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ABSTRACT

This study examined the direct and mediated impact of a
self-administered, computer-based intervention on nutrition be-
havior, self-efficacy, and outcome expectations among super-
market food shoppers. The intervention, housed in kiosks in su-
permarkets and based on social cognitive theory, used tailored
information and self-regulation strategies delivered in 15 brief
weekly segments. The study sample (N = 277), stratified and
randomly assigned to treatment or control, was 96% female,
was 92% White, had a median annual income of about $35,000,
and had a mean education of 14.78 £2.11 years. About 12% of
the sample reported incomes of $20,000 or less, and about 20%
reported 12 years or fewer of education. Analysis of covariance
immediately after intervention and at a 4- to 6-month follow-up
found that treatment led to improved levels of fat, fiber, and
fruits and vegetables. Treatment also led to higher levels of nu-
trition-rel ated self-efficacy, physical outcome expectations, and
social outcome expectations. Logistic regression analysis deter -
mined that the treatment group was more likely than the control
group to attain goals for fat, fiber, and fruits and vegetables at
posttest and to attain goals for fat at follow-up. Latent variable
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structural equation analysis reveal ed self-efficacy and physical
outcome expectations mediated treatment effectson nutrition. In
addition, physical outcome expectations mediated the effect of
self-efficacy on nutrition outcomes. Implicationsfor future com-
puter-based health promotion interventions are discussed.

(Ann Behav Med 2001, 23(2):88-100)

INTRODUCTION

Diets high in fat and low in fiber and fruits and vegetables
have been associated with increased risk for cancers, diabetes,
cardiovascular diseases, other morbidities, and all-cause mortal -
ity (1,2). Although major initiatives during the last decade have
resultedin somefavorabledietary changes(2), only aminority of
Americansreach all recommended dietary goal sof 30% or fewer
kilocalories(kcals) fromfat, 25 g fiber per day, and 5 servingsper
day of fruits and vegetables (3). In addition, some purported di-
etary changes such asareduction in calories from fat may bein
part illusionary. For example, for the last 2 decades, the mean
daily consumption of fat gramshasremained at about 80 g, but ca-
loricconsumption, apparently fromlower fat but higher carbohy-
drate, foodshasincreased by about 150to 200 kcalsper day (4,5).
Thus, reportsof reductionsin percentagekcal sfromfat from 37%
to 34% (3) may need some qualification. In addition, despite
ready access by most population segments to awide variety of
healthier foods, overweight and obesity may have increased be-
cause of high-fat, high-calorie “fast,” prepared, and snack foods
and by foodswith an emphasison quantity, such as* super-sized”
portions (4-8). Thus, arange of intervention strategiesis needed
to alter the nutritional and activity patterns of population seg-
mentsto reduce overweight, obesity, and risk for cancer and car-
diovascular and other diseases.

Self-administered computer-based interventions have the
potential to influence dietary changes in large, albeit self-se-
lected, groups of people. Computerized programs designed to
assess users' health-related behaviors and provide personalized
behavior change recommendations (9—14) have shown promise,
but these “assessment and prescription” programs are generally
designed to complement care from physicians and other health
care professionals (15). Computer-based programs designed to
be self-administered and that go beyond assessing behavior and
prescribing remedies are beginning to emerge in the areas of
AIDS risk-reduction (16), eating disorders (17), adult fitness
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(18), youth nutrition and fitness (19), general health promotion
(20), and adult nutrition (21,22). The development of com-
puter-based interventions, however, must rest on afirm theoreti-
cal foundation to realize the potentia for behavior change and
risk reduction (23,24). The Nutrition for a Lifetime System®
(NLS) is a self-administered, computer-based intervention
based on social cognitive theory (24) developed through aseries
of small efficacy studies centered in supermarkets (22,25).
Though of minimal dose, the NL S provides userswith personal -
ized information, behaviora strategies, and incentives for
change aswell asavehiclefor planning and receiving feedback
on personal behavior change goals.

Although there is a growing consensus that intensive, indi-
vidual-based interventions can be effectively evaluated by mul-
tiple, diet-recall interviews (26), such assessments often are not
feasible or warranted for evaluating less intensive individual-,
group-, or community-based interventions such as the NLS
(26,27). Food frequency surveys have become more prevalent in
assessing community- and population-based dietary behavior
(26), and when collected concurrently with diet records, they
have been shown to be sensitive to change associated with clini-
cal and self-help nutrition interventions (27). However, self-re-
port measures of health behavior and risk factors, especially
when used alone, have been found to seriously underestimate
risk behaviorsin the general population (28). One effective way
to increase the accuracy of self-reported food frequency surveys
isto collect themin conjunction with perceived or real verifiable
objective data (28). Previous research with the NL S found that
annotated food shopping receipts, collected over a period of
time, can provide an objective, sensitive measure of nutrition be-
havior of individual food shoppers (21,22,25). In conjunction
with a database of supermarket foods devel oped specifically to
evaluate nutritional content of food purchases (21), supermarket
receipts can provide rich data regarding the nutritional status of
individuals and families whose diets consist largely of foods
purchased at food stores. For individuals who purchase a
smaller proportion of foods at food stores, food shopping re-
ceipts are less sensitive to intervention-related dietary change
(21,22,29). In light of the cost and response burden of annotat-
ing, collecting, and analyzing comprehensive samples of receipt
data, food shopping receipts may be most useful as an objective
measure used to corroborate self-report food frequency or
diet-recall data. Our study used a system that included food
shopping receipts and food frequency questionnaires. These
measures—individually, together in a composite, and together
in alatent-variable model—provide data to evaluate the effects
of the NL S on nutrition behavior and nutritional goal attainment
among a diverse group of food shoppers.

