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Abstract
Purpose—To examine the efficacy of an intervention based on the transtheoretical model (TTM)
for increasing fruit and vegetable consumption among economically disadvantaged African-
American adolescents.

Design—Pretest-posttest quasi-experimental study.

Setting—Youth services agencies located in New York, New Jersey, and Pennsylvania. Agencies
were assigned to computer intervention (CIN) and nonintervention control study arms.

Subjects—A total of 507 African-American adolescents ages 11 to 14 years.

Intervention—Youths in the CIN arm completed four 30-minute intervention sessions tailored on
TTM stages and processes of change.

Measures—Self-reported fruit and vegetable consumption and stages, pros, cons, and self-efficacy
for consumption.

Analysis—Intervention effects were examined with analysis of covariance models that were
controlled for demographic variables and baseline measures of each outcome. Chi-square analyses
were used to examine between-arm differences in youths’ stage progressions.

Results—After adjustment by covariates, pros (p < .025) and fruit and vegetable consumption (p
< .001) varied significantly with study arm. Youths in the CIN arm had higher pro scores and fruit
and vegetable consumption than controls. More youths in the CIN arm than in the control arm
progressed to later stages and maintained recommended intake levels (p < .05).

Conclusions—A TTM-based intervention can increase fruit and vegetable intake and effect
positive changes in TTM variables related to intake among economically disadvantaged African-
American adolescents.
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PURPOSE
Substantial epidemiologic evidence supports the protective role of fruits and vegetables in the
prevention of cancer.1 Despite the health benefits of a diet rich in fruits and vegetables, fewer
than one fourth of African-American adolescents consume the minimum five recommended
daily servings and, like U.S. adolescents from other racial/ethnic groups, their average intake
decreases with income.2 Although African-Americans comprise a modest 13% of the U.S.
population, cancer incidence and mortality rates are higher among African-Americans than
they are among members of any other U.S. racial and ethnic group.3,4 Their low fruit and
vegetable intake and high cancer incidence suggest that economically disadvantaged African-
American adolescents would benefit from intervention to increase fruit and vegetable
consumption.

The transtheoretical model (TTM) provides a theoretical framework for developing
interventions to modify a variety of health behaviors.5 The model comprises four constructs:
(1) stages of change, the temporal readiness to modify health behavior; (2) decisional
balance, the relative importance of the perceived pros and cons of change; (3) situational self-
efficacy, confidence in one’s ability to modify the behavior across positive social, negative
affect, and difficult situations; and (4) processes of change, the experiential and behavioral
strategies individuals use to progress through the stages of change.6 These constructs are
organized according to the three dimensions of the TTM: the temporal dimension, or stages of
change; the dependent variable dimension, which includes behavior, decisional balance, and
self-efficacy; and the independent variable dimension, or processes of change.

According to the TTM, in order for health behavior change to occur, different processes need
to be employed at different stages.5 By understanding which processes are effective at which
stages, intervention content can be matched to the needs of individuals who are at different
points in the change process. The delivery of stage-tailored change processes, in turn, promotes
movement through successive stages and effects improvements in health behavior, decisional
balance, and self-efficacy.

The TTM has been applied to the cessation of such negative behaviors as smoking, cocaine
abuse, and delinquent behavior, and to the acquisition of such positive behaviors as safer sex
practices, sunscreen use, and regular exercise.7–9 Dietary applications of the model include fat
intake, weight control, consumption of dairy products, and fruit, vegetable, and grain intake.
6 The TTM has been effective in predicting fruit and vegetable consumption in diverse adult
populations.10–17 Moreover, TTM-based interventions have been successful in increasing fruit
and vegetable consumption among African-American adults.18–20 Despite the success of the
model with adults, there are no TTM-based interventions for increasing fruit and vegetable
intake among economically disadvantaged African-American adolescents.

In initial research, we examined the utility of the TTM for understanding and predicting fruit
and vegetable consumption among economically disadvantaged African-American
adolescents.21 Findings revealed that youths were predominantly distributed across three
stages of change (precontemplation, contemplation/preparation, and action/maintenance).

