable. 



 

 100  
 

Demographics Survey. A demographic survey was disseminated prior to 

the study to determine participant eligibility. Participants were asked to self-report 

specific demographic information, including age, gender, level of education, 

academic background, and piloting experience. Participants were also be asked to 

self-report their level of agreement with astronaut specific statements related to 

vision and blood pressure. 

Procedures 

Research methodology. This study used an experimental and predictive 

correlation design. The former design was used to answer the first research 

question and was an appropriate option given that the experimental research aims 

to establish possible cause-effect relationships. In this study, a communication 

delay was designed to directly affect the level of stress. Because all subjects were 

administered the control and treatment, a repeated-measures, within-subjects design 

was appropriate. Repeated-measures designs allow each subject to serve as their 

own control, and eliminate between-subject differences, one of the main sources of 

variation. In addition, this methodology enables a researcher to assess the level of 

stress across time, as stress will be measured prior to and following (stress VAS) as 

well as throughout (polar H10) each simulated mission. Some of the key threats to 

repeated-measures designs are sensitization, carry-over effects, and fatigue. How I 

addressed these is explained more fully in the threats to internal validity section of 

this chapter. To answer the second research question, a predictive correlational 
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approach was implemented. This method was appropriate because I was exploring 

the relationship between five personality traits and stress levels (multiple measures) 

from the same subject, measured on continuous scales.  

Human subject research. Following standard research protocol, I 

submitted an expedited application to FIT’s Institutional Review Board (IRB) prior 

to conducting the study to ensure that attention was given to human subject 

research issues.  

This study placed the participant in a potentially stress-inducing condition 

to investigate the effects of delayed communication in a simulated space mission. 

The participants worked through an emergency response in a PC game/simulation 

under time constraints while communicating with MCC for support. The participant 

was briefed and completed a tutorial to familiarize themselves with the 

environment and controls prior to beginning the mission. I monitored the 

participants through a video feed in a nearby room and did not hesitate to promptly 

shut down the experiment should the participant have requested. First and foremost, 

I emphasized that the simulated missions were just a game, as it would be neither 

ethical nor feasible to have participants in a real space mission. Furthermore, I 

minimized potential harm by explaining that their participation was voluntary, and 

they would have the ability to opt-out at any moment. Finally, they were provided a 

short 25-min break between both missions where they completed the personality 

inventories and had the option of a bathroom break.  
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Privacy was provided for participants when donning the polar H10 chest 

strap, which needed to be placed beneath the clothing. After the study, participants 

were debriefed for 5 min to help mediate any issue related to their performance and 

experience in the simulation. For example, some participants may possess “gamer 

ego”, or very competitive gaming skills. The simulated missions were intentionally 

designed under time constraints to impair performance and increase reliance on 

MCC. Participants were reassured of this to reduce any negative feelings related to 

their performance and experience in the simulation. In addition, they were also 

offered the option of leaving their contact information should they want to receive 

an executive summary of the findings. Participants also remained anonymous 

following completion of the study. Finally, it was expected that participants would 

express interest in experiencing a realistic LDEM interactive simulation, and their 

participation was rewarded with their choice of space-related merchandise such as 

socks, T-shirts, and other paraphernalia. 

Following the COVID-19 outbreak, face-to-face instruction and research 

were suspended indefinitely. When classes restarted in fall of 2020, I implemented 

practical measures to comply with FIT IRB guidance on restarting human subject 

research during the pandemic. These included modifications to recruitment 

materials, scheduling emails, informed consent, and modifying the research 

protocol to remove all face-to-face interaction. Further measures included 

introducing a COVID-19 Self-Assessment form for participants prior to 
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participation, and having the researcher complete the university's daily health 

screening questionnaire prior to arriving on site. These measures are fully detailed 

below. 

 1. The recruitment documents were modified to include a statement that 

mentions that the participant and researcher would be in separate rooms throughout 

the experiment. There would be no face-to-face contact during the experiment. 

Both the flyer and the recruitment emails also stated this. The recruitment email 

also included a statement with respect to the extra cleaning of the equipment that 

participants would be using in the simulation room and that they would be provided 

hand sanitizer in the room. 

 2. After a participant completed the demographic survey online and 

qualified for the study, I emailed them for scheduling and further informed them 

about the COVID-19 related risks of participating in the study and the precautions 

taken to minimize risk to the participants. The participant was reminded that there 

would still be some risk involved, as it was impossible to eliminate all the risks of 

COVID-19. This way, the participant could make an informed decision about 

whether they wanted to participate in the study. 

 3. I distributed an electronic COVID-19 Self-Assessment form on the day 

of the participant’s scheduled session, prior to their arrival. It asked questions about 

the participant’s recent history in an attempt to screen out participants who were 

symptomatic. This was a necessary precaution to protect participants who may 
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have attended later sessions and the researcher. If the participant was currently 

symptomatic, their participation was cancelled for the study. 

 4. The informed consent was modified to include a section about the risks 

of COVID-19. This form was distributed to participants electronically along with 

the COVID-19 Self-Assessment form prior to their arrival.  

 5. The researcher was required to complete Florida Tech's health screening 

questionnaire every day prior to arriving at the Center for Aeronautics and 

Innovation, where the simulation room was located. 

6. The researcher also emailed the participant an electronic declaration of 

compliance form along with the informed consent and COVID-19 Self-Assessment 

form. The participant was required to read and sign the compliance form prior to 

arriving for the study. A physical copy of form was also left in the room for 

participants who preferred to use a hard copy. 

 7. COVID-19 informational posters were posted on the entrance/exit to the 

research area to remind everyone of the university safety practices.  

I also initiated practical measures related to the study protocol to minimize 

the risks related to the COVID-19 pandemic. Those measures included: 

 • Removing all face-to-face contact during the experiment by having the 

participant and researcher operate in separate rooms for the duration of the study 

including the briefing, simulations, break, and debriefing.  
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 • The working area of the simulation room was wiped down with EPA- 

approved cleaners prior to each participant arriving for their session. Specifically, 

there was a minimum of a one-hour gap between participants to allow for the 

wiping down of the keyboard, mouse, desk, walkie-talkie, pen, chair, binders, 

papers, doorknobs, and Surface laptop using an EPA approved disinfectant. The 

participants were encouraged to bring in their own writing utensils if they 

preferred. Hand sanitizer was also available for the participants to use.  

• The physiological variable (SI) remained in the study. However, should 

participants have felt uncomfortable with placing the chest strap heart rate monitor 

on their body, they had the option to decline, and this was treated as missing data. 

The chest strap heart rate monitor was left inside the simulation room washed and 

prepared for the participant prior to their arrival.  

• The FIT facemask policy was followed along with any government orders 

on face coverings; however, the participant was the only person in the simulation 

room. The researcher was required to always wear a mask any time he entered the 

simulation room to wipe the equipment, prepare the equipment for the next 

participant, and to assist the participant during the simulation if the researcher 

needed to enter the simulation room under unique circumstances. This was in order 

to decrease the chance of inadvertently spreading the virus to the participant.  

A second IRB form was also submitted and approved after the updates to 

the methodology (20-075). It was important to note that despite these practical 
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measures, it was impossible to eliminate all the risks of COVID-19. Thus, by 

agreeing to participate in the study, the participant understood that there would still 

be some risk of exposure involved.  

Study implementation. A demographics survey was made available online 

via Qualtrics and shared over email through FIT Forum. Recruitment fliers were 

also put up strategically around campus with contact information for those 

interested in participating in the study. Any potential participants who contacted the 

researcher were provided the same email that was distributed through FIT forum, 

containing a link to the demographic survey. At the beginning of the experiment, 

participants were randomly assigned to one of four possible orders of one-way 

delay and emergency scenarios to be completed. The four possible starting 

scenarios were: 

1) Control delay of 1–3 s and emergency scenario A,  

2) Control delay of 1–3 s and emergency scenario B, 

3) Mars Transit delay of 2 min and emergency scenario A, and 

4) Mars Transit delay of 2 min and emergency scenario B. 

This form of counterbalancing was done to ensure the order of delay 

sequence and emergency scenario did not affect the dependent variable measures 

and to balance out a potential learning effect. Participants were first briefed about 

the study and protocols. The first five participants, who completed the study in the 

month of March, prior to the outbreak of the virus and the suspension of data 
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collection, had their debriefing done in a separate room with the researcher present. 

The rest of the participants who completed the study when data collection resumed, 

were debriefed via walkie-talkie while in the simulation room. The briefing was 

read from a script (see Appendix E) and helped participants familiarize themselves 

with the setting, audio and communication equipment (i.e., walkie-talkie), and 

input controls for operating Re-entry (i.e., mouse and keyboard). It should be noted 

that the first five participants used a headpiece with a built-in microphone that 

attached directly to the walkie-talkie, whereas subsequent participants used a 

handheld dispatch microphone that also attached directly to the walkie-talkie. 

Participants were also provided some tips on how to communicate efficiently with 

MCC during the simulation. After the briefing, participants were asked to remain 

seated in the commander’s chair for five minutes in order to obtain their baseline 

physiological readings. Following the recording of the baseline, participants were 

required to complete a stress VAS to record baseline subjective stress scores. After 

completing the stress VAS, participants began the simulation with a brief tutorial. It 

should also be noted, that the first five participants were required to strap 

themselves in with a four-point harness attached to the commander’s chair. This 

harness was later removed due to health concerns regarding the spread of the virus, 

and the remaining participants did not use the harness. The tutorial was initially 

intended to require approximately 5-10 minutes to complete. However, some 

subjects surpassed this time as it was a “learn at your own pace” style instructional 
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tool. The tutorial was designed to familiarize participants with the controls, buttons, 

and the location of all the panels in the cockpit. It was also designed to reduce the 

chance of high-stress levels due to unfamiliarity when participants worked through 

their first mission and to reduce a potential learning/carry-over effect. After the 

tutorial, the first 45-min mission began with the emergency scenario programmed 

to occur at the 15-min mark of the mission. Following the 45-min mission duration, 

the simulation was terminated, and participant post-mission stress levels were 

immediately collected via the stress VAS. Participant stress levels were also 

recorded throughout the tutorial and mission by the Polar H10. Participants were 

then provided a 25-min break, 10 minutes of which was allotted to completing the 

BFI-44 (John et al., 1991, 2008) and Rotter’s (1966) Internal/External Scale. 

Participants were asked to keep the polar H10 chest strap on throughout the 

duration of the study. During the rest of the break period, participants were 

provided an optional trip to the bathroom. The final five minutes of the break was 

used to collect another baseline reading via the polar H10. The second mission took 

place following the break period and was identical to the first mission, differing 

only in the type of communication delay and emergency scenario. Participants did 

not go through a tutorial prior to starting the second mission. As noted above, steps 

were taken to ensure both emergency scenarios were as objectively and 

subjectively similar as possible. In addition, regardless of where the participant 

might be during the mission, once 45 min had passed, the simulation was promptly 
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terminated. To prevent participants from completing the mission with time to spare, 

and to avoid having them simply wait idly for the 45-min clock to run out, the 

emergency scenarios were specially designed and tested to require a minimum of 

30 min (beginning at the 15-min mark) to complete. This was done to maintain the 

simulation time as a constant and avoid variable mission durations. If participants 

still managed to complete all the protocol prior to the 45-min mark, the missions 

were to be promptly terminated and the time noted. Again, subjective stress levels 

were collected prior to and immediately after the second mission using the stress 

VAS, while the polar H10 was used to collect physiological stress levels 

throughout the mission. Following completion of the second mission, participants 

were debriefed for approximately 5 min, marking the end of the study.  

Stress levels and data from each participant personality profile collected 

throughout the study were charted and tabulated in Excel. DS and SI scores of the 

control (1–3 s delay) and delay scenario of each participant were to be calculated 

and compared using a one-way repeated-measures MANOVA; however, due to a 

lack of correlation between DS and SI scores in both conditions, separate one-way 

repeated-measures ANOVAs were deemed a more appropriate statistical strategy. 

Finally, a simultaneous regression was conducted to determine how much variance 

in the stress scores of each participant was explained by the five personality factors. 

I reported descriptive statistics for both missions, including measures of central 

tendency and dispersion of stress levels, the five personality factor scores, LOC, 
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and certain demographic variables. Descriptive statistics were also reported for 

additional variables, including post-mission stress VAS scores and communication 

quality. These analyses were performed with JMP Pro 13 for Windows (JMP, Cary, 

NC: SAS Institute Inc). 

Threats to internal validity. Internal validity is the extent to which any 

change in the dependent variable can be directly and solely attributed to the 

independent variable. In the context of the current study, internal validity relies on 

the extent to which different levels of stress were related to the independent 

variables identified in the hypothesized model and not to some other unidentified or 

uncontrolled variables. The inherent weaknesses in a repeated-measures within-

groups design are sensitization, carry-over effects, and fatigue of the participants. 

Ary et al. (2010) identified 11 threats to internal validity: history, maturation, 

testing, instrumentation, statistical regression, selection bias, mortality, selection-

maturation interaction, experimenter effect, subject effects, and diffusion; location 

has been identified as an additional threat. A discussion of these threats, their 

relevance to the current study design, and how they were minimized (if applicable) 

is provided below. 

History. This threat refers to specific events or conditions other than the 

treatment that may occur between the two measurements that may produce changes 

in the dependent variable (Ary et al., 2010). These events could be major political, 

economic, or cultural events that occurred at the same time the treatment was 
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applied. The pilot study and initial the data collection period coincided with the 

early phases of the COVID-19 global outbreak. When the pandemic had reached 

the United States, data collection was officially suspended for approximately six 

months. During that time, changes were made to the study to maximize participant 

safety and to reduce the risk of exposure as much as possible. When it was deemed 

safe to resume data collection, participants were made aware of the risks of 

exposure and had to follow specific guidelines mandated by the university. Despite 

all these precautions, there was always a chance that participants may have 

experienced psychological or physiological distress related to the risk of exposure, 

as well as other issues such as financial and economic hardship and overall lifestyle 

changes stemming from the outbreak and subsequent government lockdown. More 

information regarding the limitations imposed by COVID-19 can be found in the 

limitations section in Chapter 5. 

Maturation. This threat refers to biological or psychological changes 

within-subjects that may occur over time that are unrelated to the independent 

variable. For example, the development of children over a period of time in a long 

study. This was not relevant for an adult group of participants. I still attempted to 

minimize this threat by keeping the simulations at an acceptable length and 

providing participants a break period. 

Testing. This threat refers to the influence a pre-assessment might have on a 

participant’s performance on a post-assessment regardless of any treatment (Ary et 
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al., 2010). In the context of the current study, the stress VAS might have led to 

participants becoming aware of the targeted variable of interest, and as a result, 

may have altered their thinking or behavior during the mission. This was addressed 

by including other VASs in addition to the stress VAS to reduce awareness about 

the intent of the study. These included a VAS for fatigue, difficulty, and 

communication quality. Another testing threat was a learning/carryover effect 

between the first and second mission. Learning effects are an inherent limitation of 

a repeated-measures design as participants were more comfortable operating the 

simulator on their second attempt. The tutorial was designed to ensure participants 

were prepared for their first mission, and the order of emergency and delay was 

counterbalanced to spread the learning effect evenly among the groups. A between-

subjects analysis revealed that there was no significant difference between the four 

groups, indicating that the learning effect was balanced out.  

Instrumentation. This threat refers to changes in the manner in which a 

dependent variable is measured from the first time to the second time that may 

bring about the observed outcome rather than the treatment itself (Ary et al., 2010). 

Instrumentation threats might be related to instrument decay, data collector 

characteristics, and data collector bias, as described below. 

Instrument decay. Instrument decay refers to changes made to an instrument 

over the course of the study or differing interpretations of the results of an 

instrument. The stress VAS consists of a horizontal line with a sliding locator (see 
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Appendix A). Participants were asked to mark the point that best represents their 

perception of their current stress state. Scores on this instrument were not subject to 

differing interpretations by the data collector. In addition, the physiological 

measuring device had shown to be consistently reliable over time and was 

calibrated before sessions. 

Data collector characteristics. Data collector characteristics refer to 

specific characteristics of the data collector such as gender, age, and ethnicity, and 

how the dependent variable may be impacted if these characteristics change. 

Because there was only a single data collector, participants in the study were not 

subject to differing characteristics in this respect. Therefore, data collector 

characteristics did not pose a threat to this study. 

Data collector bias. Data collector bias refers to inconsistent administration 

of an instrument by the data collector or the distortion of data by the collector or 

the scorer. Given that there was only a single data collector, and the stress VAS 

was administered electronically coupled with the selected-response form of the 

assessment, which leads to objective scoring, data collector bias did not pose a 

threat to the current study. 

Statistical regression. This threat refers to the tendency for extremely high 

or low scores on a pre-assessment to migrate toward the mean on a post-

assessment. The regression threat was not applicable to the current study design 

and therefore did not impact the study. 
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Selection bias. This refers to the threat posed by nonrandom factors during 

selection that may account for differences between the treatment and control group 

before the experiment even begins (Ary et al., 2010). Due to the repeated-measures 

design nature of this study, this did not pose a significant threat. However, this 

threat was still a concern in the current study because of the convenience sampling 

approach that may have made the sample unrepresentative of the target population. 

The sample consisted of participants who volunteered to participate in the study 

and might have differed from those who did not volunteer to participate. Because I 

had no control over which participants could fill out the demographic survey, I 

incorporated several of the demographic variables into the study as potential 

control variables. Thus, in addition to LOC, other control variables in the study 

included gender, age, and piloting experience. I also identified this threat as a study 

limitation. 

Mortality. This threat refers to the loss of participants (attrition) during the 

implementation of a study (Ary et al., 2010) and is of concern because the loss of 

specific types of participants can affect the outcome of a study. For example, if 

several of the individuals with the highest stress scores, or those who fall in a 

specific range of personality scores, drop out of a study, the results could be 

skewed in a specific direction. I attempted to minimize this threat by awarding 

participants a greater prize incentive contingent on completing both simulations. It 

is also possible that qualified individuals, who participated willingly, might have 
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been interested in the research and intrinsically motivated to complete the 

simulations. Attrition also occurred because participants were dropped from the 

primary analysis due to incomplete responses (i.e., missing data) on the dependent 

variables. Specifically, 11 participants were dropped due to either missing a pre-

score, post-score, or both on the stress VAS. This was because the stress VAS was 

initially administered as a non-forced response measure. Twenty-six participants 

were missing SI scores due to either refusing to wear the heart rate monitor or 

faulty readings. Faulty readings included situations where the readings were ended 

abruptly, or the participant did not follow the appropriate protocol for putting on 

the heart rate monitor chest strap. This was compounded by the lack of face-to-face 

interaction that could have made following instructions more challenging for some 

participants who prefer visual instructions over auditory ones. To control for this 

threat, I documented the characteristics of the sample and followed Cohen and 

colleague’s (2003) guidelines for handling any missing data. 

Selection-maturation interaction. This threat refers to the combined 

influence of selection and maturation. In other words, selecting participants who 

have specific characteristics and thus mature faster than the other group over the 

course of the study. Due to the repeated-measures design nature of this study, this 

did not pose a significant threat. 

Experimenter effect. This threat refers to the potential effects a researcher 

may have on a study related to his/her behavior and personal characteristics such as 
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age, gender, level of education, and unintended biases. To control for the latter 

issue, the same experimenter was used throughout the study for each participant. 

Due to the interactive nature of this study, the experimenter and participants though 

in separate locations, communicated throughout the simulation. To ensure 

consistency and avoid confusion, the same walkie-talkie and location were used for 

both prerecorded and live transmissions. In addition, participants were briefed from 

a script prior to their first simulation regarding efficient ways of communicating 

with MCC to avoid extended and prolonged dialogue. Finally, the experimenter 

was concise with live responses, using MCC jargon (i.e., roger) similar to NASA’s 

MCC operators.  

Subject effects. This threat refers to the changes in the attitudes of the 

participants in a study that could influence the results of the study. The Hawthorne 

effect can occur when participants in a treatment group respond to the increased 

attention or recognition given in the study by improving their performance. 