The NLS intervention provides information, behavioral
strategies, and incentives to guide usersto set and evaluate a se-
ries of goals regarding specific nutrition-related behaviors. So-
cial cognitive theory suggests nutrition goal setting and self-reg-
ulation would directly improve participants’ nutrition-related
behavior. In addition to the direct effect of these intervention
strategies, social cognitive theory suggests such interventions
would increase nutrition-related self-efficacy and outcome ex-
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pectations—processes that would also directly improve nutri-
tion behavior. The direct and mediated effects of treatment
should be evaluated with measurement systems designed to as-
sess the nature and extent of the influence of constructs used to
develop theintervention (24). Unfortunately, such measurement
systems for less intensive individual, community-based, and
large-group interventions are virtually nonexistent. Our study
used measures of self-efficacy and outcome expectations shown
to explain nutrition behavior among food shoppers (30) to ex-
plore the extent to which treatment effects were mediated by
these social cognitive variables.

METHOD

Participants

Of 795 shoppers expressing interest in the study (i.e., re-
turned at least some part of the enrollment packet; see the fol-
lowing Procedure section), 464 (58%) were recruited for the
study (i.e., returned complete packets and oneinitial food shop-
ping receipt). Of the recruited sample, 363 (79%) returned at
least 4 weeks of food shopping receipts and were enrolled in the
study. Of the enrolled sample, 67 (18%) dropped out prior to in-
tervention. Of the 296 who participated in theintervention phase
of the study, 148 were assigned to the control condition, and 148
wereassigned to usethe NL Skiosk. All 148 control participants
completed the intervention phase and provided posttest data.
Nineteen NL S participants dropped out, however, during thein-
tervention phase (13% of NLS participants), resulting in 129
NLS participants providing posttest data (posttest N = 277). At
follow-up, 91 control participants and 72 NL S participants pro-
vided data (59% of intervention participants, 45% of enrolled
participants).

Procedure

Participants were recruited in five supermarkets using pro-
cedures consistent with store operations involving brief
face-to-face contact followed by a mail back of enrollment ma-
terials (these procedures are described in detail elsewhere) (25).
To enroll in the study, participants were required to complete a
detailed demographic survey and to mail back at least 4 weeks
of annotated food shopping receipts. After enrolling, partici-
pants continued to send baseline food shopping receipts and
completed the Block95 Food Frequency Questionnaire (FFQ)
(31) and the NL S Food Beliefs Survey. After baseline, enrolled
participants were stratified by race, education, and family size
and randomly assigned from stratification groups into the NLS
treatment or the no-treatment control condition. Participants
submitted food shopping receipt data throughout the interven-
tion phase and completed FFQs and NL S Food Belief Surveys
immediately after intervention. Four to 6 months after interven-
tion, participants completed final FFQs and submitted 6 weeks
of food shopping receipts.

Participants received $10 for completing enrollment forms,
$10 for baseline, $15 for posttest FFQs and NL S Food Beliefs
Surveys, and $20 for follow-up FFQs. Participants also received
$5 per week for returning annotated food shopping receipts dur-
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ing baseline, $7 per week during the intervention phase, and $10
per week during thefollow-up phase. Participantsusingthe NLS
program had access to coupons (see following) and redeemed a
mean of $34in couponsduringintervention. Control participants
received an equivalent payment at the end of intervention.

NLS Intervention

Stand-alone kiosks located in the five recruitment super-
markets housed the NLS computers. NLS users accessed the
system with assigned passwords. Overall, the NLS program
guided participants to decrease fat and to increase fiber, fruits,
and vegetables in their food purchases and consumption. Spe-
cifically, the NLS segments focused on increasing purchases
and consumption of cruciferous vegetables, fruits rich in vita
mins C and A, moderate- to high-fiber bread and cereals, lowfat
or nonfat dairy, and other lean protein sources. In addition, the
NL S focused on decreasing purchases and consumption of dis-
cretionary fat (especially butter and margarine), high-fat ground
beef, and high-fat snack foods. The NL S consisted of 15 weekly
segments. 10 content segments followed immediately by 5 seg-
ments devoted to maintenance. Using pictures, graphics, and an
audio track, each segment provided prescriptive information,
suggested strategies for monitoring and planning food pur-
chases and meal preparation, and provided opportunities for
personalized goal setting and feedback for each targeted food
group or behavior change strategy. In addition, the NL S offered
targeted food couponswith thetype, order, and val ue of coupons
dependent on the program segment’s content, a product’s cost,
and aweekly coupon allotment. The total value of the coupons
available each week ranged from about $8 to $12. Couponswere
printed at the kiosk, and to promote immediate use, redemption
was limited to the NLS user at the kiosk store within 1 week of
printing. Completion of al parts of each segment required 5 to
10 min, with longer segments providing behavior change plan-
ning and feedback. More details about the NL S program can be
found elsewhere (21,25).

M easures

Nutrition outcomes. Nutrition outcomes were measured
with food shopping receipts, FFQs, and a composite of the two
measures. Values for percentage kcals from fat, fiber grams per
1,000 kcals purchased, and servings of fruits and vegetables per
1,000 kcals were gleaned from each measure.

This study utilized food shopping receipt data collected
during thelast 6 weeks of each study phase. Recei pts spanned an
average of 34 days for each phase of the study, 135 food items
per participant at baseline, 126 items at posttest, and 140 items
at follow-up. Food purchases were analyzed for fat, fiber, and
fruit and vegetable content utilizing the NLS Supermarket
Foods Database (SFD) (21). In general, receipted food items
along with amount purchased, price paid, date and store of pur-
chase, and participant identifiers were entered into the NLS
Grocery Receipt Recording Program (GRRP). The GRRP, com-
puter software culminating 10 years of NLS research (21,22),
linked each food item through its receipt label to the NLS-SFD.
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The NLS-SFD contains information on grams of fat, grams of
fiber, kcals, and servings of fruits and vegetable for each ounce
of the purchased food. The GRRP automatically updated the
NFS-SFD with new food items and receipt label links; the
GRRP aso automaticaly initiated needed updating of the
NFS-SFD nutrition information. Food purchases were aggre-
gated for study phase generating baseline, posttest, and fol-
low-up values for total grams of fat, total grams of fiber, total
kcals, and total servingsof fruitsand vegetablesfor each partici-
pant. These total phase values served asthe basisfor percentage
of kcalsfrom fat, grams of fiber per 1,000 kcal's, and servings of
fruits and vegetables per 1,000 kcals.