Di Noia et al. Page 2

Am J Health Promot. Author manuscript; available in PMC 2009 October 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Consistent with the TTM, fruit and vegetable intake, pros, and self-efficacy increased across
stages. Cons were initially higher than pros in precontemplation and contemplation/
preparation, and they then decreased in action/maintenance. Experiential and behavioral
processes of change were used less often in precontemplation and contemplation/preparation
than in action/maintenance. The success of the model with economically disadvantaged
African-American adolescents led to the development of a TTM-based intervention to increase
fruit and vegetable intake in this population.

The TTM-based intervention program is tailored on TTM stages and processes of change.
Youths in pre-contemplation, contemplation/preparation, and action/maintenance stages of
change complete intervention sessions that incorporate processes of change strategies relevant
to their stage. The purpose of this study was to determine whether the delivery of stage-tailored
change processes would promote movement through successive stages and effect positive
changes in fruit and vegetable consumption, as well as pros, cons, and self-efficacy for
consumption in a sample of economically disadvantaged African-American adolescents.

METHODS
Design

The study was conducted in 27 youth services agencies located in urban areas of New York,
New Jersey, and Pennsylvania. Youth services agencies were private nonprofit organizations
that provided human services, such as school dropout prevention, recreation, educational
tutoring, computer literacy training, and youth club activities. Outcome data were collected
using a quasi-experimental research design. Nine pairs of agencies matched on the size of their
youth population were randomized to one of two conditions: computer intervention (CIN) and
control. Of the remaining agencies, one served a disproportionately large youth population
compared with the others and was assigned to the control arm to guard against the potential
loss of participants in this arm. The eight other agencies were assigned to the CIN arm.

Following the assignment of sites to study conditions, youths in CIN and control arms were
administered pre-tests under the direction of trained research staff. Two weeks after pretesting,
youths in the CIN arm completed the intervention in four onsite 30-minute weekly sessions.
Youths in the control arm participated in regular programs offered at collaborating sites. Two
weeks after intervention, youths in the CIN and control arms completed posttests.

Sample
Selection criteria for study participation were African-American ethnic/racial heritage and age
of 11 to 14 years. Following institutional review board approval, eligible youths enrolled in
after school programs at participating sites provided assent and obtained informed written
consent from a parent or guardian. For their participation, youths received a $20 honorarium.
Pretests were completed by 549 informed and consenting youths. Of this number, 507 youths
(92%) completed posttests. Common reasons for the 0.08 attrition rate included youths’
sporadic attendance at community-based sites and their discontinuation of after school program
involvement. The sample of 507 youths had a mean age of 12.44 years and was 61% female
and 15% Hispanic. Although the socioeconomic status of youths was not measured, more than
four fifths (87%) of participants came from communities in which 20% or more of families
had incomes below the federal poverty level.22 There were 117 youths in the CIN arm and 390
youths in the control arm.

Measures
Coded for confidentiality, participants completed an outcome battery at pretest and posttest
measurement occasions. The battery contained demographic items for determining youths’
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age, gender, and ethnicity. TTM variables and fruit and vegetable consumption were assessed
using previously validated scales that were included in the battery.21,23

Perceived Pros and Cons of Fruit and Vegetable Consumption—The perceived
pros and cons of fruit and vegetable consumption were assessed via two scales: an 18-item
measure that queried youths’ perceptions of the benefits of eating five or more daily servings
of fruits and vegetables (α = .91), and a 14-item scale that assessed youths’ perceptions of
barriers to consuming five or more daily servings of fruits and vegetables (α = .85). Youths
were asked to rank items in each measure with respect to their decision to consume or not
consume five or more daily servings of fruits and vegetables using five-point Likert scales
ranging from 1 (not important) to 5 (very important). Item ratings were summed to derive total
scale scores. Higher scores indicated endorsements of the perceived pros and cons of
consuming five or more daily servings of fruits and vegetables.

