Pricing and Promotion Effects on Low-Fat
Vending Snack Purchases: The CHIPS
Study

A B S T R A C T
Objectives. This study examined the
effects of pricing and promotion strategies on purchases of low-fat snacks from
vending machines.
Methods. Low-fat snacks were added
to 55 vending machines in a convenience
sample of 12 secondary schools and 12
worksites. Four pricing levels (equal price,
10% reduction, 25% reduction, 50% reduction) and 3 promotional conditions
(none, low-fat label, low-fat label plus promotional sign) were crossed in a Latin
square design. Sales of low-fat vending
snacks were measured continuously for
the 12-month intervention.
Results. Price reductions of 10%,
25%, and 50% on low-fat snacks were
associated with significant increases in
low-fat snack sales; percentages of lowfat snack sales increased by 9%, 39%,
and 93%, respectively. Promotional signage was independently but weakly associated with increases in low-fat snack
sales. Average profits per machine were
not affected by the vending interventions.
Conclusions. Reducing relative
prices on low-fat snacks was effective in
promoting lower-fat snack purchases
from vending machines in both adult and
adolescent populations. (Am J Public
Health. 2001;91:112–117)
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Although intake of dietary fat as a percentage of total energy has declined in recent
years, levels remain higher than the 30% recommended.1–5 It is unclear whether absolute
fat intake has increased, decreased, or stayed
the same over the past decade, however, because total energy intake may be increasing.2,6,7
The relative contributions of excess dietary fat
and excess total energy to the development of
obesity are unclear.2,6–9 However, dietary fat
intake is of interest because of its relationship
to cardiovascular disease and cancer.10 Thus,
dietary practices that contribute to excessive
fat intake need to be identified, so that public
health interventions targeted at modifiable dietary behaviors may be implemented. This
issue is of great importance for adolescents,
because dietary behaviors established in childhood can continue into adulthood and potentially affect long-term health.11
Among the potential dietary behaviors
that could contribute to high fat intake is the
consumption of convenience foods.12–14 Vending machine snacks are a prime example of
convenience foods that are pervasive in diverse
community settings such as worksites and secondary schools. Research has shown that more
than 1.5 million vending machines were located at such sites in 1998.15 Industry-wide
vending sales increased by 5.6% in 1998, to
$23.3 billion.15 Not only are vending machines
ubiquitous, but the food choices offered in
snack vending machines are largely high in fat.
One study of vending machines in secondary
schools showed that only 27% of machines offered a low-fat snack choice such as pretzels,
while 60% offered candy bars and 57% offered
chips.16 The candy/snack segment alone in
1998 represented 25% of vending sales and
generated $5.92 billion in revenue.15
Vending machines offer a convenient
venue for examining environmental nutrition
intervention strategies such as product availability, promotional marketing, and pricing.17–19
The array and pricing of food selections are