FFQs were collected from participants 4 weeks into base-
line, at the end of posttest, and at the beginning of follow-up.
Participants received instruction to report food consumption for
the respective phase of the intervention. Block Dietary Data
Systems (BDDS) (31) scored the FFQs and provided values for
percentage of kcals from fat. Based on the scores provided by
BDDS, we generated values for fiber grams per 1,000 kcals
(daily fiber gramg/[daily kcals/1,000]) and servings of fruitsand
vegetables per 1,000 kcals (daily servings of fruits + daily serv-
ings of vegetables/[daily kcals/1,000]).

For participants submitting both food shopping recei pt data
and FFQ data, we calculated composite (i.e., mean) nutrient val-
uesfor percentage of kcalsfromfat, fiber grams per 1,000 kcals,
and fruit and vegetable servings per 1,000 kcals at each assess-
ment point (baseline, posttest, and follow-up). In addition to
providing an outcome measure incorporating both nutrition in-
struments, these composites served as the basis for gauging the
magnitude of nutritional change associated with the interven-
tion and for determining nutritional goal attainment.

Social cognitive variables. The NLS Food Beliefs Survey
(30) measured self-efficacy and outcome expectations 4 weeks
into baseline and at the end of the intervention phase. The sur-
vey's self-efficacy questions emerged from formative work with
past usersof the NL S (21,22) and assessed self-efficacy for buy-
ing, preparing, eating, and serving lower fat and higher fiber
foods and more fruits and vegetables. The scale prompted par-
ticipants to rate their certainty in performing the behaviors “all
or most of thetime.... for alongtime... inalot of different situ-
ations,” with the scale ranging from 1 (very sure | cannot) to 10
(very sure | can). Examples of self-efficacy items included “I
can bring a slice of bread with fiber to work or school for a
snack” and “I can get at least 4 servings from every pound of
ground beef | buy.” Factor analysis of the items (30) resulted in
thethree self-efficacy factor-based scales (32) usedin our analy-
ses: (a) Self-Efficacy for Increasing Fiber and Fruit and Vegeta-
bles (internal consistency, a = .90), (b) Self-Efficacy for De-
creasing Fat in Snacks (a = .88), and (c) Self-Efficacy for
Decreasing Fat in Meals (a = .83).

TheNL SFoodBeliefsSurvey al so assessed thethreecompo-
nents of outcome expectations defined by Bandura (24)—physi-
cal, social, and self-eval uative. Questionson the scal e asked par-
ticipantsto “tell uswhat would happenif you ate and served your
family a healthy diet every day.” Participants used a 5-point
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Likert-type scale to rate how much they agreed that certain out-
comes would result. Itemsincluded physical outcomes (e.g., “I

will be hungrier,” “The food | eat won't taste good,”) and
self-evaluative outcomes (e.g., “1 will be doing what | know |

should.”). Socia outcomes, specifically family reactionsto spe-
cific nutrition-related behaviors, were measured with a
Likert-type scaleranging from 1 (My family would strongly dis-
likeor beangry) to 5 (My family would strongly like or be glad).
Social outcome itemsincluded “If serve bread with fiber to my
family ...” and “If | serve more vegetables at meals ...”. Factor
analysis (30) yielded four factor-based (32) outcome-expecta
tions scales. (a) Expected Family Reactions (a = .88), (b) Ex-
pected Health Outcomes (o =.91), (¢) Expected Budgetary Out-
comes(a =.84), and (d) Expected A ppetite Satisfaction (o =.76).

Demographic characteristics. Participants provided demo-
graphicinformation during study recruitment and enrollment. In
addition to participant age, sex, and race or ethnic background,
participants reported the highest level of education achieved by
all adultsin the home, the occupation of all adultsin the home,
the household income, and the number of children living in the
home. Although age and education variables were measured in
years, income was measured in categories ranging from 1 (less
than $10,000 per year) to 10 (greater than $90,000 per year).
Primary occupations of adults in the home reported by partici-
pantswere coded based on Duncan’s system (33) ranging from O
(no paid job or profession indicated) to 13 (school teacher).
Standardized values for the highest level of education of adults
in the home, highest level of occupation of adults in the home,
and family income contributed equally to a composite variable
of household socioeconomic status (SES).

Statistical Analysis

Analysisof covariance (ANCOVA) determined treatment ef-
fects on FFQ, receipt, and composite measures of percentage of
kcalsfromfat, fiber gramsper 1,000 kcals, and fruit and vegetable
servingsper 1,000 kcalsat post and follow-up. ANCOVA wasalso
used to determine treatment effects on social cognitive variables
(self-efficacy and outcome expectations) at posttest. Participant
demographic variables (SES, age, and number of children in the
home) and baseline values for the corresponding dependent vari-
ables served as covariatesin these analyses.

Latent variable structural equation modeling (SEM) exam-
ined the extent to which any observed treatment effects on nutri-
tion outcomeswere mediated by treatment effects (if any) on so-
cial cognitive variables. Consistent with social cognitive theory,
SEM also examined the extent to which the effect of self-effi-
cacy on the nutritional outcomes was mediated by outcome ex-
pectations. A technique most commonly used to analyze
nonexperimental data, latent-variable SEM is a preferred
method for examining mediating effects within experimental
studies (34). SEM controls for measurement error by incorpo-
rating multiple measures or measurement reliabilities, and it al-
lows simultaneous testing of relevant relations (i.e., paths). Fig-
ure 1 illustrates the six models tested—models at posttest and
follow-up for fat, fiber, and fruit and vegetable outcomes. SEM
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FIGURE 1 Socia cognitive model of treatment effects on nutrition
behavior.

allowed us to evaluate to what extent the total effects of treat-
ment were direct or independent of social cognitive variables
and to what extent they were indirect or mediated by the social
cognitive variables. SEM aso allowed us to evaluate how well
the models fit the NL S study data: (a) goodness-of-fit index of
.90 or greater, (b) adjusted goodness-of-fit index of .80 or
greater, (c) normed fit index of .90 or greater, (d) root mean
square error of the approximation equal to or lessthan .05 (a =
.05), and (e) chi-square. The squared multiple correlation (R?)
associated with the latent fat, fiber, and fruit and vegetable vari-
ables allowed us to evaluate the effectiveness of the modelsin
explaining the variance observed in the sample’s nutrition be-
havior at post and follow-up.