Self-Efficacy for Fruit and Vegetable Consumption—Self-efficacy for fruit and
vegetable consumption was measured using a 17-item scale that queried youths’ belief in their
ability to eat fruits and vegetables in positive social, negative affect, and difficult situations
(α = .86). Positive social situations are social interactions that elicit positive feelings (e.g.,
while having a good time with friends at a party). Negative affect situations involve negative
events accompanied by feeling bad (e.g., when arguing with someone close and feeling sad).
Difficult situations are those in which it is challenging to eat fruits and vegetables (e.g., when
only junk food is readily available). Youths were presented with statements beginning with the
phrase “I am confident in my ability to eat fruits and vegetables when” and followed by a
specific situation (e.g., “I have to prepare meals for myself”). Youths rated their degree of
confidence using five-point Likert scales ranging from 1 (not confident) to 5 (very confident).
Item ratings were summed to derive a total scale score. Higher scores indicated confidence in
the ability to eat fruits and vegetables across the situations described.

Stages of Change and Fruit and Vegetable Consumption—States of change and fruit
and vegetable consumption were assessed using the staging measure and algorithm developed
by the Cancer Prevention Research Center for the 5 A Day initiative.23 The scoring algorithm
was modified to classify youths into precontemplation, contemplation/preparation, and action/
maintenance stages. Youths who reported consumption of fewer than five daily servings were
classified into one of two stages based on their interest in increasing their intake:
precontemplation (not considering eating five or more daily servings of fruits and vegetables
within the next 6 months) or contemplation/preparation (considering eating five or more daily
servings of fruits and vegetables within the next 6 months). Youths who reported consumption
of five or more daily servings of fruits and vegetables were classified in action/maintenance
regardless of the duration of the behavior. Fruit and vegetable consumption was measured
using the first item in the staging measure. This item asked, “About how many servings of
fruits and vegetables do you usually eat each day?” Response options ranged from zero to six
or more servings.

Intervention
The TTM-based intervention program provided youths with four 30-minute sessions of CD-
ROM–mediated intervention content. All users completed an introductory session, which
oriented them to the program and addressed the health benefits of consuming five or more daily
servings of fruits and vegetables. A staging measure built into the session classified users into
precontemplation, contemplation/preparation, or action/maintenance. Users’ stage
classification determined which group of three additional intervention sessions they would
complete.
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Three groups of three 30-minute, stage-tailored sessions were developed, each employing
processes of change strategies relevant to the different stages of change. Users in
precontemplation completed sessions that incorporated consciousness raising, dramatic relief,
and environmental reevaluation processes for enhancing awareness of lower-than-
recommended intakes and promoting acceptance of the need for dietary change. An example
of a consciousness-raising change strategy included in this group of sessions was to increase
users’ awareness of their intake by having them complete an assessment that provided
personalized feedback regarding the number of daily servings of fruits and vegetables they
were in the habit of eating.

Users in contemplation/preparation were exposed to self-reevaluation and self-liberation
strategies for increasing confidence in the ability to increase intake, resolve ambivalence
regarding commitment to act, and facilitate the development of specific plans for modifying
dietary behavior. An example of a self-liberation change strategy included in this group of
sessions was to help users take steps toward increasing their intake by having them set a daily
fruit and vegetable goal and develop a 1-week menu and action plan for reaching the goal.

Reinforcement management, helping relationships, counterconditioning, and stimulus control
processes for helping users sustain recommended intake levels were delivered in sessions for
users in action/maintenance. An example of a helping relationships change strategy included
in this group of sessions was to encourage users to team up with another person who was also
interested in maintaining intake and to develop a “buddy contract” identifying strategies for
giving each other support. Processes of change definitions, sample interventions, and
illustrative examples of corresponding change strategies used in our program are summarized
in Table 1.

Analysis
To facilitate comparisons with prior TTM research, pro, con, and self-efficacy scores were
converted to standard T scores (mean: 50, SD: 10). Descriptive statistics were used to report
youths’ demographic characteristics, stage of change, and fruit and vegetable consumption.
Between-arm differences in baseline measures of TTM variables and fruit and vegetable
consumption were assessed using two-tailed t-tests for independent samples for continuous
variables and χ2 tests for categorical data. The effects of software intervention on fruit and
vegetable consumption, pros, cons, and self-efficacy were examined with analysis of
covariance (ANCOVA) models that were controlled for gender, age, ethnicity, and baseline
measures of each outcome. Chi-square analyses were performed using posttest stage of change
data for groups of youths classified in precontemplation, contemplation/preparation, and
action/maintenance stages at study entry. Analyses examined between-arm differences in
youths’ posttest stage classification.