controlled by the vendor and can easily be manipulated. Little nutrition intervention research
has been done involving the use of vending
machines, however, and the majority of existing research suffers from design limitations
that make the results difficult to interpret.19–22
A recent vending machine study showed
strong pricing effects for low-fat vending snack
purchases. Sales of low-fat snacks increased
by 80% during a 3-week period when low-fat
snack prices were reduced by 50%.22 Pricing
strategies have also been shown to be effective
in promoting purchases of healthful foods such
as fruits, vegetables, and salads.23,24 In a worksite cafeteria, lowering fresh fruit and salad bar
prices by 50% increased sales 3-fold.24 In a
high school cafeteria, sales increased 2-fold to
4-fold when prices for fresh fruit and baby carrots were reduced by 50%.23
The results of this series of studies clearly
show the effect of large decreases in price on
both foods considered “healthful” and less nutritious “snack foods.” A limitation in the literature has been the lack of studies comparing
promotional strategies alone or in combination
with pricing strategies with regard to modifying food purchases. In addition, a detailed examination of the impact of various strategies on
revenues has not been conducted. In the vending machine study just described,22 average
profits per machine per week were $116, and
this total was reduced to $66 per machine per
week during the 50% price reduction period.
Further research on the impact on revenues of
various price reductions for promoting health-
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ier food choices is needed for evaluation of the
feasibility of such interventions in real-world
settings.
The adolescent population represents a
growing demographic segment in the United
States, and this group is expected to increase by
10% during the next 5 years.25 Teens have increasing autonomy over their food choices and
spend about $5.4 billion annually on fast food.26
Adolescents derive a larger proportion of their
total energy from high-fat snack foods and are
the least likely of all age groups to meet national recommendations regarding dietary fat
intake.1,27,28 Strategies need to be identified that
might be uniquely effective in promoting improved dietary choices in this population segment. Adolescents could prove to be more responsive than adults to pricing of snack foods,
given the more central role that snacks play in
their diet.1,27,28
The purpose of the present study—
Changing Individuals’ Purchase of Snacks
(CHIPS)—was to examine the effect of environmental interventions on food choices among
adolescents and adults in a naturalistic setting.
Vending machines were selected as a vehicle
to explore pricing and promotion strategies for
influencing low-fat food choices at diverse
community sites. This study expanded on our
previous research by examining 3 interrelated
issues. First, several levels of pricing reduction
were examined to determine whether smaller
price reductions would increase sales of targeted snacks while maintaining overall profitability. Second, 3 different levels of promotional signage were evaluated with regard to
the independent effects of promotional signage
on low-fat vending snack sales. Third, differ-

ences in responsiveness to pricing and promotional interventions among adolescent and adult
populations were examined via implementation of the interventions in vending machines
at worksites and secondary schools.

The study examined pricing and point-ofpurchase promotion effects on sales of low-fat
and regular vending snacks at 12 worksites and
12 schools in Minneapolis–St. Paul, Minn. Sites
represented a convenience sample of customers
of a large vending machine service company in
the midwestern United States and were selected
for demographic and geographic diversity. Four
levels of pricing and 3 levels of promotion were
examined in a Latin square design (Figure 1).29
The 4 levels of pricing were (1) equal price, (2)
10% price reduction for low-fat snacks, (3)
25% price reduction, and (4) 50% price reduction. The 3 levels of promotion were (1) no
signs, (2) signs labeling low-fat snacks, and (3)
signs labeling low-fat snacks combined with
signs placed on vending machines encouraging
a low-fat snack choice. The overall design was
a 2 (setting: workplace or school) × 4 (pricing:
equal, 10% reduction, 25% reduction, 50% reduction) × 3 (promotion: none, label only, label
plus sign) factorial.

col approximately 2 weeks before the intervention and again at the midpoint of the study.
Study staff set up each of the 55 vending machines. Setup included placement of low-fat
snacks in 2 designated rows of the vending machine and placement of the appropriate lowfat labels or signs. Low-fat snacks were defined as snacks with 3 g or less fat per package.
Approximately 10 low-fat snack columns were
placed in each machine (of a total capacity of
60; about 17% of the total placements available in a machine). Low-fat snack availability
was constant across pricing and promotion conditions. Thus, pricing effects were not confounded with availability.
Each of the 12 treatment conditions shown
in Figure 1 was implemented at each of the 24
sites in a randomly assigned sequence in such
a way that period effects (if any) were balanced
over experimental conditions during each
month. Each treatment remained in effect in
all of the snack vending machines at a given site
for a 4-week period. At the end of each month,
research staff met the drivers at the machine
to change the prices and signage for the next
study condition.
Weekly site visits to each worksite and
school by study staff provided information
about fidelity of implementation. Accuracy of
placement was consistently high across all sites
during the 12 months of the intervention (average placement accuracy: 93%; range: 82%–
100%).

Intervention Procedure

Sales Data Collection

Vending route drivers and supervisors
were trained by study staff on the study proto-

Sales data were recorded continuously
throughout the intervention. Each time the machine was serviced, manual inventory counts
were performed by vending route drivers separately for low-fat and regular snacks and were
recorded on the driver’s machine inventory
card. These sales data were entered into a database at the central office. The sales database
tracked sales within machines over time. Lowfat snack categories included low-fat chips,
low-fat candy, low-fat pastry, low-fat snacks,
and low-fat cookies. For analyses, both lowfat categories and regular categories were combined to yield 2 categories, low-fat snacks and
regular snacks.