Conversely, the John Henry effect can occur when participants in a control group 

attempt to improve their performance in response to increased attention or 

recognition given to the treatment group. This was controlled for by having the 

experimenter in a different location, although participants knew they were being 

recorded. Because the study followed a repeated-measures design, there was only 

one group, and participants received both control and treatment. Therefore, subject 

effects were not applicable based on the nature of this study. 
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Diffusion. This threat refers to the communication of information about the 

treatment in a study from one group to another that could influence their response, 

behavior, or performance. This could result in the treatment and control groups 

performing similarly on the dependent measure. Because this was a within-subjects 

design and there was only one group, this threat did not impact the current study. It 

was possible, however, that participants who had already completed the study 

might have shared their experience with other students, faculty, or staff that may 

have later participated in the study. To control for this, I requested participants not 

share their experience in the simulation with others until the study was complete. 

 Location. This threat refers to changes in the setting where a study takes 

place that could influence the results. All participants completed both simulations 

in the same designated simulation room; therefore, this threat should not have 

impacted the current study. However, there were slight differences in the setting 

between the first five participants who completed the study prior to shutting down 

data collection and those who completed the study once data collection resumed. 

Primarily, participants spent the briefing, the break period, and the debrief in the 

researcher’s office, whereas those who completed the study once data collection 

had resumed, spent the briefing, break period, and debrief all in the simulation 

room with no face-to-face contact with the researcher. 
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Data Analysis 

Descriptive statistics. Descriptive statistics, including measures of central 

tendency and dispersion of DS and SI scores, the five personality factors, and 

various extraneous variables, are tabulated and discussed in narrative form in 

Chapter 4.  

Inferential statistics. Inferential statistics were performed using ANOVA 

and multiple regression strategies as discussed in Chapter 4. A one-way repeated-

measures ANOVA was used to calculate the mean differences between the two 

measurement points. Specifically, DS and SI scores between control (1–3-s) and 

delay scenario of each participant, was calculated and compared. This was an 

appropriate strategy because I wanted to analyze two separate measurements in 

time from the same individual and determine whether the mean difference was 

zero. To answer the second research question, a simultaneous multiple regression 

was implemented. This strategy was appropriate because I was exploring the 

relationship between five personality traits and stress levels (multiple measures) 

from the same subject measured on continuous scales. These analyses were 

performed with JMP Pro 13 for Windows (JMP, Cary, NC: SAS Institute Inc).  

Description of independent and dependent variables.  This study 

included two independent variables (IVs) and two measures of a dependent variable 

(DV). The two independent variables consisted of 1. Level of communication 

delay, and 2. Personality. Level of communication delay consisted of a control, 1–

3-s one-way delay, and a treatment, 2-min one-way delay. Personality was 



 

 119  
 

represented by the Big Five personality factors that consisted of (a) extraversion, 

(b) agreeableness, (c) conscientiousness, (d) neuroticism, and (e) openness to 

experience. There were two measures of the dependent variable in this study 

representing stress. The subjective level of stress was defined as the DS scores 

obtained by subtracting scores from a pre-mission stress VAS from a post-mission 

stress VAS (Lesage et al., 2012). The objective level of stress was defined as the SI 

score measured by the Polar H10 heart rate monitor. Several potential extraneous 

variables were also analyzed in the regression analysis as control variables. These 

included LOC, gender, age, and piloting experience. 
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Chapter 4 

Results 

Introduction 

 This chapter is organized and presented in three main sections. The first 

section presents descriptive statistics for participant stress levels measured via the 

stress VAS and the Polar H10, the five predictor personality variables measured via 

the BFI-44, and other extraneous variables including LOC, age, gender, and 

piloting experience. The second section presents the results of the inferential 

statistics consisting of preliminary and primary analyses of the sample data. In the 

preliminary data analyses, I addressed invalid and missing data, outliers in the 

sample, and tested the sample data for compliance with the assumptions for 

repeated-measures ANOVA and multiple regression strategies. A repeated-

measures MANOVA was replaced by two repeated-measures ANOVAs due to a 

lack of correlation between the two dependent variables. In the primary data 

analyses, I addressed the effect of the delay on both dependent variables through 

two one-way repeated-measures ANOVAs and the relationship among the targeted 

set of predictor variables and the dependent measures via two separate 

simultaneous regressions. A mixed ANOVA was also conducted to analyze the 

effect of the order of emergency and delay on stress levels, and two paired t-tests 

were conducted to compare post-mission stress VAS scores and the level of 

communication quality in both missions. The last section of this chapter presents 
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the results of hypothesis testing that corresponded to the two main research 

questions and their sub-questions outlined in Chapter 1.  

Descriptive Statistics 

 This section is divided into three parts. The first part contains a summary of 

the descriptive statistics related to the VAS (Lesage et al., 2012), including DS 

scores, post-mission stress VAS scores, and communication quality, as well as the 

SI scores obtained using the Polar H10. The second part contains a summary of the 

descriptive statistics related to the Big Five personalities. The third part concludes 

with a summary of the descriptive statistics related to extraneous control variables, 

including LOC and demographic variables such as gender, piloting experience, and 

age. 

 During the period from March 2020 to October 2020, 198 individuals 

submitted responses to the online demographic survey for study participation 

eligibility. Fifteen of those 198 responses were submitted during the month of 

March prior to the official suspension of data collection due to the COVID-19 US 

outbreak. The rest of the responses were submitted during a three-month period 

spanning from August to October 2020. Of those 198 responses, 118 participants 

met the inclusion criteria, responded to a follow-up email for scheduling, and 

successfully completed the study. After preliminary analyses, it was determined 

that 92 participants had complete data on both dependent variables, the five 

predictor variables, and all the extraneous variables. Because thirteen extra 

participants completed the stress VAS and personality inventories but had either 
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faulty or missing SI readings, the descriptive statistics here represent two different 

sample sizes. Furthermore, because an outlier analysis exploring jackknife 

distances revealed five data points that were removed during the preliminary 

analysis, the following descriptive statistics are for two subsets of N = 87 and N = 

100 sample sizes.  

Prior to the study, each participant was randomly assigned to one of four 

possible orders of delay and emergency scenarios. This method of counterbalancing 

was done to reduce any potential effects on the dependent variable measures due to 

the order of the delay sequence and emergency scenario. As described in Table 4.1, 

the numbers of participants in all four orders were relatively close for both the N = 

87 and N = 100 sample sizes. The results of a mixed ANOVA investigating the 

effects of order on both dependent variables are presented in the following section. 

Table 4.1    
 
Emergency Order and Level of Delay 
 

Emergency Order N Emergency Order N 

1 
2 
3 
4 

24 
26  
25  
25 

1 
2 
3 
4 

19  
24  
21  
23 

Total: 100 Total: 87 

Note. The four possible orders were: 1) control and PLSS emergency, followed by 
delay and CO2 emergency,  2) control and CO2 emergency, followed by delay and 
PLSS emergency, 3) delay and PLSS emergency, followed by control and CO2 
emergency, and 4) delay and CO2 emergency, followed by control and PLSS 
emergency.  
 



 

 123  
 

 VAS. The VASs were administered as a web-based instrument hosted 

through Qualtrics and were assessed at the beginning and end of each mission. One 

hundred and eighteen participants completed the stress VAS and the three 

additional VASs during the month of March 2020 and the three-month period from 

August to October 2020. Only the descriptive statistics for the stress VAS and 

communication quality VAS were reported. 

Change in stress levels. The stress VAS was administered four times during 

the study, specifically at the beginning and end of both missions. For the control 

mission, the mean score for the post-mission stress VAS was M = 3.67 (SD = 2.00), 

with scores ranging from 0–10. For the delay mission, the mean score for the post-

mission stress VAS was M = 3.97 (SD = 2.09), with scores ranging from 0–10. 

Each pre-mission score was subtracted from a participant’s post-mission score for 

each mission to produce a DS score. As summarized in Table 4.2, for the N = 100 

sample, the mean DS score for the control mission and the delay mission were 

identical with slight discrepancies in the spread of the data (see Figure 4.1).  
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Figure 4.1 

Difference in Stress Comparison between Control and Delay 

 
Note. Control = condition had a 1–3 s one-way delay. Delay = condition had a 2-
min one-way delay. Error bars represent standard deviation. 
 

Communication quality. The stress VAS was the assessment of interest; 

however, three additional VASs were added to prevent participants from 

understanding the purpose of the study. A communication quality VAS was 

administered after each mission asking the participant to rate the communication 

quality of the mission that they had just completed on a scale from 0 to 10. As 

summarized in Table 4.2, the mean score for communication quality in the delay 

mission was 2.43 units lower than the control mission (see Figure 4.2). 
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Table 4.2 
 
Stress and Communication Quality 
 

Stress measure  M SD Range 

Delay 
DS 

 
1.73 

 
2.04 

 
-3 – 7 

Communication quality 
 
Control 

6.05 
 

2.51 
 

 1 – 10 
 

DS  
Communication quality 

1.73  
8.48 

1.95 
1.39 

-3 – 7 
 4 – 10 

Note. N = 100. Control = condition had a 1–3-s one-way delay. Delay = condition 
had a 2-min one-way delay. 
 

Figure 4.2 

Communication Quality Comparison between Control and Delay 

 

Note. Control = condition had a 1–3-s one-way delay. Delay = condition had a 2-
min one-way delay. Error bars represent standard deviation. 
 

Stress index (SI). The Polar H10 was a wearable device used to measure 

physiological stress during each mission. All but one participant (N = 117) who 
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completed both missions agreed to wear the Polar H10 heart rate monitor chest 

strap. This allowed for the collection of two SI scores per participant, one for each 

mission, resulting in 234 total readings. All readings were collected via Bluetooth 

and uploaded into Kubios HRV software for analysis. Upon further inspection, only 

a total of N = 92 participants had two normal readings under a medium (0.3) 

threshold artifact correction. HRV readings using heart rate monitors can be 

affected by technical and or biological artifacts (e.g., ectopic beats) that could 

contaminate the recordings. Since HRV can depend on a wide range of biological 

characteristics (Tegegne, 2018) and to maintain consistency, it was decided that a 

medium threshold (rather than an overly strict) filter would be used for all the 

readings. Medium threshold filters have been recommended for children and young 

adults (Alcantara et al., 2020). An additional five data points were removed 

following an outlier analysis examining jackknife distances, yielding a sample size 

of N = 87 for SI scores. As indicated in Table 4.3, the mean SI score was similar in 

both conditions, deferring by only .03 units. The spread of the scores was also 

similar, deferring by only 0.02 units (see Figure 4.3). 
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Figure 4.3 

Stress Index Comparison between Control and Delay 

 

Note. Control = condition had a 1–3-s one-way delay. Delay = condition had a 2-
min one-way delay. Error bars represent standard deviation. 
 
Table 4.3 

Stress Index for Control and Delay 
 

Stress measure  M SD Range 

(Delay) 
Stress index (SI) 8.87 2.58 3 – 16.5 
 
(Control) 

 
 

 
 

 
 

Stress index (SI) 8.90 2.60 2.6 – 16.9 

Note. N = 87. Control = condition had a 1–3-s one-way delay. Delay = condition 
had a 2-min one-way delay. 
 
 The Big Five personalities. The BFI-44 (John et al., 1991, 2008) was 

administered as a web-based instrument hosted through Qualtrics. During the 

month of March and the three-month timeframe from August to October 2020, 118 

participants completed the assessment. The BFI-44 consisted of 44 questions 

measured on a Likert scale of 1 = Strongly Disagree to 5 = Strongly Agree. Scale 
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scores with a possible range of 1 to 5 were created by averaging out all the items 

for each personality trait. All five personality traits were normally distributed for 

both the N = 87 and N = 100 sample sizes, and a summary of the descriptive 

statistics can be found in Table 4.4 and 4.5 

Table 4.4 

The Big Five Descriptive Statistics (N = 87 sample size) 

Personality Trait  M SD Range 
Extraversion 3.29 0.80 1.5 – 5 
Agreeableness 3.85 0.58 2.33 – 5 
Conscientiousness 3.74 0.60 2.33 – 5 
Neuroticism 2.99 0.70 1.25 – 4.5 
Openness to 
experience 

3.97 0.46 2.2 – 4.8 

Note. Scores of the Big Five personalities were measured via the BFI-44 (John et 
al., 1991, 2008).  
 
Table 4.5 
 
The Big Five Descriptive Statistics (N = 100 sample size) 

Personality Trait  M SD Range 
Extraversion 3.33 0.79 1.5 – 5 
Agreeableness 3.92 0.59 2.33 – 5 
Conscientiousness 3.74 0.63 2 – 5 
Neuroticism 2.97 0.72 1.25 – 4.5 
Openness to 
experience 

3.97 0.47 2.2 – 4.9 

Note. Scores of the Big Five personalities were measured via the BFI-44 (John et 
al., 1991, 2008).  
 

 Other extraneous variables. In addition to measuring the Big Five 

personalities, other extraneous variables were collected from participants. 

Specifically, age, gender, and piloting experience were collected via the 
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demographic survey administered online through Qualtrics, and LOC was 

measured via a paper form of Rotter’s Internal/External Scale (1966). 

 Locus of control. Rotter’s Internal/External Scale (1966) consisted of 29 

forced-choice items where participants selected one of two options. Following 

Rotter’s (1966) guidelines, scores were obtained by adding 1 point for specific 

items on the scale and then taking the sum of those scores, yielding a scoring range 

from 0 to 23. High scores reflected an external LOC, and low scores reflected an 

internal LOC. Among the 29 question items, participants received one point if they 

selected A in questions 2, 6, 7, 9, 16, 17, 18, 20, 21, 23, 25, and 29, and B in 

questions 3, 4, 5, 10, 11, 12, 13, 15, 22, 26, and 28. Filter questions 1, 8, 14, 19, 24, 

and 27 were excluded from data analysis. For the N = 87 sample size, the mean 

score for LOC was M = 11.56 (SD = 4.09), with scores ranging from 3–20. For the 

N = 100 sample size, the mean score for LOC was M = 11.24 (SD = 4.16), with 

scores ranging from 3–20.  

 Other demographics. In addition to measuring personality traits, other 

demographic information was obtained from participants via the online 

demographic survey, including age, gender, and piloting experience. The mean age 

of participants for the N = 87 sample size was M = 22.79 (SD = 4.28) with a range 

of 19–44 years old and M = 23.31 (SD = 5.81) with a range of 19–51 years old for 

the N = 100 sample size. Finally, descriptive statistics for gender and piloting 

experience are summarized in Table 4.6 and 4.7.  
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Table 4.6 

Other Demographics Descriptive Statistics (N = 87 sample size) 

 Gender 

Male Female 
Piloting 
Experience? 

N N % N % 

Yes  24 16 66.67 8 33.33 
No 63 36 57.14 27 42.86 
Overall 87 52 59.77 35 40.23 

 
 
Table 4.7 
 
Other Demographics Descriptive Statistics (N = 100 sample size) 

 Gender 

Male Female 
Piloting 
Experience? 

N N % N % 

Yes  31 21 67.74 10 32.26 
No 69 37 53.62 32 46.38 
Overall 100 58 58 42 42 

 

Inferential Statistics 

 This study had two primary objectives: (1) explore the effect of 

communication delays on an individual’s stress levels, and (2) examine the 

relationship between individual differences in personality and stress levels during 

and following a communication delay simulation. This section presents a summary 

of preliminary data screening and the results of the inferential statistics involving 

the primary data set. 
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Preliminary analyses. Prior to examining the model, I performed several 

preliminary analyses, including preparing the raw data for analysis purposes, 

addressing any missing data and outliers, and confirming the data set was 

compliant with the assumptions for ANOVA and linear regression.  

Missing data. Both dependent variables had missing or incomplete data. 

Specifically, of the 118 who completed the study, 11 participants had missing data 

on either one pre-mission stress VAS, one post-mission stress VAS, or both pre-

mission stress VAS measures. This was because during the first part of data 

collection, the stress VAS measure was not classified as a forced response in 

Qualtrics. Furthermore, because the data was missing on the dependent variable, it 

was decided that those missing data points would be excluded from the primary 

analyses. Of the 118 participants, one declined to wear the Polar H10, and 25 had 

missing or faulty readings. This may have been due to participants not sufficiently 

moistening the electrode of the monitor or having the chest strap loosen and slip 

down from the chest during the simulation. Although the monitor was able to fit 

most participants of different body sizes, the latter issue was more likely to arise 

with individuals with very small chest and waist girths. All in all, it was determined 

that 92 participants had complete measures on both dependent variables (no 

missing data on the five predictor variables), and thirteen extra participants had 

completed the VASs and personality inventories but had either faulty or missing SI 
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readings. Thus, two different sample sizes of N = 92 and N = 105 were used for the 

next preliminary analysis to investigate potential outliers. 

Outlier analysis. Outliers are extreme data points that are inconsistent with 

other data points and should be examined for their potential to produce results that 

are not representative of the relationships in the remaining data. Outliers can be 

classified as either contaminants or rare cases. Contaminants may occur from errors 

in executing the research, inaccurate measurement of the dependent variable, data 

entry/keying errors, errors from data analysis, and inattentive participants (Cohen et 

al., 2003). An outlier analysis was conducted using Jackknife distances to 

determine if there were any extreme observations relative to the data points. Using 

an upper control limit (UCL) of 5.29, five potential outliers were identified. All 

five outliers were found to be within the expected range of the instrument scales 

and were not considered contaminants. However, further inspection of the five data 

points relative to the rest of the data revealed that some scores were opposite of 

what would be logically expected. For example, of the five potential outliers, two 

revealed a decrease in stress in the delay mission following an increase in stress in 

the control mission. These five participants were removed from the final data set 

because they were not considered representative of the remaining cases. Because 

these outliers were excluded, the sample size for the repeated-measures ANOVA 

and regression analysis dropped to N = 87 for SI scores and N = 100 for DS scores. 
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The N = 100 sample size was also used for the paired samples t-tests and regression 

analyses for post-mission stress VAS and communication quality scores. 

Repeated-measures ANOVA assumptions. The independent and dependent 

variables were tested for compliance with the assumptions for a one-way repeated-

measures ANOVA. These assumptions included each dependent variable measured 

at the interval or ratio level, a dichotomous independent variable, no significant 

outliers, distribution of the dependent variable in the two or more related groups 

should be approximately normally distributed, and sphericity. 

DVs measured at the interval or ratio level. Both DS and SI scores needed 

to be continuous variables. SI scores measured by the Polar H10 met this 

assumption, but there is some ambiguity in the literature regarding where VAS data 

truly lie among the different scales. Previous studies investigating VAS data have 

found them to lie somewhere in between ordinal and interval scales (McCormick et 

al., 1988; Philip, 1990; Price et al., 1994). Furthermore, with scores generally 

ranging from 0 to 100 (or 0 to 10), they are said to have equality between intervals 

and can thus be subjected to parametric statistics (Kersten et al., 2014). Following 

these assertions, it was decided that the DS scores would be considered interval 

scale for this study, but it must be cautioned that the literature remains somewhat 

ambiguous as to where VAS data truly lie. 

Dichotomous IV. To meet this assumption, the independent variable needed 

to consist of two or more categorical or related groups. In the context of this study, 
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groups can be related when a participant is measured at all the time points. In this 

case, each participant was measured during the control (1–3-s one-way delay) and 

during the treatment (2-min one-way delay), thus satisfying this assumption. 

No significant outliers. Based on the inspection in the previous section, five 

outliers were identified and were removed prior to the preliminary analysis, thus 

satisfying this assumption. 

Normality. Normality was confirmed by: (a) plotting a histogram and then 

superimposing a normal curve on the histogram, and (b) by examining a normal q-q 

plot. A visual inspection of both plots (control versus delay) for both DS and SI 

scores showed an approximately normal distribution. Specifically, most data points 

were found to be hugging the normal line and falling within the 95% confidence 

band associated with the q-q plots under both conditions for both DS and SI scores, 

thus satisfying this assumption. It should be cautioned, that the data points for DS 

scores did not hug the line as uniformly as the SI data points. This is thought to be 

due to the nature of VAS data, which some consider to be ordinal in nature. 

However, according to the central limit theorem, the normality assumption for 

parametric tests is not thought to be an issue for large sample sizes because the 

sampling distribution of the mean (and not the raw data) is normally distributed 

regardless of the original distribution (Norman, 2010). Furthermore, the literature 

does indicate that VAS data are most appropriately analyzed by parametric 

techniques, which permit statistical inferences without changing the risk of 
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committing a type I and type II error (Philip, 1990). In addition, ANOVA are 

robust parametric tests even in situations where there are deviations from normality 

(Blanca et al., 2017; Schmider et al., 2010). Thus, though the normality assumption 

may be violated, you can still run parametric statistics, such as ANOVA, and still 

obtain valid results. 

Sphericity. With two levels of repeated-measures, there was no need to 

conduct the Mauchly's test of sphericity. Therefore, this assumption was met. 

