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Table.  Summary of Population Studies

Ref.

Research






Code

Purpose

Sample


Measures

Findings

	General
	U.S. 
	Population
	
	

	Armstrong

1993
	Examine relationship between stage of change, self-efficacy and initiation of vigorous exercise
	N = 401 precontemplators and contemplators

n1 = 213    n2 = 188

Avg. age 46, 56

85% white

50% female

85% response rate

random sample
	Stage of change

Self efficacy
	Baseline stage of change predicted initiation of vigorous exercise.  Compared to Precontemplators, Contemplators were 2 and 4 times more likely to progress to Action and Maintenance respectively.  

	Klein

2002
	Examine relationship between stage membership and energy expenditure
	N = 888 adults aged 18+

62% female

Avg. age 36 female, 39 male

Response rate not given

Convenience sample
	Stage of change (SEBC)

Self-reported activity
	Energy expenditure increased as stage membership progressed.

	Kohl

1998
	Determine baseline stage membership for Project Active
	N = 235 healthy, sedentary adults aged 35-60

51% female

72% white

77-83% response rates

convenience sample recruited in 3 cohorts
	Stage of change (SEBC)
	85% of subjects were in contemplation, 13% were in preparation and 2% were not assigned a stage.

	LaForge

1999a

non-US also
	Determine stage distributions for five behaviors in two countries
	N = 23,734 adults aged 18+

n1 = 3,984 Australians

n2 = 19,750 Americans

50-80% response rates

both random and convenience samples used
	Stage of change (DiClemente)
	Similar stage distributions were found across five independent surveys.

	LaForge

1999b
	Examine relation-ship between stage, exercise and perceived quality of life
	N = 1,387 adults aged 17+

63% female

75% response rate

random sample
	Stage of change
	Quality of life scores were higher for subjects in later stages.

	Non -US
	Populations
	
	
	

	Booth

1993
	Determine  relationship between exercise stage of change, sociodemographic variables and beliefs about exercise and CVD prevention
	N = 4404 Australian adults aged 20+

52% female 

random sample
	Stage of change (created new measure, not tested)
	Greatest percentage of subjects (38%) were in maintenance.  Odds of not doing any exercise and not intending to do any, or of exercising occasionally with no intention to do more, increased with increasing age.

	Burke

2000
	Determine relationship between exercise stage of change and physical activity
	N = 583 Australian 18 year olds

48% female

53% response rate

random sample
	Stage of change (source unclear)
	There was a significant, positive relationship between stage membership, physical activity and fitness level.

	Callaghan

2002
	Describe population using TTM constructs
	N = 298 Chinese undergraduate students

Avg. age 20

69% female

85% response rate

convenience sample
	Stage of change (SEBC)

Decisional balance

Self-efficacy

Processes of change
	All TTM constructs except cons applied to this population as they do to U.S. populations.

	Carnegie

2002
	Examine the relationship between stage membership and perceived physical environment
	N = 1,200 Australian adults aged 40 – 60

57% female

Random sample

71% response rate
	Stage of Change (unique)

2-week and 6-month PAR
	A positive relationship exists between stage membership and perceptions of an environment conducive to exercise, particularly for walking.

	Doherty

1998
	Determine exercise stage distribution and its relationship to CVD factors
	N = 833 English primary care patients

Avg. age 47

54% female

convenience sample
	Stage of change
	Patients at greater risk for CVD were more likely to be in contemplation; low risk patients were more likely to be in maintenance.


	Eves

1996
	Identification of perceived barriers to exercise based on stage membership
	N = 182 community members in the U.K.

51% female

Avg. age 42

Convenience sample

Response rate not given
	Stage of change (revised Marcus, 3-item)

Barriers to exercise
	Subjects in all stages perceived a lack of time and facilities at similar levels.  Pre-action subjects had significantly higher perceptions of a lack of motivation to exercise, citing a “dislike of exercise” and “a preference for other activities”.

	Gonzalez

2001
	Explore relationship between exercise stage of change and social roles
	N = 50 Mexican women 

Avg. age 74

convenience sample
	Stage of change (Marcus ladder)
	 94% were in either precontemplation or contemplation for exercise.  Care of household and family were primary barriers to exercise.

	Kearney

1999
	Explore the relationship between sociodemographic factors, body mass index and exercise stage of change
	N = 15,239 community members from 15 European Union states aged 15+

random sample
	Stage of change
	Most subjects were in either precontemplation (30%) or maintenance (30%) for exercise.  Scandinavian countries had the fewest precontemplators.  Overweight subjects were most likely to be in precontemplation.

	Laffrey

2000
	Examine the relationship between exercise stage of change, self-efficacy and exercise levels
	N = 71 Mexican-American females

Avg. age 71

Convenience sample
	Stage of change (Marcus ladder)

Self efficacy
	Self-efficacy was the strongest predictor of exercise level.

	Lee

1993
	Identify psychological variables that discriminate women at various stages of change 
	N = 286 Australian women 

Avg. age 57

72% response rate

random sample
	Stage of change (not a validated measure)
	Precontemplators had less exercise knowledge, less support and lower expectancies for exercise.


	McKenna

1998
	Examine the relationship between personal exercise adoption and promotion of exercise among patients for general practitioners
	N = 615 English general practitioners and practice nurses

Avg. age 42

73-80% response rate

convenience sample

mailed survey
	Stage of change (SEBC)
	Practitioners in the highest stages of exercise adoption personally are up to four times as likely to promote exercise among their patients.

	Nguyen

1997
	Determine exercise stage  and psychosocial associations with each stage
	N = 2,269 French Canadian males aged 30-60

71% response rate

systematic sample selection
	Stage of change (Booth)
	Most subjects were in action (35%), followed by preparation (20%).  Subjects who perceived greater control over exercise were in higher stages. 

	Omar-Fauzee

1999
	Explore the effect of lost personal and material resources on TTM exercise variables among relapsers
	N = 30 Malaysian college students

Avg. age 27

 60% male

 82% response rate

convenience sample
	Stage of change (SEBC)

Processes of change

Self-efficacy
	Loss of resources affected stage membership, self-efficacy and use of several processes of change (self-reevaluation, reinforcement management, self-liberation).

	Potvin

1997
	Examine the relationship between exercise stage of change and community factors
	N = 4,768 citizens of Quebec 56% female

70-90% response rate

convenience sample
	Stage of change (not validated measure)
	Rural residents were in later stages for exercise than were urban residents.

	Ronda

2001
	Explore the relationship between exercise stage of change and psychological variables 
	N = 2,608 Dutch adults

Avg. age 46

53% female

56% response rate

random selection
	Stage of change (DiClem)

Self efficacy
	Sixty percent were in pre-action stages, with 30% in precontemplation.  Self-efficacy was lowest for those in precontemplation and maintenance.

	Wakui

2002
	Examine relationship between exercise stage and factors related to exercise/dieting
	N = 450 female Japanese college students

Avg. age 18

convenience sample
	Stage of change (SOES)

Self-efficacy
	Subjects in action and maintenance had higher self-efficacy and perceived benefits and were more likely to be obsessed with dieting.

	Children
	Teens, Young
	Adults
	
	

	Buckworth

2002
	Compare subjects in action and maintenance stages for exercise to assess differences
	N = 57 college students

72% white

67% female  

86% response rate

convenience sample
	Stage of change (SEBC)

Processes of  change

Decisional balance
	Subjects in maintenance reported exercising more, used more processes of change and had higher decisional balance scores than those in action.

	Cardinal

1998a
	Application of Children’s Stages of Exercise Algorithm; examine relationship between stage membership, fitness level and cognitive factors
	N = 669 elementary-aged children

Avg. age 8

no response rate given

94% white

convenience sample

on-site survey
	Stage of change (SOES)
	87% of subjects were in action or maintenance, with females more likely to be in maintenance than boys.  A strong relationship between stage membership, fitness level (using a biometric fitness test), and exercise knowledge was not evident.  Stage of change may not apply to children as it does to adults for exercise.

