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Abstract 
 
Exercise adherence during long duration, extra-orbital space flight is critical for maintaining health in 
astronauts. Physical and psychological hazards that could compromise astronaut health, including 
physiological deconditioning and emotional-cognitive decline, may be improved through exercise 
participation. Due to the importance of maintained physical fitness and the environmental limitations of 
space flight, specialized interventions for exercise adherence are required. Guided Imagery, a multi-
sensory led cognitive practice, may fill this need. Understanding exercise motivation in this unique 
population is necessary to create effective Guided Imagery. Due to the limitation of available research, a 
review was undertaken to determine a) the psychological themes relevant to improving exercise 
motivation in this population and b) the specific suggestions for Guided Imagery in order to create 
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an effective intervention for astronauts. The concepts of self-efficacy and Self Determination Theory, a 
theory describing the regulation of human motivation, were utilized for this work [1]. Research included 
gives possible psychological explanations and recommendations for increasing exercise motivation.  
Support of the basic needs (autonomy, competency, and relatedness) and the theme of self-efficacy are 
recommended. In addition, the themes of extrinsic motivation, values, protective mentality, resilience, and 
action control are discussed. This research provides a direction of future efforts in Guided Imagery 
creation in order to support astronaut health and assist in the success of future space endeavors.  
 
 
Keywords: Guided Imagery, astronaut, exercise, motivation, Self Determination Theory, self-efficacy 
 
Abbreviations 
SDT – Self Determination Theory 
 

1 Introduction 
 
Extended duration space flights beyond Earth’s orbit are becoming a reality. The international space 
community including National Aeronautics and Space Administration (NASA) and the European Space 
Agency (ESP), are preparing to send manned missions to Mars by the 2030’s [1, 2]. For missions such as 
the Journey to Mars it is critical to create an environment that supports astronaut health in the face of the 
unique and significant rigors of missions lasting more than a year, without nearby ground support or 
consistent and timely communications [1-3]. Due to the significant investment and importance of this 
scientific endeavor, optimal astronaut health is vital to ensure the success of the mission. 
 
Unfortunately, there are many unique health challenges that astronauts face on any lengthy space fight 
mission. NASA’s Human Research Program has identified several physical and psychological hazards 
that could compromise astronaut health and jeopardize mission success [3]. Physical risks include the 
peripheral physiological deconditioning due to lack of musculoskeletal workload, neurocognitive 
impairments and risk for increased morbidities [4, 5]  [6-9]. Specific mission-related stressors add to the 
psychological burden, such as navigating dangerous conditions, high stress levels, demanding workloads, 
sleep loss, circadian rhythm disruption, prolonged absence from social supports, and confined and 
isolated environments that lead to cognitive and emotional impairment [4-7, 10, 11][12]. As future deep-
space missions increase to unprecedented amounts of time, these risks will likely intensify, increasing the 
detrimental effects of physical deterioration, psychological stressors and morbidities. A means of 
mitigating these health concerns is vital to the success of long duration space missions. 
 
Exercise training has been proposed as an effective countermeasure against many of the physical and 
psychological challenges astronauts will face during prolonged spaceflight missions. It was previously 
shown that resistance training decreases loss of both bone density and muscle strength, while endurance 
exercise is beneficial for proper immune function, and stress reduction in the face of stressful conditions 
[13-15]. In light of this, NASA has furnished space missions with equipment for physical activity, 
including both muscular strength resistance and cardiovascular endurance, but given the size and weight 
restrictions, this equipment must be limited and unvarying [10, 16]. In addition, astronauts must exercise 
for an extended duration, 2.5 hours 6-7 days a week, in order to reduce bone mass and muscle loss due to 
the reduction of functional physical activity from micro-gravity [10, 16]. Taken together, exercise in 
space could be a lengthy and monotonous process. Lack of variety and choice are key elements which 
lead to decreased motivation for exercise [17, 18]. When combining the high work demands of space 
missions, the extended time needed for physical training and the lack of variety in exercise options, 
reduced motivation and enjoyment of exercise might result, negatively affecting an astronaut’s desire to 



 6 

perform enough physical activity to gain the necessary health benefits of the practice. In addition, high 
stress levels, reduced sleep, anxiety, and depression are all possible consequences of the mission [3]. 
Lowered mood, tiredness and time constraints can be barriers to exercise engagement [19-21]. 
Confinement and isolation also have a demotivating effect on physical activity [12, 22]. Strong social 
engagement increases exercise motivation; as the distance from earth increases, staying connected to 
social ties will be more challenging, with social isolation increasing the difficulty of maintaining 
motivation [23]. Taken together, these elements put astronauts at risk of losing motivation to exercise. 
There is therefore a critical need to find ways to maximize astronaut motivation to maintain a structured 
exercise regimen during prolonged space travel.  
 

1.2 Exercise Motivation 
 
Motivation can be important for adherence to exercise. There are many elements that may drive a subject 
from amotivation to following through to performance. One of the key theories for conceptualizing 
motivation is Self Determination Theory and it has been suggested in many populations, including 
astronauts [24-27]. Self-Determination Theory (SDT) gives a framework to describe motivation and 
behavioral regulation. The theory focuses on motivations for behavior and how it is regulated. Regulation 
is on a spectrum, from external regulation toward more internal regulation [28]. Internalized regulations 
are based on the attitudes, values, and learning contents of an individual’s inner being [29]. Enjoyment is 
an element of intrinsic motivation and can be especially effective for increasing behavioral adherence [24, 
26]. Extrinsic motivation can also be effective in certain cases, although it is typically less effective than 
intrinsic motivation [24, 30].  
 
Self-Determination theory describes the basic social needs of autonomy, competence and relatedness, and 
when satisfied, individuals find a unified sense of self, engaging personal resources for autonomous self-
regulation, motivating activities and behavior [31, 32]. Conversely, frustration of these three needs 
through the social environment externally controlling actions forestalls internalization and self-
motivation, often leading to defensive, withdrawing behaviors [24]. Autonomy relates to the perception of 
informed choice, agency and control; being able to freely consider options and take actions based on 
personal deliberations rather than external influences [27, 33]. It aids in self-esteem, self-actualization and 
ego development [26]. In opposition to autonomy is the sense of being controlled, the felt need to change 
behavior based on pressure from external forces [28]. Feeling guilt and shame are examples of external 
regulation affecting freedom of choice [34]. Second, competence is the perception of ability, based on 
knowledge, beliefs and experiences, to produce a desired outcome [35]. Having a perception of mastery 
or being able to effectively perform tasks is fundamental to competency [36]. Perceived competence can 
instill confidence in oneself, self-efficacy, and is more likely to increase motivation that is internalized. 
Third, relatedness refers to feeling connected to other individuals and to the integration of the individual 
has into the social world [37]. This includes feelings of being understood, supported, and shared 
enjoyment [31]. 
 
Motivation, according to Self-Determination Theory, exists in a continuum from amotivation (total lack 
of motivation), to levels of extrinsic motivation (externally regulated motivation), to intrinsic motivation 
(internally regulated motivation) (Figure 1). After amotivation, extrinsic motivation involves behaviors 
that are completed not for personal interest in the activity itself, but to achieve outcomes based on the 
expectations of others, whether to gain a pleasant outcome or to avoid an unpleasant one [38]. There are 
four levels of extrinsic motivation and each has a greater level of internalization. The first level is external 
regulation, defined as being motivated by outside rewards or punishments [26]. The second, more 
internalized, extrinsic motivation is introjected regulation, which involves external coercion, dictating 
self-control and affecting conditional self-worth, self-rewards or self-punishments [24, 39]. Often 
involving feelings of guilt, introjected regulation is internalized to a small extent as personal 
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responsibility, but the effort is made ultimately is to gain social approval [33]. The difference between 
these first two types of regulation is that external regulation makes people feel that !"#$%take an action, 
but introjected regulation makes them feel like they #&'"()  act. The third level of the regulation 
continuum is identified regulation. Identified regulation another step toward further internalized 
motivation regulation, relating taking action back to a person’s defined sense of self or personal 
importance [24, 26]. Although the behavior is still not done for its own enjoyment, it is completed 
because it aligns with the individual’s values and goals [40]. This type of motivation is frequently a part 
of disease prevention or fitness improvement due to this emphasis of setting personal goals and valuation 
of health. Lastly, most internal extrinsic motivation is integrated regulation. This form of regulation 
becomes part of the individual’s chosen identity [41]. Integrated regulation does not motivate 
participation from the level of pure enjoyment of the activity, delineating this form of regulation from 
intrinsic motives, but it is the most internally regulated external motivation [42]. Lastly, the continuum of 
behavioral regulation ends with intrinsic motivation. Participation in intrinsically motivated activities is 
based on personal interest, enjoyment, pleasure and free choice of the behavior itself [43]. Intrinsic 
motivation ultimately leads to the most autonomous, self-directed regulation and generally is considered 
the most motivating due to fundamentally being based on enjoyment. 

 
Figure 1: Self Determination Theory Spectrum 
!"#$%&'( ')&*+',&-&%."/0-"1/'23&1%4')5&6-%$.%
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In addition to the themes within STD, self-efficacy is a common theme for improving motivation. Self-
efficacy refers to the personal belief in one’s capacity to execute behaviors and achieve performance 
goals [44-46]. The utility of self-efficacy to assist in behavior change has been highlighted frequently as 
being positively associated with motivation within exercise motivation literature [47-55]. Due to this 
quality, self-efficacy was included in this review in addition to the themes within SDT. Assessing the 
themes of intrinsic motivation, autonomy, competency, relatedness, and self-efficacy for appropriateness 
in the astronaut population may be an effective means for motivating exercise in astronauts as well. 
Although it is hypothesized that SDT could be effective for the astronaut population, there is no research 
into exercise motivation and these motivational dynamics [27]. Thus, determining the most effective 
methods of improving exercise motivation and tailoring treatments to this population are vital to the 
efficacy of related interventions. 
 

1.3 Guided Imagery 
 
Guided Imagery (GI), a multi-sensory practice of vividly imagining sights, sounds, smells, tastes, tactile 
sensations, and affective responses, has demonstrated its ability to improve self-determined and intrinsic 
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motivation to exercise [56, 57]. It is administered as an auditory recording that participants listen to 
repeatedly which guides them to imagine a multi-sensory scenario [58]. The scenarios can vary based on 
the subject and the goal to be achieved through GI. The work of astronauts is fundamentally different than 
most populations due to its extreme nature, the required planning and regulations, and the confined and 
dangerous environment [3, 10]. Any interventions created must fit these necessary confines. They must 
also be tailored to the personal and work/life needs of astronauts in order to be accessible [6, 59]. GI may 
be a particularly advantageous solution for the restrictions of space flight. While other methods are being 
examined to improve exercise motivation for astronauts, such as exergames[60], Guided Imagery would 
be able to fit the restrictions of space flight due to its portability and its ability to augment current exercise 
practices. The scenarios utilized in Guided Imagery for use with astronauts could be classified into two 
areas: imagery planned by utilizing theories and models, or previously described types based on a review 
of the available literature [61]. 
 