Absence of multicollinearity in the independent variables. The final 

preliminary analysis step was testing for multicollinearity. This was achieved by 

examining correlations between all independent variables in the regression analysis 

and examining the variance inflation factors (VIFs). Multicollinearity occurs when 

one independent variable has a correlation or multiple correlations of one or very 

close to one with other independent variables. The presence of multicollinearity 

could result in unstable regression coefficients that are associated with large 

standard errors (Cohen et al., 2003), whereas the absence of multicollinearity could 

help ensure that the model is correctly specified and that any redundant variables 

are removed from the model. According to Cohen et al. (2003), a VIF of 10 or more 

provides evidence of serious multicollinearity involving the corresponding 

independent variable. The VIF’s for the five predictors (extraversion, 

agreeableness, conscientiousness, neuroticism, and openness to experience) were 



 

 136  
 

all less than 10, and therefore it was determined that there was no evidence of 

multicollinearity among the independent variables. 

Multiple Regression assumptions. Prior to conducting a regression 

analysis, six underlying assumptions must be met in order to properly evaluate the 

relationship between the dependent and independent variables. This is necessary to 

ensure that hypothesis testing and results pertaining to the relationships among the 

targeted variables do not violate any of the assumptions. Data that violate any of 

these assumptions can lead to biased regression coefficients and standard error 

estimates. 

 Correction specification of the form of the relationship. The form of the 

relationship between the independent variables and dependent variable in the 

population is assumed to be linear in a multiple regression analysis. To confirm that 

the data were compliant with this assumption, a bivariate analysis was conducted in 

which the residuals of DS, SI, post-mission stress VAS, and communication quality 

scores under the delay condition were plotted against their predictive values. The 

result yielded no discernible pattern, however, to confirm this, I superimposed two 

local smoothers over the zero line. Specifically, the kernel smoother and spline 

were used to test whether the two lines were coincidental for DS, SI, post-mission 

stress VAS, and communication quality scores. Although not as apparent with the 

kernel smoother, the spline smoother appeared to follow the zero line for all 

bivariate scatterplots, which indicated that assumption 1 was met. It should be 
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cautioned that the spline smoother did not follow the zero line as closely for 

communication quality compared to the other scatterplots. Thus, while meeting this 

assumption for DS, SI, and post-mission stress VAS scores, the lack of a perfect 

linearity for communication quality could have indicated that it was possible a 

nonlinear relationship existed and could have been specified from theory or prior 

research. 

Correct specification of the independent variables. To satisfy the second 

assumption, it was necessary to correctly specify the independent variables and 

determine which ones truly belonged in the model. If incorrect variables remain in 

the model, their presence may lead to biased estimates implying that significance 

tests and confidence intervals will be incorrect as well. This was accomplished by 

examining leverage plots of the 5 independent variables outputted through JMP. 

Following a leverage of p = .2 as the threshold, it was revealed that three of the Big 

Five personality variables were not correctly specified for DS scores in the 

regression: agreeableness, neuroticism, and openness to experience. Each of these 

variables had leverage p values above .2. For the dataset to be compliant with this 

assumption, these three personality traits were eliminated and were not included in 

the primary analysis for DS scores in the delay condition.  

For the regression of SI scores, extraversion and neuroticism were not 

correctly specified and had leverage p values above .2. For the data set to be 
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compliant with this assumption, these two personality traits were also removed and 

not included in the primary analysis for SI scores in the delay condition.  

For the regression of post-mission stress VAS scores, all traits except 

neuroticism were unspecified and had leverage p values above .2. For the data set 

to be compliant with this assumption, extraversion, agreeableness, 

conscientiousness, and openness to experience were removed and not included in 

the primary analysis for post-mission stress VAS scores in the delay condition.  

For the regression of communication quality, agreeableness, openness to 

experience, and extraversion were not correctly specified and had leverage p values 

above .2. A judgment call was made for openness to experience, which had a 

leverage p value of 2.4, and it was decided that it would be considered specified 

because it could be rounded down to 2. For the data set to be compliant with this 

assumption, agreeableness and extraversion were removed and not included in the 

primary analysis for communication quality in the delay condition.  

Reliable measurement of the independent variables. To satisfy the third 

assumption, all independent variables must be measured without error. 

Measurement error could lead to biased estimates of regression coefficients and 

standard error, as well as incorrect significance and confidence intervals. 

Measurement error can easily be detected via a measure of reliability. Cohen et al. 

(2003) also proposed that data collection instruments with reliability coefficients 

greater than .60 are acceptable in practice. As discussed in Chapter 3, the BFI-44 
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has shown to possess a clear five-factor structure, reliability, convergent validity 

with other Big Five scales (such as the NEO-PI-R and NEO-FFI), and strong self-

peer agreement (Benet-Martínez & John, 1998; John et al., 2008; Soto et al., 2008). 

For example, when analyzing internal consistency, the alpha reliability coefficients 

have been reported as .86 for extraversion, .79 for agreeableness, .82 for 

conscientiousness, .87 for neuroticism, and .83 for openness to experience, 

resulting in an average of .83 (John et al., 2008). Rotter’s Internal/External Scale is 

a forced-choice 29-item scale that previous studies have reported to possess 

acceptable reliability and validity (Rotter, 1966; Goodman & Waters, 1987). For 

example, Rotter (1966) has reported internal consistency estimates ranging from 

.65 to .79, and test-retest reliability estimates ranging between .49 and .83. Thus, 

the BFI-44 and Rotter’s Internal/External Scale were considered reliable in 

measuring scores on their respective scales, and this assumption was therefore 

satisfied. 

Constant variance of the residuals. To satisfy the fourth assumption, the 

variance of the dependent variable must be the same for any independent variable. 

If the variance changes as the dependent variable changes, this would lead to a 

condition known as heteroscedasticity, a violation of this assumption. The 

Homoscedasticity (equal variance) among the residuals was confirmed by 

examining the scatterplots of the residuals versus predicted values from assumption 

1. Again, although there was no systematic pattern detected, the kernel smoother 
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LOWESS line for DS, SI, post-mission stress VAS, and communication quality 

scores did not follow the zero line as closely as preferred. The spline smoother, 

however, did appear to follow the zero line rather closely for both DVs and post-

mission stress VAS scores. The one exception was the scatterplot for 

communication quality, where the spline smoother somewhat deviated from the 

zero line. Therefore, I claimed with caution that I had met this assumption. 

Independence of residuals. To satisfy the fifth assumption, the residuals of 

the observations must also be independent of one another. In other words, there 

must be no relationship between the residuals of any of the subset of cases. 

Violation of this assumption could lead to incorrect significance tests and 

confidence intervals. This was explored using a scatter plot of the residuals versus 

the case numbers for both DVs and post-mission stress VAS and communication 

quality. The plots yielded no discernible pattern. This was confirmed by again 

analyzing the kernel smoother and spline relative to the zero line. Although the 

kernel smoother did not follow the zero line, the spline smoother followed it rather 

closely at varying levels for both DVs as well as the post-mission stress VAS and 

communication quality scores, with very little deviation. This was an indication 

that the residuals were independent, and the assumption had been met. 

Normality of residuals. To satisfy the sixth assumption, the residuals around 

the regression line are expected to have a normal distribution. This makes it 

possible to evaluate the statistical significance of the relationship between the 
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dependent and independent variables as reflected by the regression line. Violations 

of this assumption may affect significance tests and confidence intervals. This was 

explored through a histogram of the distribution of the residuals with a normal 

curve superimposed. The superimposed curve was symmetrical and resembled a 

normal distribution for both DVs as well as the post-mission stress VAS and 

communication quality scores. Further confirmation was made by constructing a 

normal q-q plot of the residuals with a superimposed straight line and a 95% 

confidence band. Nearly all the data followed the line and were all enclosed within 

the confidence band. Thus, the normality assumption was satisfied. 

Primary analysis 1: The effects of communication delays on an 

individual’s stress levels. The first objective of the study was to investigate the 

effects of communication delays on both DS scores and SI scores. This effect was 

intended to be explored with a one-way repeated-measures MANOVA; however, 

the DS and SI scores had almost no correlation with each other. Specifically, there 

was a .01 correlation between DS and SI scores in the control condition and a -.02 

correlation between DS and SI scores in the delay condition. As a result, two 

separate one-way repeated-measures ANOVAs were conducted instead. 

One-way repeated-measures ANOVAs. To examine the effect of 

communication delays on an individual’s stress levels, a one-way repeated-

measures ANOVA was conducted because stress levels were measured from the 

same participant at two different points: (a) control mission and (b) delay mission. 
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The one-way repeated-measures ANOVA for DS scores was insignificant, F(1, 99) 

< 0.01, p > .99, indicating there was no significant difference among DS scores 

between the control and delay missions. In addition, the one-way repeated-

measures ANOVA for SI scores was also insignificant, F(1, 86) = 0.02, p = .88, 

indicating there was no significant difference among SI scores between the control 

and delay missions. The statistical power calculated for both analyses was .05. In 

addition to exploring the within-subjects factors, a between subjects effects was 

also investigated to determine if the preassigned order of emergency and delay had 

a significant effect on stress levels. A mixed ANOVA exploring the between-

subjects effects of order on DS scores was insignificant, F(3, 96) = 0.38, p = .77. A 

mixed ANOVA exploring the between-subjects effects of order on SI scores was 

also insignificant, F(3, 83) = 0.41, p = .75. This suggested that the order of 

emergency and delay that each participant was assigned did not significantly affect 

their DS or SI scores, and there were no significant differences between the four 

orders. 

Paired samples t-test. To supplement the results pertaining to the DS 

scores, additional analyses were conducted comparing the post-mission stress VAS 

scores and communication quality between the control and delay missions. Because 

both were only rated following each mission with no pre-assessment, a paired 

(dependent) samples t-test was appropriate. A paired samples t-test for the post-

mission stress VAS scores was not significant, t(99) = 1.44, p = .15. This indicated 
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there was no significant difference in post-mission stress VAS scores between the 

control and delay mission. To better understand how participants perceived each 

mission, a supplemental VAS for perception of communication quality was also 

completed, but only in post-assessments. The paired samples t-test for 

communication quality was significant, t(99) = 9.61, p < .001. The results indicated 

that perceived ratings of communication quality in the delay condition (M = 6.05, 

SD = 2.51) were significantly lower than the ratings in the control condition (M = 

8.48, SD = 1.39). The role of communication quality will be discussed in Chapter 5. 

Primary analysis 2: The moderating effect of the Big Five personalities 

on the dependent variables. The second objective of this study was to examine 

the relationship between individual differences in personality and stress levels 

following a communication delay simulation. Figure 1.1 hypothesized that the Big 

Five personalities played a moderating role in an individual’s stress response when 

operating under a 2-min one-way communication delay. Following the preliminary 

analysis, only extraversion and conscientiousness were properly specified as 

predictors of DS scores in the delay mission. When extraversion and 

conscientiousness were then simultaneously regressed on DS scores, the two Big 

Five personality traits explained only 7.1% of the variance in DS scores, which was 

significant, R2 = .07, F(2, 97) = 3.73, p = .03. Examining the individual factors in 

this model, significant relationships were found with extraversion, t(97) = -2.12, p 

= .04; and conscientiousness, t(97) = 2.24, p = .03. Interpreting the corresponding 
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regression coefficients BE = -0.55 and BC = 0.74, these results indicate that during 

the delay mission: (a) a participant’s DS score dropped approximately 0.55 points 

for every one-point increase in extraversion score in the presence of 

conscientiousness (Figure 4.4) and (b) a participant’s DS score increased by 0.74 

points for every one point increase in conscientiousness score in the presence of 

extraversion (Figure 4.5). Finally, the statistical power calculated for the model 

containing both extraversion and conscientiousness was found to be .68. 

Only agreeableness, conscientiousness, and openness to experience were 

properly specified as predictors of the SI scores in the delay mission. Specifically, 

when agreeableness, conscientiousness, and openness to experience were 

simultaneously regressed on SI scores, the overall model was not significant, R2 = 

.07, F(3, 83) = 2.18, p = .10. As a result, applying the Fisher protected t test 

concept, no follow-up pairwise comparisons were examined due to the risk of 

inflated alpha levels (Cohen et al., 2003).   

Two additional simultaneous regressions were conducted for post-mission 

stress VAS and communication quality scores. Only neuroticism was properly 

specified as a predictor for the additional analysis of the post-mission stress VAS 

scores in the delay mission. Specifically, when neuroticism was simultaneously 

regressed on post-mission stress VAS scores, it explained 8.2 % of the variance in 

post-mission stress VAS scores, which was significant, R2 = .08, F(1, 98) = 8.71, p 

= .004. Interpreting the corresponding regression coefficient BN = 0.83, this would 
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indicate that during the delay mission a participant’s post-mission stress VAS 

scores increased approximately 0.83 points for every one-point increase in 

neuroticism score, t(98) = 2.95, p = .004; The statistical power calculated for the 

model containing neuroticism was found to be .84. 

Only conscientiousness, neuroticism, and openness to experience were 

properly specified as predictors for communication quality scores in the delay 

mission.  Specifically, when conscientiousness, neuroticism, and openness to 

experience were simultaneously regressed on communication quality scores, the 

three Big Five personality traits explained 10.9 % of the variance in communication 

quality scores, which was significant, R2 = .11, F(3, 96) = 3.90, p = .01. Examining 

the individual factors in this model, significant relationships were found with 

conscientiousness and neuroticism. Interpreting the corresponding regression 

coefficients BC = -0.81 and BN= -1.11, these results indicate that during the delay 

mission: (a) a participant’s perception of communication quality score dropped 

approximately 0.81 points for every one-point increase in conscientiousness score 

in the presence of neuroticism and openness to experience, t(96) = -2.00, p = .05; 

and (b) a participant’s perception of communication quality score dropped by 1.11 

points for every one-point increase in neuroticism score in the presence of 

conscientiousness and openness to experience, t(96) = -3.16, p = .002. The 

statistical power calculated for the model containing conscientiousness, 

neuroticism, and openness to experience was found to be .83. 
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An additional regression analysis was conducted with LOC and the three 

demographic variables to determine any potential outside effects on both DS and SI 

scores. For DS scores, only LOC was properly specified in the regression model. 

When LOC was regressed on DS scores, the control variable explained 6.8% of the 

variance in DS scores, which was significant, R2 =.07, F(1, 98) = 7.18, p = .01. 

Interpreting the corresponding regression coefficient BLOC = 0.13, this implies that 

during the delay mission: (a) a participant’s DS score increased approximately 0.13 

points for every one-point increase in LOC score (see Figure 4.4). The statistical 

power calculated for the relationship between LOC and DS scores was .76. For SI 

scores, only gender was properly specified in the regression model. When gender 

was regressed on SI scores, the overall model was not significant, R2 = .04, F(1, 85) 

= 3.19, p = .08.  
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Figure 4.4 

DS by LOC Scores 

 
Note. DS score = Difference in Stress and LOC = Locus of Control. 
 

Results of Hypothesis Testing 

The research questions and corresponding hypotheses of the current study 

were stated in Chapter 1. These research questions are restated here along with the 

results of the primary analyses. 

Null hypothesis 1A: the DS scores will be lower than or equal following 

the 2-min communication delay mission compared to the control mission. The 

one-way repeated-measures ANOVA comparing the mean score for DS between 

the control and delay missions was insignificant, F(1, 99) < 0.01, p > .99. As a 

result of this analysis, null hypothesis 1A was not rejected. 

Null hypothesis 1B: participant stress levels will be lower than or equal 

during the 2-min communication delay mission compared to the control 

mission. Participant stress levels during each mission were represented by SI 
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scores, which provided a cumulative Stress Index for each 45 min mission. When a 

one-way repeated-measures ANOVA comparing the mean SI score between the 

control and delay missions was conducted, the resulting model was insignificant, 

F(1, 86) = 0.02, p = .88. As a result of this analysis, null hypothesis 1B was not 

rejected. 

Null hypothesis 2A: none of the individual differences in personality 

are significant predictors of stress levels in a delay mission. The preliminary and 

primary analysis revealed that only a maximum of three of the Big Five personality 

traits were properly specified. Specifically, extraversion and conscientiousness 

were properly specified for DS scores, and agreeableness, conscientiousness, and 

openness to experience were properly specified for SI scores. Following the 

primary analysis, it was revealed that the combination of extraversion and 

conscientiousness significantly predicted DS scores in the delay scenario, R2 = .07, 

F(2, 97) = 3.73, p = .03. The combination of agreeableness, conscientiousness, and 

openness to experience was not a significant predictor of SI scores in the delay 

scenario, R2 = .07, F(3, 83) = 2.18, p = .10. It was concluded that a combination of 

at least two of the Big Five personalities did significantly predict stress levels. 

Therefore, null hypothesis 2A was rejected. 

What is the relationship between an individual’s level of extraversion 

and their stress levels following a communication delay mission? Examining 

individual factors in the DS model, extraversion (in the presence of 
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conscientiousness) was found to have a significant negative relationship with DS 

scores, t(97) = -2.12, p = .04. However, it was hypothesized that as you move 

towards the lower or higher ends of the extraversion continuum, DS scores would 

increase. Therefore, although a significant negative relationship was detected, the 

relationship was not as predicted.  

What is the relationship between an individual’s level of agreeableness 

and their stress levels following a communication delay mission? Agreeableness 

was only properly specified in the SI model. However, when regressed along with 

conscientiousness and openness to experience, the model was insignificant. 

Because of this, we concluded that there was no significant relationship between an 

individual’s level of agreeableness and their stress levels following a 

communication delay mission. 

What is the relationship between an individual’s level of 

conscientiousness and their stress levels following a communication delay 

mission? Conscientiousness was the only personality trait to be specified for both 

the DS and SI models; however, only the DS model containing extraversion and 

conscientiousness was revealed to be significant. Examining individual factors in 

the DS model, conscientiousness was found to have a significant positive 

relationship with DS scores, t(97) = 2.24, p = .03. However, it was hypothesized 

that as you move towards the lower or higher ends of the conscientiousness 

continuum, DS scores would increase. Therefore, although a significant positive 
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relationship existed between an individual’s level of conscientiousness and their 

DS scores, the relationship was not as predicted. 

What is the relationship between an individual’s level of neuroticism 

and their stress levels following a communication delay mission? Because 

neuroticism was not properly specified in either the DS or SI regression model, it 

was not included in the primary analysis. As a result of this, we concluded that 

there was no significant relationship between an individual’s level of neuroticism 

and their stress levels following a communication delay mission. 

What is the relationship between an individual’s level of openness to 

experience and their stress levels following a communication delay mission? 

Although openness to experience was properly specified in the regression model 

for SI scores, it was not a significant predictor in the regression analysis. As a result 

of this, we concluded that there was no significant relationship between an 

individual’s level of openness to experience and their stress levels following a 

communication delay mission. 
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Chapter 5 

Conclusions, Implications, and Recommendations 

 

Summary of Study 

The purpose of this study was to explore the effects of communication 

delays and individual differences in personality on stress levels during a simulated 

space mission. The study compared stress levels in simulated missions that incurred 

a 1–3-s (control) one-way communication delay and a 2-min one-way 

communication delay with MCC. The study investigated five predictors that could 

moderate the effect of communication delays on stress levels. These included the 

Big Five personalities: extraversion, agreeableness, conscientiousness, neuroticism, 

and openness to experience. The dependent variables included DS and SI scores. 

 This study used an experimental and predictive correlational design 

grounded in Clark and Brennan’s Common Ground theory (1991), Lazarus and 

Folkman’s Theory of Stress and Coping (1984), and Costa and McCrae’s Five-

Factor Model (FFM) of Personality (1992) to explore 1) a possible cause-effect 

relationship of communication delays on stress levels and 2) the moderating effect 

of the Big Five personality traits on this cause-effect relationship. Each participant 

completed two simulated spaceflight missions using the Re-entry spaceflight 

simulator. Participants completed a stress VAS prior to and after each mission 

producing a DS score. Studies have found the stress VAS to possess satisfactory 

psychometric properties, including stability (Lesage et al., 2009) and high interrater 
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reliability (Lesage et al., 2011). Stress levels were also measured during each 

mission using the polar H10 heart rate monitor, yielding a Stress Index (SI) score. 

The polar H10 is a more recent iteration of the H7 heart rate sensor that has been 

widely used as a benchmark for wearable heart rate measurement systems 

(Cheatham et al., 2015; Giles et al., 2016; Plews et al., 2017). Finally, the order of 

control versus delay and the emergency scenarios within each mission were 

counterbalanced to reduce any order effects.  