Prior to conducting the SEM analysis, variableswere exam-
ined for normality. Although several variables were slightly
skewed, servings of fruits and vegetables and grams of fiber
from food shopping receipts had severe kurtosis (kurtosis statis-
ticsranging from 5.99 to 50.06). These variables, at posttest and
follow-up, were transformed using the Logl10 transformation
operation in SPSS, Version 10.0 (35), resulting in normally dis-
tributed variables. LISREL software, Version 8.3 (36), then gen-
erated a covariance matrix of measures of treatment, social cog-
nitive, and outcome variablesfrom raw dataimported (including
transformed variables) from SPSS (35). The structural models
used measures of nutrient values from food shopping receipts
and FFQs. Self-efficacy, physical outcome expectations, and so-
cial and self-evaluative expectations variables in the model re-
flect those measured variables influenced by the NL S treatment
(i.e., ANCOVA). Error terms for latent variables in the models
with singleindicators were estimated as the indicator’ s variance
times one minus the indicator’s reliability (37).

Logistic regression analysis determined the effects of treat-
ment and social cognitive variables on nutritional goal attain-
ment at post and follow-up. A participant was considered to
have attained the goal for fat if the composite measure of fat in-
dicated 30% or fewer kcalsfrom fat. Thefiber goal was attained
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if the composite measure of fiber indicated at |east 25 g fiber per
day (based on a 2,000-caorie-per-day diet). Last, the goa for
fruits and vegetables was attained if the composite measure of
fruit and vegetable servings indicated at least five servings of
fruits and vegetables per day (based on a 2,000-cal orie-per-day
diet). Goal attainment analysiswas conducted in two steps. The
first step determined the effect of treatment on posttest and fol-
low-up goal attainment controlling for demographic variables
and baseline goal attainment rates. The second examined to
what extent the social cognitive variables added to the predic-
tion of goal attainment outcomes. The multivariate odds-ratios
(MORs; a < .10) resulting from the logistic regression analyses
represent therelative frequency of goal attainment when the pre-
dictor variable changes by one unit: no treatment compared to
treatment or 1 SD change in other noncategorical variables.

RESULTS

The sample participating in the NLSintervention (n = 277)
was 96% female, was 92% White, had a median annual income
of about $35,000, and had amean of 14.78 £2.11 yearsof educa
tion. About 12% of the sample reported incomes of $20,000 or
less, and about 20% reported 12 years or fewer of education.
Compared to participants completing intervention, participants
who wererecruited but did not enroll in the study (n = 433) were
younger, had less education, had lower levels of occupational
status, and had more children. Participantswho did not enroll (n
=433) had amean age of 42.37 (SD = 11.86, p < .001) and mean
yearsof education of 14.37 (SD = 1.92, p < .05). Participants not
enrolling in the study compared to those who completed inter-
vention had mean Duncan-based (33) occupational levels of
8.28 (SD = 3.40) versus 9.25 (SD = 3.34, p<.001) and 1.13 chil-
dren (SD = 1.18) versus 0.70 children (SD = 1.00, p < .001). The
33 participants who enrolled but did not participate in the inter-
vention (i.e., baseline dropouts) had fewer children (M = 0.76,
D =0.74, p < .05) than those who did not enroll. In addition,
baseline dropouts had lower incomes than participants who did
not enroll and than participants who completed intervention
(mean of about $25,000 vs. mean of about $35,000, p < .01).
Finally, baseline dropouts had lower levels of occupational sta-
tus (M = 6.44, SD = 3.85) than either of the other groups (see
earlier, p < .05).

Use of the NL S Intervention

Of the 148 participants assigned to NL Sintervention condi-
tion, 129 viewed at least 3 segments of the 15-segment interven-
tion with amean of 10.36 segmentsviewed (SD = 3.96). Within
the week of each segment’s first viewing, NLS users were al-
lowed to visit the kiosk to review content as many times as they
wished. Most participants did not revisit segments (M = 0.86,
D =1.41), but about 20% of the participants made 2 to 10 total
revisitsto the NLSkiosk to review 1 or more of the 15 segments.
Coupons were offered to participants only once for each seg-
ment (i.e., not when revisiting program segments). Of the ap-
proximately $140 in coupons available to NLS users if they
viewed every segment and selected all available coupons, NLS
users selected arange of $10.15 to $127.81 in total coupons (M
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= $67.92, D = $28.28). Of the coupons selected, about 45%
were redeemed (M = $33.92, D = $23.86). Small, positive cor-
relations were observed between the composite measure of
posttest fiber and coupon redemption (r = .22, p < .05) and be-
tween composite posttest servings of fruits and vegetables and
kiosk revisits(r =.23, p<.05), but such correlationsdid not hold
at follow-up. Posttest and follow-up composite measures were
independent of the number of segments viewed by NL S partici-
pants (Pearsonr, o =.05).