1.4 Paivio’s Model of Mental Imagery to Enhance Intrinsic Motivation 
(
One of the most useful constructs for connecting our research to Guided Imagery targets is based on the 
work of Paivio (1985) and additional works [57, 62, 63]. While Paivio’s theory has been focused for use 
with athletes in sport, it may be possible to expand the concept to improve motivation for among 
astronauts. As there are many types of visualizations, it is important to utilize the most effective type for 
each goal desired. The strength of this framework is that it connects types of imagery to specific goals and 
outcomes of imagery use. Paivio’s construct separates guided imagery in sport into five categories. They 
are: 

• Motivational-Specific: Imagery that focuses on goals, goal-oriented behaviors, and usually 
successful completion of a challenge. This includes imagining the environment or feeling of 
winning an event, being honored for that success such as standing on a podium, or vividly 
imagining other athlete’s congratulations for a good performance. The purpose of this imagery is 
to facilitate learning or performance of strategies ultimately focused on successful completion of 
a task. 

• Motivational General-Mastery: Imagery that focuses on challenges and hardships being overcome 
by effective coping and mastery over the challenge, such as visualizing being mentally tough, 
confident, and focused during challenging physical activities. The purpose is to increase self-
confidence, competency, and self-efficacy. It can help to maintain a positive attitude and increase 
mental toughness in the face of challenges. 

• Motivational General-Arousal: Imagery that focuses on cognitive-emotional feelings either 
increasing or decreasing arousal. This includes imagery that increases a sense of relaxation, 
stress, energetic arousal, or anxiety in conjunction with the physical activity environment. The 
purpose is to regulate arousal and anxiety levels. 

• Cognitive Specific: Imagery that focuses on the performance of specific athletic skills being 
performed including optimal squat form or a golf swing. The purpose is to facilitate learning and 
performance of individual athletic skills. 

¥! Cognitive General: Imagery focused on planned strategies for an athletic activity, including 
activities that require a series of steps or assessment and decision making. The purpose is to 
facilitate learning and performance of planned strategies 

 

1.5 Types of Guided Imagery 
 
In addition to the framework by Martin, there are specific types Guided Imagery that have been utilized in 
a variety of populations, but mainly focusing on physical activity. Common types of Guided Imagery 
utilized in exercise or sport motivation are: Appearance or Health Imagery; Distraction Imagery; Energy 
or Vitality Imagery; Exercise Context Imagery; Feeling State or Emotion Imagery; Implicit View of 
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Exercise Imagery; Outcome Expectation, Imagery; Rehearsal Imagery; Self-Efficacy or Achievement 
Imagery; Stress Management Imagery; and Technique Imagery. Details regarding these types of Guided 
Imagery are displayed in Table 1.  
 
207*&'( '81..1/'245&9'1+':$";&;'<.0#&%4'=9&;'"/'>?&%6"9&'1+')51%-'@1-"A0-"1/'

Table 1. Common Types of Guided Imagery Used in Exercise or Sport Motivation 
Appearance or 
Health Imagery 

Visualizing successfully reaching a physical appearance or health goal [64-66] 

Distraction 
Imagery 

Visualizing imagery that is unrelated to exercise, such as visualizing pleasing 
outdoor environments, in order to distract from unpleasant sensations or thoughts 
related to exercise [67, 68] 

Energy or 
Vitality Imagery 

Vividly visualizing the feeling of increased energy after having exercised [64, 66, 
69] 

Exercise Context 
Imagery 

A dispassionate visualization of the environment during exercise [65] 
 

Feeling State or 
Emotion Imagery 

Vividly engaging a feeling state in relation to exercise, including enjoyment [64-
66] 

Implicit View of 
Exercise Imagery 

Focused on changing internal cues to affect the view of exercise as a whole over 
time. [70]  

Outcome 
Expectation 
Imagery 

Visualizing winning an athletic event or the successful completion of exercise [65] 

Rehearsal 
Imagery 

Visualization of the order of steps or strategies previous to performance [65, 66] 

Self-Efficacy or 
Achievement 
Imagery 

Visualizing the successful completion of planning or implementing an exercise 
plan. A main goal of this is to increase confidence. [65] 
 

Stress 
Management 
Imagery 

Reducing anxiety through multiple methods such as internal body scanning for 
grounding anxious thoughts, engaging positive outlook to move beyond restricting 
or distracting thoughts, or distraction from negative thoughts. [71-73] 

Technique 
Imagery 

Visualizing completing a movement pattern correctly [64-66, 68] 

 

1.6 Research Aim 
 
The primary aim of this literature review was to inform the development of a Guided Imagery 
intervention to increase exercise motivation in an astronaut population. In an on-going study (Study 
Number, Simpson, PI), the research team will be using the factors identified in this literature that are 
associated with increased motivation in the development of personalized Guided Imagery scripts designed 
to improve adherence to an exercise regimen among participants in an analog deep space environment.  
 
 

2.0 Methods 
 

2.1 Search Parameters 
Search parameters for psychological constructs were determined by a survey of general exercise 
motivation research in order to find common themes. The most common constructs related to exercise 
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motivation were self-determination theory and its aspects of competency, autonomy, and relatedness, 
intrinsic and extrinsic motivation and self-efficacy. These terms were utilized in the literature survey 
search criteria. 
 
Databases used included Embase, Pubmed, Scopus, PsycINFO, SportDISCUS, Academic Search 
Ultimate, Proquest, CAB Abstracts, and Google Scholar. 8114 articles were reviewed over the timeframe 
of March - August 2020. Term searches were limited to title and abstract when possible.  
 

2.2 Selection of Astronaut-like Populations 
Astronaut-like populations were determined based on parameters of astronaut selection and space-flight 
working environment conditions [3, 10, 59]. These were compared against existing exercise motivation 
research to yield 5 populations: people who are obligated to remain physically fit for their occupations 
(athletes, military, fire fighters, astronauts), high achievers (participants selected for secondary degree 
programs or elite sport, including nurses, pharmacists, and college athletics), exercise participants in the 
maintenance state of change in the transtheoretical model [74], exercise under stressful conditions, and 
exercise motivation in isolated or confined environments. B,#-)%'2%,#$+'2,"$%.'."(,$*'2%/&,+,/$-+*#$*/#%
,2)%6'+M*2>%/'2)*$*'2#3%(*M-%.'."(,$*'2#%6-+-%)-0*2-)%*2$'%0*1-%>+'".#?%N5(*>,$'+:%<4-+/*#-3%O*>&%
P/&*-1-+#3%<4-+/*#-%*2%A,*2$-2,2/-3%7$+-##3%,2)%Q#'(,$*'2%'+%R'20*2-!-2$ (Table 2). 
 

2.3 Definitions of Astronaut-like Populations 
207*&'B',&+"/"-"1/9'1+'C9-%1/0$-D*"E&'F15$*0-"1/9'

Table 2. Definitions of Astronaut-like Populations 
Population Sub-Groups Description of inclusion parameters for the population 
Obligatory Exercise Individuals that are required to exercise for employment or other 

significant and regular activities, such as athletes. 
High Achievers Individuals that had to be selected for a competitive group based on 

skills. This includes secondary education degrees such as nurses or elite 
athletics 

Maintenance Individuals that have consistently exercised for more than 6 months, 
denoting they are in the maintenance phase of change in the 
transtheoretical model of behavior change [74]. This would be opposed 
to the other stages of the transtheoretical model, including 
precontemplation (no awareness of an action), contemplation (awareness 
of a future action), preparation (planning an action) and action (taking 
action) [74]. When a timeline is not stated, comparisons between regular 
exercisers and non-exercisers are allowed due to the exercise group 
including all members that fit the maintenance requirement. 

Stress Individuals that are working in conditions that may cause maladaptation 
to stimuli, including reactions such as anxiety, depression, and burnout. 
Athletic burnout fell into this category as is considered a maladaptation 
related to stress that affects exercise adherence. 

Isolation and Confinement Individuals that are in working or living conditions that limit movement 
and/or social interactions. 

 

2.4 Search Structure 
The search was structured into three distinct topic areas: exercise, motivation and populations (Table 3). 
These topic clusters were searched with *and to ensure each article contained all three topics. The 
exercise and motivation topics contained additional key words to widen the search. The population topic 
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contained each of the defined astronaut-like sub populations with associated key words (Table 3). Within 
topics, the key words were connected by *or to allow search results when one or more terms were present 
from each topic. Articles were excluded if their populations reflected individuals who could not be 
selected for active participation in space missions, including children/adolescents (<18 years), the elderly 
(>60 years) or populations with any disease-state or injury (e.g. cardiovascular disease, surgery, cancer, 
rehabilitation, etc.). Abstracts for articles meeting the inclusion criteria were reviewed by the first author 
(JE). Those deemed relevant were read in full by the first author (JE), and relevant articles were retained 
for data extraction. Articles were retained if they discussed possible psychological explanations for the 
motivational behavior or gave suggestions on how to increase the motivation behavior. 
 

2.5 Search Terms Used During the Literature Search 
207*&'G')&0%63'2&%.9'=9&;',$%"/#'-3&'H"-&%0-$%&')&0%63'

Table 3. Search Terms Used During the Literature Search 
Exercise Topic Motivation Topic Population Topic Exclusions 
Exercise 
Physical Activity 

Motivation 
Enjoyment 
Intrinsic 
Extrinsic 
Self Determination 
Theory 
Autonomy 
Competency 
Relatedness 
Social Cognitive 
Theory 
Self-Efficacy 

N5(*>,$'+:%<4-+/*#-%
Athlete 
Military 
Naval 
Navy 
Army 
Marine 
Air Force 
Armed Forces 
Recruit 
Sailor 
Fire Fighter 
%
O*>&%P/&*-1-+#%
Academics 
Nurse 
Doctor 
Physician 
Veterinarian 
Graduate student 
 
A,*2$-2,2/- %
Maintenance from the 
Transtheoretical Model 
 
7$+-##%
Stress 
Anxiety 
Depression 
 
Q#'(,$*'2%,2)%R'20*2-!-2$%
Submariner 
Polar Explorer  
Polar Scientist 
Convict 

Children 
Adolescents 
Elderly 
Disease States 
Injuries and 
Rehabilitation 
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Prison 
Prisoner 
COVID-19 
Astronaut 
Cosmonaut 

7-,+/&%$-+!#?%9&-%$&+--%$'.*/%,+-,#%#-,+/&-)%6-+-%-4-+/*#-3%!'$*1,$*'23%,2)%.'."(,$*'2%#.-/*0*/;%P((%
+-(-1,2$%#$")*-#%/'2$,*2-)%,$%(-,#$%'2-%$-+!%6*$&*2%-,/&%$'.*/%,+-,;%9&-%.'."(,$*'2%$'.*/%/'2$,*2#%$&-%
.'."(,$*'2%#"5>+' ".#3%-,/&%/'2$,*2*2>%+-(,$-)%#-,+/&%$-+!#%!,*2(:%+-(,$-)%$'%,..(*/,5(-%.+'0-##*'2%'+%
#.-/*0*/%M-:%6'+)#;%P2:%+-#"($#%$&,$%/'2$,*2-)%/'2/-.$#%*2%$&-%-4/(")-)%(*#$%6-+-%2'$%*2/(")-);%%

 
 
 
 

3 Results 
 

3.1 Overview of Results 
 
Forty-eight articles were selected that met the parameters for inclusion. The literature demonstrates that 
there is support for the concepts of motivation as observed in a variety of populations. Intrinsic 
motivation and its basic needs were supported in thirty-two articles. Extrinsic motivation was also 
supported in fifteen articles with caveats which will be described below. Self-efficacy was supported in 
eighteen articles. In addition, other concepts such as benefits, barriers, protective mentality, resiliency, 
and action planning were observed in twenty-two articles. Each of these concepts are presented in Table 
4.%
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3.2 Table of Results 
Table 4 Results of the Literature Review 

$%&'(!)*!+(,-'.,!/0!.1(!23.(4%.-4(!+(53(6!
!"#$%&'()*+&,' -"&.%/* ' 0#"12'3*/456' !/#&%6+"#7

849*'/": 7#%.4;'
0.*;4<4;'
-%."8+#4%6''

=461465'' >%#4?+#4%6+8'@$*A*'

Amorose and 
Horn (2000) 
[75] 

To examine the 
relationships 
between athletes’ 
intrinsic 
motivation, 
scholarship status, 
sex, and 
perceptions of 
coaches’ behavior. 