	Leenders

2002
	Examine the relationship between stage membership, exercise level and self-efficacy
	N = 925 college students

53% female

79% white

50% response rate

convenience sample
	Stage of change (SEBC)

Self-efficacy (Marcus)

Self-reported exercise level
	41% of females and 35% of males were in pre-action stages.  Self-efficacy increased with stage membership.

	Pinto

1995
	Determine stage distribution for exercise among college students
	N = 217 college students

51% female

27% response rate

random selection

mailed survey
	Stage of change (measure validation not clear)
	50% of males and 42% of females were in pre-action stages.  Academic status did not correlate with stages.


	Rosen

2000b
	Determine how stage membership for exercise a) affects how messages to exercise are processed and b) influences exercise behavior
	N = 147 sedentary college students

67% female

all white/Asian American

response rate not given

convenience sample

telephone and in-class surveys
	Stage of change (SEBC)
	No significant relationship between stage membership and response to messages to exercise was found.  Intention to exercise at baseline predicted future exercise behavior.

	Sullum

2000
	Prospective study of how processes of change, decisional balance and self-efficacy differ for exerciser vs. relapsers
	N = 52 undergraduate students aged 18-23, all of whom exercised at baseline

67% female

88% white

16% response rate

7% attrition rate at 3-month follow up

convenience sample

written survey
	Stage of change (DiClem)

SE

POC
	At follow up, 45 subjects were still exercising and 7 subjects had relapsed.  Relapsers had lower baseline self-efficacy scores and higher baseline cons scores than did non-relapsers.  No differences were found in how each group used processes of change.

	Suminski

2002

also special

population
	Differences in exercise stage membership among college students based on ethnicity
	N = 3099 college students

43% white

100% response rate

convenience sample

in-class written survey
	Stage of change (SEBC)
	47% of subjects were in pre-action stages.  White subjects were more likely to be in action or maintenance than non-whites, with hispanic subjects most likely to be in pre-action.  The staging algorithm may not accurately describe college students, as 18-25% of subjects were possibly misclassified for stage in this study.

	Van Vorst

2002
	Examine the relationship between stage membership and increases in physical strength and self-perception
	N = 139 college students

78% male

84% white

Avg. age 21

87% participation rate

convenience sample
	Stage of change (SEBC)

Physical Self-description Questionnaire

Self-reported exercise
	Subjects in earlier stages had lower upper-body strength measurements and lower physical self-perception scores than did subjects in action/maintenance.


	Wallace

2001
	Determine how stage of change, processes of change and decisional balance describe non-traditional college students
	N = 680 non-traditional college students

Avg. age 28

62% female

86% white

30% response rate

convenience sample

on-site survey
	Stage of change (SEBC)

Processes of change

Decisional balance

(all Marcus measures)
	Males were more likely than females to be in maintenance.  Stage membership was positively correlated with pros and self-efficacy.  

	Wallace

2000
	  Describe the exercise stage of change, self-efficacy and other  factors that affect the exercise behavior of college students
	N = 937 undergraduate students

Avg. age 22

60% female

83% white

28% response rate

random sample

mailed survey
	Stage of change (SEBC)

Self-efficacy (Marcus)
	52% of subjects were in pre-action stages.  Self-efficacy and social support increased with advanced stage membership.  Movement from action to maintenance may be particularly challenging for this population.

	Walton

1999
	Determination of exercise stage of change and relationship between stage membership, self-reported activity level and exercise attitudes.
	N = 518 5th and 6th grade students

All eligible students in one elementary school completed written, in-class surveys.
	Stage of change (measurement validation unclear)
	Boys were more likely than girls to be in action/maintenance.  All children spent much more of their leisure time in sedentary activities than in exercise.  Fifth graders expressed more interest in physical activities than sixth graders, but both groups were equally active.

	Women
	
	
	
	

	Bull

2001
	Determine exercise stage of change among a general female population
	N = 2,912 ethnically-diverse females age 40+

87% response rate

random selection

telephone survey (Secondary analysis of US 1990 Census Data)
	Stage of change (SEBC)
	Younger, white, healthy weight women were most likely to be in higher stages of exercise behavior.


	Diehl

2001
	Describe exercise stage of change and CVD risk in members of National Black Nurses Association
	N = 113 African American female nurses

Avg. age 52

response rate not given

convenience sample

on-site written survey
	Stage of change (SEBC)
	Subjects were at high risk for CVD and were knowledgeable about it, but few practiced healthy lifestyle behaviors.  A positive relationship between self-efficacy and exercise stage membership was found.

	Heesch

2000


	Determine differences in barriers to exercise based on ethnicity and/or exercise stage of change
	N = 2,912 ethnically-diverse females age 40+

87% response rate

random selection

telephone survey (Secondary analysis of US 1990 Census Data) 
	Stage of change (SEBC)
	Ethnicity did not account for differences in barriers, but stage membership did.  Most common barriers were lacking energy (among precontemplators) and lacking time (among preparers).

	Felton

2000
	Determine stage membership for exercise
	N = 104 female, African American primary care patients

Avg. age 39

response rate not given

convenience sample

on-site written survey
	Stage of change (SEBC)
	Stage membership was positively associated with self-efficacy, support from friends/family, enjoyment of exercise and body mass index.  Reported inactivity as a teenager was strongly associated with current inactivity among subjects.

	Marcus

1997


	Examine relationships between stage of change, decisional balance and self-efficacy for exercise behavior
	N = 431 females from three worksites

Avg. age 41

95% white

37% response rate

convenience sample

mailed survey
	Stage of change (SEBC)

Decisional balance

Self-efficacy (Marcus for all 3 measures)
	One or more children under age 18 at home was related to being in a lower stage for exercise behavior.  Self-efficacy scores and decisional balance pros scores were highest for women in maintenance and lowest for women in precontemplation.

	Worksite
	
	
	
	

	Burn

1999
	Examine the relationship between exercise stage of change and CVD risk
	N = 709 British employees

Avg. age 39

65% female 71% response rate

convenience sample

written survey and physical exam at worksite
	Stage of change (SEBC)
	Subjects who were older, overweight, sedentary, had poor diets and high cholesterol levels were more likely to be in precontemplation or contemplation for exercise.


	Campbell

2000
	Examine relationship between stage of change, health risk and self-reported priorities for change for four behaviors (exercise included)
	N = 859 female employees at one of nine worksites

57% African American

70% response rate

random selection of worksites

on-site, written survey
	Stage of change (DiClem)
	Most subjects (37%) were in contemplation for exercise.  Dietary change and exercise were the two behaviors subjects were most likely to want to change first, even if they didn’t pose the greatest immediate health risk to the subject.

	Cardinal

1997a
	Evaluate the role of exercise stage membership on the adoption of naturally-occurring exercise.
	N = 47 female clerical employees

Avg. age 37

79% African American

71% response rate

convenience sample
	Stage of change (SOES)
	Over 7 months,  contemplators were more likely than preparers to increase exercise levels.  It is likely that to move from preparation to action requires an intervention, while movement from contemplation to preparation may be more likely to occur naturally.

	Costakis

1999
	Examine relationship between stage membership and other health habits
	N = 1,269 university employees

54% female

Avg. age 44

68% response rate

Convenience sample


	Stage of change (DiClemente)
	Respondents who were in later stages for exercise were more likely to have other positive health behaviors.  Improving exercise levels may lead to improvements in other health behaviors.

	Dunnagan

2001
	Determine the relationship between exercise stage of change and health insurance costs
	N = 841 university employees

42% between ages 40-49

68% response rate

convenience sample
	Stage of change (Rehor)
	Subjects in maintenance for exercise had lower health insurance costs than did subjects in other stages.

	Hammermeister

2000
	Determine the relationship between stage of change, health risk, and health habits and attitudes
	N = 198 U.S. Forest Service employees

53% female

response rate not reported

convenience sample

written survey and biometric test
	Stage of change (SEBC)
	Subjects in action and maintenance had significantly more positive health habits, attitudes and biometric test results than those in pre-action stages.