Methods
Design

Statistical Analysis

FIGURE 1—CHIPS study design: population (setting), promotion, and price
reduction.
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The study was a randomized trial in
which sites were assigned a randomized sequence of treatment conditions (a total of 12).
The unit of observation was the vending machine (sales from each machine). The unit of
analysis was the site (sales per site, pooling
across all machines at the site). All analyses
were conducted with the SAS statistical computing package.30 SAS PROC MIXED was
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used for the analysis because of its efficiency
in handling balanced and unbalanced cases
and its ability to handle multiple random effects such as those involved in the present study
design.
The analysis of variance model was a
3-way factorial in which setting (worksite or
school) was crossed with price and promotion; machine sales formed exchangeable repeated measurements. Each machine involved 12 treatments and 4 weekly measures.
Fixed variables included setting (worksite or
school), price reduction (none, 10% reduction, 25% reduction, 50% reduction), and
promotion (none, label only, label plus sign).
Random variables included site (24 sites)
and machines (1–5 per site) nested
within site.
Two-way interactions of setting with promotion and price reduction were examined and,
with 1 exception, were found to be nonsignificant; therefore, they were dropped from the
model. Means reported were derived from main
effects models and were adjusted for other
model variables. The denominator degrees of
freedom were 22, 44, and 66 for setting, promotion, and price reduction, respectively. Main
effects were considered statistically significant
at P<.05, and interactions were considered significant at P<.01.
Sales data represented the primary outcome, and these data were considered in 3
ways: (1) proportion of low-fat snack items,
(2) absolute number of low-fat snack items,
and (3) net profits (dollar sales minus wholesale cost to the vendor). Sales data for each
machine were pooled across weeks to create a
total for the 1-month treatment interval for each
experimental condition. The dependent variable was average sales per site per experimental period (averaged across all machines at a
given site).
Total product volume was also examined
to determine whether the intervention affected
overall sales volume. Examination of sales volume is helpful in determining whether increases in low-fat snack sales are due to increases in the total number of products sold or
to customers’ switching snack choices but not
to increases in the absolute number of snacks
purchased. Both absolute volume and log volume were examined. Log volume was examined for adjustment for overall differences in
mean levels of sales volume across settings,
because schools and worksites differed dramatically in initial absolute sales volume (reported later). Means from the equal price/no
label condition are reported as an additional
reference point for interpretation of the results.
This condition most closely reflected a “control” condition in which low-fat snacks were
priced equally to regular snacks and did not
include any signage or labeling.
114
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Note. Different letters within each set of bars (white, shaded) indicate significantly
different means according to post hoc comparisons (P < .05).
FIGURE 2—Percentage of low-fat snacks sold and total number of low-fat
snacks sold per machine per treatment period, by price reduction
condition: CHIPS study, Minneapolis–St. Paul, Minn, 1997–1999.

Two types of missing data occurred in the
CHIPS study. First, one school discontinued participation in the study after 3 months and a new,
similar school was recruited to take part. Second, data were missing in 2 site–treatment condition combinations (out of a total of 288) involving the same company. This problem was
addressed via regression imputation. The unbalanced data were analyzed, and the predicted
entries (based on both fixed and random effects)
for the 2 missing cells were saved. In each cell,
a realized value of the component of variance
for the machine was added. Estimates involving
the original unbalanced data were very similar to
those involving the imputed data.Therefore, only
the results based on the original data are reported.