Qualitative 
Questionnaire
s 

Obligatory 
Exercise, High 
Achievers 

College 
Athletes  

The external motivation of 
academic scholarship also increased 
intrinsic motivation in this study. 
This may have been due to award 
being perceived as a vote of 
confidence and trust for the student, 
instilling a sense of perceived 
competence. Financial assistance 
may also reduce life stress. Men 
reported higher levels of intrinsic 
motivation than women. Coaching 
that supported autonomy and self-
determination increased intrinsic 
motivation to exercise. 
  

Extrinsic Motivation 

Armitage 
(2005) [76] 

To study the 
ability of the 
theory of planned 
behavior to predict 
participation in 
exercise over a 12-
week study. 

Qualitative 
Survey 

Maintenance Gym 
Participants  

Exercise maintenance was most 
strongly predicted by the perception 
of behavioral control. Previous 
successful performance of exercise  
enhanced perceptions of behavioral 
control.  

Competency 

Avraham et al. 
(2020) [77] 

To examine the 
relationship 
between 
immediate 
rewards and long-
term rewards on 
exercise 

Cross-
sectional 
Quantitative 
Survey 

High 
Achievers, 
Maintenance 

Nurses  Decisions motivated by immediate 
rewards were positively associated 
with creating strong exercise habits 
in participants who did low to 
moderate levels of exercise at the 
start of the study. Alternatively, 
immediate rewards were negatively 
associated with habit promotion in 

Relatedness 
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motivation in 
nurses 

highly active participants. Long 
term rewards, such as benefits of 
good health, were more effective in 
these regular exercisers. 
 

Belavy et al. 
(2013) [22] 

To understand if 
prolonged 
confinement 
causes reduction 
in physical 
activity and 
measures of 
physical strength 
or endurance. 

Longitudinal 
Quantitative 
Study 

Isolation, 
Obligatory 

Astronaut-
simulating 
population in 
isolation and 
confinement 
for 520 days 

Over time this astronaut population 
experienced decreases in 
neuromuscular performance but this 
seemed unrelated to motivation as it 
didn’t significantly change. 
Exercise motivation increased when 
isolation was ended. 
 

Relatedness 

Blake et al. 
(2017) [21] 

To examine 
physical activity 
predictors in 
nursing and 
medical students 
and determine the 
most important 
benefits and 
barriers to exercise 
in this population. 

Quantitative 
Questionnaire 

High 
Achievers 

Nursing and 
Medical 
Students  

Self-efficacy and social support best 
predicted physical activity levels in 
this study. The most effective 
perceived benefits observed were 
improved fitness, improved 
stamina, cardiovascular system 
health, decreased stress, and sense 
of accomplishment. The most 
demotivating barriers were exercise 
being perceived as tiresome, being 
perceived as hard work, causing 
physical fatigue, taking too much 
time to complete, and being 
difficult to schedule.  
 

Self-efficacy, 
Relatedness, 
Benefits, Barriers 

Chan (2014) 
[78] 

To examine the 
psychological 
factors, such as 
self-efficacy, 
associated with 
exercise behavior 
in male and 

Cross-
sectional 
Quantitative 
questionnaire 

High 
Achievers 

Male and 
Female 
Nursing 
Students  

Exercise adherence and self-
efficacy were higher in male than 
female students. There was no 
difference in perceived benefits and 
barriers between males and females. 
The greatest barrier to exercise was 
perceived fatigue.  

Self-Efficacy, 
Barriers 
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female nursing 
students. 

Chang et al. 
(2017) [79] 

To examine the 
relationships 
among stress, 
negative thoughts, 
and the affect of 
those thoughts on 
exercise 
motivation in 
athletes.  

Quantitative 
Questionnaire 

Stress College 
Student 
Athletes  

Negative thoughts, including 
negative self-talk, negative 
expectations and the belief that bad 
outcomes are personal failures 
while positive outcomes are non-
personal, were correlated with 
burnout. Sport and life related 
stressors were also correlated to 
burnout. Stressors were more potent 
than negative thoughts in this 
correlation. The research suggests 
the irrational thoughts may 
negatively affect exercise 
motivation.  
 

Protective Mentality 

Chen et al. 
(2016) [80] 

To evaluate the 
effectiveness of 
tension-releasing 
exercises on 
changing mood, 
focusing on the 
effect on anxiety 
levels and exercise 
self-efficacy in 
nurses 

Experimental 
Intervention 

High 
Achievers, 
Stress 

Nurses  The stress/tension releasing 
intervention lowered participants 
anxiety levels and increased 
exercise self-efficacy. This was 
expressed as improved self-
confidence and exercise capability 
in the population. 
  

Self-Efficacy, 
Resilience 

Courneya et al. 
(2001) [81] 

To determine 
predictors of  
exercise stage 
changes over two-
consecutive 6 
month periods (1 
year total) 
utilizing social 

Longitudinal 
Qualitative 
Interviews 

Maintenance Adult 
Population  

Baseline intentions, positive attitude 
and greater social support were 
observed in participants that 
maintained exercise over a 6-month 
period as opposed to regression.  
 
 

Protective Mentality, 
Relatedness 
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cognitive 
constructs. 

Cresswell and 
Eklund (2004) 
[82] 

To examine the 
relationships 
amount early signs 
of burnout 
syndrome in elite 
sport. 

Qualitative 
Questionnaire 

Obligatory, 
High 
Achievers and 
Stress 

Adult Semi- 
and 
Professional 
Rugby Players  

Athletic burnout with its loss of 
motivation was negatively 
associated with higher levels of 
social support, personal competence 
and perceived autonomy. Early 
signs of burnout were related to 
frustration of these basic needs.  
 

Relatedness, 
Competence, 
Autonomy 

Cresswell and 
Eklund (2005) 
[83] 

To examine the 
relationship 
between 
motivation and 
burnout over a 12-
wk Rugby 
tournament of 
professional 
players. 

Longitudinal 
Quantitative 
Questionnaire 

Obligatory, 
High 
Achievers and 
Stress 

Adult 
Professional 
Rugby Players  

Multiple characteristics of athletic 
burnout were positively associated 
with amotivation to train. Self-
determination related to intrinsic 
motivation was negatively 
associated with burnout. Higher 
levels of extrinsic motivation were 
negatively associated with sport 
devaluation and decreased sense of 
accomplishment. In addition, 
extrinsic motivation was positively 
associated with physical and 
emotional exhaustion. Although 
extrinsic motivation could increase 
exhaustion it may also contribute 
positively to an athlete’s basic 
needs. In addition, when 
experiencing exhaustion this 
research suggests that extrinsic 
motivators may be enough to tempt 
athletes to exert effort to attain the 
external motivator.  
 

Intrinsic Motivation, 
Extrinsic Motivation 

Davis and 
Turner (2019) 
[84] 

To understand the 
implications of 
reducing irrational 

Explanatory 
idiographic 

Obligatory 
Exercise 

Recreational 
Triathletes  

Improvement of irrational belief 
about exercise, sport and self may 
improve motivation by making it 

Resilience, Extrinsic 
Motivation 
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beliefs and their 
effect on self-
determined 
motivation in 
athletes. 

single case 
design 

more autonomous. Introjected 
regulation of extrinsic motivation 
may be increased when a 
participant practices more irrational 
belief. 
  

Droomers et al. 
(2001) [85] 

To investigate 
predictors of 
changes in 
physical activity 
among a 
physically active 
adult population 
based on 
educational 
differences 

Longitudinal 
Quantitative 
Survey 

High 
Achievers 

Physically 
Active Adult 
Population  

Participants with higher levels of 
education were significantly less 
likely to decrease physical activity 
over time. This may be due to 
education reinforcing higher levels 
of perceived control and autonomy. 
 

Autonomy 

Frederick-
Recascino and 
Schuster-Smith 
(2003) [33] 

To examine 
relationships 
between 
competition, 
exercise levels, 
participation 
motivation, and 
adherence levels 
between 
participants in a 
competitive sport 
and 
noncompetitive 
exercise. 

Qualitative 
and 
Quantitative 
Survey 

Obligatory 
Exercise 

Competitive 
Cyclists and 
Fitness 
Exercisers  

Competitiveness related to sport 
improved motivation through 
increased enjoyment and intrinsic 
motivation. This type of 
competitiveness was also related to 
increased frequency to exercise. 
Competitiveness related to exercise 
participation was associated with 
increased enjoyment, sense of 
competence and appearance based 
motivation but it did not increase 
adherence. Both types of 
competition were related to higher 
levels of extrinsic motivation. Sport 
competitiveness saw higher 
intrinsic motivation scores.  
 

Intrinsic Motivation, 
Competence 

Fuchs (1996) 
[86] 

To examine causal 
models to predict 
physical exercise 

Longitudinal 
Quantitative 
Questionnaire 

Maintenance Adult 
Population   

Active cognitive control, where 
goals influence the initiation of 
behavior, continues to be critical 

Action Control, Self-
efficacy 
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motivation and 
behavior under a 
longitudinal 
perspective (6 
months). 

even in the maintenance stage of 
exercise. This indicated that 
exercise may never become 
automatic, like a habit, and may 
always need to be supported 
through cognitive guidance such as 
goal creation. This includes when 
exercise is firmly established. 
Perception of the intensity of 
obstacles and the personal ability to 
overcome obstacles (self-efficacy) 
can change to level of cognitive 
control needed. 
 

Gould et al. 
(1993) [87] 

To identify and 
describe coping 
strategies that help 
maintain 
performance and 
examine the 
relationship 
between these 
strategies and 
particular stress 
sources in elite 
athletes 

Qualitative 
interviews 

Obligatory 
Exercise, High 
Achievers, 
Stress 

National 
Champion 
Figure Skaters  

Describes a list of coping strategies 
that could be used to motivate 
exercise performance in stressful 
conditions. The most frequently 
suggested strategies in order of 
abundance were rational thinking 
and self-talk, positive focus and 
orientation, social support, time 
management and prioritization, 
precompetitive mental preparation 
with anxiety management though 
relaxation and visualization.  
 