The target population consisted of adult males and females early in NASA’s 

astronaut training program, who may have been eligible for a future LDEM. The 

accessible population consisted of all healthy individuals who were affiliated with 

the Florida Institute of Technology as either a student, staff member, or faculty. All 

individuals had to possess an undergraduate degree or be at the junior or senior 

level status. The sampling strategy was convenience and involved soliciting 

undergraduate students, graduate students, staff members, and faculty to voluntarily 

participate in the study. The study may have also inadvertently experienced 

snowball sampling as participants could have referred other classmates and 

colleagues to participate. The sample sizes used in the descriptive and inferential 

statistics consisted of 100 subjects for the DS scores and 87 subjects for the SI 

scores. Two separate sample sizes were used because of missing data on both 

dependent variables. 
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 The study setting included a simulation room where participants completed 

each mission. The simulation room was designed based on the recommendations 

for future LDEMs (Whitmire et al., 2014; J. Stuster, personal communication, 

March 4, 2019). Some of the design considerations included a minimal allowable 

workspace, acoustic and physical isolation, and reducing sensory stimulation. 

Participants sat in a commander’s chair and used a walkie-talkie with an attached 

dispatch piece to listen and communicate with MCC. Participants first worked 

through a 5–10-min tutorial to get used to the simulator before completing two 45-

min time-sensitive missions. Participants received pre-recorded transmissions that 

were delivered at fixed time points for each mission and were also able to send and 

receive transmissions to and from MCC whenever necessary. Participants also 

completed the BFI-44 (John et al., 1991, 2008) and the Internal External Scale 

(Rotter, 1966) during a 25-min break provided between missions. The BFI-44, 

which was used to collect measures on the Big Five personalities, has been found to 

possess adequate reliability and convergent validity with other Big Five scales, 

such as the NEO-PI-R and NEO-FFI. In addition, all five factors were found to 

possess alpha reliability coefficients above .78 (John et al., 2008). Rotter’s Internal 

External Scale (1966), which was used to collect LOC scores (control variable), has 

been found to possess adequate reliability and validity (Rotter, 1966; Goodman & 

Waters, 1987), with internal consistency estimates ranging from .65 to .79, and test-

retest reliability estimates ranging between .49 and .83 (Rotter, 1966). Other 



 

 154  
 

control variables included demographics on age, gender, and piloting experience 

that were collected prior to the study. 

 For testing the effect of communication delay (control versus delay) on DS 

and SI scores, two ANOVAs were conducted. A MANOVA was initially intended 

to be used to investigate this effect, but a lack of correlation between DS and SI 

scores in both conditions made the use of separate ANOVAs more appropriate. For 

exploring the predictive effect of the Big Five personalities as potential moderating 

variables, a simultaneous multiple regression was conducted for both DS and SI 

scores in the delay condition.  

Summary of Findings 

Preliminary data screening included outlier and missing data analyses and 

tests to ensure the data were compliant with both repeated-measures ANOVA and 

multiple regression assumptions. As a result of these preliminary analyses, two 

sample sizes of N = 100 and N = 87 were used for testing the study’s hypotheses. 

The N = 100 sample size was used for inferential statistics for the DS scores, and 

the N = 87 sample size was used for the inferential statistics for the SI scores. A 

preliminary investigation of the data indicated that the sample sizes were adequate 

based on Cohen and colleague’s (2003) guidelines. 

The first primary analysis used a one-way repeated-measures ANOVA to 

explore the effect of communication delay on DS and SI scores. An ANOVA was 

conducted over a MANOVA due to a lack of correlation between DS and SI scores 
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in both the control (.01) condition and delay (-.02) condition. The results indicated 

that there was no significant difference between the control (1–3-s one-way) and 

delay (2-min one-way) missions for DS or SI scores.  

The second primary analysis used simultaneous multiple regression 

strategies to explore the relationship between the Big Five personality traits and 

stress levels following a communication delay mission. Specifically, this analysis 

sought to explore the predictive effect of extraversion, agreeableness, 

conscientiousness, neuroticism, and openness to experience on DS and SI scores. It 

was discovered that only extraversion and conscientiousness were correctly 

specified in the regression model for DS scores. When regressed on DS scores, the 

model containing extraversion and conscientiousness was significant. Further 

investigation of the individual factors indicated significant relationships for both 

extraversion and conscientiousness. Follow-up analyses of these relationships 

revealed: (a) participant’s DS scores decreased approximately .55 points for every 

one-point increase in extraversion score in the presence of conscientiousness, and 

(b) participant’s DS scores increased approximately .74 points for every one-point 

increase in conscientiousness score in the presence of extraversion. Only 

agreeableness, conscientiousness, and openness to experience were correctly 

specified in the regression model for SI scores. When regressed on SI scores, the 

model containing agreeableness, conscientiousness, and openness to experience 
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was not significant. For ease of reference, the results of the hypothesis testing with 

respect to these findings are summarized in Table 5.1. 

Table 5.1 

Hypothesis Testing Summary 

Hypothesis                                  Results 

H1A: The DS scores will be higher 
following the 2-min one-way 
communication delay mission compared 
to the control mission. 

H1B: The SI scores will be higher during 
the 2-min one-way communication delay 
mission compared to the control 
mission. 

H2: Individual differences in personality 
are significant predictors of stress levels 
(DS and/or SI scores) in a 2-min one-way 
communication delay mission. 
 
 
 
 
H2A: As you move towards the lower or 
higher end of the extraversion 
continuum, the DS/SI scores will increase 
following the 2-min one-way 
communication delay mission. 
 
 
 
H2B: As you move towards the lower 
end of the agreeableness continuum, the 
DS/SI scores will increase following the 
2-min one-way communication delay 
mission. 
 

There was no significant difference 
between control and delay for DS 
scores. 
 
There was no significant difference 
between control and delay for SI 
scores. 
 
 
There was a significant relationship 
between two of the five personality 
traits (extraversion and 
conscientiousness) when regressed 
simultaneously on DS scores in a 2-
min one-way communication delay 
mission only. 
 
There was a significant relationship 
between extraversion and DS scores 
in the presence of conscientiousness. 
However, the relationship was not as 
predicted. There was no significant 
relationship between extraversion 
and SI scores 
 
Agreeableness was not specified in 
the regression model for DS scores. 
There was no significant relationship 
between agreeableness and SI scores 
in the presence of conscientiousness 
and openness to experience. 
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H2C: As you move towards the lower or 
higher end of the conscientiousness 
continuum, the DS/SI scores will increase 
following the 2-min one-way 
communication delay mission. 
 
 
 
 
H2D: As you move towards the 
moderate to high end of the neuroticism 
continuum, the DS/SI scores will increase 
following the 2-min one-way 
communication delay mission.  
 
H2E: As you move towards the lower or 
higher end of the openness to 
experience continuum, the DS/SI scores 
will increase following the 2-min one-
way communication delay mission.  

 
 
 
There was a significant relationship 
between conscientiousness and DS 
scores in the presence of 
extraversion. However, the 
relationship was not as predicted. 
There was no significant relationship 
between conscientiousness and SI 
scores 
 
Neuroticism was not specified in the 
regression model for DS or SI scores.  
 
 
 
 
Openness to experience was not 
specified in the regression model for 
DS scores. There was no significant 
relationship between openness to 
experience and SI scores in the 
presence of agreeableness and 
conscientiousness 

  
 

Conclusions and Inferences 

Primary Analysis. This section presents a summary of the findings for 

each research question and an interpretation of the results in the context of the 

research setting. Included with this discussion are plausible explanations for the 

results. Where appropriate, additional analyses and anecdotal information related to 

the findings are also presented. 
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Research question 1: What are the effects of communication delays on 

an individual’s stress levels?  The results of the two repeated-measures one-way 

ANOVAs indicated there were no significant differences between the control (1–3-

s one-way) and delay (2-min one-way) missions for either DS, F(1, 99) < 0.01, p > 

.99, or SI scores, F(1, 86) = .02, p = .88. This meant that whether the participant 

completed the mission protocol while communicating with MCC under a minimal 

1–3-s (control) one-way delay or a 2-min one-way delay had no significant effect 

on their perceived or objective stress levels. This is apparent in the mean DS 

scores, which were 1.73 under both conditions, and the SI scores, which differed by 

only 0.03 units. An additional analysis exploring the post-mission stress VAS 

scores also found no significant difference between the control and delay mission. 

Thus, the findings of this study would indicate that incurring a 2-min one-way 

delay with MCC does not play a major role in participant stress levels when 

responding to an emergency scenario in a simulated spaceflight mission, and that it 

was similar to incurring no delay. When explaining these findings, one could 

follow the conclusions and assume that a 2-min one-way delay does not affect 

either physiological or psychological stress levels during critical mission scenarios. 

On the contrary, it is also possible that an effect may have existed in the population 

but was not detected due to a variety of factors such as the instruments used to 

collect measures of stress and delimitations with respect to mission duration and 

level of delay. 
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Following the results of the two repeated-measures analyses, it was 

concluded that a 2-min one-way delay does not significantly affect either 

physiological or psychological stress levels when responding to an emergency 

scenario en route to Mars. Thus, communication delays are unlikely to negatively 

impact individual well-being. Some studies have documented crewmembers in 

simulated LDEM missions to actually prefer longer latencies with MCC due to the 

added privacy and autonomy (J. Stuster, personal communication, March 5, 2021). 

Thus, under these circumstances it is possible that communication delays could 

actually improve overall well-being. The literature on the effects of communication 

delays has also predominantly focused on performance measures in both general 

and spaceflight simulated settings, whereas the effect on individual wellbeing has 

not been well documented, aside from the ISS study conducted by Palinkas et al. 

(2017). Therefore, it could be inferred that communication delays do not 

significantly impact individual stress levels to the degree that they have been 

documented to affect performance measures. This could have been corroborated by 

measuring performance, in addition to stress, which may have yielded a significant 

effect for the 2-min one-way delay. It is also possible that performance could 

mediate the relationship between delay and individual well-being. 

Following another line of thought, it is possible that an effect for 

communication delays may have existed in the population but was not detected in 

this study. As previously indicated, the statistical power was .05 for both repeated 
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measures analyses. Although this low-power is more likely a reflection of a small 

effect size, it does also suggest the possibility of a type II error, which occurs when 

an effect exists in the population but is not detected in the sample. This leads to 

falsely accepting the null hypothesis when it should, in fact, be rejected. One 

possible explanation for this could be that the stress construct was not sufficiently 

captured in this study. For example, the single item stress VAS may not have been 

a sufficient measure for detecting perceived stress levels in this study. Although it 

was found to possess adequate psychometric properties (Lesage et al., 2009; Lesage 

et al., 2011), the ongoing debate as to whether VASs produce interval or ordinal 

level data is still somewhat ambiguous (McCormick et al., 1988; Philip, 1990; Price 

et al., 1994). The literature on VASs has supported its use in parametric statistics 

pointing to the central limit theorem and robustness of certain tests. It is possible 

that the stress VAS is not the appropriate tool for obtaining subjective stress levels 

in this study, and that using an alternative instrument that produces true interval 

data or a more reliable and valid measure of stress may yield different results. 

Similarly, because stress is a multidimensional construct, assessing multiple 

physiological markers may have been more useful for documenting effects (Engert, 

et al., 2011). Examples of additional or alternative measures include salivary Alpha 

amylase and cortisol levels.  

Another plausible explanation for not detecting an effect for delay could 

relate back to the duration of the missions. As previously noted, the literature on 
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communication delays indicated that simulations of at least one hour in duration are 

necessary to capture behavioral assessments and complete ratings (Palinkas et al., 

2017). It is possible that a mission of 45 minutes, 30 minutes of which were 

dedicated to responding to an emergency scenario, was simply insufficient for 

detecting effects on stress levels. Similarly, a 4-min round trip communication 

delay may have been insufficient for producing a significant difference in stress 

levels, and a longer delay may be necessary. It is also plausible that some 

participants could have underestimated or overestimated their stress levels on the 

stress VAS or did not provide authentic responses, as they were primarily interested 

in the rewards for completing the study. Additionally, the performance pressure of 

simulated mission scenarios may have been insufficient to re-create the 

consequence of failure that would impact stress levels in real LDEM conditions. 

Finally, despite not finding a significant effect for communication delay, a 

follow-up analysis exploring the difference in communication quality in the delay 

mission compared to the control was statistically significant, t(99)= 9.61, p < .001. 

Specifically, perceived ratings of communication quality in the delay condition (M 

= 6.05, SD = 2.51) were significantly lower than the ratings in the control condition 

(M = 8.48, SD = 1.39). This meant that participants perceived the overall quality of 

communication with MCC in the delay condition to be lower than the overall 

quality of communication in the control mission. This would indicate that 

participants could distinguish between the two conditions, although it did not 
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appear to make a difference in their stress measures. It is possible some other 

measurable form of stress could have paralleled the communication quality 

findings. 

Research question 2: What is the relationship between individual 

differences in personality and stress levels following a 2-min one-way 

communication delay mission? The results of the two simultaneous regression 

analyses indicated that only a model containing extraversion and conscientiousness 

was significant for DS scores, F(2, 97) = 3.73, p = .03. This indicated that only two 

of the Big Five personality traits were properly specified in the simultaneous 

regression model for DS scores, and they also significantly predicted DS scores in 

the mission that incurred a 2-min one-way communication delay with MCC. This 

model, however, only explained 7.1% of the variance in DS scores and had a 

relatively low effect size (.07). The model containing agreeableness, 

conscientiousness, and openness to experience was not significant for SI scores, 

F(3, 83) = 2.18, p = .10. This indicated that only three of the Big Five personality 

traits were properly specified in the simultaneous regression model, but they did 

not significantly predict SI scores in the mission that incurred a 2-min one-way 

communication delay with MCC. 

What is the relationship between an individual’s level of extraversion and 

their stress levels following a 2-min one-way communication delay mission? A 

significant negative linear relationship was found between extraversion and DS 
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scores in the presence of conscientiousness. Participants DS scores decreased 

approximately .55 points for every one-point increase in extraversion score in the 

presence of conscientiousness, t(97) = -2.12, p = .04. This relationship was logical 

in theory, as higher levels of extraversion have been found to be associated with 

more active stress coping mechanisms (Vollrath & Torgersen, 2000; Watson & 

Hubbard, 1996), and a positive affect (DeNeve & Cooper, 1998; Costa & McCrae, 

1980; Lucas et al., 2008). Thus, moving from the lower end (high introversion) of 

the extraversion continuum, where higher DS scores could be expected, towards the 

higher (low introversion) end of the extraversion continuum would correlate with a 

decrease in DS scores. When formulating the hypotheses, however, it was also 

expected that moving towards the higher end of the extroversion continuum would 

also correlate with higher DS scores, forming a U-shaped relationship. This was 

predicated on LDEM literature that recommend against highly introverted and 

highly extroverted individuals, preferring someone who lies in between the both 

extremes (Landon et al., 2017). It could be theorized that individuals with very high 

levels of extraversion would likely be in more need of conversation and social 

interaction and thus be more prone to feeling the effects of isolation from the 

limited communication with MCC, which could increase stress and frustration. 

Thus, a more moderate level of extraversion would be preferred. However, the 

form of the relationship did not demonstrate this, as individuals at the highest levels 

of the extraversion (or lowest levels of introversion) continuum possessed the 
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lowest DS scores. It could be also be theorized that the passive and reserved nature 

of highly introverted (low extraversion) individuals could be more ideal for dealing 

with some of the challenges of communication delays with MCC, such as long 

periods of silence; for example, introversion has been reported to contribute to 

positive adaptation in Antarctic winter over crews (Rosnet et al., 2000), suggesting 

some degree of introversion is desirable.  

What is the relationship between an individual’s level of agreeableness 

and their stress levels following a 2-min one-way communication delay mission? 

It was revealed that agreeableness was not properly specified in the DS regression 

model, and therefore there was no significant relationship between the two 

variables. Although properly specified in the SI regression model, there was no 

significant relationship between agreeableness and SI scores in the presence of 

conscientiousness and openness to experience. 

What is the relationship between an individual’s level of 

conscientiousness and their stress levels following a 2-min one-way 

communication delay mission? A significant positive linear relationship was found 

between conscientiousness and DS scores in the presence of extraversion. 

Participant DS scores increased approximately .74 points for every one-point 

increase in conscientiousness score in the presence of extraversion, t(97) = 2.24, p 

= .03. This relationship could be explained by Landon and colleagues’ (2017) Big 

Five personality recommendations for LDEM, where justification is provided for 
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possessing both low and high levels of conscientiousness within an acceptable 

range. Low levels are preferable when dealing with communication delays and 

equipment failure, which could increase stress and frustration. Whereas, high levels 

of conscientiousness, within an acceptable range, are preferable when focusing on 

achievement. It is plausible that based off these recommendations, with increased 

levels of conscientiousness, DS scores increased as participants became more 

conscious and aware of the delay in communication and the systems failure 

emergency they were tasked with fixing. Furthermore, given that high levels of 

conscientiousness are associated with concern for performance and success, placing 

the participant in a time-sensitive situation with an extremely low success rate 

would have likely increased stress and frustration. Support for this explanation 

could be provided by Fitzgibbons et al.’s (2004) study on personality profiles of 

commercial pilots. The personality profile of commercial pilots has been found to 

possess high levels of conscientiousness with high scores on the achievement 

striving facet. In the context of the current study, participants with some level of 

flight experience made up 28% of the sample size for SI scores and 31% of the 

sample size for DS scores. Although piloting experience was not a significant 

factor in the study, potentially due to the fact that it was represented as a 

dichotomous variable (Y/N), it is plausible that a significant proportion of 

participants sampled from the university would have had at least some experience 

in a cockpit or virtual simulator environment. These individuals could have been 
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predisposed to be on the higher end of the achievement striving facet of 

conscientiousness. Trying hard to achieve excellence and accomplish goals in a 

time-sensitive critical scenario, all while incurring a communication delay with 

MCC, could explain the positive relationship between conscientiousness and DS 

scores. Despite these assertions, the relationship predicted in the original 

hypotheses was one in which both low and high conscientiousness scores would be 

correlated with high DS scores. This was grounded in Landon and colleagues’ 

(2017) recommendations for LDEM, which stated that extreme high or low outliers 

for all the five personality traits except for neuroticism should be avoided. 

What is the relationship between an individual’s level of neuroticism and 

their stress levels following a 2-min one-way communication delay mission? It 

was revealed that neuroticism was not properly specified in the DS or SI regression 

model. Therefore, there was no significant relationship between neuroticism and 

DS or SI scores. A follow-up analysis did reveal neuroticism to be a significant 

predictor of post-mission stress VAS scores. This additional finding does make 

intuitive sense and is consistent with the LDEM recommendations. Highly neurotic 

individuals tend to possess a negative affect and poor coping skills in response to 

stress (Ormel et al., 2013; Suls & Martin, 2005), making them unsuitable for 

LDEM. Highly neurotic individuals are also very aversive to uncertainty or the 

unknown (Hirsh & Inzlicht, 2008), which could have been felt during the time 

when support from MCC was absent. 
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What is the relationship between an individual’s level of openness to 

experience and their stress levels following a 2-min one-way communication 

delay mission? It was revealed that openness to experience was not properly 

specified in the DS regression model, and therefore there was no significant 

relationship between the two variables. Although properly specified in the SI 

regression model, there was no significant relationship between openness to 

experience and SI scores in the presence of agreeableness and conscientiousness. 

The two key findings from this primary analysis indicated that only a model 

containing extraversion and conscientiousness was significant for DS scores, and 

there were no significant relationships between the Big Five and SI scores. One 

additional analysis revealed a significant relationship between only neuroticism and 

post-mission stress VAS scores. Taken together, these findings indicate that the Big 

Five personalities played a minimal role in predicting participant stress levels when 

completing a simulated mission under a 2-min one-way delay with MCC. Although 

a model containing conscientiousness and extraversion did significantly predict 

stress levels, the magnitude of the effect was low, and collectively, they explained 

only 7.1% of the variance in DS scores. Thus, although statistically significant, this 

finding is likely to be of little value in a practical sense due to the low effect size 

and explained variance. Furthermore, when outliers were not removed during the 

preliminary analyses, this model was no longer significant. This would suggest that 

the statistical significance was likely a result of the removal of outliers and further 
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supports the argument that this finding has little value from a practical significance 

perspective. Possible explanations for the lack of meaningful relationships between 

the Big Five and stress levels during the delay mission follow two lines of thought. 