	Herrick

1997
	Determine relationship between exercise stage of change, decisional balance and self-efficacy
	N = 393 government employees

Avg. age 42

64% male

85% white

52% response rate

random selection

written survey through interoffice mail
	Stage of change (DiClem)
	Most subjects were in maintenance (n = 164), followed by preparation (n = 138) for exercise.  There was a positive relationship between pros scores, self-efficacy and advanced stage membership.

	Jaffee

1999
	Explore the impact of the worksite (benefits and barriers) on exercise behavior
	N = 750 female employees aged 35+

Avg. age 45

69% white

52% response rate

random selection

written survey through interoffice mail
	Stage of change (SEBC)
	Precontemplators identified few benefits to exercise; contemplators identified benefits, but also the highest number of barriers, to exercise.  Primary barrier to exercise was lack of time for subjects in all stages, however; other benefits and barriers were stage-specific.

	King

1996
	Examine the relationship between stage membership, self-efficacy and decisional balance for exercise and smoking
	N = 332 employees who smoked cigarettes

62% male

93% white

Avg. age 40

Convenience sample

Response rate not given
	Stage of change (SEBC)

Self-efficacy (Marcus)

Decisional balance (Marcus)
	Self-efficacy and decisional balance for exercise and smoking appear to be related.  TTM-based interventions for smoking may have implications for exercise and vice versa.

	Lechner

1995
	Identify factors relevant to initiating exercise
	N = 685 employees of the Dutch National Police

Avg. age 36

87% male

71% response rate

convenience sample

written survey
	Stage of change (measure unclear)
	The best predictor of stage membership was self-efficacy, followed by a perception of the benefits of exercise.   Social support did not become an important factor until action.


	Marcus 

1996
	Examine the relationship between stage membership, use of processes of change and exercise behavior
	N = 314 employees

66% female

Avg. age 41

37% response rate 

convenience sample
	Stage of change (SEBC)

Processes of change (Marcus 40-item)
	Participants who moved forward in stage membership increased their use of the processes of change; those who moved backward in stage membership used fewer processes.

	Marcus

1994b
	Explore the relationship between exercise stage membership, decisional balance and self-efficacy
	N = 431 female employees at 3 worksites

Avg. age 41

95% white

37% response rate

convenience sample

written survey
	Stage of change (Marcus Ladder)
	73% of subjects were in pre-action.  Self-efficacy and decisional balance pros increased for subjects in later stages.  Stage of change, decisional balance and self-efficacy appear to be applicable to this population.

	Medical
	Patients
	
	
	

	Allison

2000
	Explore the relationship between exercise stage of change, self-efficacy and exercise behavior
	N = 31 cardiac patients aged 65+

convenience sample
	Stage of change (Marcus Ladder)
	Subjects who exercised regularly were more likely to have higher self-efficacy and be in later stages.

	Bock

1997
	Measure changes in stage membership, self-efficacy, processes of change and decisional balance for three months after completing 12-week cardiac rehabilitation program 
	N = 46 patients completing a cardiac rehabilitation program

Avg. age 63

67% male

74% retention at 3-month follow up

convenience sample
	Stage of change (SEBC)
	At the end of the 12-week program, significant improvements were found in stage membership, pros scores and self-efficacy.  Almost half (42%) of subjects regressed to pre-action stages at the 3-month follow up.  Regressors had lower decisional balance and self-efficacy scores than did non-regressors.


	Boudreaux

2003
	Examine the relationship between stage membership, decisional balance, diet and exercise behavior
	N = 515 primary care patients

81% female

60% African-American

Avg. age 45

Random selection

Response rate not given
	Stage of change (SEBC)

Exercise level

Decisional balance (Marcus 16-item)

Self-efficacy (Marcus)

Dietary behavior
	Participants were frequently not in the same stage for both diet and exercise behavior.  Weight management interventions addressing both behaviors simultaneously may need to use different processes for each behavior.

	Boyle

1998
	Determine the degree to which stage membership for several behaviors is related to having a chronic condition
	N = 6,152 HMO members aged 40+

53% female 

response rate 82%

random sample

written/telephone survey


	Stage of change (Diclem)
	Subjects with one or more chronic conditions were more likely than those with no chronic conditions to be in the later stages of change for several health behaviors (including exercise).

	Cowan

1997
	To determine whether exercise stages of change is positively associated with exercise self-efficacy
	N = 182 primary care patients

Avg. age 44

76% white

80% female

convenience sample
	Stage of change (SEBC)
	Most subjects (50%) were in preparation for exercise.  Higher self-efficacy scores were observed in the latter two stages.  Physicians were more likely to encourage patients to exercise if they were obese, but not for other medical conditions.

	Hellman

1997
	Examine the application of exercise stage of change to older cardiac patients
	N = 349 cardiac patients

Avg. age 74

56% male 

81% response rate

convenience sample
	Stage of change (SEBC)
	As stage progressed, so did adherence to the prescribed exercise program.


	Hilton

1999
	Establish baseline data for exercise stage of change and CVD risk for a clinical controlled trial
	N = 883 adult medical patients with CVD risk

Avg. age 47

54% female

random sample
	Stage of change (Diclem)
	Subjects were most likely to be in Precontemplation or Preparation.

	Jue

1998
	Explore exercise stage membership and use of processes for coronary artery bypass patients over time
	N = 253 recipients of coronary artery bypass surgery aged 60-90

82% male

72% response rate at baseline; 21% response rate at 2-year follow-up

convenience sample
	Stage of change (SEBC)
	A majority of subjects (67%) were in maintenance after surgery and remained in this stage at the 2-year follow up.  Processes of change were used most by contemplators and less by those in preparation and maintenance, contrary to expectations.

	Kieltka

1999
	Examine the relationship between exercise stage membership and physiologic measures of diabetes control (HbA1c)
	N = 77 African American Type 2 diabetics

71% female

convenience sample
	Stage of change (measure unclear)
	Subjects in action and maintenance for exercise showed more positive physiologic measures for diabetes control than did those in pre-action.

	Logue

2000
	Determine stage membership for six behaviors (including exercise) related to obesity
	N = 284 obese patients

Avg. age 47

81% female

98% response rate

convenience sample
	Stage of change (DiClem)
	Most patients were in preparation for six targeted behaviors (including exercise).  Body mass index was lower for subjects in action/maintenance.

	Natarajan

2002
	Examine the relationship between stage membership and diabetes management
	N = 74 adults with type 2 diabetes

93% response rate

convenience sample
	Stage of change (SEBC)

7-day PARQ

Blood glucose test
	Participants in later stages demonstrated better blood glucose management than did those in earlier stages.


	Nelson

2003
	Describe stage membership, perceived benefits/barriers and self-efficacy
	N = 71 primary care patients on a military base

61% female  72% white

75% on active duty

Avg. age 31

Convenience sample

Response rate not given
	Stage of change (SEBC)

Self-efficacy

Motivation

Benefits/barriers


	73% of the participants were in action or maintenance.  Improving physical performance was a primary benefit to exercise and improvement in health status was a primary reason to exercise.

	Parchman

2002
	Examine the relationship between stage membership for exercise and diet and diabetes management
	N = 256 adults with type 2 diabetes

Systematic selection

68% retention rate over 18-month study period
	Stage of change (Reed)

Blood glucose test
	As stage membership progressed over 18 months, patients showed greater evidence of diabetes self-care and management.

	Sullivan

1998
	Describe the diet and exercise habits of dietetics using stage of change
	N = 10 subjects with Type II diabetes

50% female

convenience sample
	Stage of change (measure unclear)
	Most participants were in contemplation for both exercise and diet.  Relapse was common as subjects perceived many barriers.

	Senior
	Citizens
	
	
	

	Courneya

1995
	Explore relationship between exercise stage membership and the perceived severity of being sedentary
	N = 270 adults aged 60+

64% female

36% response rate

combined random/convenience samples
	Stage of change (SEBC)
	Subjects in action or maintenance reported higher levels of perceived severity of inactivity than did subjects in preparation.