Nutritional and Social Cognitive Outcomes

Control group and NL S user group means and standard de-
viations at baseline, posttest, and follow-up for the three nutri-
tional measures are displayed in Table 1. ANCOVA at baseline
indicated no between-group differences on any measure of fat,
fiber, and fruit and vegetable servings controlling for partici-
pants household SES, number of children, and age (o = .10). At
posttest, controlling for demographic characteristics and base-
line fat levels, NLS users had lower levels of fat in the food
shopping receipts, the FFQ, and the composite fat measure. Al-
though the composite percentage of kcals from fat among con-
trol group participants increased dlightly from baseline to
posttest, among NLS users composite fat decreased by 9%.
These differences were maintained at follow-up in the FFQ and
composite measures but not in the food shopping receipt mea
sure (see Table 1).

Among the covariates, only household SES influenced par-
ticipants' posttest percentage of kcals from fat as measured by
the food shopping receipts, F(1, 255) = 5.986, p < .05, and the
composite fat measure, F(1, 189) = 4.115, p < .05. Household
SES influenced fat levels neither from these measures at fol-
low-up nor from fat as measured by the FFQ at either assess-
ment point. Although household SES negatively correlated with
fat levels from food shopping receipts (r = —.27, p < .001) and
from the composite fat measure (r = —.22, p < .01), post hoc
analyses of interactions between SES and treatment indicated
the effects were independent (o = .10).

In addition to lower levels of fat at posttest, NL S users had
higher levels of fiber grams per 1,000 kcals (controlling for de-
mographic and baselinefiber variables) on thefood shopping re-
ceipts, on FFQs, and in the posttest composite fiber measure.
Although the composite fiber grams per 1,000 kcalsamong con-
trol participants decreased dightly from baseline to posttest,
among NLS users composite fiber increased by amost 19%.
These differences were maintained at follow-up in the FFQ and
composite measures but not in the food shopping receipt mea-
sure. None of the demographic covariates influenced any of the
posttest or follow-up measures of fiber.

At posttest, NLS users also had higher levels of fruits and
vegetable servings per 1,000 kcalsin the FFQ and the composite
fruit and vegetable measure but not in the food shopping re-
ceipts. Although the composite servings per 1,000 kcals among
control participants remained unchanged from baseline to
posttest, among NLS users composite servings increased by
over 20%. These differences were maintained at follow-up.
None of the demographic covariates influenced any of the
posttest or follow-up measures of fruitsand vegetable servings.



TABLE 1

Baseline, Posttest, and Follow-up Means and Standard Deviations for Control and NLS Users: Three Measures of Nutrient Values

Food Shopping Receipts Food Frequency Questionnaires Composite

Variable Control NLS F (df) Control NLS F (df) Control NLS F (df)

Fat (% calories)

Baseline
M 31.67 32.78  0.860 33.64 33.49 0.035 32.74 3324 0240
D 8.80 9.60 (1,267) 7.86 751 (1, 254) 6.85 728 (1,253)
n 148 129 137 125 137 124

Posttest
M 33.55 3113  6.676*** 33.25 30.37 11.167*** 33.36 30.10  15.228****
D 9.40 10.15 (1, 255) 8.33 751 (1, 200) 7.02 6.92 (1,189
n 145 121 121 87 118 79

Follow-up
M 31.93 3060 1564 34.29 31.39 5.47** 33.19 31.00 4.535**
D 8.42 844  (1,167) 7.96 6.96 (1, 158) 6.93 6.42  (1,155)
n 100 72 93 72 0 72

Fiber (g/1,000kcals)

Baseline
M 9.29 9.00 0.498 8.72 886 0.194 9.00 897 0.007
D 3.78 3.22 (1, 267) 3.45 2.76 (1, 254) 3.32 257  (1,253)
Posttest
M 8.95 9.96 4.438** 8.97 10.87 23.487x*** 8.87 10.63  19.808****
D 4.14 472 (1, 255) 3.70 3.08 (1, 200) 321 329 (1,189
n 145 121 121 87 118 78

Follow-up
M 9.73 1048  1.302 8.65 10.74 20.993**** 9.21 1061  8.203***
D 3.75 496 (1,167) 3.46 3.26 (1, 158) 3.26 337 (1,155)
n 100 72 93 72 0] 72

Fruit and vegetables

(servings/1,000kcals)

Baseline
M 2.96 2.76 0.867 2,77 2.79 0.039 2.85 278 0.164
D 1.86 135 (1, 266) 1.40 114 (1, 254) 134 1.06 (1, 252)
n 147 129 137 125 136 124

Posttest
M 2.75 3.08 1571 2.89 3.52 14.436**** 2.77 3.37 6.871%**
D 1.95 261 (1, 254) 1.46 131 (1, 200) 127 1.79 (1, 189)
n 145 121 121 87 118 79

Follow-up
M 3.05 3.35 1.106 2.80 3.34 5.249** 25 335  3.286*
D 1.37 2.39 (1, 167) 1.40 1.46 (1, 158) 1.18 1.56 (1, 155)
n 100 72 93 72 90 72

Note. Analysisof covariance (ANCOVA) analyses of between-group differences controlled for household socioeconomic status, participant age, and number of
children in the home. ANCOVA analyses at posttest and follow-up also controlled for baseline outcome values. NLS = Nutrition for a Lifetime System®; kcals =

kilocalories.

*p<.10.¥*p < .05, ***p < 0L ****p < 00L.

Control group and NL S user group means and standard de-
viations for the measures of self-efficacy and outcome expecta-
tionsat baseline and posttest are displayed in Table2. ANCOVA
analyseswith demographic covariatesindicated the groupswere
equivalent on all social cognitive measures at baseline. At
posttest, NLS users had higher levels of self-efficacy for de-
creasing fat in meals than control participants. NLS users also
had higher expectations at posttest that their families would ac-
cept healthier foods (social outcome expectations) and higher
expectations that healthier foods would be satisfying (physical
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outcome expectations). There were no differences between
study groups on other measures of posttest self-efficacy and out-
come expectations. Finally, none of the demographic covariates
influenced any of the posttest social cognitive variables.