First, one could follow the conclusion that the Big Five do not play a major role in 

predicting physiological or psychological stress levels when incurring a delay with 

MCC. Second, it could be postulated that the Big Five do play a major predictive 

role in stress levels when incurring a delay with MCC, but these relationships were 

not detected in this study. 

Following the first line of thought, it could be that the recommendations 

made by Landon et al. (2017) are tailored towards performance and team measures, 

whereas the variables explored in this study focused on the well-being of a single 

crewmember. Thus, it is possible that the Big Five are more geared towards 

performance measures and do not play a major predictive role in stress response. 

Exploring a variable that is more performance-oriented or tailored towards team 

dynamics may have yielded more meaningful relationships with the Big Five 

personality traits. For example, additional relationships were discovered in the 

analysis exploring the relationship between the Big Five and communication 

quality. Exploring this dynamic from the perspective of multiple crewmembers 

working together or investigating factors such as self-ratings of workload and task 

performance or level of coordination with MCC may have also yielded additional 

associations with the Big Five personalities. It is also possible that other personality 
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models may be more worthy of investigation under these circumstances. For 

example, LOC was found to have a weak to moderate significant positive 

relationship with DS scores, with DS scores increasing approximately 0.13 points 

for every one-point increase in LOC score. This is logical, as higher LOC scores 

are more externalized. Thus, participants with more external LOC scores would 

have been more reliant on outside help (i.e., MCC), which could have been 

challenging with the implemented delay. In addition to LOC, it is possible some 

unidentified aspects of personality that were not assessed in this study may play a 

larger role in predicting stress levels. These conclusions again highlight the multi-

faceted nature of astronaut selection as no single factor drives final crew selection. 

Following the second line of thought, in which it is presumed that the Big 

Five do play a major predictive role in stress response, one could point to factors 

such as sample size, methodology, and instrumentation as possible explanations for 

the lack of meaningful relationships between the Big Five and stress levels. For 

example, although the minimal sample size of N = 92 was met for DS scores, the 

sample size for SI scores after preliminary analyses was N = 87 and did not meet 

the minimum sample requirement. The lack of significant relationships for SI 

scores may indicate that larger sample sizes could be necessary to detect more 

meaningful relationships between the Big Five and stress levels. It is also plausible 

that a 45-min mission duration was insufficient and increasing mission duration to 

a minimum of one hour as recommended by Palinkas et al. (2017) may have 
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provided an acceptable length of time to detect more significant relationships. 

Finally, it is possible that the stress construct was not sufficiently captured in this 

study and that investigating alternative dependent measures of perceived and 

physiological stress may have also yielded additional relationships.  

Another plausible explanation may lie in determining which of the Big Five 

are the most important contributors. For example, in a study by Palinkas et al. 

(2000), all five personality factors explained up to 19% of the variance in 

individual performance, while Landon and colleagues (2017) reported that 

neuroticism/emotional stability and agreeableness were the strongest predictors of 

team performance within the current LDEM literature. In the current study, an 

additional analysis on post-mission stress VAS scores found neuroticism to be the 

only significant predictor, contributing up to 8.2% of the variance in post-mission 

stress VAS scores when incurring a 2-min one-way communication delay with 

MCC. Thus, neuroticism may warrant further investigation in future studies 

implementing similar methodology.  

Implications 

 The implications of the current study’s results are discussed in this section. 

The following discussion is organized into three distinct parts: the implications of 

results relative to theoretical foundations, the implications of the results relative to 

past studies, and the implications for practice. 
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 Implications relative to theory. The current study was grounded in Clark 

and Brennan’s Common Ground theory (1991), Lazarus and Folkman’s Theory of 

Stress and Coping (1984), and Costa and McCrae’s Five-Factor Model (FFM) of 

Personality (1992). A summary of each theory and a discussion of the implications 

of the study’s findings relative to each are presented below. 

 Common Ground theory. Clark and Brennan’s Common Ground theory 

(1991) proposes that successful common ground in communication is achieved 

through the process referred to as grounding, which is an attempt to establish that 

what has been said has also been understood. Grounding is also shaped by two 

factors, purpose and medium. Of the eight medium constraints that exist, only 

contemporality was manipulated between the two missions. In the context of the 

current study, it was hypothesized that lacking contemporality would create 

challenges such as delayed reactions, sequential mistakes, and the inability to move 

forward, which would ultimately damage communication efficiency between the 

participant and MCC. It was expected that these issues would create stress and 

frustration for the participant as they attempted to respond to an emergency 

scenario under a time constraint. The main findings of the current study did not 

support this theory because there were no significant differences between the delay 

and control mission with respect to stress levels. However, additional findings did 

reveal a significant difference between the overall level of communication quality 

in the delay mission compared to the control mission, as participants perceived 



 

 172  
 

communication quality in the delay mission to be significantly lower than the 

control. This finding would support the common ground theory, as the 

contemporality constraint was perceived to weaken the communication quality and 

likely required more work on the participant’s behalf to reach common ground with 

MCC compared to the control mission. 

Theory of Stress and Coping. Lazarus and Folkman’s Theory of Stress and 

Coping (1984) takes a transactional approach and defines the stress condition as a 

byproduct of the perception of current demands (cognitive appraisal) exceeding 

one’s available resources (i.e., ability to cope). Put in the context of the current 

study, it was expected that the challenges of communicating with MCC under a 

contemporality constraint (2-min one-way delay) would be appraised by the 

participant, and a stress response would be activated as a byproduct of lacking the 

necessary coping resources. This contrasts with the control mission, where lower 

stress levels were expected because of the minimal 1–3-s one-way delay. The 

findings from the repeated-measures ANOVAs comparing the delay and no delay 

condition were contrary to expectations, following Lazarus and Folkman’s Theory 

of Stress and Coping (1984). DS scores were equivalent (1.73) under both 

conditions, and the SI scores differed by only 0.03 units, with the control condition 

possessing a slightly higher SI score than the delay. Despite these inconsistencies, 

these findings do not refute Lazarus and Folkman’s Theory of Stress and Coping 

(1984), because the lack of significant differences between the control and delay 
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could be explained by a variety of factors. For example, it is possible that some 

participants may have preferred the delay mission over the control due to the 

increased autonomy and solitude. This is supported by the findings of the 30-day 

asteroid rendezvous HERA study where anecdotal evidence in the form of journal 

entries from crewmembers experiencing communication delays with MCC noted 

that they were not bothered by the communication delays and enjoyed the privacy 

(J. Stuster, personal communication, March 5, 2021). Thus, it is possible that some 

participants could have been more stressed in the control condition due to the lack 

of autonomy and privacy they had experienced in the delay mission. Other 

explanations could include how stress was measured or the need for a longer 

mission duration or level of delay. As previously stated, it is possible that a 45-min 

delay mission was insufficient for detecting an effect on stress levels. It is also 

possible that exploring other measurable forms of stress or the use of different 

instruments could have yielded results that may have supported this theory. Any 

one of these issues could have contributed to the lack of significant differences in 

stress between the control and delay.  

The lack of correlation between perceived stress (DS scores) and 

physiological stress levels (SI scores) was also unexpected. According to Lazarus 

and Folkman (1984), a physiological stress response only appears if the situation is 

perceived as potentially challenging and hard to manage. Thus, one would expect a 

strong association between the stressfulness of a perceived stimulus and the 
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strength of the physiological response. This apparent association, however, has 

been reported to be generally weak and divergent (Cohen et al., 2000; Hjortskov et 

al., 2004; Schlotz et al., 2008), and empirical evidence explicitly addressing the 

association between physiological and subjective stress has been sparse. One 

reason for the lack of association between physiological and psychological stress in 

this study could be a product of the methodology. For example, by measuring the 

difference in stress before and after each mission, a participant with a pre-mission 

stress VAS score of 0 and a post-mission stress VAS score of 1 would have the 

same DS score as a participant with a pre-mission stress VAS score of 7 and a post-

mission stress VAS score of 8. Although the DS scores are equivalent, the SI scores 

measured physiologically could be very different. To account for this, post-mission 

stress VAS scores were also analyzed to determine the strength of association with 

the SI scores. The correlation analysis revealed that post-mission stress VAS scores 

and SI scores were also not correlated. Other reasons for a lack of association could 

be related to the accuracy and authenticity of the responses to the stress VAS as 

well as the accuracy of the Polar H10 readings. It is possible using more accurate 

biomarkers of stress such as salivary Alpha amylase and cortisol levels may have 

revealed a potential association with psychological stress. 

Five-Factor Model (FFM) of Personality. The FFM postulates that five 

core personality traits serve as the building blocks to personality: extraversion, 

agreeableness, conscientiousness, neuroticism, and openness to experience. In the 
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context of the current study, the Big Five were selected as independent variables for 

investigating the moderating effect of personality on stress levels when incurring a 

2-min one-way delay with MCC. The findings from the simultaneous regression 

analyses indicated that the Big Five personalities did not play a major predictive 

role in participant stress levels during the delay mission. These findings do not 

support nor refute the FMM, they simply suggest that in a study exploring 

communication delay and stress levels, the Big Five personalities did not play a 

major role as moderating variables.  

 Implications relative to prior research. This section provides a 

comparison of the current study’s findings as they relate to the findings of relevant 

prior research studies discussed in Chapter 2. The comparison of the current study’s 

findings with that of prior research was limited due to the unique nature of the 

study. There are also several discrepancies between this study and those cited in 

chapter 2 which challenges the comparability of the findings. The comparison to 

prior research studies is organized into two topic areas: studies related to 

communication delays and studies related to the Big Five personalities. 

 Communication delays. One of the main findings from this study was that 

participants operating under a 2-min one-way communication delay and a control 

(1–3-s one-way) did not significantly differ on either stress measure. This finding 

contrasted with Palinkas and colleagues’ (2017) study where crew well-being 

significantly decreased in communication delay conditions compared with no 
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communication delay controls. Specifically, Palinkas et al. (2017) found evidence 

to suggest that communication delays negatively impacted crewmember stress 

levels. Despite the inconsistency in the findings, there are several distinctions 

between the two studies that should be noted. These distinctions include, mission 

duration, methodology, sample composition, and the setting in which the studies 

were conducted. The study by Palinkas et al. (2017)  involved task durations of at 

least 60 minutes, whereas the current study measured stress levels during a 45-

minute mission. As previously indicated, literature exploring communication 

delays on behavior and performance have suggested at least 1 hour is necessary to 

ensure enough time to capture behavioral assessments and complete ratings 

(Palinkas et al., 2017); furthermore, Palinkas et al.’s (2017) study used real 

astronauts and MCC personnel, whereas the current study was limited to students, 

faculty, and staff from an accredited university. It is expected that astronaut 

responses to behavioral assessments would likely be more authentic given both 

their experience and the critical and complex nature of their work environment. 

Palinkas et al. (2017) also conducted their study on the ISS, a true spaceflight 

analog environment of the highest fidelity, whereas the current study was 

conducted in a grounded laboratory setting. In addition to the physiological 

challenges of microgravity, the ISS environment also introduces psychological 

challenges related to isolation and confinement that are difficult to emulate back on 

earth. Furthermore, the ISS study involved multiple crewmembers working 
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together, and included all mediums of communication, whereas the current study 

involved a single crewmember and was limited to voice communication only. 

Finally, it is worth noting that the ISS study collected measures of performance and 

stress from both astronauts and mission control personnel. Thus, the results 

obtained from Palinkas and colleagues’ (2017) study pertain to both sides of the 

crew-mission control dynamic. 

The Advanced Exploration Systems Autonomous Mission Operations 

(AMO) study by Frank et al. (2013) reported that delays of 300 s and 50 s were 

rated as equally challenging, with some suggesting the 50-s time delay to be more 

challenging because participants attempted to operate as they would in real-time 

operations. This finding could potentially shed light on the comparability of 

participant DS and SI scores under control and delay in the current study, as it is 

possible that participants were operating under certain perceptions depending on 

whether they were under a control (1–3-s one-way delay) or 2-min one-way delay. 

For example, some HERA crewmembers participating in 30-day simulations 

reported in their journals that they appreciated the 20-minute communication 

delays with MCC as a break from MCC interruptions and an added level of privacy 

(J. Stuster, personal communication, March 5, 2021). Perhaps some participants in 

this study enjoyed the increased autonomy and privacy that came with longer 

latencies. Adding a qualitative element to this study may have allowed for the 

collection of some anecdotal information related to these perceptions.  
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Finally, although not part of the original hypotheses, the additional 

investigation into the perception of communication quality between control and 

delay yielded similar findings to several communication delay studies (Frank et al., 

2013; Kruss & Brickell, 1967; Palinkas et al., 2017; Vessey et al., 2013), who also 

reported significant changes in the perception of communication quality. 

Furthermore, Palinkas et al. (2017) concluded that communication quality may act 

as a mediator between communication delay and performance/well-being measures. 

Although no mediating effect was investigated in this study, this would warrant 

further investigation in future studies. 

The Big Five personalities. In Landon and colleagues (2017) retrospective 

review of studies in ICE environments, it was recommended that future astronauts 

of LDEM missions avoid extreme high or low outliers for any of the Big Five 

personalities, with low levels of neuroticism being the only exception. These 

recommendations were derived from studies exploring performance and other 

various factors in ICE environments such as Antarctica. Some of these studies 

include Palinkas et al. (2000), Musson (2003), Musson et al. (2004), and Musson 

and Keeton (2011). There are again several discrepancies between this study and 

those cited above that challenge the comparability of the findings and the ability to 

make conclusions about the Big Five personalities. 

The recommendations by Landon and colleagues (2017) on which the 

hypotheses for the Big Five personalities were grounded were for optimal team 
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performance, whereas the current study was focused on individual well-being. 

Thus, it is difficult to compare the findings between this study and the meta-review 

by Landon and colleagues (2017), because the results are a product of different 

target variables. For example, the positive relationship between conscientiousness 

and DS scores and the negative relationship between extraversion and DS scores 

were inconsistent with the recommendations made by Landon and colleagues 

(2017); however, it is difficult to draw conclusions between these findings without 

a consistent target variable. In addition, both Musson (2003) and Musson and 

Keeton (2011) found neuroticism to be a significant factor when exploring 

personality profiles of Antarctic personnel and active-duty astronauts on public 

metrics of astronaut performance, concluding that low levels were optimal. 

Similarly, Landon and colleagues (2017) also recommended low levels of 

neuroticism for optimal team performance in LDEM. In the current study, 

neuroticism was found to be unspecified as a predictor of both DS and SI scores but 

did significantly predict post-mission stress VAS scores when completing a 

mission under a 2-min one-way delay with MCC. One must proceed cautiously 

when concluding that the results of this study are consistent with those of the 

literature as it pertains to neuroticism, unless substantive evidence can correlate 

individual well-being (stress levels) with overall performance. Thus, it is possible 

that performance measures could have been significantly associated with stress 

measures in this study. Including performance measures in this study may have 
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permitted the reader to make better inferences regarding the comparability of the 

findings to the recommendations made by Landon and colleagues (2017).  Similar 

conclusions can be drawn when comparing the results of this study to Palinkas et 

al. (2000) and Musson et al. (2004). Other differences that could challenge the 

comparability to previous studies include the makeup of the samples and the 

settings in which the studies were conducted. 

 Implications relative to practice. The two main implications of this study 

relate to how one-way communication delays of 2-min affect participants stress 

levels when responding to critical mission scenarios en route to Mars and to what 

degree the Big Five personalities moderate this stress response. The current study 

found that a 2-min one-way delay had no significant impact on participants stress 

levels and that stress levels were similar in both the delay and control conditions. 

Although an effect may have existed in the population and/or limitations may have 

contributed to the nonsignificant findings, this could also imply that astronauts may 

not be significantly affected by communication delays in the early transit phase to 

Mars and that they may even decrease stress levels. It could be that some astronauts 

may welcome latencies with MCC for the increased privacy and autonomy. This 

finding could have implications for scientists and experts currently investigating 

methods to improve astronaut behavioral health in LDEM. It could also be that 

performance may mediate the relationship between communication delay and 

individual well-being. Thus, astronaut stress levels when experiencing 



 

 181  
 

communication delays may depend on how they perform certain critical tasks, the 

nature of the task, or their perception of how they performed. Although NASA has 

focused much of the communication delay research on performance, this study’s 

findings could imply that performance and individual well-being should be 

explored in tandem to fully understand the impact of communication delays in 

LDEM. 

 Although the study’s findings indicated that two of the Big Five personality 

traits were significant predictors of DS scores when incurring a 2-min one-way 

delay with MCC, this is likely to be of little value in a practical sense due to the 

low effect size and explained variance. Furthermore, none of the big five 

personality traits was found to significantly predict SI scores when incurring a 2-

min one-way delay with MCC. Finally, an additional analysis revealed neuroticism 

to be the only significant predictor of post-mission stress VAS scores. These 

findings would collectively imply that the FFM may not be a significant major 

predictor of individual well-being when responding to emergency scenarios in 

LDEM and incurring a communication delay with MCC, and that other personality 

models may merit further investigation. These findings would support the current 

multifaceted practice of NASA astronaut selection in which no single factor drives 

selection. This implication is also timely with the rise of private companies and 

space tourism where every-day individuals possessing unique personality profiles 

may be selected for future space missions.  
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Generalizability, Limitations, and Delimitations 

Generalizability. The generalizability of the study’s findings was assessed 

from the standpoints of generalizability to the target population and generalizability 

to other settings and/or conditions. The target population was adult males and 

females early in NASA’s astronaut training program, who may have been eligible 

for a future LDEM. The accessible population comprised students, faculty, and 

staff at the Florida Institute of Technology who either possessed a bachelor’s 

degree or were at least in their junior year. As a convenience sampling strategy was 

implemented, this may limit the population generalizability. The age in this study 

ranged from 19 to 44, with a mean of 22.79 and a standard deviation of 4.28 for the 

N = 87 sample size and from 19 to 51, with a mean of 23.31 and a standard 

deviation of 5.81, for N = 100 sample size. In this sense, the results may not reflect 

individuals above this range, as NASA astronaut candidates have ranged between 

the ages of 26 to 46, with the mean age of 34. NASA astronaut candidates must 

also be US citizens to apply for the program, whereas the participants in this study 

were not restricted based on their citizenship and therefore could have been non-US 

citizens. Furthermore, NASA requires that its astronaut applicants possess at least a 

bachelor’s degree in engineering, biological science, physical science, computer 

science, or mathematics (Dunbar, 2021). In contrast to this, one fourth of the 

participants in this study were 20 years old at the time of signing up and 54% of the 

participants were at least 21 years or younger. This age range would likely 

represent participants still in their junior or senior year of college, although it is 
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possible some students may have obtained their degree by the age of 21. Finally, 

according to NASA statistics, almost half of NASA’s latest astronaut graduates 

were women. In the current study, females made up approximately 40% of the 

sample. Despite the latter equivalency with respect to gender ratio, the above 

distinctions may weaken the generalizability of the study and would indicate that 

the sample was not fully representative of the target population. 

 Considering ecological generalizability, the experiment was conducted in a 

laboratory setting with certain modifications in place to emulate some of the 

conditions of LDEM. These included the minimum allowable workspace, acoustic 

and physical isolation, and sensory monotony. Despite these efforts, there were 

many aspects of future LDEM that could not be replicated because of unfeasibility 

or violations of human subject research ethics. For example, crews of future LDEM 

will live and operate in very confined and cramped spaces in zero gravity 

conditions millions of kilometers away from Earth. Another issue concerning 

ecological generalizability was the fidelity of the simulator. Although the Re-entry 

(Wilhelmsen, 2018) simulator provided participants with some of the most up-to-

date interactivity and realism, there is nothing comparable to real LDEM 

conditions. For example, astronauts en route to Mars will experience a true sense of 

isolation and feeling of no return. Furthermore, they will be restricted and confined 

inside the habitat for prolonged periods and will need to wear protective gear to 

perform any extravehicular activity operations. In contrast, participants in this 
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study were comforted in knowing that they could request to end the simulation if 

warranted and leave at any time. Both the lack of setting and simulator fidelity 

would threaten the ecological validity of this study and limit the generalizability to 

ground-based studies that implement similar technology. 

Study limitations delimitations. The limitations and delimitations from 

chapter 1 are restated here and serve as a transition to the next section, which 

discusses recommendations for future research relative to these limitations and 

delimitations.  