	Davis

2000
	Determine stage of change and self-efficacy for both exercise and diet
	N = 37 hypertensive African Americans aged 55-87

70% female

convenience sample
	Stage of change (URICA-E)
	 Subjects scored highest on the maintenance scale, followed by action, contemplation and precontemplation.  Self-efficacy scores were high for this sample.

	Nigg

1999
	Determine exercise stage distribution among older adults 
	N = 19,266 HMO members aged 18+ n = 3,539 aged 55+

55% female  

80% participation rate

convenience sample
	Stage of change

(DiClem)
	Most subjects over age 65 were in precontemplation or maintenance.  For those over age 75, the percentages found in these two stages was even higher, indicating that as seniors age, they may be less open to adopting exercise if they are not already active.

	Rich

2001
	Determine relationship between exercise stage of change and attitudes toward exercise
	N = 116 older adults

Avg. age 74

63% female

65% response rate

convenience sample
	Stage of change (SEBC)
	Attitudes were more positive for subjects in action/maintenance.  Health enhancement, social interaction and stress release were leading benefits cited.

	Stevens

2000
	Determine relationship between self-efficacy, social support, perceived fitness and exercise stage of change
	N = 392 sedentary adults aged 55-65


	Stage of change

Self-efficacy
	Subjects in more advanced stages reported higher self-efficacy, more social support and more positive perceptions of personal fitness.

	Tucker

2002
	Determine relationship between exercise stage of change and dietary habits
	N = 205 adults aged 65+

68% female

90% response rate

convenience sample
	Stage of change (Diclem)
	Subjects in later stages for exercise had healthier diets than those in earlier stages.

	Walcott-McQuigg

2001
	Explore the relationship between exercise stage membership, attitudes and behavior
	N = 103 African Americans aged 55+

55% female

85% participation rate

convenience sample
	Stage of change (SEBC)
	Subjects in action and maintenance were more likely to perceive exercising as part of being healthy and to identify benefits of exercise.


Table.  Summaries of Interventions

Ref.

Design/

Research









Study
    TTM

Code

Rating

Purpose



Subjects

Intervention

Measures
Duration  Supported?
	Stage-


	Based
	Interventions
	
	
	
	
	

	Blalock

2002
	****

Good
	Comparison of tailored vs. non-tailored printed education on exercise levels
	N = 714 middle-aged women in community setting

ne = 273    nc = 274    

n = 547 at final follow up
	Intervention: 2 sets of print materials and phone counseling.  Control: osteoporosis workshop and screening.
	Stage of change (PAPM)

Self-reported exercise level

Calcium intake

Menopausal status/use of HRT
	one year
	No

	Blissmer

2002
	****

Fair
	Comparison of stage-matched, mismatched, non-matched and no intervention on exercise levels
	N = 288 college employees

74% female

90% white

57% in action/maintenance at baseline

Avg. age 43

n = 196 at final follow up
	Participants stratified by stage into:  Stage-matched group (series of mailed materials), Stage-mismatched group (series of mailed materials not matched to recipient’s stage), Standard care (series of mailed action-oriented pamphlets), Control (non-exercise related mailed materials)
	Stage of Change (Richards - long definition)

Self-reported physical activity (ACLSPAQ)
	16 weeks
	Limited


	Bock

2001
	****

Fair
	Comparison of computerized, stage-matched vs. standard, print-based intervention on exercise levels
	N = 194 adults in community

77% female

94% white

Avg. age 44

ne/nc not provided

n = 120 at final follow-up
	Intervention: series of stage-matched written reports/pamphlets.  Control: series of action-oriented materials.
	Stage of change (SEBC)

Processes of change (Marcus 40-item)

7-day PARQ
Mood (using CES-D and PANAS scales)
	one year
	Short-term 

only

	Calfas

1996
	****

Good
	Effect of physician-delivered counseling (PACE) on exercise levels
	N = 255 sedentary adult patients

84% female

72% white

Avg. age 39

ne = 98   nc = 114 

n = 212 at follow up
	Physicians assigned to offer one of two conditions.

Intervention: staging assessment and stage-matched counseling by trained physicians during an office visit.   Control: hepatitis B counseling by “control” physicians during an office visit.
	Stage of change (PACE)

7-day PARQ

Physical activity using accelerometer (for subset of subjects)
	6 weeks
	Yes

	Cardinal

1995a
	***

Fair
	Prospective study of exercise intervention on forward stage movement
	N = 113 healthy women

Avg. age 36

63% African American


	Intervention:  mailed, self-help packets.  Participants received either  lifestyle exercise, structured exercise or generic (control) packets.
	Stage of change (SOES)
	7 months
	Limited

	Dallow

2003
	*****

Fair
	Development of intervention based on processes of change and self-efficacy levels
	N = 58 obese, sedentary women without other health risks 

Avg. age 47

Primarily white

ne = 29    nc = 29

n = 44 at follow up


	Intervention: weekly/bi-weekly 90-minute education/counseling meetings.  Control: action-oriented exercise prescription/gym membership.
	Stage of Change (SEBC)

Processes of change (Marcus 40 item)

Self-efficacy (Marcus 5-item)

7-day PAR
	48 weeks
	Yes

	Dunn

1997b
	*****

Good
	Comparison of  lifestyle physical activity intervention to traditional, structured exercise program on biometric measures and exercise levels
	N = 235 sedentary adults aged 35-60

50% female

Avg. age 46

ne1=121     ne2=114

n = 222 at final follow up
	Structured exercise group: exercise prescription following ACSM guidelines;  Lifestyle exercise group: told to be moderately active 30 minutes daily on most days and had weekly/bi-monthly stage-based meetings for 24 weeks.
	Stage of change (SEBC)

7-day PARQ

Body Mass Index

% Body fat

Resting/exercise ECGs
	6 months
	Yes

	Frenn

2003
	****

Good
	Effect of a stage-matched classroom intervention on exercise levels
	N = 117 low-income middle school students

ne = 60  nc = 57

91% participation rate

52% female

50% African American

Avg. age 13
	Participants attended four 45-minute class sessions designed to increase knowledge and skills.  Small group/individual work allowed for stage-matching of activities.
	Stage of change (created for this study)

Childhood and Adolescent Activity Log (CAAL)
	Not reported
	Yes

	Gold

2000
	****

Fair
	Effect of telephone-based, stage-matched intervention on exercise levels
	N = 1741 adults in six worksites

58% male

Avg. age 45

ne = 607  nc = 1134   n at follow up not provided
	Intervention: mailed materials and monthly stage-matched telephone counseling.  Control group: no intervention implied.
	Staywell HealthPath health risk assessment (78 self-reported items)

Stage of change (DiClem 91)
	two years
	Yes

	Goldstein

1999
	*****

Fair
	Effect of brief, physician-delivered stage-based counseling on exercise levels
	N = 355 senior citizen primary care patients

65% female

97% white

Avg. age 66

ne = 181    nc = 174   

n at follow up not provided
	Physician practices were assigned to serve one of two groups.