Resilience, 
Protective Mentality, 
Relatedness, Action 
Control 

Gucciardi et al. 
(2012) [88] 

To examine 
perfectionistic 
profiles in elite 
athletes and how 
this affects key 
motivational 
variables such as 
motivation 
regulation, goals 

Qualitative 
Survey 

High 
Achievers, 
Obligatory 

Elite Athletes 
from Team 
and Individual 
Sports  

High standards for performance 
may not be problematic in terms of 
perfectionism, although it can 
become harmful when combined 
with indicators of overly critical 
personal evaluation of behavior or 
performance. No significant 
differences were found in amounts 
of intrinsic or extrinsic motivation 

Resilience, 
Protective Mentality 
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accomplishment 
and fear of failure. 

between adaptive and maladaptive 
perfectionists. Elite athletes use 
both intrinsic and extrinsic 
motivational processes to induce 
behavior.  
 

Hall et al. 
(2010) [64] 

To examine the 
patterns of mental 
imagery and self-
determined 
motivation for 
regular exercisers, 
those that intend 
to exercise, and 
those who do not 
intend to exercise. 

Cross-
sectional 
quantitative 
survey 

Maintenance Regular 
exercisers, 
non-exercisers 
who intend to 
exercise, and 
non-exercisers 
who do not 
intend to 
exercisers  

All levels of exercise participation 
use similar amounts of mental 
imagery. The most commonly used 
type of imagery was appearance-
based, followed by exercise 
technique imagery and then 
imagery to become more energetic. 
Surprisingly, non-intenders report 
using similar amounts of imagery 
and the same pattern of types of 
imagery. The difference may be due 
to non-exercisers using images in a 
more negative way, such as how 
difficult and boring it is. 
Introjected, identified, and intrinsic 
motivation were higher in the 
regular exercisers opposed to the 
non-intenders. Identified and 
intrinsic motivation were higher 
than the intender group. Imagery 
use was most effective in the 
exercising group. 
 

Intrinsic Motivation, 
Extrinsic Motivation, 
Protective Mentality 

Horiuchi et al. 
(2017) [50] 

To examine self-
efficacy and 
exercise barriers 
as variables 
associated across 
the 

Quantitative 
survey 

Maintenance College 
Student 
Population  

Perception of exercise 
disadvantages was the only factor to 
discriminate between maintenance 
and relapse/termination. Changes in 
self-efficacy did not predict moving 
from maintenance to relapse but is 
did distinguish moving from action 

Self-Efficacy, 
Barriers 
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Transtheoretical 
stages of change. 

to maintenance. Efforts to increase 
self-efficacy may not be enough to 
overcome disadvantages to prevent 
relapse.  
 

Hulleman et al. 
(2007) [89] 

To evaluate the 
effect of extrinsic 
motivation on 
cyclists’ time trial 
performance. 

Quantitative 
trials 

Obligatory 
Exercise 

Well-trained 
Recreational 
Cyclists  

When comparing self-paced trials 
against one with an extrinsically 
motivating monetary reward, there 
was no difference in time taken, 
total output, aerobic or anaerobic 
output. There was greater early 
output with extrinsic motivation but 
it did not change the overall result 
with a 1500-m trial.  
 

Extrinsic Motivation 

Ingledew et al. 
(1998) [90] 

To examine how 
exercise motives 
are altered across 
behavioral stages 
of change. 

Longitudinal 
Qualitative 
and 
Quantitative 
Questionnaire 

Maintenance Government 
employees  

Extrinsic motivation is dominate in 
early phases of exercise initiation 
and action but intrinsic motivation 
is dominate for progression to 
maintenance.  

Extrinsic Motivation, 
Intrinsic Motivation 

Janssen et al. 
(2014) [91] 

To examine the 
correlates of 
sustained physical 
activity in midlife 
women 

Longitudinal 
epidemiologic 
study and 
Quantitative 
Questionnaire 

Maintenance Midlife 
Women  

Women who were consistently 
physically active had higher 
autonomous self-determined 
motivation, higher self-efficacy, 
and greater peer social support with 
other physically active people.  
 

Intrinsic Motivation, 
Self-Efficacy, 
Relatedness 

Kaewthumman
ukul et al. 
(2006) [92] 

To ascertain the 
relationship 
between exercise 
participation with 
personal factors, 
perceived benefits 
and barriers, social 
support, self-
efficacy, and 

Cross-
sectional 
Quantitative 
Questionnaire 

High 
Achievers 

Nurses  Significant predictors of exercise 
participation in these participants 
were higher quantities of perceived 
barriers to exercise and low levels 
of perceived social support  
Higher levels of perceived self-
efficacy and higher levels of 
education also affected the level of 
exercise participation.  

Barriers, 
Relatedness, Self-
Efficacy 
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motivation for a 
nurse population.  

Keller (2007) 
[93] 

To analyze the 
predictive 
relationship 
between 
motivation for 
exercise in Naval 
population and a) 
frequency of 
exercise, b) 
gender, c) rank, d) 
age, and d) years 
in service. 

Qualitative 
and 
Quantitative 
Survey 

Obligatory 
Exercise, 
Stress 

Navy 
Reservists  

No relationship was found for 
demographics such as gender, rank, 
age and years of service. Frequency 
of exercise was significantly 
correlated to a majority of the 
predictive subscales for motivation. 
The moderate strength motivators 
were stress management, 
revitalization, enjoyment and 
positive health. Motives categorized 
as intrinsic significantly correlated 
to increased frequency of exercise. 
Frequency was positively correlated 
to autonomy and self-determination. 
Extrinsic motivation may be 
demotivating to exercisers in 
maintenance.  
 

Intrinsic Motivation, 
Extrinsic Motivation, 
Autonomy, Benefits, 
Resilience 

Knapp et al. 
(1985) [94] 

To investigate the 
relationship 
between illness, 
injury, missing 
training and 
emotional status 
with self-
motivation in 
Olympic speed 
skaters 

Longitudinal 
Quantitative 
Questionnaire 

Obligatory 
Exercise, High 
Achievers 

Olympic 
Speed Skaters  

Low self-motivation for exercise 
was related to decreased levels of 
exercise adherence.  

Intrinsic Motivation 

Lavoie-
Tremblay et al. 
(2014) [95] 

To investigate the 
motivational 
profile of hospital 
employees who 
maintained a 
exercise 

Pretest/Posttes
t Intervention 
with 
Quantitative 
Questionnaire  

High 
Achievers, 
Maintenance, 
Stress 

Hospital 
Employees  
  

The participants that stayed in 
exercise maintenance had higher 
scores in motivation related to 
identified regulation and intrinsic 
regulation.  

Extrinsic Motivation 
Intrinsic Motivation, 
Benefits 
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intervention for 6 
months after the 
end of the 
program 

Increased physical ability, losing 
weight and reducing stress were the 
perceived benefits that most 
motivated exercise.  
 

Leymre et al. 
(2008) 

To investigate 
athletic burnout in 
terms of social 
cognitive 
motivational 
variables 
including goals, 
perception of 
motivational 
environment, 
perceived ability, 
and perfectionism 
and track it over 
the course of a 
season. 

Longitudinal 
Quantitative 
Questionnaire 

Obligatory 
Exercise, High 
Achievers, 
Stress 

Elite Winter 
Sport Athletes   

Athletes can be grouped as adaptive 
or maladaptive in terms of their 
personal valuation. Maladaptation 
can lead to self-worth being 
damaged when perceived 
challenges are beyond the athlete’s 
capabilities. This led to reduced 
confidence and higher probability 
of athletic burnout. Elite athletes are 
especially at risk since they cannot 
withdraw from the stressors of sport 
performance. Perfectionism, fear of 
mistakes, insufficient perceived 
ability, and an achievement-based 
environment increase rates of 
burnout.  
 

Resilience, Self-
Efficacy 

Long et al. 
(2014) [96] 

To better 
understand 
firefighters’ 
motivation to 
participate in 
exercise, including 
both aerobic and 
strength exercises, 
focusing on self-
determined 
motivation, basic 
needs satisfaction 
and perceived 
autonomy support. 

Quantitative 
survey and 
qualitative 
interviews 

Obligatory 
Exercise 

Firefighters  High levels of aerobic and strength 
related exercise behavior were 
related to higher levels of self-
determined motivation in these 
participants.  
The amount of introjected 
regulation observed was 
comparable with participant’s 
intrinsic motivation. Introjected 
regulation was also a predictor for 
strenuous exercise. 
Autonomy and competency were 
predictors of strength training but 
not endurance exercise. 

Intrinsic Motivation, 
Extrinsic Motivation, 
Autonomy, 
Competency, Self-
Efficacy 
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Exercise self-efficacy was related to 
better exercise adherence. 
Lower levels of autonomy led to 
better adherence to exercise, 
possibly due to the knowledge of 
possible imminent danger and more 
reliance on external or introjected 
motivation. Despite this, autonomy 
supportive themes were considered 
helpful in the interviews, possibly 
denoting that limited autonomy 
could be beneficial to improving 
motivation. 
  

Lonsdale et al. 
(2009) [97] 

To examine the 
relationships 
between 
behavioral 
regulation and 
self-determined 
motivation with 
athletic burnout in 
elite athletes 

Quantitative 
Questionnaire
s 

Obligatory 
Exercise, 
Stress 

Elite Canadian 
Athletes  

Athletic burnout was positively 
correlated to controlled extrinsic 
motivation. Burnout was negatively 
correlated to identified and 
integrated forms of extrinsic 
motivation. Autonomy and 
competence were significant 
predictors against the occurrence of 
athletic burnout. Athletic burnout 
may be lowered by both internal 
regulation as well as these types of 
external regulation. Being 
motivated by personal values or to 
express self-identity resulted in 
lower levels of burnout. Motivation 
related to external demands or 
introjected regulation, like guilt 
avoidance and shame, experienced 
higher levels of burnout. 
  

Extrinsic Motivation, 
Autonomy, 
Relatedness 
Competence 
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Lu et al. (2016) 
[98] 

To examine the 
effects of coaching 
support and athlete 
resilience on stress 
and burnout. 

Cross-
sectional 
Quantitative 
Survey 

Obligatory 
Exercise, High 
Achievers, 
Stress 

College 
Student 
Athletes  

Informational and social support 
from coaches decreased stress-
induced training burnout.  

Relatedness 

Lutz et al. 
(1995) 

To examine the 
effect of action 
control on the 
relationship 
between self-
determined 
motivation and 
strenuous exercise  

Qualitative 
Survey 

Maintenance University 
Students  

Autonomic extrinsic regulation 
(integrated and identified) may 
support intention to participate in 
strenuous leisure exercise. Planning 
and goal creation may be needed to 
bridge the gap to action from 
extrinsic motivation, with the 
addition of this action control 
making exercise adherence similar 
to the effectiveness of intrinsic 
motivation.  
 

Extrinsic Motivation, 
Action Control 

Memon et al. 
(2018) [99] 

To examine 
factors associated 
with sport 
participation in 
female medical 
students. 