Results
Low-Fat Snack Sales
Over all treatment conditions, the average percentages of snack sales that were for
low-fat snacks were 12.6% at schools and
16.9% at worksites (F1,22 =12.66, P<.002). In
the equal price/no label condition, the average percentage of snack sales that were for
low-fat snacks was 9.9%. Price reduction was
significantly associated with percentage of
low-fat snack sales (F3,66 = 156.89, P < .001;
Figure 2). Under equal pricing (averaged
across promotion conditions), 10.9% of

snack sales were sales of low-fat snacks.
Price reductions of 50%, 25%, and 10% were
associated with increases in low-fat snack
sales of 93%, 39%, and 9%, respectively.
Each price reduction condition was significantly different from every other price reduction condition in post hoc mean comparisons (P < .05). The total number of low-fat
snacks sold was significantly different by
price reduction condition (F3,66 = 96.98, P <
.001; see Figure 2).
Post hoc mean comparisons showed that
the number of low-fat snacks sold in the 10%
price reduction condition did not differ significantly from the number of low-fat snacks sold
in the equal price condition. Price reductions of
25% and 50% were associated with significant
increases in the absolute number of low-fat
snacks sold relative to the equal price and 10%
price reduction conditions (P<.05). The total
number of low-fat snacks sold differed significantly between the 25% and 50% price reduction
conditions (post hoc comparisons, P<.05).There
was a significant interaction between setting and
price reduction (F3,66 =13.9, P<.0001).The size
of the increase in the number of low-fat snack
sales in the 50% price reduction condition was
slightly larger at schools than at worksites.
Promotion of low-fat snacks was significantly and independently associated with
greater low-fat snack sales (F2,44 = 3.48, P <
.04). The percentages of low-fat snacks sold
in the no-label, label-only, and label-plus-sign
January 2001, Vol. 91, No. 1

FIGURE 3—Profits in dollars (price minus cost) per machine per treatment
period, by price reduction condition: CHIPS study, Minneapolis–St.
Paul, Minn, 1997–1999.

conditions were 14.3, 14.5, and 15.4, respectively. Only the label-plus-sign condition differed significantly from the no-label condition
in post hoc mean comparisons (P<.05). Total
number of low-fat snacks sold did not differ
significantly by promotion condition.

Profits in Dollars per Machine
The average profit (price minus cost) per
machine per period was $470 (Figure 3). Overall profits in the equal price/no promotion condition were $512 per machine. Profits per machine per treatment period were significantly
higher at schools ($684) than at worksites
($257) (F1,22 =35.84, P<.001). There were no
significant main effects for price or promotion,
and no significant 2-way interactions, on vending machine profits.

Sales Volume
Overall sales volume averaged across all
treatment conditions was 1389 products per
machine per period. Overall sales volume in
the equal price/no promotion condition was
1512 products per machine per period. Sales
volume at schools was significantly higher than
at worksites (1928 and 807 per machine per
period, respectively; F1,22 = 29.10, P < .001).
Promotion was unrelated to sales volume.
However, price reduction was significantly associated with sales volume (F3,66 =11.01, P<
.001). Sales volumes in the equal price, 10%
reduction, 25% reduction, and 50% reduction
conditions were 1325, 1309, 1280, and 1557
products, respectively.
Post hoc mean comparisons showed that
sales volume was significantly higher in the
January 2001, Vol. 91, No. 1

50% price reduction condition than in the 3
other price reduction conditions, which did not
significantly differ from each other. There was
a significant interaction between setting and
price reduction (F3,66 =4.84, P<.004). The size
of the sales increase in the 50% price reduction
condition was slightly larger at schools than at
worksites. However, the setting×price reduction interaction term was not significant when
log sales volume was the dependent variable.

Discussion
Lowering the prices of low-fat vending
snacks had a strong effect on sales of low-fat
snacks from vending machines at diverse worksites and secondary schools. Sales of low-fat
snacks increased proportionately with increasing price reductions. Labels and signage
promoting low-fat snack choices had small but
positive statistically significant effects on lowfat snack sales. Machine profits were not significantly affected by the price reduction or
promotional signage. Pricing and promotion
had similar effects in adolescent and adult populations. These findings are consistent with our
previous work, which showed large positive
effects on sales of low-fat vending snacks22
and fresh fruit and vegetables23,24 with 50%
price reductions. The results of the present
study extend our previous work by showing
similar effects on sales of low-fat vending
snacks with smaller price reductions and by
demonstrating small but independent effects
for labels and promotional signs.
A small, 10% price reduction increased
the percentage of snacks sold that were low fat
without increasing the absolute number of low-