Intervention group: stage-matched counseling by trained physicians, written manual, newsletters, follow up meeting with physican.  Control group received no intervention.
	Stage of change (PASE)

Self-reported exercise 
	8 months
	Short- term only


	Hager

2002
	*****

Fair
	Comparison of computerized stage-matched intervention, action-oriented intervention and no intervention on exercise levels and stage of change
	N = 525 university employees

56% female

94% white

ne1 = 175  ne2 = 175   nc = 175

n = 402 at follow up


	All participants received weekly email messages based on group.  Stage-based:  tailored messages with graphics.  Action-oriented: action/maintenance messages with graphics.  Control: nutrition messages.
	Stage of change (SEBC)

7-day PARQ

Occupational and leisure-time activity scales
	6 weeks
	No

	Harland

1999 
	*****

Fair


	Comparison of brief vs. intensive stage-based counseling with and without incentives on exercise levels
	N = 523 sedentary, low income, primary care patients aged 40-64

58% female

ne1 = 105  ne2 = 106  ne3 = 104   ne4 = 102

nc = 103    

n = 442 at final follow-up
	Intervention groups:  1) written material, stage-based interview at 2 weeks,  2) same as group 1 plus 30 fitness center vouchers, 3) written material, 6 stage-based interviews, 4) same as group 3 plus 30 vouchers.  Control group: written material
	Self-reported physical activity

Fitness test (cycle ergometer)

75-minute interview on lifestyle/health status
	one year
	Short-term only

	Jarvis

1997
	*****

Good


	Effect of the Telephone-Linked Communication for Activity Counseling and Tracking on exercise habits
	N = 85 sedentary medical patients aged 60+

76% female

70% white

ne = 41   nc = 44

n = 68 at follow up
	Intervention: weekly computerized stage-matched phone messages.  Control:  written materials.
	Stage of Change (PASE, Washburn)

self-reported exercise amount
	3 months
	Yes

	Jones

2001
	***

Poor
	Effect of print-based intervention on exercise attitudes and habits
	N = 98 senior citizens in community setting

77% female

Avg. age 73

n = 61 at follow up
	Intervention:  mailed written materials addressing pre-action stages
	Attitudes toward intervention materials (via survey)
	2 weeks
	Unable to judge

	Kao

2002
	****

Poor
	Effect of a stage-matched intervention on perceptions of exercise benefits, barriers and self-efficacy
	N = 326 Taiwanese telecom company employees

ne = 251, 72% male

nc = 75, 76% male

n = 193 at follow up
	Intervention: stage-matched, written materials/activities.  Control: no intervention.
	Stage of change (Cardinal)

Self-efficacy

Perceived benefits and barriers
	5 months
	Yes

	 Kirk

2001
	*****

Fair
	Comparison of stage-matched vs. standard intervention on exercise level
	N = 26 sedentary, type-2 diabetics

56% female

Avg. age 48

ne = 11    nc = 12

n = 23 at final follow up
	Intervention:  30-minute stage-matched session with trained counselor.  Control:  30-minute counseling session on non-exercise topics.
	Stage of change (SEBC)

Exercise level (accelerometer)

Self-reported exercise

Well-being (general survey)
	5 weeks
	Short-term only

	Marcus

1998a
	*****

Good
	Comparison of  self-help, stage-matched vs. standard exercise intervention on stage membership and exercise level
	N = 1559 manufacturing workers from 11 worksites

56% male

93% white

Avg. age 40

n = 903 at follow up (loss to follow up analysis was performed)
	Intervention: stage-matched, written materials.  Control:  standard (action-oriented) written materials.
	Stage of change (SEBC)

7-day PARQ
	1 month
	Yes


	Marcus

1998b
	****

Fair
	Comparison of stage-matched vs. standard exercise intervention on exercise adoption
	N = 194 sedentary adults

76% female

94% white

Avg. age 44

ne = 78    nc = 72

n = 150 at final follow up
	Intervention:  computerized, stage-matched materials and written manuals.  Control:  action-oriented, written materials.
	Stage of change (SEBC)

Processes of change (Marcus 40 item)

Decisional balance (Marcus 16 item)

Self-efficacy

7-day PARQ
	6 months
	Yes

	Marcus

1992b
	***

Fair
	Effect of stage-matched intervention on exercise adoption
	N = 610 sedentary adults in community setting

77% female

Avg. age 42

n = 401 stratified random sample selected for follow up

n = 236 at final follow up
	Intervention:  stage-matched written materials, fitness events for the community
	Stage of change (unique to study)

Self-reported exercise level
	six weeks
	Yes

	Mutrie

2002
	****

Good
	Comparison of stage-matched, written intervention to no intervention on the increase in walking/cycling to work
	N = 295 employees in Scotland

64% female

Avg. age 38

ne = 145    nc = 150

n = 194 at final follow up
	Intervention:  motivational fitness kit included material for all stages, trail maps, resources for fitness equipment, and exercise log.  Control group received nothing.
	Stage of change (SEBC)

Self-reported exercise level
	6 months


	Yes


	Naylor

1999
	****

Poor
	Comparison of stage-matched, nurse-delivered counseling and materials, materials only, counseling only and no intervention on exercise level 
	N = 294 primary care patients

77% female

Avg. age 42

ne1 = 178    ne2 = 39    ne3 = 36    nc = 41

n = 180 at final follow up
	Three intervention groups:  1) written stage-matched materials and counseling, 2) stage-matched materials only, 3) counseling only.   Control: general advice to exercise.
	Stage of change (SEBC)

Self-efficacy (Marcus scale)

Self-reported exericse (AAQ scale)
	6 months
	No

	Nigg

2002
	***

Poor
	Effect of stage-matched intervention on exercise level and stage of change
	N = 70 seniors in an independent-living facility

90% female

n = 48 at follow up
	Posters and pamphlets were made available in the facility.  Emphasis on advice for those in early stages.
	Stage of change (SEBC)

General health

Nutritional status
	7 months
	Yes

	Norris

2000
	*****

Fair


	Effect of stage-matched, physician-delivered counseling vs. standard care on exercise levels
	N = 847 primary care patients aged 30+

ne = 384    nc = 463

n = 822 at final follow up
	Intervention:  written, stage-matched materials provided at primary care visit (33% of participants also received phone calls and posters)  Control: standard exercise advice.
	Stage of change (11-item PACE)

PARQ
	6 months
	Limited


	Peterson

1999
	*****

Good
	Comparison of stage-matched, written materials to non-matched written materials on exercise level
	N = 784 adults at a worksite

60% female

84% white

79% under age 45

ne1 = 174    ne2 = 168    nc = 185

n = 527 at final follow up
	Intervention groups: 1) stage-matched written materials, 2) action-oriented written materials.  Control group received nothing.
	Stage of change (SEBC)

7-day PARQ
	6 weeks
	Yes

	Pinto

2002
	*****

Good
	Comparison of stage-matched, automated telephone exercise intervention to a similar nutrition intervention on exercise levels
	N = 298 sedentary adult primary care patients

72% female

45% non-white

Avg. age 46

ne = 150    nc = 148

n = 243 at final follow up
	Intervention: weekly computerized, stage-matched telephone counseling for exercise.  Control: weekly computerized, telephone counseling for nutrition.
	Stage of change (DiClem 91)

7-day PARQ
	6 months
	Short-term only

	Pinto

2001
	*****

Good
	Effect of physician-based exercise counseling vs. no intervention on decisional balance, processes of change and self-efficacy
	N = 355 senior citizen primary care patients

65% female

97% white

Avg. age 66

ne = 181    nc = 174 

participation rate not specified
	Intervention: stage-matched manual, exercise prescription, counseling by trained physician at first office visit, monthly mailings, follow up visit. Control: usual care implied.
	Stage of change (PASE)

Processes of change (Marcus)

Decisional Balance (Marcus)

Self-efficacy (Marcus)

7-day PARQ
	8 months
	Limited


	Renger

2002
	***

Poor
	Create, implement and evaluate a community-wide stage-based exercise intervention using mass media 
	Adult residents of Yuma, AZ

49% Hispanic

55% under age 35

N = 1,000 telephone survey respondents

N = 192 written survey respondents
	Public service announcements (televised), comic strips and worksite posters were used to deliver messages tailored to early stages.
	Stage of change (Marcus 11-point ladder)

Decisional balance (Marcus)

Self-efficacy (Marcus)
	2 years
	Yes

	Riebe

2003
	***

Fair
	Effect of a stage-based clinical weight management program on exercise level
	N = 190 obese adults

97% white

78% female

n = 144 at follow up
	Subjects participated in 1-2 meetings/week that included exercise and stage-based counseling.
	Stage of change (SEBC)

VO2max

Dietary intake

Blood cholesterol
	6 months
	Yes

	Simmonds

1996
	****

Unable to judge
	Effect of stage-based intervention on stage of change and exercise level
	N = 195 primary care patients