Mediation of Treatment Effects and Effects of
Self-Efficacy on Nutrition Outcomes

Figure 1 illustrates the hypothesized model of mediating ef-
fects of socia cognitive variables influenced by treatment. In the
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TABLE 2
Baseline, Post, and Follow-Up Means and Standard Deviations for Control and NLS Users: Self-Efficacy and Outcome Expectations

Self-Efficacy
Low-Fat Snhacks
Control NLS F (df)

Low-Fat Meals
Control NLS F (df)

Fruits, Vegetables, & Fiber
Control NLS F (df)

Baseline
M 6.70 6.89 1.004 7.24 7.29 0.025 7.29 750 1.038
D 1.79 1.82 (1, 256) 1.67 1.86 (1, 256) 1.78 1.58 (1, 256)
n 139 125 139 125 139 125
Posttest
M 6.68 7.01* 3.999** 7.18 7.38 0.809 7.38 7.58 0.058
D 1.73 167 (1, 224) 1.61 1.80  (1,224) 1.67 173 (1,224)
n 132 98 132 98 132 98
Outcome Expectations
Appetite Satisfaction Budgetary Outcomes Health Outcomes Family Reactions
Control NLS F (df) Control NLS F (df) Control NLS F (df) Control NLS F (df)
Baseline
M 3.92 3.97 0.024 3.39 3.40 0.101 4,29 437 1462 3.15 3.17 0.010
D 0.90 0.93 (1, 256) 1.09 1.10 (1, 256) 0.66 059 (1, 256) 0.79 0.75 (1, 257)
n 139 125 139 125 139 125 138 122
Posttest
M 3.94 4.13* 2.799* 3.40 3.39 0.292 4.32 4.40 0.225 3.16 3.31** 5729**
D 0.91 088  (1,224) 1.07 114 (1,224) 0.63 058 (1,224 0.76 072 (1,224
n 132 98 132 98 132 98 131 96

Note. Analysis of covariance analyses of between-group differences at posttest controlled for household socioeconomic status, participant age, number of
children in the home, and baseline values. NL S = Nutrition for a Lifetime System.

*p<.10.**p < .05.

model self-efficacy, physical outcome expectations and social
outcome expectations mediate treatment effects on nutrition be-
havior. In addition, physical outcome expectationsand social out-
come expectations mediate the effects of self-efficacy on nutri-
tion behavior. In the tested models, the measures of self-efficacy
and outcome expectations were those found to have been influ-
enced by the NLS treatment (i.e., ANCOVA analyses. sdlf-effi-
cacy for decreasing fat in meals, expectations for family reac-
tions, and expectations for appetite satisfaction). Latent-variable
SEM analysis (LISREL software, Version 8.3) (36) tested six so-
cial cognitive models of treatment effects on nutrition behavior:
posttest and follow-up models each for fat, fiber, and fruit and
vegetables. Table 3 containstheintervariable correlations, means,
and standard deviations associated with the measured variablesin
the latent-variable models. Table 3 also contains the completely
standardized factor loadings of latent variables on the measured
variableswithin themodels. Table 4 containsthe standardized co-
efficients associated with the total, direct, and mediated effects of
treatment and social cognitive variables on post and follow-up fat,
fiber, and fruit and vegetables along with the fit statistics associ-
ated with each tested mode.

SEM analysis confirmed the NL Streatment’stotal effectson
posttest and follow-up fat, fiber, and fruit and vegetable servings.
NLSusershad lower fat, higher fiber, and higher fruit and vegeta-

blelevelsat post and follow-up than control participants. In addi-
tion, SEM analysis confirmed the NLS's effects increasing
posttest self-efficacy, physical outcome expectations, and out-
come expectations. Overall, the socia cognitive models of NLS
treatment effects (Figure 1) provided excellent fit to the datafrom
food shoppers, explaining from 33% to 59% of the variance ob-
served in the latent fat, fiber, and fruit and vegetable variables at
posttest and follow-up (see Table 4).

In addition to confirming treatment effects, SEM analysis
revealed that the total effects of treatment on nutritional out-
comes were partly direct or independent of the social cognitive
variables (see Table 4). The total effects of treatment were also
partly mediated, or were exerted through treatment’s effects on
self-efficacy and outcome-expectations variables, which then
influenced nutrition behavior. Self-efficacy and physical out-
come expectations mediated thetotal effect of treatment on fiber
and fruits and vegetables at both posttest and follow-up and on
fat at follow-up. Self-efficacy, alone, mediated treatment effects
on fat at posttest. Social outcome expectations did not mediate
the effects of NLS treatment among food shoppers. Self-effi-
cacy exerted the strongest total effects on nutritional outcomes
observed in the SEM analyses. Physical outcome expectations
mediated the effects of self-efficacy on fiber at posttest and fol-
low-up and onfat and fruit and vegetabl e servings at follow-up.
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TABLE 4

Annals of Behavioral Medicine

Direct, Mediated, and Total Effects of NLS Treatment and Social Cognitive Variables at Posttest and Follow-Up:
Standardized Path Coefficients From Structural Equation Modeling Analyses

Dependent Variables (Posttest Coefficient/Follow-Up Coefficient)