Limitations 

1. Sample demographics. Because I did not possess the capabilities for 

sampling from NASA’s astronaut training groups, the sample consisted of students, 

faculty, and staff from the Florida Institute of Technology, possessing a four-year 

degree or higher or at the minimum a junior undergraduate level status. NASA 

astronaut candidates generally range between the ages of 26 to 46, possess US 

citizenship, and hold a bachelor’s degree in either engineering, biological science, 

physical science, computer science, or mathematics (Dunbar, 2021). Based on the 

age and demographics of participants in this study, it would be difficult to 

generalize the results to NASA astronaut candidates. Furthermore, similar studies 

that employ a sample with different personological characteristics may not get the 

same results and would be generalizable to a different population. 
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2. Sampling method. The sample in this study was selected through 

convenience sampling. Specifically, the sample consisted of participants who 

volunteered to participate in the study. Because a nonrandom sample was selected, 

this may restrict the population generalizability. The inherent bias in convenience 

sampling may lead to underrepresentation of certain subgroups in the sample, 

making it difficult to generalize the results of convenience sampling to the target 

population. This study may have also inadvertently experienced snowball sampling 

as participants could have recruited other individuals such as classmates, 

colleagues, and coworkers who met the recruitment criteria. Some of the main 

disadvantages of snowball sampling are the lack of control, unrepresentativeness of 

the sample, and potential sampling bias. Another threat of snowball sampling was 

the potential for past participants to disclose details about the study to future 

participants, which could have threatened the internal validity of the study. 

Furthermore, convenience and snowball sampling may have also threatened the 

authenticity of responses depending on whether the recruited participant’s 

motivations were genuine interest in the findings or simply wanting to collect the 

reward for participating and completing the study. An attempt was made to address 

the sampling strategy issue by collecting demographic information such as age, 

gender, and piloting experience prior to the study and incorporating them into the 

regression models as potential control variables.  
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3. Setting fidelity. The missions were carried out in a simulation room that 

was designed to emulate certain aspects of LDEM, including limiting the minimal 

allowable workspace, both physical and acoustic isolation, and boarding up 

windows with large projector screens to reduce sensory stimulation. In addition, 

MCC was carried out in a separate room down the hall from the designated 

simulation room. Despite these considerations, there are many aspects of LDEM 

that could not be replicated for this study due to unfeasibility or violations of 

human subject research ethics. One of the major examples is zero gravity. It is 

likely that withstanding major advances in artificial gravity, future crews will live 

and work in zero gravity conditions. Furthermore, the workspace is likely to be 

very cramped and confined. Incorporating these real-life environmental challenges 

into this study could have potentially altered participant stress readings both 

subjectively and objectively.  

4. Simulator fidelity. Inside the simulation room, participants were seated in a 

commander’s chair and completed two separate missions using the Re-entry PC 

orbital simulator (Wilhelmsen, 2018). This simulator provided some of the most 

realistic and interactive features among the space flight simulators currently 

available online. Furthermore, a pre-release version was used that was 

reprogrammed and edited to incorporate the mission objectives to be carried out 

during the 45-minute missions. Although many participants upon completing the 

study expressed their admiration for the simulator for both its realism and attention 
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to detail, feasibility and human subject research ethics make real-life LDEM 

conditions impossible to fully emulate. For example, participants in the study were 

comforted in knowing they could request to end the simulation and leave the 

premises if warranted. Furthermore, although operating in separate rooms, 

participants likely did not feel a true sense of isolation between them and MCC. In 

contrast, given their distance from Earth, astronauts responding to real-life 

emergencies during a LDEM will experience a real sense of isolation and feeling of 

no return. Furthermore, although they will be in contact with MCC, the feeling of 

being on their own brought about by the isolation will require a high degree of 

autonomy when responding to critical mission scenarios. Finally, the potential 

added stress of responding to a critical mission scenario with real life-and-death 

consequences was difficult to capture using the simulator. Although participants 

were briefed that the remaining crew members were in stasis and that responding to 

the emergencies had ramifications for the rest of the crew, the impending doom of 

real-life emergencies in LDEM would likely introduce a high degree of 

performance pressure that would be difficult to replicate within the parameters of 

this study. These real-life challenges that future LDEM crews will face could 

significantly alter stress levels both subjectively and objectively. 

5. Length of study. The study was originally designed to have participants 

complete two 60-min missions separated by a 25-min break. This was predicated 

on previous literature exploring communication delays on behavior and 
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performance that suggested at least one hour was necessary to allow for enough 

time to capture behavioral assessments and complete ratings (Palinkas et al., 2017). 

However, the minimum sample requirements for this study and possible risk of 

participant fatigue and attrition made this unfeasible. As a result, mission duration 

was reduced to 45 minutes. It is possible that the lack of significant effect for 

communication delay in this study may have been due to this reduction in time and 

increasing the length of each mission may have provided enough time to detect a 

significant effect. It is also possible that a longer period of time may have been 

required to detect more significant relationships between the big five personality 

factors and the stress measures. 

6. Emergency Scenarios. In a repeated-measures study, it was important to 

ensure that only the manipulated variable varied between the two missions, 

otherwise this would threaten the internal validity of the study. However, to reduce 

carryover effects, the participant could not complete missions with identical 

emergency responses. Thus, it was necessary to produce two separate emergency 

responses that deferred in functionality but were objectively similar in the number 

of steps, training, and time required to complete. The emergency scenarios used in 

this study were carefully selected from a task analysis (Stuster et al., 2019), rating 

the most important tasks during the cruise phase to Mars. Initially, three scenarios 

were selected from the summary task statement rated the most important during the 

cruise phase of a Mars mission. These included a PLSS pressure regulator failure, a 
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CO2 scrubber failure, and a lighting failure. To determine the level of equivalence 

between the three scenarios, all three were rated by SMEs on dimensions of 

perceived risk, difficulty, and importance. The two most comparable among the 

three were then compared in a pilot study with an equal level of delay to determine 

if there were any significant differences between the two scenarios. The results 

from this analysis yielded no statistically significant difference between the two 

scenarios. The final step involved counterbalancing the order of the selected pair of 

emergencies and the level of time delay into four distinct groups and incorporating 

a potential order effect as a between-subjects variable in the study. The between-

subjects analysis concluded that there were no significant differences between the 

four orders. Despite these efforts, there is still a possibility that the results may 

have been affected by minor discrepancies between the two scenarios. 

7. Study Period. The data collection period initially coincided with the early 

stages of the COVID-19 global outbreak. When the pandemic had reached the 

United States, data collection was officially suspended for approximately six 

months. The first five participants who completed the study in the month of March 

were originally excluded from the final data analysis due to differences in the study 

protocol that were made following the viral pandemic. Some of the major 

differences included removal of all face-to-face contact and swapping the 

headpiece microphone for a wired hand-held dispatch. These changes were made to 

maximize participant safety and to reduce the risk of exposure as much as possible. 
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When it was safe to resume data collection, participants were made aware of the 

risks of exposure and had to follow specific guidelines mandated by the Florida 

Institute of Technology, including wearing a mask when traveling to and from the 

simulation room. Other safety practices implemented by the researcher included 

disinfecting all equipment and materials, providing accessible hand sanitizer, and 

giving participants the option to decline wearing the heart rate monitor. Although, 

it was later decided that these changes were not considered significant enough to 

warrant eliminating the first five data points, it is still a limitation. Furthermore, 

despite all these precautions, it was still possible that participants may have 

experienced psychological or physiological stress related to the risk of exposure, as 

well as other issues such as financial and economic hardship and overall lifestyle 

changes stemming from the outbreak and subsequent government lockdown. 

Additional stress stemming from an outside source could have threatened the 

internal validity of the study. 

8. Method of incorporating delay. Communication delays in this study were 

generated manually by the researcher using the Watchme timer application and a 

Walkie-talkie. Following an incoming transmission from the participant, the 

researcher operating as MCC would wait either 3 to 6 s or 4 min before sending a 

response transmission. In addition, as the researcher was working alone as MCC, 

he was tasked with listening to incoming transmissions, keeping track of timers, 

and preparing and sending outgoing transmissions. To facilitate the workload, the 
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researcher provided himself a 5–10-s buffering zone for sending late outgoing 

transmissions. This buffering zone was useful in missions where participants were 

extra reliant on MCC. These missions were characterized by a high volume of 

incoming transmissions from participants. Under these circumstances, a more 

advanced method of implementing delay would have improved accuracy and 

facilitated the role of MCC. For example, a system that could automatically route 

audio communication through NASA-designed emulators or filters to achieve 

transmission lag would have likely improved the fidelity of the communication 

systems and eased the workload of MCC. 

Delimitations 

1. Scope of research. This study investigated the effects of communication 

delays from a single crewmember’s perspective only. To account for this, it was 

explained during the briefing to participants that the crew was in a deep state of 

torpor during the cruise phase to Mars, and members were taking separate one-man 

shifts assuming command of the ship. Realistically, crews of future LDEM will 

need to work together as a team to successfully achieve mission goals, and barring 

extreme circumstances, a crewmember would likely always have some level of 

support from the rest of the crew. The dynamic between the crew and MCC also 

warrants investigations of both sides of the spectrum, as previous studies have 

indicated that MCC personnel have also reported issues such as stress and 

frustration when communicating with the crew under a delay (Palinkas et al., 
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2017). In the current study, participants were limited to the role of crewmember. 

Significant training and time would have been required to have participants also 

play the role of MCC.  

2. Data collection instruments. The current study investigated individual 

well-being using a single item stress VAS (Lesage et al., 2012) self-assessment and 

SI scores measured objectively using the Polar H10 heart rate monitor. Future 

studies that implement similar protocol but use different standardized instruments 

to measure subjective stress levels may get different results. These studies may also 

choose to measure other indicators of physiological stress such as salivary cortisol 

and galvanic skin response. 

3. Sampling sources. This study limited the accessible population to students, 

faculty, and staff who were affiliated with the Florida Institute of Technology. This 

private university has a well-known aviation program and offers certified pilot 

instructor lessons. As a result, a significant proportion of the accessible population 

would likely have some experience in cockpits and using flight simulators. In 

addition, individuals associated with this university may also possess certain 

professional characteristics, such as a good understanding of aviation safety factors 

and crew resource management. This is evident in the final sample that was used 

for the inferential analysis, where individuals with some level of piloting 

experience made up nearly a third of both sample sizes. Similar studies that use 
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different sampling sources, such as colleges or universities with lesser-known 

aviation programs, may not get the same results. 

4. Form of communication. This study limited the form of communication 

between the participant and MCC to voice only. Previous studies have incorporated 

a combination of voice and text when implementing communication delay (e.g., 

Frank et al., 2013; Palinkas et al., 2017), and it is likely that future LDEM missions 

will also use a combination of both voice and text as a form of communication 

between the crew and MCC (W. Vessey, personal communication, November 13, 

2019). Text communication has the advantage of remaining visible to the 

crewmembers after it has been transmitted. If participants in this study could not 

hear an incoming audio transmission or were not paying attention at the time it was 

received, they would have requested a repeat transmission from MCC. This likely 

would have wasted time and may have increased stress and frustration. It has also 

been reported in the literature that voice communication between MCC and the 

crewmembers will lose effectiveness as transmission delays increase, upwards of 

22 minutes each way, and that text-based virtual tools such as messages and chats 

show more promise as effective communication tools (Anania et al., 2017). Thus, 

similar studies that implement multiple means of communication, such as voice and 

text, may obtain different results. 

Recommendations for Future Research and Practice 

Recommendations arising from the findings of the current study are 

presented in this section. The first two sets of recommendations are made for future 
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research relative to the study’s limitations and delimitations, and the last two sets of 

recommendations are made for both future research and practice relative to the 

study’s implications.  

Recommendations for future research relative to study limitations. 

Recommendations for future research arising from, and pertinent to the study’s 

limitations are provided in the list below. 

1. The current study sample consisted of students, faculty, and staff at the 

Florida Institute of Technology possessing a bachelor’s degree or at the 

minimum junior level standing. Furthermore, 25% of the participants were 

20 years old at the time of signing up and more than half of the participants 

were 21 years old or younger. Because NASA astronaut candidates 

generally range between the ages of 26-46, a recommendation for future 

research is to replicate the study using the same methods and 

instrumentation in a different population that is more representative of this 

age range. Individuals in this age range would also be more likely to already 

possess a bachelor’s degree in engineering, biological science, physical 

science, computer science, or mathematics. 

2. The current study’s sample was selected by convenience sampling methods 

and may have inadvertently experienced snowball recruitment, both of 

which could impair the population generalizability and representativeness 

of the sample. Therefore, it is recommended to randomly select participants 
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from an accessible population if practical. Ideally, this accessible population 

would be members of NASA’s astronaut training cohort; however, because 

randomly selecting from NASA’s astronaut training cohort may not provide 

a large enough sample, a more practical approach would be to randomly 

sample Ph.D. students at a large university with a high proportion of 

graduate students. This may work to create a more representative sample 

with respect to age and possessing postsecondary degrees. If random 

selection is not practical, future studies should try to include participants 

with a wide variety of demographic characteristics. In addition, because the 

authenticity of participant responses to the stress VAS could not be verified, 

a recommendation for future research is to develop methods that further 

strengthen completeness and accuracy of the data collected through self-

assessment. One suggestion would be to include a minimum of at least two 

self-assessment instruments. To assure authenticity, stress levels could also 

be collected exclusively by objective means. 

3. The third and fourth limitations of this study were the fidelity of the setting 

and the fidelity of the spaceflight simulator. Although certain measures 

were taken to re-create some of the conditions of LDEM, there are many 

that cannot be emulated in the lab setting. Similarly, although the Re-entry 

PC orbital simulator (Wilhelmsen, 2018) provided a very realistic and 

interactive experience for participants, it is unable to capture the true LDEM 
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experience. Thus, it would be recommended to replicate the study in a more 

realistic environment that re-creates many of the ICE conditions 

experienced in LDEM. For example, the ISS would be an ideal environment 

because of the microgravity conditions as well as the isolation and 

confinement. However, the study could also be emulated in any of the 

spaceflight analogs that incorporate separate locations for the crew and 

MCC and implement realistic protocols and mission objectives. Examples 

of spaceflight analogs include NEEMO, Haughton Mars, Desert RATS, 

HERA, and HI-SEAS. Finally, realistic protocols and mission objectives 

should be designed to emphasize the consequence of failure.  

4. The length of each mission in this study was 45 minutes, 30 of which was 

allocated to the emergency response. Based on previous literature on 

communication delays, it is suggested that at least one hour is necessary to 

allow for enough time to capture behavioral assessments and complete 

ratings (Palinkas et al., 2017). Thus, it is recommended that future studies 

incorporating similar methods and instruments prolong mission duration to 

a minimum of 60 minutes or potentially longer to determine if this 

extension could lead to different results. Furthermore, although the 

minimum sample size was reached, many participants from the original N = 

118 sample size had to be excluded due to either missing data or technical 

issues. Thus, it could be worth replicating the study with a larger sample 
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size to determine if any other significant correlations between both DS and 

SI scores and the Big Five personalities may exist. 

5. Because the two simulated missions could not be identical, separate 

emergency scenarios were assigned to each mission. Although no 

significant differences were found between the two emergency scenarios, it 

is still possible minor discrepancies between the two scenarios may have 

accounted for some of the variation in stress levels. This was an inherent 

weakness in the repeated-measures design. Implementing a matched pairs 

design where participants are matched on specific demographic variables or 

personality traits would be one recommended alternative, if a large enough 

accessible population is available. Each participant from a matched pair 

would get the same emergency scenario but would be assigned to either the 

control or delay condition.  

6. This study used timers and basic communication devices to manually 

incorporate the delay in transmissions between MCC and the participant. If 

practical, it would be recommended that future studies implement more 

advanced technology that could automatically route transmissions through 

emulators or filters to achieve the desired lag. This would both improve the 

accuracy of delayed transmissions and facilitate the role of MCC. 
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Recommendations for future research relative to study delimitations 

Recommendations for future research arising from, and pertinent to the study’s 

delimitations are provided in the list below. 

1. The current study investigated the effects of communication delays from the 

crewmember perspective only. The literature has reported issues such as 

stress and frustration to also be common among MCC personnel when 

operating under a delay (Palinkas et al., 2017). Because the dynamic 

between the crew and MCC warrants investigation from both perspectives, 

one recommendation would be for future research to also collect stress 

measures from MCC. Furthermore, this study did not explore 

communication delays from a team perspective. Future LDEMs will involve 

crews of 4–6 members working together in a cohesive unit to accomplish 

mission objectives (Landon et al., 2016). Thus, to accurately reflect future 

missions, future communication delay studies should investigate stress 

measures and personality from a team perspective. For practicality of 

operating the simulator, future studies could implement similar protocol and 

materials but have two participants seated and working together. For 

example, one crewmember could be assigned the role of communicating 

with MCC and reading the mission pad for the appropriate instructions, 

while the other member could be assigned to operating the simulator. 
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2. The current study delimited measures of perceived stress to the single item 

stress VAS (Lesage et al., 2012) and objective measures of stress to the 

Polar H10 heart rate monitor. Although the stress VAS provides a quick and 

easy measure of perceived stress, it would be recommended that future 

studies, if practical, supplement the stress VAS with more reliable and valid 

instruments that are lengthier and capable of detecting current stress levels. 

Furthermore, future studies should measure a wider variety of bio-signals, 

including galvanic skin response, blood pressure, and salivary markers to 

supplement the HRV readings. 

Recommendations for future research relative to implications. The 

recommendations for future research listed below are based on the study’s 

implications relative to prior research as well as theory. 

1. One of the major findings of this study was that there was no significant 

effect for the level of communication delay on either form of stress. More 

specifically, there were no significant differences between DS or SI scores 

when responding to an emergency scenario under a 2-min one-way 

communication delay compared to a 1–3-s one-way communication delay. 

These results contrast with Palinkas et al.’s (2017) findings that revealed a 

significant effect for communication delay on stress levels. One 

recommendation for future studies would be to follow Palinkas et al.’s 

(2017) conclusions that a minimum of 60 minutes is necessary for 
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communication delay studies to provide enough time to capture behavioral 

assessments and complete ratings. Another recommendation would be to 

include a qualitative analysis to support the quantitative findings. Adding 

open-ended questions could provide more insight into the perceptions of 

participants and how they perceived both the delay and control conditions. 

2. With respect to theory, literature has supported the FFM as an important 

model of personality for astronaut selection (Landon et al., 2017). 

Furthermore, specific recommendations have been made for each of the five 

personality traits and optimal team performance as it pertains to LDEM. 

This study explored individual well-being following the recommendations 

made by Landon and colleagues (2017), and the findings indicated that 

many of the relationships between the Big Five and stress response were 

either unspecified or did not align with the hypotheses. Therefore, it is 

recommended that future communication delay studies first start by 

exploring more basic associations (i.e., relationship between the Big Five 

and stress). One could then subsequently explore the individual 

relationships (i.e., direction) more precisely. They should also consider 

investigating alternative measures of individual well-being as well as 

performance measures to seek out any additional relationships with the Big 

Five. Finally, a significant association between stress and performance 

measures would also improve the comparability of the findings to previous 
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literature exploring the Big Five in ICE conditions, which is predominantly 

performance-based. 

3. Another significant implication of the study was the role of locus of control. 

Specifically, a weak to moderate positive relationship was found between 

LOC and DS scores while incurring a 2-min one-way communication delay 

with MCC. This finding may be explained by the fact that individuals with 

some level of piloting experience made up nearly a third of both sample 

sizes, and pilots tend to possess very internal LOC scores. Although level of 

piloting experience was not a significant predictor of either DS or SI scores, 

this may be because level of piloting experience was measured on a 

dichotomous yes or no scale. Therefore, a participant with 1000 hours of 

piloting experience would be equivalent to another participant who had just 

began flight training. It would be recommended that future communication 

delay studies explore the role of LOC in the stress response and control for 

piloting experience by collecting more precise measures such as total flying 

hours. Furthermore, to account for the multi-faceted nature of astronaut 

selection, it would be recommended that future communication delay 

studies explore other models of personality in addition to LOC and the Big 

Five. This holistic approach may provide a better representation of astronaut 

personality profiles. 
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Recommendations for practice relative to implications. The 

recommendations for practice listed below are based on the study’s implications 

1. The current study’s findings suggested that there were no significant 

differences between the 2-min and 1–3-s one-way communication delays with 

respect to stress levels. Due to the limitations, delimitations, and overall 

generalizability of the study, it is difficult to make recommendations for LDEM 

and conclude that astronauts will not be affected by communication delays. It is 

also difficult to predict how NASA astronauts responding to real-life emergencies 

will fare under more pronounced levels of delay. It could be that some participants 

preferred the latencies in communication due to the added level of privacy and 

autonomy. Thus, some astronauts may prefer longer latencies inherent in LDEM 

missions and may respond well to being on their own for periods of up to 40 

minutes. It would be recommended that NASA continue investigating individual 

well-being as a focus variable and how the stress response is affected by varying 

levels of delay in high fidelity environments such as the ISS.  It could also be that 

performance may mediate the relationship between communication delay and 

stress. Thus, to fully capture the effects of communication delays in high fidelity 

environments, it would warrant investigating stress and performance in tandem. 