Cross-
sectional 
Quantitative 
Questionnaire 

High 
Achievers 

Female 
Medical 
Students  

Enjoyment was the most common 
type of intrinsic motivation of 
exercise observed in participants, 
while supporting a sense of self 
(integrated regulation) and 
improvements to physical condition 
were the most common extrinsic 
motivators. 
 

Intrinsic Motivation, 
Extrinsic Motivation, 
Benefits 

Mo et al. 
(2011) [100] 

To investigate the 
relationship 
Between physical 
activity and health 
knowledge level, 
social support, 
self-efficacy, and 
exercise barriers in 
healthcare 
workers. 

Quantitative 
Questionnaire 

High 
Achievers 

Nurses and 
Student 
Nurses at a 
Teaching 
Hospital  

Although these participants knew 
well the importance of physical 
activity, knowledge had no 
significant effect on adherence to 
planned physical activity. Lack of 
social support, perceived barriers 
and low levels of previous exercise 
were fully mediated by self-efficacy 
in the medical student group. Self-
efficacy partially mediated the 

Self-Efficacy, 
Relatedness, Barriers 



! <7!

  interactions of social support, 
barriers and previous exercise in the 
healthcare staff sample. 
 

Nelson et al. 
(2003) [101] 

To collect data on 
physical activity 
from volunteers 
over an 8 month 
period to describe 
levels of self-
efficacy,  
perceived benefits, 
perceived barriers, 
motivation, and 
stage of readiness 
to change. 

Longitudinal 
Qualitative 
Survey 

Obligatory 
Exercise 

Military 
Affiliated 
Beneficiaries, 
75% in active 
duty, 41% in 
exercise 
maintenance  

Exercising alone, without lack of 
encouragement, or cares about 
appearance did not decrease 
participant self-efficacy or 
confidence. Lack of enjoyment, 
schedule conflicts, and activity-
based pain or discomfort did 
negatively affect self-efficacy and 
enjoyment. The research also found 
that the most important perceived 
benefits have to do with the 
improvement of health. The most 
significant barriers to adherence to 
exercise were feelings of significant 
physical exertion and discomfort. 
The highest scoring motivational 
themes were: 1) positive health 
benefits, 2) improvement or 
maintenance of strength and 
endurance, and the least important 
were 1) social recognition, 2) 
competition, 3) outside pressure to 
improve health and 4) sense of 
affiliation with peers. 
 

Self-efficacy, 
Intrinsic Motivation, 
Benefits, Barriers 

Nikolaidis et 
al. (2019) [102] 

To examine the 
motivation of 
recreational 
runners and 
variation based on 
age, gender, and 
performance level. 

Qualitative 
questionnaire 

Obligatory 
Exercise 

Recreational 
Runners 
Participating 
in the Athens 
Classic 
Marathon  

The most significant exercise 
motivators were related to health 
improvement and personal goal 
achievement. The least important 
motivators were recognition and 
competition.  

Benefits 
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Ommundsen et 
al. (1998) [103] 

To examine 
achievement 
related thought on 
motivational 
climates. 

Qualitative 
questionnaires 

Obligatory 
Exercise, High 
Achievers 

University 
Team Sport 
Athletes  

Perceptions of an externally judged 
performance-oriented climate, as 
opposed to a climate focused on 
internally judged skill mastery, was 
a negative predictor of satisfaction 
and interest in sport. Coaches that 
reinforced the importance of 
mastery also resulted in better 
athletic practice attendance 
(adherence).  

Relatedness 

Palmer et al. 
(1999) [104] 

To identify fitness 
training 
facilitators and 
barriers and their 
effect on fitness 
training behavior  

Naturalistic 
inquiry with 
qualitative 
interviews 

Obligatory 
Exercise, 
Maintenance, 
High 
Achievers 

Elite Netball 
Players  

Participants who strove to achieve 
more athletically had the key 
facilitators of self-motivation, 
training routine, enjoyment, 
outcome expectancy, outcome 
value, role and perceived coach 
expectations. These participants 
also adhered more to prescribed 
athletic practice. One suggestion 
was that these netball players saw 
the sport as part of their identity, 
like in identified regulation. 
Another group was athletes that 
were only maintaining their fitness 
but not adhering to all training 
requested by coaches. The reason 
for this behavior was observed to be 
lack of enjoyment. The third group, 
athletes that were not maintaining 
but partially adhering to training, 
lacked outcome value or 
competitive drive.  

Intrinsic Motivation, 
Extrinsic Motivation, 
Self-Efficacy, 
Protective Mentality, 
Relatedness 

Piazza et al. 
(2001) [105] 

To create a profile 
for occupational 
health nurses of 
exercise behaviors 

Quantitative 
Surveys 

High 
Achievers 

Occupational 
Health Nurses  

Exercise adherence was 
significantly predictable by having 
higher levels of self-efficacy.  

Self-Efficacy 
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related to  physical 
self-efficacy and 
perceived health 
control. 

Rhodes et al. 
(2008) [106] 

To examine 
predictors of 
exercise intention, 
including self-
efficacy, among 
adopters and 
maintainers of 
physical activity. 

Longitudinal 
Quantitative 
Survey 

Maintenance Adult 
Population  

Successful maintainers could be 
predicted by having perceived 
control over constraints, an element 
of self-efficacy. Maintainers utilize 
behavioral cues related to action 
control but may not be useful as a 
predictor due to maintainers more 
extensive knowledge of these 
strategies.  

Self-Efficacy, Action 
Control 

Rhodes and 
Plotnikoff 
(2006) [107] 

To examine the 
transtheoretical 
model of behavior 
change to 
determine if they 
can predict 
exercise 
motivation and 
action control 
across 6 months. 

Longitudinal 
Quantitative 
Survey 

Maintenance Adult 
Population  

Suggests that higher levels of self-
efficacy and action control are 
found in maintainers as opposed to 
adopters.  

Self-Efficacy, Action 
Control 

Rhodes and 
Quinlan (2014) 
[23] 

This review was 
used to examine 
the predictors of 
physical activity  
change in relation 
to adoption and 
maintenance, 
giving some focus 
to within-person 
analysis. 

Literature 
review 

Maintenance 67 
Independent 
Datasets  

The review suggested that 
maintenance had no reliable 
predictors across the studies for 
maintenance as compared to 
exercise relapse. There is a 
suggestion that long-term exercise 
maintainers (greater than 6 months) 
may benefit from social support.  

Relatedness 

Royal et al. 
(2018) [108] 

To describe the 
motives of 
veterinary medical 

Quantitative 
Survey 

High 
Achievers 

Veterinary 
Medical 
Students  

Participants key motives of exercise 
were positive health outcomes, 
stress management, avoidance of ill 

Benefits 
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students to 
exercise  

health, improved strength and/or 
endurance, weight management and 
revitalization.  
 

Sallis et al. 
(1992) [109] 

To examine 
predictors such as 
self-efficacy in 
relation to  
adoption and 
maintenance of 
vigorous exercise 
over a two-year 
time period. 

Longitudinal 
Qualitative 
Survey 

Maintenance Adult 
Population  

Self-efficacy predicted the 
maintenance of vigorous physical 
activity for men that were regularly 
exercising at the start of the study 
but not women. Initially active 
women could be predicted by 
education level. 

Self-Efficacy 

Springer et al. 
(2013) [110] 

To investigate 
adults’ perceptions 
of long-term 
maintenance of 
physical activity, 
the efficacy of 
satisfying basic 
needs and the 
interaction with 
self-identity.  

Qualitative 
Interviews 

Maintenance Adult 
population 
that has been 
physically 
active for at 
least three 
years  

Long-term adherence to physical 
activity may be improved by the 
themes of autonomy, competency 
and relatedness. Adherence to 
exercise was most strongly related 
to internalizing exercise as part of 
the participant’s identity, as with 
integrated regulation.  
 

Autonomy, 
Competency, 
Relatedness 

Vicent et al. 
(2020) [111] 

To identify 
perfectionism 
profiles and the 
effect on 
motivation to 
exercise. 

Quantitative 
Questionnaire 

High 
Achievers 

College 
Students, 
Focusing on 
Perfectionists  

Maladaptive perfectionists had 
scored significantly higher on 
introjected and external regulation 
scales. They were also more prone 
to amotivation. amotivation. 
Adaptive perfectionist were the 
highest in intrinsic, integrated and 
identified regulation of exercise 
motivation, although this was only 
significant based on specific 
population pairings. 
 

Intrinsic Motivation, 
Extrinsic Motivation 
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Wallace and 
Buckworth 
(2003) [112] 

To examine the 
relationship of 
exercise self-
efficacy, social 
support and 
exercise 
participation 
changes over a 6-
month period.  

Longitudinal 
Quantitative 
Survey 

Maintenance College 
Student 
Population  

Self-efficacy, social support and 
sedentary behavior remained at a 
stable level for participants who 
remained in maintenance 
throughout the study. They also had 
significantly higher family social 
support for exercise. Lower peer 
social support was associated with 
regression of exercise habits in 
originally active respondents.  

Self-Efficacy, 
Relatedness 

Wilson et al. 
(2012) [113] 

To investigate the 
relationship 
between exercise 
and motivation 
among men in the 
military. 

Qualitative 
and 
Quantitative 
Survey 

Obligatory 
Exercise 

Active-duty 
Air Force  

Intrinsic motivation was more 
strongly related to exercise 
frequency than extrinsic motivation. 
Those that exercised because of 
obligation had lower fitness scores.  

Intrinsic Motivation, 
Extrinsic Motivation 

Zhang et al. 
(2019) [114] 

To investigate the 
associations 
between negative 
moods, self-
determined 
motivation, and 
psychological 
needs satisfaction 
as a means to 
predict exercise 
participation in a 
nurse population. 

Objective 
Exercise 
Tracking and 
Quantitative 
Questionnaire
s 

High 
Achievers 

Nurses  High level of negative mood 
disturbance were associated with 
higher perceived needs frustration, 
including lower levels of 
competence, autonomy and 
relatedness. Lower self-determined 
motivation for exercise was 
associated with lower perceived 
competence and autonomy, as well 
as higher mood disturbance. Lower 
self-determined motivation was also 
associated with lower levels of 
moderate to vigorous physical 
activity. Improvement of low mood, 
perceived competence and 
perceived autonomy may increase 
adherence to moderate to vigorous 
exercise.  
 

Competence, 
Autonomy, 
Relatedness, Intrinsic 
Motivation, 
Protective Mentality 
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Table of 48 studies determined by the literature review. Populations refer to the five selected sub-topics. Motivational theme refers to groups of 
motivational ideas and suggestions determined by the review of the literature. 
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3.4 Intrinsic Motivation 
 
The research review of exercise motivation in astronaut-like populations yielded a variety of information 
on the possible triggers to improve exercise adherence. Much of the research in this area involves the two 
general areas which improve motivation: Self-Determination Theory (SDT) and the perception of self-
efficacy [24, 25, 44, 45]. Within several of our astronaut like populations, including elite athletes, 
obligatory exercisers and those in maintenance, the evidence suggests that intrinsic motivation is 
beneficial to motivating physical activity. In a study of adults who maintain exercise over a 3-year period, 
adherence was shown to be strengthened by satisfying the basic psychological needs of intrinsic 
motivation, including autonomy, competency, and relatedness [110]. A study of elite Olympic speed 
skaters observed that low self-motivation was related to a lack of adherence to exercise training [94]. In 
addition, female national netball players demonstrated better adherence to prescribed training when it was 
enjoyable, an element of intrinsic motivation [104]. Among male military members and navy reserve 
personal focusing on the motives associated with exercise, adherence was more strongly related to 
intrinsic health motives, specifically the personal desire to feel healthy, than extrinsic obligatory ones, 
including those that are required by their employment [93, 113]. Based on these studies, intrinsic motives 
may be the most promising area to target with interventions. The best means of accessing intrinsic 
motivation is theorized by SDT to be meeting the basic needs of competency, autonomy, and relatedness. 
 