fat snacks sold or the total sales volume. This
finding suggests that customers may have been
substituting a low-fat snack for a regular snack,
a positive result from a public health promotion
perspective. However, when prices were reduced
by 25% or 50%, the absolute number of low-fat
snacks sold increased, as did the total sales volume in the 50% price reduction condition.This
finding suggests that customers may have been
increasing the number of snacks they purchased
from the vending machine. If this were the case,
overall energy intake from vending machine
snacks might be higher than if a single, higherfat vending snack had been purchased, an undesirable outcome in terms of public health efforts to promote healthful eating behaviors.
In fact, these data illustrate the current
confusion with respect to public health messages about nutrition.8,9 Messages urging lower
fat intake may be interpreted by some to mean
that portion size is unimportant if the food energy consumed is low fat or fat free. Alternatively, increases in sales volume could reflect the
attraction of a greater number of customers to
the vending machines when prices were lowered
by 50%.Athough this outcome is positive from
a business perspective, its interpretation is unclear from a public health perspective. These
issues should be addressed in future research
that tracks food choices at the individual level.
Although large price reductions on lowfat vending snacks might have the undesired
outcome of increasing total energy from foods
of low nutritional value, our previous work
shows similar effects for price reductions on
healthful foods such as fresh fruit and vegetables.23,24 Price reductions that lead customers to
double the number of fruits and vegetables they
purchase, or that attract new customers, would
be a positive outcome from both a business
and a public health perspective. Such a strategy
reduces cost as a barrier to fruit and vegetable
consumption and could increase the number
of people reaching the 5-a-day goal for fruit
and vegetable intake.31
In the present study, lower prices on lowfat snacks were not associated with smaller
profits. Post hoc mean comparison tests showed
a significant quadratic trend, which provides
interesting information for designing future research studies. Small price reductions, or larger
price reductions combined with higher sales
volume, might make a low-pricing strategy for
low-fat snacks economically feasible in realworld settings such as worksites and schools.
Another potentially feasible approach to maintaining or perhaps even increasing profits that
has not yet been empirically evaluated is to
raise prices on high-fat items while simultaneously lowering prices on low-fat items. This
would allow sales of high-fat foods to subsidize
lower prices on low-fat foods while maintaining overall profits.
American Journal of Public Health
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Consider the 25% price reduction condition (Figure 2). The low-fat snack sales increased to 15%, so that other snacks constituted 85% of sales, for a ratio of 6:1. A price
increase of 4% on other snacks would be
needed to offset the 25% price reduction for
the low-fat snacks. This creates a 29% price
difference, so lowering the prices of low-fat
snacks by only 20% and raising prices 4% on
other snacks might be sufficient to increase
low-fat snack sales and offset profit losses from
lower prices on low-fat snacks. The challenge
is to find the optimal price increase for highfat foods that would curb demand for the less
healthful, high-fat foods while maintaining
enough sales to turn a profit that would offset
the lower profits on the lower-priced low-fat
items.18,32
Promotion of low-fat snacks using labels
and small signs had a small but significant independent positive effect on low-fat vending
snack sales. There are several reasons the promotion intervention might not have had strong
effects on vending snack sales. Simple placement of signs on the machines may not be