This research would characterize the risk of communication delays and aid the 

development of countermeasures to support autonomic operations in high fidelity 

environments. 
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2. The current study’s findings suggest that only two of the Big Five 

personality traits (conscientiousness and extraversion) had significant associations 

with DS scores when incurring a 2-min one-way communication delay with MCC. 

However, this finding was of little practical significance as both traits accounted for 

only about 7% of the variance in DS scores. In addition, no significant relationships 

were found between the Big Five and SI scores. Finally, one additional analysis 

found neuroticism to be a significant predictor of stress when incurring a 2-min 

one-way communication delay with MCC; however, it was the only specified trait. 

Based on these findings, it would appear that the Big Five do not play a major 

predictive role in stress response when encountering a communication delay with 

MCC, however, the lack of astronaut performance data to date makes it difficult to 

draw conclusions for astronaut selection recommendations. More research is 

needed in order to validate personality selection models and measures. One 

recommendation that could be made for practice based off the findings of the study 

would be for NASA and private space companies to implement a holistic multi-

trait, multi-method approach, as no single factor drives astronaut selection. 
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Appendix A 

Instruments 

Stress VAS (Lesage, Berjot, & Deschamps, 2012) 
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Demographic Questionnaire 
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BFI-44 (John et al., 1991, 2008)  

How I am in general 

Here are a number of characteristics that may or may not apply to you. For example, do 

you agree that you are someone who likes to spend time with others? Please write a 

number next to each statement to indicate the extent to which you agree or disagree 

with that statement. 

 

1 

Disagree 

Strongly 

2 

Disagree 

a little 

3 

Neither agree 

nor disagree 

4 

Agree 

a little 

5 

Agree 

Strongly 

 

I am someone who… 

 

1. _____  Is talkative 

 

2. _____  Tends to find 

fault with others 

 

3. _____  Does a 

thorough job 

 

4. _____  Is depressed, 

blue 

 

5. _____  Is original, 

comes up with new ideas 

 

6. _____  Is reserved 

 

7. _____  Is helpful and 

unselfish with others 

 

8. _____  Can be 
somewhat careless 

 

9. _____  Is relaxed, 

handles stress well.   

 

10. _____  Is curious 

about many different things 

 

11. _____  Is full of 

energy 

 

12. _____  Starts quarrels 

with others 

 

13. _____  Is a reliable 

worker 

 

14. _____  Can be tense 

 

15. _____  Is ingenious, a 

deep thinker 

 

16. _____  Generates a lot 

of enthusiasm 
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17. _____  Has a 

forgiving nature 

 

18. _____  Tends to be 

disorganized 

 

19. _____  Worries a lot 

 

20. _____  Has an active imagination 

 

21. _____  Tends to be quiet 

 

22. _____  Is generally trusting 

 

23. _____  Tends to be lazy 

 

24. _____  Is emotionally stable, not 

easily upset 

 

25. _____  Is inventive 

 

26. _____  Has an assertive personality 

 

27. _____  Can be cold and aloof 

 

28. _____  Perseveres until the task is 

finished 

 

29. _____  Can be moody 

 

30. _____  Values artistic, aesthetic 

experiences 

 

31. _____  Is sometimes shy, inhibited 

 

32. _____  Is considerate and kind to 

almost everyone 

 

33. _____  Does things efficiently 

 

34. _____  Remains calm in tense situations 

 

35. _____  Prefers work that is routine 

 

36. _____  Is outgoing, sociable 

 

37. _____  Is sometimes rude to others 

 

38. _____  Makes plans and follows through 

with them 

 

39. _____  Gets nervous easily 

 

40. _____  Likes to reflect, play with ideas 

 

41. _____  Has few artistic interests 

 

42. _____  Likes to cooperate with others 

 

43. _____  Is easily distracted 

 

44. _____  Is sophisticated in art, music, 

or literature
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Internal-External Scale (Rotter, 1966) 

For each question select the statement that you agree with the most  

1. a. Children get into trouble because their parents punish them too much. 

    b. The trouble with most children nowadays is that their parents are too easy with 

them.  

2. a. Many of the unhappy things in people's lives are partly due to bad luck.  

    b. People's misfortunes result from the mistakes they make.  

3. a. One of the major reasons why we have wars is because people don't take 

enough interest in politics. 

    b. There will always be wars, no matter how hard people try to prevent them. 

4. a. In the long run people get the respect they deserve in this world 

    b. Unfortunately, an individual's worth often passes unrecognized no matter how 

hard he tries  

5. a. The idea that teachers are unfair to students is nonsense. 

    b. Most students don't realize the extent to which their grades are influenced by 

accidental happenings. 

6. a. Without the right breaks one cannot be an effective leader. 

    b. Capable people who fail to become leaders have not taken advantage of their 

opportunities. 

7. a. No matter how hard you try some people just don't like you. 
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     b. People who can't get others to like them don't understand how to get along 

with others.  

8. a. Heredity plays the major role in determining one's personality  

     b. It is one's experiences in life which determine what they're like.  

9. a. I have often found that what is going to happen will happen.  

    b. Trusting to fate has never turned out as well for me as making a decision to 

take a definite course of action.  

10. a. In the case of the well prepared student there is rarely if ever such a thing as 

an unfair test.  

      b. Many times exam questions tend to be so unrelated to course work that 

studying in really useless. 

11. a. Becoming a success is a matter of hard work, luck has little or nothing to do 

with it. b. Getting a good job depends mainly on being in the right place at 

the right time.  

12. a. The average citizen can have an influence in government decisions.  

      b. This world is run by the few people in power, and there is not much the little 

guy can do about it. 

13. a. When I make plans, I am almost certain that I can make them work.  

      b. It is not always wise to plan too far ahead because many things turn out to- 

be a matter of good or bad fortune anyhow.  

14. a. There are certain people who are just no good.  
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       b. There is some good in everybody.  

15. a. In my case getting what I want has little or nothing to do with luck.  

       b. Many times we might just as well decide what to do by flipping a coin.  

16. a. Who gets to be the boss often depends on who was lucky enough to be in the 

right place first.  

       b. Getting people to do the right thing depends upon ability. Luck has little or 

nothing to do with it. 

17. a. As far as world affairs are concerned, most of us are the victims of forces we 

can neither understand, nor control.  

      b. By taking an active part in political and social affairs the people can control 

world events.  

18. a. Most people don't realize the extent to which their lives are controlled by 

accidental happenings. 

       b. There really is no such thing as "luck." 

 19. a. One should always be willing to admit mistakes.  

       b. It is usually best to cover up one's mistakes.  

20. a. It is hard to know whether or not a person really likes you.  

       b. How many friends you have depends upon how nice a person you are.  

21. a. In the long run the bad things that happen to us are balanced by the good 

ones.  
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       b. Most misfortunes are the result of lack of ability, ignorance, laziness, or all 

three.  

22. a. With enough effort we can wipe out political corruption.  

       b. It is difficult for people to have much control over the things politicians do 

in office. 

 23. a. Sometimes I can't understand how teachers arrive at the grades they give.  

       b. There is a direct connection between how hard 1 study and the grades I get.  

24. a. A good leader expects people to decide for themselves what they should do.  

       b. A good leader makes it clear to everybody what their jobs are.  

25. a. Many times I feel that I have little influence over the things that happen to 

me.  

       b. It is impossible for me to believe that chance or luck plays an important role 

in my life.  

26. a. People are lonely because they don't try to be friendly.  

       b. There's not much use in trying too hard to please people, if they like you, 

they like you.  

27. a. There is too much emphasis on athletics in high school.  

       b. Team sports are an excellent way to build character.  

28. a. What happens to me is my own doing.  

       b. Sometimes I feel that I don't have enough control over the direction my life 

is taking.  
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29. a. Most of the time I can't understand why politicians behave the way they do.  

       b. In the long run the people are responsible for bad government on a national 

as well as on a local level. 

 Score one point for each of the following: 2. a, 3.b, 4.b, 5.b, 6.a, 7.a, 9.a, 10.b, 

11.b, 12.b, 13.b, 15.b, 16.a, 17.a, 18.a, 20.a, 21. a, 22.b, 23.a, 25.a, 26.b, 

28.b, 29.a.  

A high score = External Locus of Control 

 A low score = Internal Locus of Control 
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Appendix B 

IRB Documentation 
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Appendix C 

Mission Pad 

 

MISSION TO MARS 

 

OPERATIONS CHECKLISTS 

 
PART NO S/N 

PTW2215012374 1008 
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CHECKLIST: PRIMARY LIFE SUPPORT SYSTEMS 

MONITORING 

This checklist is used to monitor the health of your primary life support and 

electricity systems. 

Steps include nominal values or range. If no value range is specified, the value can 

be in any range. 

Write the values down in the PRIMARY LIFE SUPPORT SYSTEMS CHECK-form, and 

once completed, report the results to Mission Control. Then proceed to take task 1 

& 2. 

TIME OF CHECK 

1. In the center panel, below the attitude indictor, the mission time can be 

read from the TIME indicator: 

 
2. Write down the three values (HRS, MIN, SEC) in the TIME box. 

 

 

ENVIRONMENTAL CONTROL SYSTEM & OXYGEN TANKS 

1. Write down the CABIN PRESSURE value. Nominal range: 5.0 to 6.0 PSIA 

2. Write down the CO2 value. Nominal range: 0 – 5 mm Hg 

3. Write down the primary oxygen value. 

4. Write down the secondary oxygen value. 
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ELECTRICAL CONTROL SYSTEM 

1. Rotate the Electrical Power Monitoring selector to MAIN (Main DC Bus). 

 
2. Write down the VOLTS value indicated by the DC VOLTS gauge. Nominal 

value: 24 volts. 

 
 

3. Write down the AMPS value indicated by the DC AMPS gauge. 
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4. Set the Electrical Power Monitoring selector to 1 (Battery 1) and note down 

the VOLTS and AMPS. 

5. Set the Electrical Power Monitoring selector to 2 (Battery 2) and note down 

the VOLTS and AMPS. 

6. Set the Electrical Power Monitoring selector to 3 (Battery 3) and note down 

the VOLTS and AMPS. 

7. Set the Electrical Power Monitoring selector to SBY 1 (Standby Battery 1) 

and note down the VOLTS and AMPS. 

8. Set the Electrical Power Monitoring selector to SBY 1 (Standby Battery 2) 

and note down the VOLTS and AMPS. 

9. Set the Electrical Power Monitoring selector to ISO (Isolated Battery) and 

note down the VOLTS and AMPS. 
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10. Report the values to Mission Control in the following format, just reading 

out from your sheet (remember your training for effective communication): 

 

“PLSS Check performed at GET  HH, MM, SS. 

Cabin pressure at XX.X PSIA 

Partial pressure of CO2 at XX millimeter of mercury 

CABIN AIR at XXX F 

PRIMARY OXYGEN TANK at XXX %, SECONDARY OXYGEN TANK at XXX% 

MAIN DC BUS at XX Volts and XX Amps 

BATTERY 1 at XX Volts and XX Amps 

BATTERY 2 at XX Volts and XX Amps 

BATTERY 3 at XX Volts and XX Amps 

STANDBY BATTERY 1 at XX Volts and XX Amps 

STANDBY BATTERY 2 at XX Volts and XX Amps 

ISOLATED BATTERY at XX Volts and XX Amps. Over.” 
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TASK 1: REACTION CONTROL SYSTEMS TEST 

The reaction control test checks the maneuverability of the spaceship using semi-

manual attitude control. The fly-by-wire (FBW) system is used for this. 

The current spacecraft attitude can be read from the attitude panel below the 

window. This is used to see the Attitude of the spacecraft in Yaw, Pitch, and Roll. A 

rate indicator is used to display any attitude rates (turn rate). 

 

This task will only focus on the PITCH (HORIZONTAL) axis of the spacecraft, with 

the purpose of verifying that the system functions as intended. Roll and Yaw are 

disabled in this mode. 

Please note that the spacecraft is never completely still in attitude rates, and there 

will be some very slight rates all the time. 

1) The Reaction Control System (RCS) is set to auto by default. Enable FBW 

mode by following the FLY-BY-WIRE ATTITUDE CONTROL MODE checklist. 

 

2) The spacecraft is now in a semi-manual attitude control mode. Rate 

command will try to maintain the attitude rate of the spacecraft to within 5 

degrees/second. 

 

3) Verify that attitude (VERTICAL) rates are zero and centered on the attitude 

rate indicator. The horizontal needle is the pitch rate. Each dot indicates 

one degree per second. The further the needle deflects from the center, the 

bigger the rate. 
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To verify that this instrument works, cross check with a reference star visible 

through the window. You can use the orange lines as a stable reference. 

Does the star move relative to these lines? Hint: Less movement is better. 

 

4) Look at the rates indicator and deflect the control stick briefly forward to 

pitch down (keyboard: [W]). Do the instruments indicate a pitch change? 

Reverse the direction by pitching up. To pitch up, deflect the stick 

backwards (keyboard: [S]). Use careful and short bursts, it is very sensitive 

and requires time to get it just right. 

 

5) Maneuver the spacecraft so the PITCH needle is back in its zero position. 

 

6) Report back to Mission Control on any issues, and how the pitch handling 

of the spacecraft was. Did you have any problems? If not, simply let mission 

control know you are moving on and proceed to task 2. 
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TASK 2: MARTIAN SURFACE PHOTOGRAPHY 

 

Mars is still very far away, but you should be able to maneuver the spacecraft to an 

attitude where the planet is visible. We need a photograph of what you see at the 

current distance. 

 

1) Using FBW, give the spacecraft downwards pitch rate (keyboard [W]). Hint, 

it might take some time for Mars to appear as the craft rotates so be 

patient. You may need to pitch up (keyboard: [S]) to stop the pitch rate 

once it is visible. 

 

2) When Mars is visible through the window, try to center it in the window 

and zero the attitude rates (Perfect alignment of vertical and horizontal 

lines). Again, you may never get it perfectly still. 

 

3) With Mars in front of you, press the PHOTO MODE button on the View 

Selector User Interface window (Toggle with keyboard: [V]) to bring up the 

camera. 
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4) With the camera interface up, press LENS, and select the LONG-RANGE 

lens. Set the Focal Distance, Focal Size and Focal Width to their maximum 

position by clicking on circular handle in each of the three sliders and drag 

them to the right. 

 
 

5) Use the same controls as earlier to target the camera towards Mars and use 

the SCROLLWHEEL on the mouse to zoom in and out. 

 

6) Press CAPTURE to take a photo of the surface. You might need to use the 

reaction control system to change attitude slightly if you wish. 

 

7) Report back to Mission Control with what you see and continue on to the 

next step. In your transmission, please describe the light conditions, colors. 

Remember to be brief and concise. 

 

8) Close the PHOTGRAPHY mode by clicking on EXIT PHOTO MODE. 

 

9) Conduct another PLSS monitoring check. Record and report the numbers 

back to mission control. 
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CHECKLIST: FLY-BY-WIRE ATTITUDE CONTROL MODE 

This checklist is used to set or verify that the spacecraft is in Fly-By-Wire (FBW) 

attitude control mode or return to the fully automatic attitude mode. In the FBW 

attitude mode, the spacecraft attitude is controlled by deflecting the attitude 

control stick. 

Most of the switches used to control the attitude mode are located on the left 

brown panel, and the three switches inside the ASCS MODE SELECT are your 

primary attitude mode control switches. Switch 1 is the Auto mode, switch 2 is rate 

command, and switch 3 is for the gyros. 

CONFIGURE CONTROLS TO FBW 

1. Verify ASCS MODE SELECT sw 3 (gyros) is SET TO GYRO NORM 

2. Set ASCS MODE SELECT sw 2 (rate command) to RATE COMD 

3. Set ASCS MODE SELECT sw 1 (auto mode) to FLY BY WIRE 

4. You should now have ability to Deflect the stick to change attitude. 

5. Return to task 1 checklist 
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EMERGENCY ALARM: CABIN PRESSURE 

This checklist is used to diagnose and recover from a low/high cabin pressure 

warning. 

Nominal range of 5.0 and 6.0. 

1. Verify if CABIN PRESSURE is between 5.0 and 6.0 PSI 

a. If not, is it above or below? Report to mission control and continue 

to step 2. 

2. If CABIN AIR > 100 F or you see smoke/fire, perform checklist EMERGENCY: 

FIRE 

3. If the MAIN BATTERY 3 has a low or zero voltage, go to EMERGENCY: PLSS 

PRESSURE REGULATOR FAILURE 
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EMERGENCY ALARM: EXCESS CO2 

This checklist is used to diagnose and recover from a high cabin CO2 level. 

Nominal range of 0 to 5.0. 

1. Verify CO2 is between 0 mm Hg and 5 mm Hg 

a. If not, is it above or below? Report to mission control and continue 

to step 2. 

2. If CABIN AIR < 10 F, and you heard an explosion noise or a bang, and you 

see a slight or heavy rotation of spacecraft attitude rate, perform checklist 

EMERGENCY: CABIN LEAK 

3. If main battery 2 has a low or zero voltage, perform the checklist 

EMERGENCY: CO2 SCRUBBER FAILURE 
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EMERGENCY: OXYGEN LEAK 

This checklist is used to diagnose and recover from a minor cabin leak caused by 

an explosion, hull breach or a minor meteor impact. You have approximately 30 

minutes to handle this situation. Waiting too long may lead to critical system 

failure and potential loss of life. 

CHECKLIST: DETECTING CABIN LEAKAGE 

1. Verify CABIN PRESSURE is 5.5 PSI 

a. If not, is it above or below? Report. 

2. Is CABIN PRESSURE reducing? 

a. We have a leak. Report. 

3. Is CABIN PRESS emergency light illuminated, with warning tone? 

a. Check CABIN PRESSURE. If it is below 5.5 PSI and reducing, we have 

a leak. 

If leak detected: Go to LEAK RESPONSE 

 

CHECKLIST: LEAK RESPONSE 

1. Get into SUIT and verify SUIT FAN is set to NORM. 

2. Pull the REPRESS handle on the LEFT PANEL to pressurize the cockpit. 

3. Monitor if CABIN PRESSURE gauge has returned to 5.5 PSI 

4. When CABIN PRESSURE is 5.5 PSI: 

a. Verify CABIN PRESS warning light extinguished. 

b. Verify warning tone is silenced. 

When cabin pressure is stable: Go to LEAK RECOVERY 

 

CHECKLIST: LEAK RECOVERY 

1. Verify CABIN PRESSURE remains at 5.5 PSI 

a. If the cabin pressurization system can maintain the leak, it means it 

is a small leak. 

2. SET CABIN PRESS AUDIO TONE to OFF 

3. Push REPRESS handle to stop cabin pressurization. 

4. ABORT mission. 
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EMERGENCY: PLSS PRESSURE REGULATOR FAILURE 

This checklist is used to diagnose and recover from a pressure regulator issue. Due 

to the importance of resolving the issue in a timely manner, please reach out to 

mission control if you are unsure of how to proceed or have any questions about 

locating a knob or switch. You have approximately 30 minutes to handle this 

situation. Waiting too long may lead to critical system failure and potential 

loss of life. 

The Cabin Pressure Regulator is used to maintain a nominal cabin pressure of 5.5 

PSIA. 

 

CHECKLIST: FINDING LEAK RATE 

1. Set the CABIN PRESS audio tone to OFF to silence the alarm. Mute the 

alarm beside the orange-lit button by switching it to off. 

2. On a piece of paper, write down the current CABIN PRESSURE. 

3. Use the second hand on the watch in the center panel to measure the 

CABIN PRESSURE change for 60 seconds. 