Increasing Intrinsic Motivation 
 
Beyond increasing intrinsic motivation generally, several studies found two important means of 
increasing enjoyment: 1) activity variety or personalization based on preferences of goals [93, 101, 104]; 
and 2) promoting moderately difficult exercise goals or incorporating competition [33, 93, 98, 115]. 
 
 
3.5 Competence 
 
Competence is the element of SDT that involves the individual’s need to feel they have mastery over 
tasks and or the ability to learn new behaviors. This appears to be especially important to populations that 
are competitive athletes and high achievers in academic fields. Bernard (2014) reported that competence 
satisfaction was the most critical need to satisfy for exercise participation in a study focused on 
pharmacists and nurses [116]. A sense of accomplishment was one of the top benefits driving exercise 
participation among nursing and medical students [21]. Among university team sport athletes, using goal 
perspective theory, Ommundsen [103] (1998) demonstrated that greatest enjoyment and intrinsic interest 
was derived from a climate that was mastery-orientated, meaning that the highest value was placed on the 
perception of mastery, progress, learning and achievement cognition, as opposed to performance-
orientation based on external praise and benchmarks. In cases of athletic burnout, demonstrating 
incompetence drives athletes to an amotivational state that decreases exercise adherence [88, 117]. In 
terms of exercisers who have maintained activity for more than three years, satisfying their need to feel 
competent strengthens exercise adherence [110]. Lastly, among firefighters, higher levels of competency, 
along with autonomy, were significant predictors of participating in strength training [96].  
 
Suggestions for Supporting Competency 
 
Beyond increasing competence generally, several studies made specific suggestions for supporting 
competency. Actions that instilled confidence were recommended in two studies, including improving 
resilience through supportive coaching on adversity and positive adaptation [98, 117]. Another study 
suggested educational sessions and training that focus on fully understanding the elements affecting the 
training’s effectiveness to improve knowledge and adherence [104].  
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3.6 Autonomy 
 
Autonomy is the element of SDT that is increased when the participant perceives they have freedom of 
choice and control over their behaviors and goals. Much of the research that links competence with 
motivation is also associated with autonomy. In a study on navy reserve personnel, exercise frequency 
was positively correlated with autonomy when it was increased [93]. In college athletes, perceived 
support of player autonomy through positive, democratic coaching that  was particularly valuable at 
improving intrinsic motivation [75]. Another study observed that lower educational level was associated 
with less exercise, suggesting it was due to the perception of lack of control [85]. Lack of control was also 
seen to be associated with early stages of athletic burnout [82]. 
 
Suggestions for Supporting Autonomy 
 
Suggestions for increasing autonomy included: coaching the feeling of being self-directed; promoting 
choice; and being able to regulate exercise intensity based on abilities and wishes [93, 110]. Like 
competence, feeling well-informed through education and training supported a sense of autonomy as 
participants felt capable of making good choices [93, 110]. 
 
3.7 Relatedness  
 
The need of relatedness within SDT refers to social connections as well as perceptions of how actions are 
supported within a peer group. While it is argued to be a less direct mechanism of motivation than the 
other basic needs of SDT, in certain populations relatedness has strong associations with exercise 
participation. Among one study of nurses, social support was a statistically significant predictor of 
exercise participation, whether that support came from family or their peer group [92]. Most research that 
linked relatedness to exercise motivation was conducted in populations in a maintenance stage of change 
(i.e., maintaining the behavior of exercise for an extended period, such as six months [74]). Those with 
more social support were more likely to be consistently active in exercise [23, 81, 91, 112]. 
 
Suggestions for Increasing Relatedness 
 
Specific recommendations included: promoting relationships between participants; and giving 
opportunities to both receive and give support. [93, 110]. One important element of social support was 
coaching. Coaches play a pivotal role in motivation through providing information, emotional support, 
esteem support, positive encouragement, and positive feedback [75, 79, 93, 98, 104, 118]. One study of 
nurses found lack of evidence to support the effectiveness of a knowledge-based intervention on exercise 
participation [100]. 
 
 
3.8 Extrinsic Motivation 
 
Although extrinsic motivation may not be as effective as intrinsic motivation and could even be harmful 
to sustained motivation [93], certain types of extrinsic motivation may be useful in an astronaut-like 
populations. Extrinsic motivation is often seen to be more effective in the earlier adoption phase of 
exercise habit creation, whereas intrinsic motives are important to the maintenance of activity [90]. In 
navy reservists who maintain exercise participation, extrinsic motivation may be demotivating [93]. In 
recreational triathletes, self-worth based introjected regulation was related to irrational beliefs and lower 
self-motivated reasons to train [84]. In well-trained cyclists, extrinsic motivation (i.e., a financial reward) 
did not improve cycling performance [89]. Despite these examples, other studies demonstrated that 
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extrinsic motivation can be helpful depending on how it is used. In a study of perfectionists, those with 
maladaptive conditional sense of self-worth based on achievement had significantly higher scores on 
introjected and external regulations, the most externally regulated extrinsic motivation, as well as higher 
observed exercise amotivation [111]. On the other hand, more internalized types of extrinsic motivation, 
specifically integrated and identified regulation, assisted in exercise compliance in multiple populations. 
In a population of long-term exercise maintainers, adherence was most strongly related to integrated 
motivation, internalizing exercise as part of the participant’s identity [110]. In a female national netball 
population, players were the most compliant with training if they had higher levels of self-motivation. 
These participants also reported that they felt like their actions reflected on a sense of self, similar to 
integrated regulation, and this was strongest when accompanied with intrinsic enjoyment [104]. High 
achievers working in a hospital environment also utilized identified regulation based on goals and values 
in order to stay in exercise maintenance [95]. Identified and integrated motivation were also protective 
against motivation loss in athletes experiencing stress-induced athletic burnout, especially in 
achievement-centered environments [97]. A similar trend was also observed for exercisers in 
maintenance; introjected, identified and intrinsic motivation were all higher in the regular exercisers 
opposed to those who do not intend to start exercising [64] In a firefighter population, introjected 
regulation was found to be comparable with intrinsic motivation in aiding exercise participation [96]. This 
guilt-based type of motivation may be especially applicable to astronauts as it focuses on feeling 
responsible for the safety of others and the guilt of failing [96].  
 
How extrinsic motivation is perceived may also play an important role. In a study of college athletes, 
participants were found to have higher levels of intrinsic motivation if they received an athletic 
scholarship, generally considered an extrinsic motivator. The researchers proposed that this may have 
been due to the scholarship increasing perception of competency, an element of intrinsic motivation, 
suggesting that the definitions of extrinsic motivation and intrinsic motivation are not entirely clear cut 
[75]. In addition, how extrinsic motivation is utilized may also change its effectiveness to motivate 
activity. In a study of college students performing strenuous exercise, integrated and identified regulation 
were observed to support the intention to participate in the physical activity but it suggested that 
regulatory action, such as planning and goal creation, may be needed to bridge the gap from intention to 
action [119]. In a study of professional rugby players who are experiencing burnout-type exhaustion, 
extrinsic motivation could be used to increase effort despite exhaustion, especially when intrinsic 
motivators were absent [83]. Taken together, these studies suggest that some forms of extrinsic 
motivation may be useful for improving adherence among astronauts. 
 
Suggestions for Increasing Extrinsic Motivation 
 
Recommendations for how to increase extrinsic motivation were mixed. The concept of guilt could be 
used to motivate exercise as obligation to other people was motivating [96]. Identified regulation could be 
improved by aligning exercise aims with the individual’s values and goals [104]. Integrated regulation 
could be increased though self-identification with an athletic lifestyle [101]. It was also suggested that 
extrinsic motivation should possibly be avoided due to being demotivational and decreasing intrinsic 
motivation [84, 93]. For rewards, being extrinsic motivators by nature, sources recommend to use them 
sparingly and carefully [93]. This could be due to extrinsic motivators being demotivational for some 
populations. Physically active nurses were specifically more motivated by long-term rewards that focused 
on prevention, while there was a negative association with immediate rewards [77]. 
 
 
3.9 Self-Efficacy 
 



 34 

Perceived self-efficacy is another common area of research within exercise motivation and was a 
significant theme within astronaut-like populations. Maintaining motivation made up the largest 
percentage of studies with seven articles that were related to self-efficacy. In two studies of college 
students, only level of self-efficacy distinguished between the action and maintenance stages of change, it 
being higher in the latter [50, 112]. In another study, nurses also had a positive correlation between self-
efficacy and exercise adherence [105]. In a randomly selected population of both women and men looking 
at the maintenance of vigorous physical activity over time, it was observed that self-efficacy was 
predictive of maintenance in initially active men but not women [109]. On the other hand, a study focused 
on midlife women found higher levels of self-efficacy were predictive of consistent physical activity, 
independent of confounders such as race and income [91]. Similar to extrinsic motives, action control, the 
translation of motivation to affect a change in behavior, played a role in the effectiveness of self-efficacy. 
Among exercise maintainers, research suggested that higher levels of self-efficacy were needed for 
translating motivation/intention into action control when compared to populations only first adopting 
exercise [107]. Research suggests that exercise maintenance may be less influenced by cognitive control, 
resisting the creation of habits and requiring a high level of motivational support in order to address 
obstacles, overcoming them through self-efficacy [86]. Despite the positive association between self-
efficacy and maintaining exercise, it may not be as effective with astronauts. In a study of college 
students in exercise maintenance, self-efficacy levels were not able to distinguish between the stages of 
maintenance and termination of exercise [50]. This may indicate that self-efficacy does not play a role in 
the action of discontinuing regular physical activity and may make it a less effective target for those 
already in maintenance. Finally, in two non-maintenance-based studies about self-efficacy, nurses’ 
exercise participation level were predicted by their perceived level of self-efficacy [92]. In a study of 
college athletes, those who had higher levels of negative self-expectations were at a higher risk for 
athletic burnout [79]. Overall, these studies demonstrate the importance of self-efficacy in exercise 
motivation and adherence but suggest they may be less effective with populations already maintaining 
exercise, such as with astronauts.  
 
Suggestions for Improved Self-Efficacy 
 
There were few studies within our populations that addressed how to increase self-efficacy. Those that did 
suggested self-efficacy may also be increased through educational sessions or through creating routines to 
instill confidence [104, 110]. 
 