enough to change behavior. A strong promotional intervention such as larger signs, other
media involvement, or an in-person promotion
might produce larger effects on sales. Other
promotional approaches might involve deemphasis on fat content and a greater focus on
taste, brand, or functionality.
Although it was originally hypothesized
that adolescents would be differentially responsive to the pricing strategy, no significant
interactions were found for population and
strategy type on low-fat snack sales. Both adolescents and adults were price sensitive. The
particular segment specifically interested in
low-fat foods may be more likely to select a
low-fat vending snack regardless of pricing or
promotion.33–36 Lower pricing and greater promotion of low-fat snacks are 2 effective approaches to changing food choice behavior
among the broader population of adult and adolescent consumers who are not positively predisposed toward lower-fat snack choices. Even
small improved dietary choices among teens
could help establish longer-term healthful dietary practices that could potentially affect lifetime health.11,23,27,28
A study limitation was the inability to determine whether increases in sales were due to
substitution of a regular snack with a low-fat
snack, increases in the number of purchases
by existing customers, or new customer sales.
The pattern of total number of low-fat snack
sales and total sales volume suggests that substitution may have taken place in the 10% price
reduction condition. However, in the 50% price
reduction condition, customers may have been
increasing the absolute number of low-fat
snacks they purchased or new customers may
116
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have been patronizing the vending machines.
Future studies are needed to examine, within individuals, different patterns of food choices
(e.g., substitution vs increased purchases) that
occur under different-sized price reductions.
The effect of low-fat snack purchases on
food choices at other times during the day is also
not known. People who made low-fat snack
choices at the vending machine could have (1)
compensated for their lower-fat snack choice by
selecting higher-fat foods later in the day, (2) generalized their lower-fat food choice to other eating situations during the day, or (3) made no additional changes in food choices during the day.
If people were increasing the number of low-fat
snacks they purchased in the 50% price reduction
condition, it is not known whether their total energy intake was reduced later to compensate.8,9
Other study limitations included the limited type and number of low-fat snacks available and the relatively short time period for
each treatment condition. Low-fat snack selections were limited in variety, and the effects
of pricing and promotion may vary by food
type. However, our previous research revealed
strong effects for 50% price reductions on fresh
fruit and vegetables.23,24 The problem of empty
slots (time delay between a slot’s emptying and
a driver’s refilling the machine) may have limited the size of the observed effects on sales, especially in the 50% price reduction periods.
Future research should examine the effects of simultaneous price increases on highfat foods and price reductions on low-fat foods.
Such research would provide useful information
about the effectiveness and feasibility of food
pricing strategies that could be self-sustaining
in real-world settings. Valuable insights into
the determinants of people’s food choices and
the generalizability of changes in food choices
could be gained by following a cohort of individuals to evaluate the effects of low-fat food
choices in one setting on their food choices in
other settings during the day. Future research
could also examine whether concurrent pricing and promotion through vending and school
or worksite food services could achieve even
larger effects on sales of low-fat foods from
both sources (cafeterias and vending machines).