Retention rate not provided
	Subjects received either 1) stage-based exercise counseling and materials by nurses during office visit, 2) stage-based materials only, 3) action-oriented counseling, or 4) no intervention.
	Stage of change (SEBC)

7-day PARQ
	8 weeks
	Yes

	Steptoe

2001
	*****

Fair
	Effect of stage-based vs. standard intervention for achieving Action/Maintenance stage
	N = 883 sedentary adult medical patients

54% female

Avg. age 47

ne = 316     nc = 567

n = 418 at final follow up
	Intervention:  stage-matched counseling by trained nurses at office visit.  Control: standard health advice by nurses.
	Stage of change (SEBC)

Self-reported exercise level
	1 year
	Limited

	Steptoe

2000
	*****

Fair
	Effect of stage-based nurse-counseling vs. traditional nurse-counseling on exercise levels 
	N = 883 sedentary, overweight primary care patients

54% female

ne = 316    nc = 567

n = 699 enrolled    n = 418 at final follow up
	Intervention:  stage-matched counseling by trained nurses at office visit.  Control: standard health advice by nurses.
	Stage of change (SEBC)

Self-efficacy

Self-reported exercise level

Other social/cognitive measures
	1 year
	Short-term only

	Woods

2002
	 *****

Fair
	Effect of a self-help intervention on exercise initiation
	N = 459 Scottish sedentary college freshmen

62% female

Avg. age 19

ne = 229    nc = 230  n at follow up = 223
	Intervention: written material addressing early stages distributed to students.  Control:  no intervention implied.
	Stage of change (SEBC)

Processes of change (Marcus)
	6 months
	Yes


NON-STAGE BASED










Was intervention more 

Effective than control in

Promoting forward stage 

Movement?

	Cardinal

2002
	****

Good
	Effect of a one-semester college fitness course vs. no fitness course on exercise level and stage membership
	N = 540 undergraduate students

ne1 = 394  ne2 = 96  nc = 50

67% participation rate
	Intervention:  30-hour semester-long lifestyle fitness course (group 1 = current students, group 2 = previous students).  Control:  psychology courses.
	Self-reported exercise 

Stage of change (SOES)
	10 weeks
	No

	Cole

1998
	***

Fair
	Effect of a 3-level incentive program on exercise level and stage membership
	N = 3,740 adults at a worksite

n = 1,192 at follow up
	Intervention:  participant set personal 50-day fitness goal, created behavioral contract, maintained daily log and received incentives.
	Stage of change (PACE)
	50 days
	Short-term only

	Loughlan

1997
	****

Poor
	Comparison of fitness assessment vs. exercise counseling vs. printed education on exercise adoption and stage membership
	N = 179 sedentary adult employees

ne1 = 75    ne2 = 61    ne3/nc = 43

recruitment/retention rate not  provided
	Intervention groups: 1) fitness assessment (BMI, VO2submax, flexibility, muscular endurance), 2) 30-minute exercise consultation with trained staff.  Control:  written materials
	Stage of change (SEBC)


	6 months
	No

	Mau

2001


	****

Fair
	Effect of group-support based intervention vs. standard intervention on exercise level and stage membership
	N = 147 diabetic Native Hawaiians

69% female

Avg. age 48/51

ne= 72     nc= 75 

n = 132 at final follow up
	Intervention:  6-month educational program with family support partner(s).  Control:  6-month educational program without support partner.
	Stage of change (created for this study)

Self-reported diet

Self-reported exercise (Modified Activity Questionnaire)
	1 year
	Limited


	Mettler

2000
	***

Fair
	Effect of a community-wide exercise campaign on exercise level and stage membership
	N = 961 adults in community setting (many in preparation and maintenance)

64% female

84% white

Avg. age 40

n = 690 at final follow up
	Intervention:  annual action-oriented, 8-week fitness campaign.  10-member teams (including at least one sedentary person) maintained individual fitness logs.
	Stage of change (Marcus 6-stage scale)

Decisional balance (Marcus)

Self-efficacy (Marcus)
	3 months
	Limited

	Titze

2001
	****

Fair
	Comparison of an intervention vs. no intervention on weekly caloric expenditure (based on self-reported exercise) and stage membership
	N = 598 Swiss employees

ne = 356    nc = 242

67% male

Avg. age 41

n = 379 at final follow up
	Intervention:  steering committee from each office met regularly with project manager, researcher and exercise specialist to evaluate progress of office employees and set new goals to enable workers to increase exercise.  Employees also received written materials, speakers, fitness days and breaks during workday.  Control: no intervention implied.
	Stage of change (SEBC)

7-day PARQ (modified)
	4 months
	Yes


Table.  Summary of studies addressing the validity of the TTM as applied to exercise.

Code

Purpose
 Subjects

Methods/Statistics
    Findings



So What?

	Buxton

1994a
	Construct validation of the Stages of Physical Activity Behavior Change Scale (SPABC).
	N = 182 university employees

56% male

Avg. age 38
	Written survey is implied.  The SPABC instrument was not described in this abstract, although five stages were tested (precontemplation, contemplation, preparation, action, maintenance).  Self-efficacy, self-reported activity and perceived physical conditioning were also assessed.

Stepwise discriminant analysis.  
	Test-retest reliability for the SPABC was r = .62.  Accurate staging was possible based on prior probabilities for 85% of subjects using this scale.  
	Evaluation of this research is limited based on the abstract.  Test-retest reliability was low, also limiting the findings.  Predictors of stage membership differed between males and females.

	Buxton

1994b
	Assess the concurrent validity and measurement reliability of the Marcus 5-item SEBC measure.
	N = 182 university employees

56% male

Avg. age 38
	Written survey is implied.  Measures included the 5-item SEBC, perceived physical conditioning, self-efficacy, VO2 peak, and exercise intensity.

Stepwise discriminant analysis
	Test-retest reliability for the SEBC was r =.88.  Accurate staging was possible based on prior probabilities for 66-67% of subjects using this scale.
	Test-retest reliability was higher in this study than in the Marcus (1992a) study, although the time between tests was not specified here.  Predictors of stage membership differed between males and females.

	Cardinal

1995b
	Develop and test the Stage of Exercise Scale (SOES).  Assess concurrent validity of the SOES with exercise measures.
	N = 178 female employees

Avg. age 39

Convenience sample
	Written surveys and calculations.  SOES is a 0-4 scale ladder corresponding to precontemplation, contemplation, preparation, action and maintenance.  For staging, exercise is defined as 3x week for 20 minutes or more. 7-day PARQ, VO2speak, and the Leisure Time Exercise Questionnaire were also used.

One-way ANOVA (Newman-Keuls post hoc)
	Subjects varied significantly and in expected directions in stage membership based on the 3 concurrent measures..
	This study supports the concurrent validity of the SOES.  (Note:  the SOES stage definitions appear to be highly similar to the Marcus 5-item scale.  The difference is in the use of a “ladder” response format, which may avoid the non-classification of subjects found in categorical methods).  

	Cardinal

1995c
	Test the construct validity of 3 stages of change (using SOES) with self-reported behavioral and biometric measures.
	N = 71 college students

61% male

Avg. age 21

convenience sample
	Written surveys and biometric measures:  SOES, relapse, % body fat, VO2 peak, Godin’s Leisure Time Exercise Questionnaire, physical activity rating, and frequency of sweating.

ANCOVA

ANOVA
	No participants were in precontemplation or contemplation.  Based on stage, participants were significantly different on all variables except % body fat.
	This study supports the existence of distinct, linear stages (construct validity).  It had several limitations which reduce its generalizability to other populations.

	Cardinal

1997b
	Test the construct validity of the SOES with self-reported behavior and biometric measures.
	N = 235 adults

75% female

Avg. age 35

Convenience sample
	Written surveys and biometric measures:  SOES, estimated VO2 max using Astrand-Rhyming bicycle test, BMI, self-reported exercise, barriers to exercise, social desirability of exercise, self-efficacy, and relapse.

ANOVA (Student-Newman-Keuls post hoc)

MANCOVA

ANCOVA
	Internal consistency was demonstrated for barriers to exercise (.79) and self-efficacy (.77).