 
3.10 Perceived Benefits and Barriers 
 
Participant perceptions of the benefits of and barriers to exercise play an important role in exercise 
motivation. Benefits and barriers are defined as specific topics that engage or clash with participant’s 
values and goals.  Health-related improvements were identified as the most common theme among 
benefits. Experiencing positive health benefits, improving or maintaining strength or endurance, finding 
value in fitness status, and avoiding ill health were repeatedly reported [21, 99, 101, 102, 108, 110]. 
Beyond physical health, decreased stress and sense of accomplishment were also highlighted [21, 95, 102, 
108]. One study of military members detailed the least effective benefits for exercise motivation, which 
were social recognition, competition afforded, external pressure to improve health, and sense of affiliation 
[101]. Each of these are more externally regulated forms of motivation compared to the effective benefits 
described. Some literature suggest that decreasing barriers may be more effective than the increasing 
perceptions of benefits of exercise [100, 104]. The most common barriers to exercise were related to 
exercise being unpleasant or inconvenient. For the former, specific barriers included exercise: creating 
pain and discomfort [96]; feeling too challenging; being tiresome and fatigue inducing; took too much 
time; and was difficult to schedule [21, 78].   
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Suggestions for Increasing Benefits and Reducing Barriers 
 
Recommendations for increasing perceived benefits were to focus on: increasing a sense of positive 
health benefits; improving or maintaining strength or endurance; finding additional value in fitness status; 
avoiding ill health; reducing stress; and accomplishment as themes of visualization [21, 101, 110]. 
 
Recommendations for decreasing perceived barriers were to minimize or distract from barriers such as 
discomfort, feeling too challenging, being tiresome or fatigue inducing, and to identify strategies to 
overcome trouble scheduling or making time for exercise [21, 67, 68, 120].  
 
 
3.11 Additional theme recommendations  
 
In addition to the major themes related to SDT and self-efficacy, there were areas of repeated information. 
Multiple action recommendations were made to actively improve exercise motivation and adherence. 
These groupings and recommendations were: 
 
Supporting Protective Mentality  
 
A protective mentality is defined as promoting a positive outlook previous to the desired action. Taking 
steps to create a more positive mindset can increase motivation and adherence to exercise in these 
populations. Focusing on improving optimism, increasing 
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hopefulness, taking stock of perceived accomplishment, and cultivating a positive personality and 
orientation is recommended to support a positive, protective mentality [79, 81, 87, 93, 98]. It is also 
recommended to target attitudes about physical activity in order to change beliefs about the value of 
exercise [104]. Providing rational or value for physical activity could help with this and was observed to 
motivate positive, long-term behavior change [93]. Being identified as a physically active person or 
having a physical activity identity was recommended for active duty/volunteer military members [101].  
In opposition, negative mentality and reinforcement was to be avoided, including negative thoughts and 
expectations or avoiding coercion, fear, demand, and punishment [79, 93]. These ideas may be 
particularly important as research demonstrates that in a comparison of non-exercisers through regular 
exercisers, all groups had similar amounts of mental imagery but non-exercisers had more negative 
imagery [64]. The recommendation was to support and increase positive imagery as it was related to 
increased adherence to exercise [64].  
 
Resilience Training 
 
Resilience is defined as skills needed to negotiate hardships during an action. Resilience against 
challenges that may derail motivation may improve adherence. Specific recommendations for resilience 
included challenge appraisal (subjective cognitive assessment of demands), meta-reflection (dispassionate 
self-reflection), evaluating personal strengths and weaknesses, rational thinking, minimize negative 
thoughts, and challenging counterproductive beliefs [87, 98]. Targeting mood disturbance (fatigue, anger, 
tension, confusion, vigor, and depression) in order to support autonomy and competency needs was 
suggested to improve intrinsic motivation and levels of moderate to vigorous physical activity in nurses 
[114]. For preventing stress induced athletic burnout and the resulting loss of motivation, research 
recommends countering irrational beliefs through avoiding extreme negative thinking like awfulizing 
[121], increasing frustration tolerance, and decreasing self-deprecation [84]. Avoidance of an 
achievement environment, where self-worth is based on what is achieved, should also be avoided to 
reduce the risk of burnout [117]. Recommendations also included taking measures to increase relaxation 
and stress relief. Hardiness and stress reduction improved exercise motivation [79] and tension releasing 
practice improved exercise self-efficacy [80]. Specifically, relaxation practices and visualization were 
recommended for anxiety management [87]. 
 
Adding Action Planning  
 
Action planning is defined as necessary step after motivation to connect intent into meaningful activity. 
Action planning may improve the effectiveness of motivation, and multiple recommendations support this 
idea. Creating training routines, setting goals and baseline intentions, promoting process goals, 
prioritization and time management are all recommended [81, 86, 87, 93, 104]. Focus and proactivity, 
which were also recommended, could be improved through action planning [98]. Elements of action 
control had mixed results, suggesting a more complicated relationship between motivation and action 
control [106, 107]. 
 
3.10 Trends and Occurrences of Exercise Motivation Themes  
 
Table 5 depicts how often each theme of motivation was discussed in relation to each population. 
Although this does not demonstrate the strength of relationships, some trends can be seen. The Intrinsic 
and extrinsic motivation presented equally in the obligatory exercise sub-population. More research 
addressed the aspect of social relatedness in the high achieving sub-population, possibly due to the high 
percentage of research with nurses. Maintenance also demonstrates more research into relatedness than 
other basic needs. High achievers and those in maintenance may have a relationship with believe in 
oneself though the concept of self-efficacy.  
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Table 5 Occurrences of Each Exercise Motivation Theme by Population 

Table 5. Occurrences of Each Exercise Motivation Theme by Population 
 Obligatory 

Exercise 
High 
Achievers 

Maintenance Stress Isolation Totals 

Intrinsic 
Motivation 

9 (0.18) 6 (0.11) 5 (0.13) 3 (0.11) 0 23 (0.14) 

Competency 4 (0.08) 3 (0.05) 2 (0.05) 2 (0.07) 0 11 (0.07) 
Autonomy 4 (0.08) 3 (0.05) 1(0.03) 3 (0.11) 0 11 (0.07) 
Relatedness 5 (0.10) 10 (0.19) 7 (0.18) 3 (0.11) 1 (0.50) 26 (0.16) 
Extrinsic 
Motivation 

9 (0.18) 5 (0.09) 6 (0.16) 4 (0.15) 0 24 (0.14) 

Self-Efficacy 4 (0.08) 8 (0.16) 8 (0.21) 2 (0.07) 1 (0.50) 23 (0.14) 
Benefits 4(0.08) 3 (0.05) 1 (0.03) 2 (0.07) 0 10 (0.06) 
Barriers 1 (0.02) 4 (0.08) 1 (0.03) 0 0 6  

(0.04) 
Protective 
Mentality 

3 (0.06) 4 (0.08) 3 (0.08) 2 (0.07) 0 12 (0.07) 

Resilience 5 (0.10) 4 (0.08) 0 4 (0.15) 0 13 (0.08) 
Action 
Control 

1 (0.02) 1 (0.02) 4 (0.11) 2 (0.07) 0 8 
(0.05) 

Totals 49 51 38 27 2 167 
Table detailing the occurrence of each motivation theme in relation to the selected populations. 
Parentheses represent population proportion (ex. 9 intrinsic motivation(x) with 49 total themes discussed 
in obligatory exercise(n) x/n = p = 0.18). Research that referred to multiple forms of motivation or 
multiple populations were counted individually for each combination within the study. This is the reason 
totals may be more than the number of papers reviewed. 
 

 

4 Discussion 
 
This review examined the themes of exercise motivation in astronaut-like populations in order to inform 
the development of a guided imagery intervention. The results of the literature review generally support 
the use of SDT and self-efficacy for exercise motivation in this population and suggest that there are 
multiple options that could be utilized depending on the needs of individual participants. Based on the 
results of this literature review, intrinsic motives may be the most promising area to target with 
interventions[33, 64, 83, 90, 91, 93-96, 99, 101, 104, 111, 113, 114]. The best means of accessing 
intrinsic motivation is theorized by SDT to be meeting the basic needs of competency, autonomy, and 
relatedness [21-23, 33, 61, 76, 77, 81, 82, 85, 91, 92, 96-98, 100, 103, 104, 110, 112, 114]. The most 
important themes identified in this review are described below: 
 
4.2 Intrinsic Motivation and Enjoyment 
 
Emphasizing personal enjoyment and intrinsic motivation were supported in four of the five populations 
studied, including obligatory exercise [33, 83, 93, 94, 96, 101, 104, 111, 113], high achievers [94, 95, 99, 
104, 111, 114, 122], maintenance stage of change [64, 90, 91, 95, 104] and stress [93, 95, 122]. The 
largest number of studies came from the obligatory exercise population. Although this motivational theme 
was discussed in nearly all groups, enhancement of enjoyment may be of particular importance during 
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obligatory exercise. Obligation, by definition, would make exercise participation more externally 
regulated, which could be a demotivating factor [93]. This was reflected in Wilson’s research (2012) 
[113]. Air Force members who had lower intrinsic relative to extrinsic motivation also had lower exercise 
frequency and fitness scores.  By overcoming this possible demotivation through supporting intrinsic 
motivation’s basic needs, members of the obligatory exercise population may increase exercise adherence 
by improving internal regulation of motivation [113]. Although not every study of intrinsic motivation 
discussed basic needs, in the case of obligatory exercise, four articles discussed intrinsic motivation in 
light of the support of one or more basic needs [33, 93, 96, 104]. An additional five obligatory exercise 
articles discussed the benefits of improving basic needs support described in SDT [31] to motivation and 
exercise adherence [33, 83, 93, 94, 96, 101, 104, 111, 113],. Although they don’t all support the concept 
of intrinsic motivation or enjoyment directly, they support the use intrinsic motivation for improving 
factors from SDT in order to increase exercise engagement [24].  
 
Due to the confined nature of space flight, activities that could be used to increase enjoyment in terms of 
exercise are limited [10, 16]. Guided Imagery may be utilized to improve enjoyment in this environment. 
Two of the recommendations discussed in the literature for increasing enjoyment were introducing variety 
and allowing for personalization [93, 101, 104]. Guided Imagery could introduce an element of variety 
into the highly regimented exercise routine and requirements undertaken by astronauts on space missions. 
Personalization, as an integral part of effective guided imagery, could also be incorporated as part of pre-
flight interviews with astronauts to improve effectiveness [58, 123]. In terms of specific Guided Imagery 
recommendations, focusing on interventions that affect feeling states may be effective for improving 
enjoyment during exercise [64-66]. Utilizing Motivational General-Arousal imagery described in 
Martin’s (1999) [57] framework may be especially useful to guide creation of Guided Imagery scripts. 
 