RESULTS
At baseline, the largest proportion of youths was classified in contemplation/preparation (55%),
followed by pre-contemplation (33%) and action/maintenance (12%) stages. Participants’
mean (SD) level of consumption at study entry was 2.54 (1.48) servings.

Baseline measures of TTM variables and fruit and vegetable consumption did not differ by
arm. After adjustment by covariates, fruit and vegetable consumption (F1, 501 = 26.62; p < .
001) and pros of change (F1, 501 = 5.08; p < .025) varied significantly with study arm (Table
2). Group means revealed that youths in the CIN arm had higher mean intake (mean: 3.25
servings, SD: 1.50 servings) and pro scores (mean: 51.80, SD: 9.89) than youths in the control
arm (mean: 2.46, SD: 1.39 servings, and mean: 49.21, SD: 9.89 servings, respectively). Relative
to youths in the control arm, greater proportions of youths in the CIN arm moved from
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precontemplation to contemplation/preparation and action/maintenance stages (χ2
2 = 13.85,

p < .001), and from contemplation/preparation to action/maintenance stages (χ2
2 = 8.10, p < .

05) from pretest to posttest measurement occasions (Table 3). Moreover, a greater proportion
of CIN-arm youths than control-arm youths in action/maintenance remained in this stage
following intervention (χ2

2 = 7.00, p < .05).

DISCUSSION
Summary

This purpose of this study was to examine the effects of a TTM-based intervention on fruit and
vegetable consumption, and pros, cons, and self-efficacy for consumption among economically
disadvantaged African-American adolescents. Youths who interacted with the program
increased their intake about 38% more than control-arm youths. This represents an average
increase of 0.9 daily servings of fruits and vegetables, an amount larger than the average
increase reported in a meta-analytic review of dietary intervention outcome studies.24

Moreover, CIN-arm youths evidenced greater increases in the perceived pros of eating five or
more daily servings of fruits and vegetables than control-arm youths. In addition, greater
percentages of youths in the CI arm than in the control arm progressed to later stages of change
and maintained the target behavior of eating five or more daily servings of fruits and vegetables.
Positive program effects on fruit and vegetable consumption, pros, and stages of change support
the utility of the TTM for guiding the development of our intervention program.

TTM-based interventions for African-American adults have also been successful in increasing
fruit and vegetable intake.18–20 A difference between our program and programs for adults is
the tailoring approach used. Programs for adults have drawn from TTM stages, decisional
balance, and self-efficacy constructs to deliver personalized messages and feedback tailored
on respondents’ preintervention intake, perceptions of the pros and cons of change, and self-
efficacy for consumption. Our program tailored content on TTM stages and processes of
change. Findings provide preliminary support for the utility of this approach. Although both
tailoring schemes produced positive intake changes in the samples studied, conclusions
regarding the relative efficacy of these approaches must await further research.

Adolescent dietary interventions tailored on TTM processes of change have produced positive
dietary changes.25,26 However, the programs developed by Frenn and colleagues used
processes of change appropriate for youths in preaction stages of change. Our program used
change processes relevant to youths in both preaction (i.e., precontemplation and
contemplation/preparation) and action (i.e., action/maintenance) stages. Positive program
effects were observed among youths in each stage. The replication of effects across stages
lends credibility to study findings. Moreover, findings demonstrate that youths can benefit
from exposure to intervention strategies matched to their motivational readiness to modify
dietary behavior. The focus of many dietary interventions is on increasing intake among
individuals with low levels of consumption. Our findings show that youths who are consuming
five daily servings of fruits and vegetables can also benefit from intervention to help them
sustain this behavior.

Limitations
The use of a self-selected sample limits the generalizability of study findings. Youths electing
to participate in the study may have differed from economically disadvantaged African-
American adolescents in other youth services agency settings. The quasi-experimental study
design limits the internal validity of findings. Youths in the CIN and control arms did not differ
on baseline measures of TTM variables and fruit and vegetable consumption, a finding that
increases our confidence that outcome changes among CIN-arm participants were due to
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intervention and not some other factor. Although the short-term effects of intervention were
studied, research is needed to determine the sustainability of observed effects over time.