Fruits &
Vegetables
Independent Physical Outcome  Social Outcome Fat Fiber (Servings/1,000
Variables Self-Efficacy Expectations Expectations (% kcals) (9/1,000 kcals) kcals)
Total Effects
Treatment A5%* /. 14** A7x*].18* A4x* ] 14%* —31x** [ 23%* Bhrxrx | Dgrxx 30%**/.14*
&If_efflcmy .47****/'48**** .68****/.66**** _.69***/_.51**** .57****/.70**** '48***/.65***
Physical outcome —.08/-.17** 9xx [ 20%* 13/.21%*
expectations
Social outcome .03/.-03 .02/.04 10711
expectations
Direct Effects
Treatment A5**/.14* J10/.11 —.20**/-12* 23% %[ 16%** 21%**] 02
Self-efficacy ATF*xx [ ABrxxx Gk xxk [ GErx*k BRI Rx[_BExkx  ATRxx [ JTR*xx 35** [ 4T7x**
Physical outcome -.08/-.17* 19%*[.22%* 13/.21**
expectations
Social outcome .03/.-03 .02/.04 10711
expectations
Mediated Effects
Treatment .07**.07* .10**/.09* —11%*/—11%* Jaxxx] 13x* 09%* /. 12%*
Self-efficacy —-.02/-.10 .10/.20* 13/.17*
Fit Statistics
(Posttest/Follow-Up)
GFI .99/.99 1.00/.98 1.00/.99
AGFI .96/.95 .98/.88 .98/.94
NFI .98/.97 .99/.95 .99/.97
RMSEA .03 (p=.54)/ .00 (p=.84)/ .00 (p=.91)/
.03(p=.52) 10 (p=.11) .05 (p=.41)
X24(4) 4.74 (p=.32)/ 2.23 (p=.69)/ 154 (p=.82)/
4.56 (p = .54) 10.16 (p=.04) 5.67 (p=.23)
R? .57/.49 .46/.59 .33/.47

Note. NLS=Nutrition for aLifetime System; kcals = kilocal ories; GFI = goodness-of-fit index; AGFI = adjusted goodness-of-fit index; NFI = normed fit

index; RMSEA = root mean square error of the approximation.
*p<.10. **p <.05. ***p < .01. ****p < .001.

Nutritional Goal Attainment

Logistic regression analyses determined the effects of NLS
treatment on participants’ nutritional goal attainment at posttest
and follow-up. Table 5 contains MOR statistics associated with
the treatment along with their 90% confidence intervals; each
analysis included participant age, number of children in the
home, household SES, and baseline goa attainment as
covariates. At posttest, NLS users attained 30% or fewer kcals
from fat at amost four times the rate of the control group (p <
.001). NLS users reached 25 grams of fiber per day and five
servings of fruits and vegetables a day (based on a 2,000
kcals/day diet) at about two timestherate of control participants
at posttest. At follow-up, NLS users attained fat goals at four
times the rate of the control group (p < .05) but were not more
likely to reach fiber and fruit and vegetable goals.

Logistic regression also determined the extent to which the
social cognitive variables affected by NLS treatment contrib-
uted to posttest and follow-up goal attainment. In these analyses
self-efficacy for preparing and eating low-fat meals, expecta
tions for appetite satisfaction, and expectations for family ac-
ceptance of healthier foods along with treatment and the base-
line covariates predicted goal attainment; Table 5 displays the
resulting MOR statisticswith their confidenceintervals. Higher,
posttest self-efficacy for low-fat meals contributed to higher
rates of posttest and follow-up attainment of fat goals. Higher,
posttest expectations for family acceptance of healthier foods
contributed to higher rates of posttest and follow-up attainment
of fruit and vegetable goals and posttest attainment of fiber
goals. Posttest expectations of appetite satisfaction did not con-
tribute to nutritional goal attainment.
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TABLE 5

Multivariate Effects of NLS Treatment and Social Cognitive Variables2 on Nutritional Goal Attainment Rates
at Posttest and Follow-Up Among Food Shoppers

Fat Fiber Fruits & Viegetables
(< 30% keal) (25+ g/Day) (5+ Servings/Day)
Variable MORP 90% ClI MOR 90% ClI MOR 90% ClI
Posttest
NL S treatment versus control 375 *** 1.97-7.12 2.07* 1.014.25 1.81* 1.01-3.25
NLS treatment versus control 3.38** 1.73-6.60 2.10 0.98-4.50 1.62 0.86-3.05
Self-efficacy for low-fat meals 1.33* 1.03-1.73 1.05 0.78-1.41 112 0.90-1.41
Expect appetite satisfaction 0.96 0.65-1.43 1.10 0.68-1.76 124 0.87-1.76
Expect family acceptance 1.70 0.96-2.99 1.90* 1.08-3.33 1.81** 1.11-2.96
Follow-up
NLS treatment versus control 2.26%* 1.184.35 1.49 0.68-3.27 1.25 0.66—2.35
NL S treatment versus control 2.09* 1.02-4.24 1.40 0.61-3.21 0.95 0.46-1.93
Self-efficacy for low-fat meals 1.67%* 1.24-2.26 123 0.88-1.70 1.27 0.99-1.63
Expect appetite satisfaction 1.38 0.88-2.15 1.85 1.01-3.39 134 0.91-1.96
Expect family acceptance 1.15 0.64-2.08 1.09 0.59-2.03 1.98** 1.12-3.50

Note. NLS= Nutrition for a Lifetime System; kcals = kilocalories; MOR = multivariate odds ratios; Cl = confidence interval.

DISCUSSION

Thistest of acomputerized social cognitive intervention to
improve nutrition behavior found that although use of the
self-administered system involved self-sel ected participants, di-
verse users of the minimal-dose program made and maintained
meaningful nutritional changes when compared to no-treatment
control participants. Users of the NLS decreased fat and in-
creased fiber and fruits and vegetables and generally maintained
these changes at the 4- to 6-month follow-up. The nutrition be-
havior of participants in the no-treatment control group, on the
other hand, generally worsened over the course of the study. In
addition, NLS users were more likely than control participants
to meet nutritional goals immediately after treatment and were
able to maintain higher fat goa attainment rates at follow-up.
These changes compare well to interventions involving consid-
erable interpersonal contact and supports (38), suggesting that
the NL S represents atype of intervention that can be used to ef-
fectively alter the fat, fiber, and fruit and vegetable content of
food purchases and intake.