4. Write down the new value 

5. What is the leak rate? 

a. Low: The CABIN PRESSURE did not move for a full minute 

b. Medium: The CABIN PRESSURE dropped < 2.0 PSIA 

c. High: The CABIN PRESSURE dropped > 3.0 PSIA 

6. Alert mission control of the current cabin pressure and leak rate and 

continue on. 

CHECKLIST: DECOMPRESSING CABIN 

1. Check the CABIN PRESSURE. 

2. Request permission from Mission Control to decompress the cabin.  

3. Pull the red DECOMP handle. This will decompress the entire cabin 

4. Monitor that the CABIN PRESSURE reaches 0 PSIA. 

5. Monitor that the CABIN PRESSURE stays at 0 PSIA for 60 seconds using 

the second hand on the clock. 

CHECKLIST: POWERING THE PLSS (PRIMARY LIFE SUPPORT SYSTEMS) 

1. Connect the Standby Batteries to the Main DC Bus by setting the STBY 

BTRY to ON. 
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2. Perform a full PLSS monitoring report. Report all the numbers to mission 

control in one transmission, as you did in your first PLSS check.  

3. Report any findings regarding the change in STBY BTRY 1 to mission 

control (i.e., Increase or decrease in power compared to previous PLSS 

Report?) and continue on. 

CHECKLIST: REPRESSURIZE THE CABIN 

1. You must now repressurize the cabin. 

2. Push the DECOMP handle back IN. 

3. Pull the REPRESS handle OUT. 

4. Monitor the CABIN PRESS gauge. 

5. When CABIN PRESSURE is stable at 5.5 PSIA, PUSH the REPRESS handle IN. 

6. Monitor CABIN PRESSURE for 60 seconds to verify if it is stable 

7. Perform a full PLSS monitoring report and record all the values. Only report 

back current cabin pressure and whether it is stable to mission control. 

RECYCLE BATTERIES 

You can try to recycle faulty batteries, but this requires taking down a few of the 

high-power electrical components to avoid damaging the batteries. The RECYCLE 

BATTERIES switch will send a charge to the batteries and needs to be on for 60 

seconds. Don’t exceed 70 seconds to avoid damaging the batteries. Overloading 

the battery could lead to system failure, and ultimately mission failure. 

1. NON-ESSENTIALS DEPOWERING: 

Reach out to mission control for instructions on which circuit breakers to 

switch OFF (middle position). Have a pen/pencil ready to write them down. 

 

Right panel next to warning lights:  

 

Left circuit breaker panel: 

 

2. Go to the temperature panel on your right side (in green) and turn the red 

CABIN TEMP panel switch to its lowest level at “7”. 

 

3. Go to the temperature panel on your right side (in green) and turn the red 

SUIT TEMP panel switch to its highest level at “1”. 
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4. For safety purposes, start a blood pressure recording by hitting the START 

button on the blood pressure panel below the emergency panel. Keep this 

on until completing battery recycling. 

 

5. Turn off the cabin lights by clicking the Cabin lights switch located under 

the decompress panel to the middle OFF position.   

  

6. Set the RECYCLE BATTERIES to ON for 60 seconds, then OFF. Don’t allow 

this to be in the ON position for more than 70 seconds to avoid damaging 

the batteries further. 

 

7. Set the circuit breakers that you previously switched OFF back to their 

original positions (use flashlight if needed). 

 

8. Set the CABIN TEMP switch on the temperature panel back to its original 

level (Normally “3’) (use flashlight if needed). 

 

9. Set the SUIT TEMP switch on the temperature panel back to its original 

level (Normally “3”) (use flashlight if needed). 

 

10. Switch the cabin lights back on by moving the Cabin lights switch back to 

‘BOTH’. 

 

11. Turn off blood pressure recordings by clicking the STOP button on the 

blood pressure panel. 

 

12. Perform a full PLSS monitoring report. Record and report all the values. 

What is the status of battery 3, is it still at zero voltage? Does it have 

power? 

 

13. Check the display monitor to your right and report CO2, 02, & Temperature 

to mission control for the following sections of the spacecraft (Write down 

then report). 

 

a. Hydroponics 

b. Sick Bay 
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c. Airlock 

d. Galley 

END 
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EMERGENCY: LIGHTING SYSTEM POWER OUTAGE 

The EPS is used to power the electrical components of the spaceship. Lights are 

used to illuminate the cabin and are powered by Battery 1 and Standby battery 1. If 

the lights suddenly go out, you need to switch to the standby power by following 

the steps below. Due to the importance of resolving the issue in a timely manner, 

please reach out to mission control if you are unsure of how to proceed or have 

any questions about locating a knob or switch. You have approximately 30 

minutes to handle this situation. Waiting too long may lead to critical system 

failure and potential loss of life.  

 

ENABLE FLASHLIGHT AND RECYCLE LIGHT SWITCH 

1. Press F on the keyboard to toggle the flashlight. 

2. Verify CABIN LIGHTs switch is set to BOTH 

3. Cycle the CABIN LIGHTS switch between all three settings 

a. Do the lights come back online? If not, proceed to step 4. 

4. Alert mission control of the Lighting situation and continue on. 

 

CHECKLIST: DECOMPRESSING CABIN 

1. Check the CABIN PRESSURE. 

2. Request permission from Mission Control to decompress the cabin. 

3. Pull the red DECOMP handle. This will decompress the entire cabin 

4. Set the CABIN PRESS audio tone to OFF to silence the alarm. 

5. Monitor that the CABIN PRESSURE reaches 0 PSIA. 

6. Monitor that the CABIN PRESSURE stays at 0 PSIA for 60 seconds using the 

second hand on the clock. 

CHECKLIST: POWERING LIGHTING SYSTEM 

1. Connect the Standby Batteries to the Main DC Bus by setting the STBY 

BTRY to ON. 

2. If lights are back on, turn off flashlight using F 

3. Perform a full PLSS monitoring report. Report all the numbers to mission 

control in one transmission, as you did in your first PLSS check. 
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4. Report any findings regarding the change in STBY BTRY 1 to mission 

control (i.e., Increase or decrease in power compared to previous PLSS 

Report?) and continue on. 

CHECKLIST: REPRESSURIZE THE CABIN 

1. You must now repressurize the cabin. 

2. Push the DECOMP handle back IN. 

3. Pull the REPRESS handle OUT. 

4. Monitor the CABIN PRESS gauge. 

5. When CABIN PRESSURE is stable at 5.5 PSIA, PUSH the REPRESS handle IN. 

6. Monitor CABIN PRESSURE for 60 seconds to verify if it is stable 

7. Alert mission control of the current cabin pressure and whether it is stable 

and continue on. 

RECYCLE BATTERIES 

You can try to recycle faulty batteries, but this requires taking down a few of the high-

power electrical components to avoid damaging the batteries. The RECYCLE BATTERIES 

switch will send a charge to the batteries and needs to be on for 60 seconds. Don’t exceed 

70 seconds to avoid damaging the batteries. Overloading the battery could lead to 

system failure, and ultimately mission failure. 

1. NON-ESSENTIALS DEPOWERING: 

Reach out to mission control for instructions on which circuit breakers to switch 

OFF (middle position). Have a pen/pencil ready to write them down. 

 

Right panel next to warning lights:  

 

 

Left circuit breaker panel: 

 

  

2. Set the RECYCLE BATTERIES to ON for 60 seconds, then OFF. Don’t allow this to be 

in the ON position for more than 70 seconds to avoid damaging the batteries 

further. 

 

3. Set the circuit breakers that you previously switched OFF back to their 

original positions. 
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4. Perform a full PLSS monitoring report. Record all the values but only report 

status of battery 1 to mission control, is it still at zero voltage? Does it have 

power? 

 

5. Check the display monitor to your right and report CO2, 02, & Temperature 

to mission control for the following sections of the spacecraft (Write down 

then report).  

 

a. Hydroponics 

b. Sick Bay 

c. Airlock 

d. Galley 

 

END 
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EMERGENCY: CO2 SCRUBBER FAILURE 

This checklist is used to diagnose and recover from a failure with the CO2 canister 

and scrubber. Due to the importance of resolving the issue in a timely manner, 

please reach out to mission control if you are unsure of how to proceed or have 

any questions about locating a knob or switch.  You have approximately 30 

minutes to handle this situation. Waiting too long may lead to critical system 

failure and potential loss of life. 

The CO2 scrubber is used to filter Cabin CO2 and is a fully automatic system. It will 

remove CO2 from the cabin air.  

The scrubber will activate when the P CO2 is above 10 mm Hg and deactivate when 

the P CO2 is below 1 mm Hg. 

 

CHECKLIST: CO2 BUILDUP RATE 

1. Set the CO2 audio tone to OFF to silence the alarm. Mute the alarm beside 

the orange-lit button by switching it to off. 

2. On a piece of paper, write down the current P CO2 value. 

3. Use the second hand on the watch in the center panel to measure the P 

CO2 change for 60 seconds. 

4. Write down the new value 

5. What is the current filter efficiency? 

a. High: The P CO2 did not move for a full minute 

b. Medium: The P CO2increased < 10 mm Hg 

c. Low: The P CO2increased > 10 mm Hg 

6. Alert mission control of the current P CO2value and current filter efficiency 

and continue on. 

CHECKLIST: DECOMPRESSING CABIN 

1. Check the CABIN PRESSURE. 

2. Request permission from Mission Control to decompress the cabin. 

3. Pull the red DECOMP handle. This will decompress the entire cabin 

4. Set the CABIN PRESS audio tone to OFF to silence the alarm. 

5. Monitor that the CABIN PRESSURE reaches 0 PSIA. 

6. Monitor that the CABIN PRESSURE stays at 0 PSIA for 60 seconds using the 

second hand on the clock. 
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CHECKLIST: POWERING THE PLSS CO2 SCRUBBER 

1. Connect the Standby Batteries to the Main DC Bus by setting the STBY 

BTRY to ON. 

2. Perform a full PLSS monitoring report. Report all the numbers to mission 

control in one transmission, as you did in your first PLSS check. 

3. Report any findings regarding the change in STBY BTRY 1 to mission 

control (i.e., Increase or decrease in power compared to previous PLSS 

Report?) and continue on. 

CHECKLIST: REPRESSURIZE THE CABIN 

1. You must now repressurize the cabin. 

2. Push the DECOMP handle back IN. 

3. Pull the REPRESS handle OUT. 

4. Monitor the CABIN PRESS gauge. 

5. When CABIN PRESSURE is stable at 5.5 PSIA, PUSH the REPRESS handle IN. 

6. Monitor CABIN PRESSURE for 60 seconds to verify if it is stable 

7. Monitor P CO2 for 60 seconds to verify it is stable.  

8. Perform a full PLSS monitoring report and record all the values. Only report 

back current P CO2level and whether it is stable to mission control. Then 

continue on. 

 

RECYCLE BATTERIES 

You can try to recycle faulty batteries, but this requires taking down a few of the 

high-power electrical components to avoid damaging the batteries. The RECYCLE 

BATTERIES switch will send a charge to the batteries and needs to be on for 60 

seconds. Don’t exceed 70 seconds to avoid damaging the batteries. Overloading 

the battery could lead to system failure, and ultimately mission failure. 

1. NON-ESSENTIALS DEPOWERING: 

Reach out to mission control for instructions on which circuit breakers to 

switch OFF (middle position). Have a pen/pencil ready to write them down. 

 

Right panel next to warning lights:  

 

 

Left circuit breaker panel: 
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2. Go to the temperature panel on your right side (in green) and turn the red 

CABIN TEMP panel switch to its lowest level at “7” (furthest left). 

 

3. For safety purposes, start a blood pressure recording by hitting the START 

button on the blood pressure panel below the emergency panel. Keep this 

on until completing battery recycling. 

 

4. Turn off the cabin lights by clicking the Cabin lights switch located under 

the decompress panel to the middle OFF position.   

  

5. Set the RECYCLE BATTERIES to ON for 60 seconds, then OFF. Do not allow 

this to be in the ON position for more than 70 seconds to avoid damaging 

the batteries further. 

 

6. Set the circuit breakers that you previously switched OFF back to their 

original positions (use flashlight if needed). 

 

7. Set the CABIN TEMP switch on the temperature panel back to its original 

level (Normally “3’) (use flashlight if needed). 

 

8. Switch the cabin lights back on by moving the Cabin lights switch back to 

‘BOTH’. 

 

9. Turn off blood pressure recordings by clicking the STOP button on the 

blood pressure panel. 

 

10. Perform a full PLSS monitoring report. Record and report all the values. 

What is the status of battery 2, is it still at zero voltage? Does it have 

power? 

 

 

11. Check the display monitor to your right and report CO2, 02, & Temperature 

to mission control for the following sections of the spacecraft (Write down 

then report). 
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a. Hydroponics 

b. Sick Bay 

c. Airlock 

d. Galley 

 

 

END 
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EMERGENCY: FIRE 

Fire needs to be taken out quickly with a cabin decompression. You have 

approximately 30 minutes to handle this situation. Waiting too long may lead 

to critical system failure and potential loss of life. 

 

CHECKLIST: DECOMPRESSING CABIN 

1. Check the CABIN PRESSURE. 

2. Request permission from Mission Control to decompress the cabin. 

3. Pull the red DECOMP handle. This will decompress the entire cabin 

4. Set the CABIN PRESS audio tone to OFF to silence the alarm. 

5. Monitor that the CABIN PRESSURE reaches 0 PSIA. 

6. Monitor that the CABIN PRESSURE stays at 0 PSIA for 60 seconds using 

the second hand on the clock. 

 

CHECKLIST: REPRESSURIZE THE CABIN 

1. Push the DECOMP handle back IN. 

2. Pull the REPRESS handle OUT. 

3. Monitor the CABIN PRESS gauge. 

4. When CABIN PRESSURE is stable at 5.5 PSIA, PUSH the REPRESS handle IN. 

5. Monitor CABIN PRESSURE for 60 seconds to verify if its stable 

6. Perform a full PLSS monitoring report. 

Monitor CABIN PRESSURE and P CO2 for 60 seconds to verify it’s stable. 
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KEYBOARD CONTROLS 

 

Toggle the VIEW SELECTOR: V 

Pitch up: S 

Pitch down: W 

Roll a selector by hovering it with the mouse cursor and click left or right to rotate 

accordingly. 

Toggle a switch by hovering it with the mouse cursor and click left or right to 

rotate accordingly. 

Change camera: F5 to F8  

Pan camera: Arrow keys 

Pan camera Up and Down: Page Up and Page Down 

Flashlight: F 
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Appendix D 

MCC Prerecorded Transmissions 

 

1. This is mission control, in front of you, there is a mission pad 

containing the checklists for the spacecraft and the mission tasks. To 

begin, we need you to first go through the spacecraft’s primary life-

support systems to ensure everything is running accurately. Please 

complete the primary life-support system PLSS monitoring checklist 

located in front of you by locating and recording all the required data. 

Once you complete this preliminary task, you will be able to move on 

to tasks one and two referenced in the mission pad in front of you. Do 

not hesitate to reach out to me at any time but be aware of the potential 

for transmission lag. Please briefly report back acknowledging you 

understand and begin your duties. Over.  

2. As you complete the monitoring checklist and subsequent tasks, please 

remember you are also responsible for monitoring the right panel for 

emergency alarms. In case of emergency, please immediately reported 

it to us and refer to the mission pad for instructions on how to proceed, 

while you wait for our response. An emergency would take priority 

over any task. Therefore, if an alarm sounds at any time, you must stop 

what you are doing and direct your attention to the emergency. Please 

report back acknowledging that you understand. Over. 
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3. Roger that, everything sounds normal and within range. If you haven’t 

already, please move forward to tasks one and two. Once again, please 

refer to the mission pad for instructions on how to proceed. Reach out 

to me if you have any questions. Over. 

4. Roger that, acknowledging emergency status. Please follow appropriate 

recommendations outlined in the mission pad for handling emergency 

situations. Use the flashlight as needed in case of emergency lighting. 

Over. 

5. It’s possible other areas of the ship may be affected. Can I get a report 

on the status of the crew? Please provide a detailed medical report in 

one transmission if possible. I will need: heart rate, core body 

temperature, metabolic rate, and status of the enteric feeding system 

and the fecal collector. Over. 

6. Set the following circuit breakers to off, middle position: 

A) PLSS Emergency 

Right panel next to warning lights: 

Suit fan  

Retro jet J-E-T-T  

Retro man M-A-N  

Blood pressure  

Left circuit breaker panel:  
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Periscope P-E-R-I-S-C-O-P-E  

Over. 

B) CO2 Emergency 

Right panel next to warning lights:  

INVR control 

Left circuit breaker panel: 

N02 retro  

N03 retro  

Emer retro SEQ  

Emer retro jet J-E-T-T 

Over. 
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Appendix E 

Briefing Script 

 

Instructions 

  

This is a spaceflight simulation experiment. Assume you are in the cockpit of a spacecraft 

traveling to Mars. Your crew is currently in a deep torpor state in the hibernation 

chamber. You have awoken and are assuming command as part of your shift. You are 

responsible for the ship and the rest of the crew. During the experiment, you are required 

to behave as if you are an astronaut on a real mission and obey all current in-flight 

regulations. You are not allowed to check your phone or leave your seat. Before you start 

the simulation, you will need to put on the heart rate monitor chest strap. For your own 

privacy, you may go to the bathroom to do this. The researcher will demonstrate how to 

put this on. You do have the option to decline wearing the chest strap heart rate monitor 

should you feel uncomfortable. You will complete two separate time sensitive missions 

where you will be required to complete a set of tasks. I will serve as mission control in a 

separate room and support you through the mission, feeding you instructions and 

answering your questions as best I can. You will complete each mission on a PC 

spaceflight simulator using the keyboard and mouse provided. The walkie-talkie and 

headset will be used to communicate with me. When you start the mission, you will first 

complete a five-minute tutorial to get you used to the controls and buttons. Once the 

tutorial ends, the mission will begin. Before and after each mission you will be required to 

complete multiple assessments using the Surface laptop positioned on the table in front 

of you. The researcher will guide you through the walkie-talkie on how to open and 

complete each assessment on the Surface laptop. 

On the table in front of you, you will find a mission pad that contains instructions needed 

to complete each mission step. Each task will have multiple steps to solve. I will be in 

communication with you, helping support you through the mission and answer any 

questions you might have. There is a possibility that there could be some communication 

lag given your distance from Earth, so you will need to be aware of this. During long 

delays, it is recommended that you use the time to familiarize yourself with the cockpit, 

perform routine checks, or read ahead to prepare yourself. To better prepare for 

communicating with me, you will find some tips at the bottom of the page for helping you 

be more concise and direct with your outgoing transmissions. A successful Mars mission 

requires effective communication. 
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Control configurations will be provided in the mission pad on the desk in front of you. On 

your desk you will also find a primary life support systems monitoring checklist, this will 

be part of the first task you will have to complete once the mission begins. Each mission 

will last about 45 minutes, and you will be provided a break in between for beverages or a 

bathroom break.  

If at any time you feel uncomfortable during the experiment, you can quit; however, your 

full participation is highly encouraged. 

TIPS for effective communication: 

• End each transmission with the word “Over”. 

• Use the word “Roger” to acknowledge all communications and to confirm you 

understand. 

• Don’t talk during incoming messages. This is especially critical if there are delays, 

so you can hear and understand the incoming transmission. 

• During transmissions, imagine each time you communicate as sending a voicemail 

message.  Make each transmission as effective as possible by compiling all 

relevant information into one message beforehand to avoid the need to answer 

follow-up questions, which would waste time with longer delays.  

 

 

EXAMPLE 

 

Report status of battery to mission control, is it still at zero voltage?  Does 

it have power? Over. 

 CORRECT TRANSMISSION 

0:00  “Status update on battery X, battery X does have power, and current 

voltage is at x volts. Over” 

 INCORRECT TRANSMISSION 

0:00 “Status update on battery X, Over” 

0:02 “battery X has power, Over” 

0:04 “Current voltage is at x volts, Over” 

 



 

275 
 

*** Take home point: Be concise!  Imagine you have a limited amount of transmissions 

between you and mission control. Make them count!  Note: You do not need to report 

the time at the beginning of each transmission. 

• In case of long delays, it is crucial to remain vigilante and continue monitoring 

systems. Perform routine Primary Life Support Systems (PLSS) checks to better 

familiarize yourself with the cockpit or read ahead in the protocols while waiting 

for a response. 

Please acknowledge to the researcher when you have read and understood the 

instructions provided here.  If you have any questions about the study, please feel free to 

ask the researcher now. 

 

 

 