4.3 Autonomy and Competency 
 
The specific basic needs supporting intrinsic motivation, autonomy [82, 85, 93, 96, 97, 110, 114] and 
competency [33, 76, 82, 96, 97, 110, 114] were supported at similar levels and somewhat evenly across 
the populations studied. The most studies focused on obligatory exercise [82, 93, 96, 97]. A possible 
reason for this could be that control over autonomy would likely be the basic need most negatively 
affected within an obligatory exercise group. The astronaut population would be especially affected by 
this since autonomous decisions are not usually supported during space flight [27]. Despite this, there are 
examples of the positive effects on motivation of increased control during space flight [27]. One specific 
example related to exercise was when an astronaut requested and was allowed to perform his required two 
hours of exercise in two one-hour sessions, improving his appreciation for the activity [27]. This 
demonstrates the possibility that increased input and control by astronauts may improve motivation in the 
astronaut population. This concept may also be supported by studies on the non-athlete obligatory 
exercise subgroup. This subgroup included two articles that discussed autonomy [93, 96]. Keller’s [93] 
work in navy reservists found that autonomy and self-determination were significantly correlated with 
increased exercise frequency. Long’s research [96] in firefighters was more nuanced in terms of 
autonomy. They found that increased autonomy through providing options in programing, scheduling, 
and type of equipment utilized were reported as beneficial to motivation but did not significantly 
increases the amount of exercise completed [96]. It was suggested that due to the obligatory nature of 
exercise in this profession, fitness was considered inherent to their lifestyle and autonomy support became 
less important [96]. Based on interviews, supporting autonomy was desired by firefighters [96].  
Meanwhile, this study also found that increased autonomy was associated with lower aerobic and strength 
exercise. With too much freedom, firefighters may not exercise as intensely [96]. This balance of better 
adherence with lower autonomy but enjoyment of exercise choice could easily be utilized within the 
astronaut population. Full autonomy may not be needed nor beneficial but small additions to perceived 
autonomy may improve motivation. In terms of Guided Imagery, giving astronauts choice within the 
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confines of an intervention may be favorable. If a variety of Guided Imagery recordings are created, this 
would allow choice based on personal moods or needs and could support autonomy. For the structure of 
the imagery itself, focusing on themes of personal choice or the related feeling states could be beneficial 
[64-66]. 
 
Competency support was a major theme of the literature reviewed [33, 76, 82, 96, 97, 110, 114]. Elements 
of competency, including feeling well-informed and developing mastery in skills, were important to the 
meaningfulness of work to astronauts [124]. These elements could also be important within planned 
exercise protocols and the utilization of Guided Imagery. Training on the function of Guided Imagery, as 
well as how to create vividness during the imagery sessions, could be beneficial to improving skills, 
knowledge and success of a Guided Imagery intervention [125, 126]. Knowledge-based coaching about 
improving exercise skills was observed to improve motivation [98, 104]. Effective feedback for 
astronauts is also considered vital for motivation [27]. Considering specific types of Guided Imagery, it is 
possible that encouraging a feeling of accuracy or success during exercise may be a possible means to 
effect competency. One method would be through technique imagery, in which participants visualize 
correctly completing a specific movement pattern such as a squat [64-66, 68]. Martin’s framework (1999) 
[57] defines this type of imagery as Cognitive Specific. This type of imagery is abundant in the study of 
exercise science and performance; likewise, it is mentioned within the populations in this review [64, 68]. 
Interventions with task-relevant technique imagery may be especially effective in males for improving 
enjoyment and satisfaction [68]. This research suggests that this type of imagery could be beneficial and 
utilized by astronauts to make daily exercise more enjoyable. The other type of Guided Imagery that 
could be useful for increasing a sense competency would be outcome expectation imagery [65]. Under 
Martin’s framework (1999) [57] this is called Motivational-Specific imagery. In either case, this type of 
imagery visualizes successful completion of an exercise session in order to increase positive feelings and 
motivation [57, 65]. This may be beneficial to astronauts if motivation or a feeling of success is low. 
 
4.4 Relatedness 
 
The basic need of relatedness was supported in all of the studies reviewed, but it may be especially 
important in the high achievers [21, 77, 82, 87, 92, 98, 100, 103, 104, 114], maintainers [23, 81, 91, 104, 
110, 112], and isolated populations [22]. As isolation would be the antithesis of strong social connections, 
the basic need of relatedness could be at risk in the astronaut population. Enhancement of relatedness is 
recommended due to the extreme nature of astronaut isolation [27]. One possible reason for the 
abundance of high achievers under this theme may be due to the predominance of nurses and other 
medical professions included. Due to medical professional’s unique schedules and conflict between career 
and personal life, a feeling of isolation could occur [127]. Within the maintenance population, the reason 
for this association with relatedness is less clear, although social elements tend to make exercise more 
enjoyable, especially when it comes to sport participation [128]. This link between isolation and exercise 
enjoyment may be especially important to astronauts. As the mission length increases and distance from 
earth causes longer communication delays, finding ways to satisfy relatedness could yield activities that 
are highly motivating [6, 27]. Exercising with others could be a possible target. Although how to 
encourage this with Guided Imagery is less clear than other themes, utilizing imagery to create scenarios 
of exercising with family or friends should be explored. 
 
4.5 Extrinsic Motivation 
 
Extrinsic motivation was predominant in within this review the literature. The studies that discussed 
extrinsic motivation primarily focused on stress management [83, 95, 97, 115], maintenance [64, 90, 95, 
104, 119], and obligatory exercise [75, 83, 84, 89, 96, 97, 104, 113, 115]. The utility of extrinsic 
motivation proved to be mixed. For much of the population experiencing stressful conditions, higher 
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levels of external regulation were related to negative consequences that decreased exercise motivation, 
such as athletic burnout [83, 95, 97]. Within the maintenance population, there were also mixed results. 
As opposed to early stages of exercise adoption, extrinsic motivation was less effective in the 
maintenance of exercise [90, 95]. The type of external regulation may have affected the outcome as 
introjected, identified and integrated regulation were associated with the continuation of exercise, and 
possibility supporting the use of responsibility, values or self-dentification [64, 104, 119].  In the 
obligatory exercise group, introjected regulation was associated with irrational beliefs that made 
motivation less autonomous [84]. However, non-athletic obligatory exercisers such as firefighters, were 
motivated by guilt and responsibility [96]. This was theorized to be due to the responsibility felt by 
participants because of the danger of their jobs and responsibility for other people’s safety [96]. If this is 
the reason guilt is effective, it could be similarly effective in astronauts. In addition, identified and 
integrated regulation was observed to be negatively related to the disruption of motivation, in this case by 
athletic burnout [97]. Although intrinsic motivation is more clearly associated with increasing motivation, 
extrinsic motivation may be useful depending on the types of regulation utilized. Reinforcement of 
identifying as a fit person, relating exercise to values, and enhancing personal responsibility may be 
useful for motivating astronauts. These themes could be utilized within Guided Imagery scripts if they 
resonate for the individual, as determined during personalization. 
 
4.6 Self-Efficacy 
 
Self-efficacy, the personal belief that a goal can be successfully accomplished, was identified in this 
review as important for exercise motivation. While all five populations discussed self-efficacy, the 
maintenance population discussed it the most based on population proportion [50, 86, 91, 107, 109, 112, 
129]. Although maintenance denotes successful adoption of exercise, many of these articles could only 
show an association between self-efficacy and maintenance [91, 112]. Also, although there is some 
question whether improving self-efficacy is effective against maintenance relapse [50], high levels of self-
efficacy were related to exercise maintenance [86, 91, 107, 109, 129].  Self-efficacy may also be 
necessary for action control, the translation of motivation to affect a change in behavior [107]. Although 
exercise confidence may not be a significant problem in astronauts, based on the ubiquity of this theme 
across the studies reviewed, it is worth considering as a possible intervention point for Guided Imagery in 
case exercise confidence is lagging. Forms of Guided Imagery have been developed to target self-
efficacy, including achievement imagery and Martin’s Motivational General-Mastery imagery, which 
may be useful for future interventions [57, 65]. 
 
4.7 Additional Topics 
 
A few topics observed in this review could be incorporated in the creation of Guided Imagery 
interventions for astronauts. In terms of perceived benefits of exercise, populations most valued health-
related improvements and stress reduction as motivational for exercise participation [21, 95, 99, 101, 102, 
108, 115]. These topics could be shared with the astronaut population [27, 130]. Specific types of Guided 
Imagery that might be useful could involve images related to successfully reaching health goals though 
health imagery or utilizing techniques to manage stress through stress management imagery [64-66, 71-
73]. This review also identified barriers associated with exercise participation [21, 50, 78, 92, 100, 101]. 
The most relevant barrier to astronauts might be physical discomfort from rudimentary exercise 
equipment [10]. Guided Imagery that distracts from the current moment, such as vividly picturing an 
outdoor environment, may be effective for decreasing perceived exertion during exercise, especially in 
females [67, 68]. Astronauts may benefit from this type of imagery as it has been mentioned that ties to 
earth are especially beneficial for improving mindset and mood in astronauts [27]. Finally, improvements 
to motivation were seen when a positive, protective mindset or mental resiliency were reinforced [61, 64, 
79-81, 93, 98, 104, 114, 117]. These topics could be assessed during the personalization interviews with 
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astronauts and incorporated as needed. Guided Imagery offers a variety of different tools to access these 
topics effectively, including stress management and outcome expectation imagery [65, 71-73]. 
 
4.8 Limitations and Next Steps 
 
The main limitations of this review is that there were no experimental studies connecting astronauts with 
Guided Imagery, and there were only a few studies that investigated exercise motivation in astronauts. In 
order to complete this review, astronaut-like populations were included, but this solution created 
additional variables unrelated to astronauts. Future research is needed to assess the utility of Guided 
Imagery in an astronaut population. The next steps in this research might be to create and empirically test 
a Guided Imagery intervention developed based on these recommendations in an astronaut or analog 
population (e.g., in the Human Exploration Research Analog [HERA] or Antarctica winter-over 
environments). To create effective Guided Imagery interventions, research directly with these analogs is 
necessary. In addition to utilizing a more accurate analog, this future intervention would also benefit from 
being of sufficient length in order to simulate a long-term space mission similar to a three-year mission to 
Mars. Exercise adherence has been observed to decrease with time in an astronaut population, and 
exercise motivation also tends to decrease over time in other populations [22, 131, 132]. Being able to test 
different types of Guided Imagery across a substantial time period may determine ways to improve 
exercise outcomes as exercise adherence or motivation decreases. Belavy (2013) utilized the Mars500 
study to simulate this kind of study; utilizing a similar methodology, future studies could provide an 
opportunity to test the different options of Guided Imagery [22]. For example, creating a staggered cross-
over design utilizing the different types of Guided Imagery could not only allow comparisons of 
effectiveness between the types, but could also demonstrate the effectiveness of each type of Guided 
Imagery across time.  
 
 

5 Conclusion 
 

In conclusion, astronauts face a daunting task when exploring beyond Earth’s orbit. There are many 
health risks that they face while on a mission but performing prescribed exercise may mitigate many of 
these issues. Improving motivation to exercise in confined deep space environments may not only 
improve health outcomes during long-term space missions but also the outcomes of these missions 
themselves. Guided Imagery may be an effective method to improve motivation and exercise adherence 
while meeting the specific needs of spaceflight. Results of this literature suggest that Guided Imagery 
interventions focusing on fulfilling the basic needs described in SDT and improving self-efficacy may be 
optimal for the astronaut population. Creating Guided Imagery scripts specific to the needs of this 
population may play an important role in reinforcing exercise motivation, improving adherence to training 
programs, elevating health outcomes, and supporting successful missions in this specialized population. 
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