Large between-stage differences existed for VO2 max, self-reported exercise, relapse and self-efficacy.  Only moderate differences were found for BMI and barriers to exercise.
	The concurrent validity of the SOES was supported.

	Cardinal

1998b
	Determine if and how relapsers differ from those who have never relapsed as they progress through the stages of change.
	N = 258 college students

74% female

Avg. age 35
	Written measures included:  SOES, relapse, barriers to exercise, exercise metabolic equivalents (METS) and VO2 max.

MANOVA

ANOVA
	Participants differed significantly in their METS by stage.  In each stage, those who had relapsed were significantly different on the dependent variables compared to those who had not relapsed.
	For participants who had never relapsed, there were consistent positive improvement in the dependent variables as stages progressed.  Among relapsers, the variables fluctuated as stage progressed.  This suggests that relapsers may benefit from different intervention strategies than never-relapsers.  

	Cardinal

1999
	Construct validation of a six-item stage of change scale for exercise which includes “transformed” as a final stage
	N = 551 HPERD professionals

62% female

93% white

convenience sample
	Written survey.  Stage was assessed by a 6-stage algorithm based on Marcus (1992a) and Cardinal (1995b) definitions. “Transformed” was the 6th stage and indicated a confidence in lifelong, regular exercise.  Exercise was defined as 4x/week for 30 minutes or more.  Self-reported fitness level and activity level, BMI and the perceived value of role modeling were also assessed.

MANOVA

Stepwise discriminant analysis 

Tukey post hoc
	Participants in the transformed stage differed significantly from those in maintenance on two variables:  the perceived value of being a role model for students and exercise metabolic value (METS).
	“Transformed” may be a relevant 6th stage of exercise, representing those who have made a lifelong commitment to exercise and are highly unlikely to relapse.

	Cardinal

2003
	Test the validity of decisional balance, processes of change and temptations to not exercise when translated into Finnish
	N = 168 Finnish college students

76% female

Avg. age 25

N = 169 American college students

74% female

Avg. age 21

convenience samples
	Written surveys conducted on two college campuses:  Godin’s Leisure Time Exercise Questionnaire, 6-item decisional balance measure (Marcus), 40-item processes of change (Prochaska), 5-item self-efficacy (Marcus).

Regression analysis

Internal consistency
	Internal consistency for the scales in Finnish was acceptable, but not as strong as for the scales in English.  Self-efficacy and processes of change were significantly associated with stage membership for Finnish students.  The decisional balance scale was less reliable (especially the cons scale) for both groups.
	Self-efficacy was more important than any other construct in explaining the exercise behavior of both groups of students, especially the Finns.  

The TTM appears to translate adequately into the Finnish language, however; more work is recommended in this area.

	Christopolou

1996
	Test the construct validity of the stages of change using self-efficacy.
	N = 178 Greek adults

63% female

Avg. age 34
	Written survey included:  5-item stage of change (algorithm not specified, SEBC implied) and self-efficacy (measure not specified).

ANOVA (Tukey post hoc)
	Self-efficacy differentiated the stages of change at each stage.
	Confirms the construct validity of the 5-item stages of change for exercise.

	Clarke

1997
	Test the validity of TTM constructs with British participants.
	N = 391 British primary care patients referred for an exercise prescription

70% female

Avg. age 45

convenience sample
	Written surveys included:  SEBC, decisional balance (Marcus 10-item), self-efficacy (Marcus 5-item), and Composite Sport and Exercise Barriers Scale.

Principal component analysis

ANOVA (Newman-Keuls)
	Decisional balance differed among participants in each stage, but not strongly.  Self-efficacy was not related to stage.  These findings contradict those of other studies.  Four main barriers to exercise were lack of time, lack of support, did not like exercise and lack of facilities.
	The cons to exercise were particularly important in determining stage membership for this population, as were the barriers to exercise.

This population may have had different results due to their referral by their physician for exercise prescription.

	Donovan

1998
	Assess the test-retest reliability of a stage of change scale
	N = 704 Australians aged 16 – 69

Random selection
	Telephone survey assessed stage membership using four stages (precontemplation, contemplation, preparation, action) based on the definitions of Marcus (1992) and Cardinal (1995b).  Retest was conducted at 2 weeks.
	Test-retest correlation was .59.  67% of participants gave the same response at both test times.  Precontemplators who changed the second time were most likely to choose action.
	This study suggests that exercise stages need more precise definitions.  This study contradicts the findings of Marcus (1992a), who used a 6-month time frame and had fewer subjects.  A weakness of this study may well be in the lack of a clear definition for exercise.

	Hausenblas

2001
	Develop and test the validity of the Temptations to Not Exercise Scale.
	Study 1

N = 345 college students

53% male

70% white

Avg. age 21

Study 2

N = 309 college students

60% male

74% white

Avg. age 24


	Written surveys included:  Temptation to Not Exercise Scale (TTNES developed for this study), Stage of Change Questionnaire (5-item, similar to SEBC), and self-efficacy.

Principal components analysis

Confirmatory factor analysis

ANOVA
	Two primary factors emerged as temptations to not exercise:  Affect (how one feels) and Competing demands (having other priorities, being too busy).  As scores on the TTNS increased, self-efficacy decreased.  Scales for both affect and competing demands demonstrated good internal consistency.  The competing demands scale differed significantly for participants in different stages.
	Affect (feeling satisfied, angry, anxious or sad) and competing demands (laziness, other demands, lack of time) are related to stage membership for exercise.  These temptations appeared to be strongest for participants in action or maintenance and did not seem to disappear once maintenance had been achieved.

	Ingledew

1998
	Determine if motives for exercise discriminate among stages of change
	N = 425 British employees

66% male

convenience sample
	Written surveys included SEBC (Marcus 5-item scale) and Exercise Motivations Inventory.  Exercise defined as 2-3x/week of physical activity.  Baseline and 3-month follow-up surveys were conducted.

Stepwise discriminant anaysis
	Three exercise motives accounted for 95% of the variability for gender and age.  They were enjoyment/revitalization, appearance/weight management, and health pressures.  Enjoyment/revitalization were lowest for the early stages.  Appearance/weight management was highest for those in action.  Enjoyment/revitalization was highest for those in maintenance.  Over time, precontemplators who did not increase in stage remained low on Enjoyment/revitalization, compared to those who did advance one or more stages.
	Participants distinguished between three motivations for exercise:  enjoyment, appearance and avoiding health problems.  The authors suggest that extrinsic motivators (i.e. appearance) are more important in earlier stages and that intrinsic motivators become more important in later stages.

	Marcus

1992a
	Develop and test two stage of change scales for exercise.  Develop and test a self-efficacy measure to differentiate subjects across stages.
	N = 1,063 government employees

77% male

77% blue collar

N = 429 hospital workers

85% female

38% blue collar
	Written survey.  Study one used a four-stage model (Precontemplation, Contemplation, Action, Maintenance).  Study two used a five-stage model (Precontemplation, Contemplation, Preparation, Action, Maintenance).  In both studies, Relapse did not appear to be a distinct stage, as those subjects also chose another stage category.  Exercise was defined as 3x/week for 20 minutes or more.  Both studies used a five-item Self-efficacy scale.

One-way ANOVA (Tukey post-hoc)
	Internal consistency of self-efficacy scale was good (.82).  Self-efficacy differentiated subjects across stages.  Five-item SOC scale had an internal consistency of .76.  Two-week test-retest reliability was .90 for Self-efficacy and .78 for SOC.
	The five-stage Stage of Exercise Behavior Change (SEBC) model was superior; the four-stage model did not define the sample as well.  Self-efficacy increased from Precontemplation to Maintenance.  7% of both samples could not be staged; model may need further refinement.