The NLS content, based on social cognitive theory (24),
provided information, behavioral strategies, and incentives to
guide users to set and evaluate a series of goals regarding spe-
cific nutrition-related behaviors. Social cognitive theory sug-
gests such planning and eval uation of goals can change behavior
directly, but also by increasing participants self-efficacy and
subsequent outcome expectations—changes that would also
lead to behavior change. By modeling and testing the relations
among the intervention, the nutritional outcomes, and the theo-
retical constructs on which the intervention was based, we dem-
onstrated not only that the NL S treatment was successful, but
also how the treatment was successful. The NL S increased spe-
cific areas of participants self-efficacy, physical outcome ex-
pectations, and social outcome expectations. self-efficacy for

preparing and eating low-fat meals, expected appetite satisfac-
tion, and expected family reactions. Further, changes in
self-efficacy and outcome expectations led to improved nutri-
tion behavior, explaining part of thetotal effect of the NL Streat-
ment on nutrition behavior among food shoppers. Indeed, the
social cognitive model of the NL Streatment provided agood fit
to this study’s outcome data and explained a substantial portion
of the variance observed in fat, fiber, and fruit and vegetable (Ila
tent) variables.

Theseresults add to agrowing body of evidence suggesting
that changesin self-efficacy mediate the effects of awide range
of health-related interventions (see chapter 7 of Bandura's Self
Efficacy: The Exercise of Control [24] for a comprehensive re-
view). In addition, these results provide evidence as to how out-
come expectations operate within a health-related intervention.
Recent studies have demonstrated that outcome expectations
can contribute to health behaviors such as exercise and activity
(3942), smoking cessation (43,44), nutrition behavior
(30,45,46), and condom use (47). Few studies, however, havein-
vestigated how outcome expectations operate within appropri-
ately ordered, socia cognitive causal models (i.e., models in
which self-efficacy precedes other social cognitive variables)
(24). By modeling outcome expectations asamediator of the ef-
fects of self-efficacy and demographic variables on nutrition,
Anderson, Winett, and Wojcik (30) demonstrated how and to
what extent outcome expectations can contribute to nutrition be-
havior among food shoppers. Physical outcome expectations,
and possibly social and self-evaluative outcome expectations,
influenced fat, fiber, and fruit and vegetable levels directly, but
they also appeared to mediate the effects of household SES,
family configuration, and self-efficacy on nutrition behavior
(30). Although studies examining predictors of and attempting
to change health-related outcome expectations (48-50) are
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emerging in the literature, our study goes one step further by
demonstrating how changes in outcome expectations can con-
tribute to improvements in nutrition.

These results suggest nutrition interventions targeting effi-
cacy beliefs and expected outcomes (yielded from an investiga-
tion and understanding of the domains and situations relevant to
specific nutritional outcomes and intervention populations) are
more likely to succeed. Previous research on this sample (30),
for example, suggested changes in self-efficacy for decreasing
fat in meals and self-efficacy for decreasing fat in snacks would
improve fat, fiber, and fruit and vegetable levels among food
shoppers. In addition, although the NL Streatment did not influ-
ence self-efficacy for decreasing fat in snacks, the effects of
NLS treatment on self-efficacy for decreasing fat in meals
clearly led to improved nutrition. Similarly, initial findingswith
the sampl e suggested that changes in expectations that healthier
foods would be satisfying would improve nutrition overall and
that changesin expectationsthat familieswould accept healthier
foodswould lead to higher levels of fruit and vegetable servings
(30). The NLStreatment did influence expectations for appetite
satisfaction, and these changes appeared to be especially impor-
tant in maintaining dietary changes.

Although unintentional, the NLS recruitment strategies did
not result in substantial numbers of participants with low nutri-
tion-related self-efficacy or outcome expectations. Such partici-
pants arguably might have had “worseg’ initia nutrition-related be-
havior than the study group but aso arguably might have needed
more detailed rationales and information and preliminary guided
mastery experiences prior to goa setting and evaluation activities
than provided by the very brief (5-6 min) NLS content (24).

By using multiple, self-administered dietary instruments,
this study demonstrated a feasible, appropriate approach for
evaluating less intensive individual-, group-, or commu-
nity-based interventions (26,27). Although there is a growing
consensus in dietary intervention research that such multiple
measures of nutrition-related behavior may be more effectivein
collecting accurate dietary data (26,27,28), there are few recom-
mendations regarding how to retain the multiple-measure nature
of the data during analysis. Some authors have recommended
averaging nutrient values from multiple measures (26); by using
a self-report measure and an objective measure of nutrition to
build such a composite measure we demonstrated how this ap-
proach can be used to detect change associated with a nutrition
intervention (28). Other authors have suggested analyzing mul-
tiple measures separately to determine to what extent each is
sensitiveto change (27)—an approach demonstrated in our FFQ
and food receipt ANCOVA tests of treatment effects. Still other
authors have recommended allowing more costly or cumber-
some objective measures to provide the aura of verification to
participants’ self-reported behavior in the hope of improving
self-report accuracy (28). Latent variable structural analysis al-
lowsresearchersto utilize datafrom multiple measures, in effect
defining nutrition-related variables as the underlying factors
that explain the pattern of correlations among multiple mea-
sures. By using SEM to explore the effects of treatment (and the
other variables) on the underlying nutrition variables, we dem-
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onstrated how researchers might control for the measurement
error associated with dietary data.

The challenge for future applications of the NLS and simi-
lar stand-alone, computer-based programs will be to expand ac-
cessto programsto larger groups of individualslooking for help
in improving their nutrition-related behaviors. In addition, fu-
ture applications of computer-based self-administered programs
will want to explore how and if programs situated in other set-
tings and socia contexts can be more successful in reaching
peopleready and lessready for change. Self-efficacy for change
is increased by supportive socia environments as well as by
comfortable and familiar settings (24). Taking the NLS out of
the supermarket and moving it to familiar, socially supportive
settings may alone be enough to attract users with lower levels
of self-efficacy. As larger proportions of people from diverse
ethnic and SES backgrounds have Internet access at home (51),
an Internet version of the NLS would immediately expand ac-
cessto larger groups of users. An Internet version could also be
tailored to be incorporated into more comprehensive dietary or
other health behavior change programs delivered in awide vari-
ety of supportive settings (52).
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