Significance
This is one of the first studies to examine the efficacy of a TTM-based intervention for
increasing fruit and vegetable consumption among economically disadvantaged African-
American adolescents. Participants’ mean intake at study entry confirmed the need for effective
interventions to increase consumption in this population. Findings revealed that exposure to
an intervention tailored on TTM stages and processes of change can increase intake, promote
forward movement through the stages of change, and strengthen endorsements of the pros of
change among economically disadvantaged African-American adolescents. Health
professionals designing programs to promote fruit and vegetable consumption in this
population should address the differential needs of youths who may not yet be ready to increase
their intake (those in precontemplation), youths who are considering modifying their intake in
the near future (those in contemplation/preparation), and those who face the day-to-day
challenges of maintaining recommended intake levels (those in action/maintenance). The
delivery of strategies geared toward youths at these different points in the process is an effective
approach for promoting positive dietary change.
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Table 1
Processes of Change Definitions, Sample Interventions, and Illustrative Program
Activities, by Stage

Stage/Process Definition: Sample Interventions Illustrative Program Activity

Precontemplation

 Consciousness raising Raising awareness about unhealthy dietary
behaviors: feedback, education, confrontation,
interpretation, bibliotherapy.

Interactive assessment with feedback for raising
users’ awareness of the number of daily servings
of fruits and vegetables they are in the habit of
eating.

 Dramatic relief Experiencing and expressing feelings to help
motivate dietary change: psychodrama, role
playing, grieving, personal testimonies.

Personal testimonial regarding losing a loved one
to cancer, followed by a discussion of lifestyle
habits associated with increased cancer risk.

 Environmental reevaluation Assessing the impact of one’s unhealthy dietary
behavior on others and raising awareness that one
can serve as a role model for others: empathy
training, documentaries, family interventions.

Vignette depicting a boy who experiments with
different strategies for increasing his intake and
notices the positive impact his behaviors are
having on family members and close friends.

Contemplation/preparation

 Self-reevaluation Examining how one thinks and feels about
oneself with respect to unhealthy dietary
behavior: value clarification, exposure to healthy
role models, imagery.

Guided imagery exercise for helping users
understand the health consequences of not eating
enough fruits and vegetables.

 Self-liberation Choosing to act or belief in ability to change
dietary behaviors: behavioral resolutions, public
testimonies, exposure to multiple alternatives for
modifying behavior.

Identification of a daily fruit and vegetable goal
and development of a 1-wk menu and action plan
for reaching the goal.

Action/Maintenance

 Reinforcement management Rewarding oneself or being rewarded by others
for making dietary changes: contingency
contracts, overt and covert reinforcements,
positive self-statements, group recognition.

Multimedia presentation addressing strategies for
rewarding oneself or being rewarded by others for
continuing to eat five to nine daily servings of
fruits and vegetables.

 Helping relationships Being open about problems with someone who
cares: providing support for healthy behavior,
therapeutic alliance, buddy systems.

Development of a “buddy contract” for teaming
up with someone else who is interested in
maintaining an intake of five or more daily
servings of fruits and vegetables.

 Counterconditioning Substituting alternatives for problem behaviors:
relaxation, desensitization, assertion, positive
self-statements.

Interactive activity for helping users identify
problem behaviors that prevent them from
maintaining intake followed by a multimedia
presentation of healthy replacement behaviors to
try instead.

 Stimulus control Avoiding or countering stimuli that elicit
problem behaviors: avoidance, environmental
reengineering, self-help groups.

Environmental assessment activity for
determining characteristics of home,
neighborhood, and school environments that may
encourage unhealthy eating, followed by a
discussion of strategies for changing or handling
environmental aspects that are problematic.

Am J Health Promot. Author manuscript; available in PMC 2009 October 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Di Noia et al. Page 10
Ta

bl
e 

2
A

na
ly

si
s o

f C
ov

ar
ia

nc
e 

of
 P

ro
s, 

C
on

s, 
Se

lf-
Ef

fic
ac

y,
 a

nd
 F

ru
it 

an
d 

V
eg

et
ab

le
 C

on
su

m
pt

io
n

So
ur

ce
 o

f V
ar

ia
nc

e
A

dj
us

te
d 

SS
df

M
S

F
P

Pr
os

 
A

rm
41

1.
96

1
41

1.
96

5.
08

0.
02

5

 
Pr

et
es

t
84

24
.4

8
1

84
24

.4
8

10
3.