	Marcus

1992c
	Test the construct validity of the stages of change and processes of change.
	N = 1,172 employees from two worksites

66% female

Avg. age 37

convenience sample


	Written survey included:  39-item Processes of Change Questionnaire (PCQ, developed and tested for this study), SEBC

Factor analysis (to develop PCQ)

Discriminant analysis

MANOVA
	Two categories of processes emerged, cognitive (experiential) and behavioral, as has been found with the processes as applied to quitting smoking.  Use of the processes of change for exercise is similar to their use in quitting smoking, but for two exceptions.  Use of the experiential processes peaked later (in action) and use of behavioral processes remained high in maintenance.
	This study provides preliminary validation for a processes of change questionnaire for exercise.  It also adds to the construct validity of the stages of change as applied to exercise.

	Marcus

1993
	To assess concurrent validity of SOC measure with the 7-day PARQ.
	N = 235 employees

64% female

60% white collar

Avg. age 41
	Written surveys included 7-day PARQ and 5-item SOC measure (Marcus 1992a).
	The 7-day PARQ distinguished among three stages:  precontemplation/contemplation, preparation, and action/maintenance.
	The concurrent validity of the 5-item SOC measure was supported.  As stage progressed, subjects reported exercising more frequently and with more intensity.

Differentiation among only three stages (and not all five) would be expected, since the 7-day PARQ does not take intention or long-term behavior into account, as does the SOC measure.  It is intention that distinguishes precontemplation from contemplation and time that distinguishes action from maintenance.

	Marcus

1994a
	Test the construct  and concurrent validity of the SEBC.
	N = 698 employees

51% male

Avg. age 41

convenience sample
	Written survey included:  11-rung Stage of Change Ladder (expanding upon the five stages), Self-efficacy (5-item scale by Marcus),  Decisional Balance (6-item scale by Marcus), 7-Day PARQ.  A subset of the initial population was surveyed again at 6 months.

Principle components analyisis

Structural equation modeling
	Decisional balance and self-efficacy were both good predictors of stage membership in the present and six months later.  Self-efficacy was the stronger predictor of the two.  Self-efficacy was also an excellent predictor of engaging in physical activity in the present and six months later.  
	This study used sophisticated statistical techniques and a good research design to support the validity of stage of change, decisional balance and self-efficacy for exercise.  The outcomes are limited to a homogeneous worksite population, though.

	Miilunpalo

2000
	Construct validation of a stage of change scale using either traditional exercise or lifestyle activity definitions.
	N = 1516 Finnish adults

Structured random sampling
	Two versions of a written survey were used to assess stage membership, one for traditional exercise and one for lifestyle commuting activity.  Each used an 8-stage measure, further dividing precontemplation, action and maintenance stages).
	Both traditional exercise and lifestyle activity were more prevalent among women than men.  The biggest difference between the two staging scales was for precontemplation (25% of lifestyle activity and 105 of traditional exercise participants).  
	Both staging scales appeared to have good construct validity.  Participants were frequently in different stages based on how exercise was defined.

	Plotnikoff

2001
	Test the ability of the TTM to predict changes in stage membership over time
	N = 683 Canadian adults

54% female

Avg. age 40

random selection
	Telephone survey conducted at baseline, 6 months and 1 year:  stage of change (5-item, Reed), processes of change, self-efficacy, and decisional balance (used modified Marcus scales for each).

Factor analysis
	No TTM constructs predicted movement out of precontemplation or preparation.  Constructs did predict movement from contemplation and action.  Self-efficacy was strongly supported, but decisional balance was only partially supported.  The “strong and weak principle” was not entirely supported.  Experiential processes were not used in the early stages and were used in the later stages, both contradicting TTM theory.
	This appears to be the only longitudinal study of the validity of the TTM for exercise.  Cross-sectional studies are of limited value in testing a dynamic model such as the TTM.  This study lends partial support for the TTM as applied to exercise.

	Reed

1997
	Comparison of eight staging algorithms for exercise.
	Study 1 N = 936 employees

Study 2 N = 19,212 HMO members

Study 3 N = 327 adults
	Eight staging algorithms, drawn from three studies, were qualitatively compared.
	Longer definitions of exercise led to more participants in earlier stages.  Use of a lifestyle activity (versus traditional exercise) definition resulted in more participants in later stages.

Maintenance was the most stable stage among the algorithms; preparation was least stable.  True/false items produced the most stable results.
	The algorithm that offered the most accurate staging utilized a longer, clearer definition of traditional exercise using a 5-item algorithm in which participants selected the statement that best described them.

	Rodgers

2001a
	Develop a staging algorithm based on a “lifestyle activity” definition.  Compare it to a “traditional exercise” algorithm.
	N = 168 high school students

N = 215 college students

N = 63 employees
	Written surveys assessed:  Stage of change (using the Reed “long” definitions of traditional, vigorous exercise - 3x/week for 20+ mintues), Stage of change (using a definition of 30 minutes of moderate activity accumulated throughout the day), processes of change, self-efficacy, self-reported activity.

ANOVA (Student-Newman-Keuls)
	Processes of change and self-efficacy differed significantly by stage using the traditional definition.  Only a few processes differed significantly by stage for the lifestyle definition, and the pattern was not strong.  
	These results showed that the two staging mechanisms did not yield similar results.  This suggests that people exercising moderately (i.e. lifestyle definition) were not exercising more vigorously, as well.  Most participants were placed in maintenance using the lifestyle definition algorithm, suggesting that this algorithm was not able to distinguish between stages for moderate, lifestyle activity.

	Sarkin

2001
	Construct and concurrent validity of a 5-item staging algorithm for overweight adults
	N = 670 healthy, overweight adults

53% female

93% white

convenience sample
	Written survey assessed stage of change (5-item using definitions by Marcus 1992a), Godin Leisure Time Questionnaire, Decisional balance (Marcus 8-item scale), Self-efficacy.

ANOVA (Tukey HSD post hoc)
	Decisional balance scores became more positive for participants in later stages.  As stage progressed, the amount of intense exercise increased, although participants in action and maintenance were not significantly different.
	This study lends support for the concurrent and construct validity of the 5-item staging algorithm with overweight adults, particularly at moderate levels of exercise.

	Schumann

2002
	Test the construct validity of the SEBC and exercise intensity with four age groups
	N1 = 400 adolescents

N2 = 240 college students

N3 = 346 adults

N4 = 504 senior citizens

Secondary analysis of data sets
	Stage of change (SEBC with modified preparation stage to reflect intention to exercise and not just exercise behavior)

Godin’s Leisure Time Exercise Questionnaire

MANOVA
	Stage of change was significantly different among participants for strenuous and moderate exercise, but not for mild exercise.
	The modified SEBC demonstrated good construct validity for moderate and strenuous exercise.  A different staging mechanism is recommended for mild exercise.  Also, senior citizens (who most likely engage in mild exercise), may benefit from a staging mechanism just for them.

	Stump

2001
	Test the ability of stage of change to determine participation in a cardiac rehabilitation program.
	N = 85 patients eligible for cardiac rehabilitation

68% male

72% rural Appalachians
	Stage of change (URICA for Exercise, 24-items), BMI, smoking status, and other demographic and lifestyle variables.

Logistic regression
	The preparation and action stages were predictive of participation in a cardiac rehabilitation program.  (Marital status was also a predictor.)
	The practical implications of this study are that the URICA-E staging algorithm sections for preparation and action may be useful for clinicians as they encourage cardiac patients to exercise.

	Wyse

1995
	Construct and concurrent validity of the Stage of Exercise Behavior Change (SEBC) scale.
	N = 244 British young adults

58% female

convenience sample
	Written survey included:  SEBC (Marcus 1992a, 5-item ladder), Godin Leisure Time Physical Activity Questionnaire, BMI, Self-efficacy.

ANOVA (Scheffe post hoc)

Stepwise discriminant analysis
	Concurrent validity appeared to exist between the Questionnaire and stage membership, particularly for moderate and strenuous activity levels.  BMI and self-esteem were both higher for participants in earlier stages.  Different variables predicted stage membership for males vs. females.  Correct stage classification occurred for 67-70% of participants.
	Both concurrent and construct validity of the SEBC were supported.