97
0.

00
0

 
A

ge
17

.0
1

1
17

.0
1

0.
21

0
0.

64
7

 
G

en
de

r
0.

15
6

1
0.

15
6

0.
00

2
0.

96
5

 
Et

hn
ic

ity
23

5.
79

1
23

5.
79

2.
91

0.
08

9

 
Er

ro
r

40
59

4.
58

50
1

C
on

s

 
A

rm
36

.8
1

1
36

.8
1

0.
44

3
0.

50
6

 
Pr

et
es

t
61

77
.7

6
1

61
77

.7
6

74
.4

1
0.

00
0

 
A

ge
0.

09
7

1
0.

09
7

0.
97

3
0.

97
3

 
G

en
de

r
0.

61
6

1
0.

61
6

0.
94

6
0.

94
6

 
Et

hn
ic

ity
51

.1
5

1
51

.1
5

0.
43

3
0.

43
3

 
Er

ro
r

41
59

6.
13

50
1

Se
lf-

ef
fic

ac
y

 
A

rm
88

.6
6

1
88

.6
6

1.
09

0.
29

7

 
Pr

et
es

t
71

87
.0

6
1

71
87

.0
6

88
.3

4
0.

00
0

 
A

ge
11

2.
29

1
11

2.
29

1.
38

0.
24

1

 
G

en
de

r
41

.1
8

1
41

.1
8

0.
50

6
0.

47
7

 
Et

hn
ic

ity
3.

85
1

3.
85

0.
04

7
0.

82
8

 
Er

ro
r

40
75

9.
29

50
1

88
.6

6

Fr
ui

t a
nd

 v
eg

et
ab

le
 c

on
su

m
pt

io
n

 
A

rm
49

.4
0

1
49

.4
0

26
.6

2
0.

00
0

 
Pr

et
es

t
83

.4
6

1
83

.4
6

44
.9

7
0.

00
0

 
A

ge
0.

51
5

1
0.

51
5

0.
27

8
0.

59
9

 
G

en
de

r
2.

12
1

2.
12

1.
14

0.
28

6

 
Et

hn
ic

ity
0.

00
1

1
0.

00
1

0.
00

0
0.

98
5

 
Er

ro
r

92
9.

76
50

1

Am J Health Promot. Author manuscript; available in PMC 2009 October 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Di Noia et al. Page 11
Ta

bl
e 

3
C

hi
-S

qu
ar

e 
A

na
ly

si
s o

f B
et

w
ee

n-
A

rm
 D

iff
er

en
ce

s i
n 

Po
st

te
st

 S
ta

ge
s o

f C
ha

ng
e 

by
 P

re
te

st
 S

ta
ge

s o
f C

ha
ng

e

Po
st

te
st

 S
ta

ge
s o

f C
ha

ng
e 

(%
)

Pr
et

es
t S

ta
ge

s o
f C

ha
ng

e
Pr

ec
on

te
m

pl
at

io
n

C
on

te
m

pl
at

io
n/

Pr
ep

ar
at

io
n

A
ct

io
n/

M
ai

nt
en

an
ce

χ2
p

Pr
ec

on
te

m
pl

at
io

n

 
C

IN
 (n

 =
 3

7)
27

49
24

13
.8

5
0.

00
1

 
C

on
tro

l (
n 

= 
13

2)
52

42
6

C
on

te
m

pl
at

io
n/

pr
ep

ar
at

io
n

 
C

IN
 (n

 =
 6

8)
12

72
16

8.
10

0.
05

 
C

on
tro

l (
n 

= 
20

9)
26

66
8

A
ct

io
n/

m
ai

nt
en

an
ce

 
C

IN
 (n

 =
 1

2)
8

33
59

 
C

on
tro

l (
n 

= 
49

)
23

57
20

7.
00

0.
05

Am J Health Promot. Author manuscript; available in PMC 2009 October 14.