Conclusions
The present study clearly demonstrates
that lowering prices is a very effective method
of promoting desired food choices in
community-based settings and that it can be
done while maintaining overall profitability.
People who are concerned with promoting
good nutrition at schools, worksites, and other
community settings need to make tasty, healthful food choices available at attractive prices
while maintaining overall profitability.

Contributors
S. A. French implemented the study, wrote the paper,
and conducted the data analysis. R. W. Jeffery and M.
Story provided advice about study implementation
and editorial input on the paper. K. K. Breitlow coordinated the daily activities related to study implementation. J. S. Baxter created and managed the database and conducted the data analysis. P. Hannan
provided advice about statistical and analytic issues
and editorial input on the paper. M. P. Snyder assisted
with school food service data collection.

Acknowledgments
This research was conducted with a grant from the
National Institutes of Health (RO1 HL56577) to Simone A. French.
We would like to thank the staff of Midwest
Vending, Inc, and the participating secondary schools
and worksites for their support and cooperation in conducting this study.

References
1. McDowell MA, Briefel RR, Alaimo R, et al. Energy and macronutrient intakes of persons ages
2 months and over in the United States: Third
National Health and Nutrition Examination Survey, Phase 1, 1988–91. Adv Data Vital Health
Stat. 1994;255.
2. Norris J, Harnack L, Carmichael S, Pouane T,
Wakimoto P, Block G. US trends in nutrient intake: the 1987 and 1992 National Health Interview Surveys. Am J Public Health. 1997;87:
740–746.
3. Centers for Disease Control and Prevention.
Daily dietary fat and total food-energy intakes—
Third National Health and Nutrition Examination Survey, Phase I, 1988–91. MMWR Morb
Mortal Wkly Rep. 1994;43:116–117, 123–125.
4. Healthy People 2000: National Health Promotion and Disease Prevention Objectives. Washington, DC: US Dept of Health and Human Services, Public Health Service; 1988.
5. USDA Continuing Survey of Food Intakes by Individuals, 1994–1996. Washington, DC: US
Dept of Agriculture, Economic Research Service; 1997.
6. Harnack L, Jeffery RW, Boutelle KN. Temporal
trends in energy intake in the US: an ecological
perspective. Am J Clin Nutr. 2000;71:478–484.
7. Putnam J, Gerrior S. Trends in the US food supply, 1970–97. In: America’s Eating Habits:
Changes and Consequences. Washington, DC:
US Dept of Agriculture, Economic Research
Service; 1999:133–160. Agriculture information bulletin 750.
8. Rolls BJ, Miller DL. Is the low-fat message giving people a license to eat more? J Am Coll Nutr.
1997;16:535–543.
9. Allred JB. Too much of a good thing? An
overemphasis on eating low-fat foods may be
contributing to the alarming increase in overweight among US adults. J Am Diet Assoc. 1995;
95:417–418.
10. National Research Council. Diet and Health:
Implications for Reducing Chronic Disease Risk.
Washington, DC: National Academy Press;
1989.

January 2001, Vol. 91, No. 1

11. Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, physical activity, and food choice behaviors. Am J
Public Health. 1994;84:1121–1126.
12. Biing-Hwan L, Frazao E. Nutritional Quality of
Foods at and Away From Home. Washington,
DC: US Dept of Agriculture, Economic Research Service; 1997:33–40.
13. Sheridan M, McPherrin E. Fast Food and the
American Diet. New York, NY: American Council of Science and Health; 1983.
14. Jeffery RW, French SA. Epidemic obesity in the
United States: are fast foods and television viewing contributing? Am J Public Health. 1998;88:
277–280.
15. 1999 state of the vending industry report. Automatic Merchandiser. August 1999(suppl).
16. Story M, Hayes M, Kalina B. Availability of
foods in high schools: is there cause for concern? J Am Diet Assoc. 1996;96:123–126.
17. Glanz K, Mullis RM. Environmental interventions to promote healthy eating: a review of
models, programs and evidence. Health Educ
Q. 1988;15:395–415.
18. Jeffery RW, Forster JL. Obesity as a public health
problem. In: Johnson WG, ed. Advances in Eating Disorders, Vol. I: Treating and Preventing
Obesity. Greenwich, Conn: JAI Press Inc; 1987:
253–271.
19. Wilbur CS, Zifferblatt SM, Pinsky JL, Zifferblatt
S. Healthy vending: a cooperative pilot research

January 2001, Vol. 91, No. 1

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.

program to stimulate good health in the marketplace. Prev Med. 1981;10:85–93.
Larson-Brown LB. Point-of-purchase information on vended foods. J Nutr Educ. 1978;10:
116–118.
Hruban JA. Selection of snack foods from vending machines by high school students. J Sch
Health. 1977;47:33–37.
French SA, Jeffery RW, Story M, Hannan P, Snyder MP. A pricing strategy to promote low-fat
snack choices through vending machines. Am J
Public Health. 1997;87:849–851.
French SA, Story M, Jeffery RW, et al. Pricing
strategy to promote fruit and vegetable purchase
in high school cafeterias. J Am Diet Assoc. 1997;
97:1008–1010.
Jeffery RW, French SA, Raether C, Baxter JE.
An environmental intervention to increase fruit
and salad purchases in a cafeteria. Prev Med.
1994;23:788–792.
Population Estimates Program. Washington, DC:
US Bureau of the Census, Population Division.
Available at: http://www.census.gov/population/
www/. Accessed on December 7, 2000.
Teen Fact Book. New York, NY: Channel One
Network; 1998.
Devaney BL, Gordon AR, Burghardt JA. Dietary intakes of students. Am J Clin Nutr. 1995;
61(suppl):205S–212S.
Truswell AS, Darnton-Hill I. Food habits of adolescents. Nutr Rev. 1981;39:73–88.
Kirk RE. Experimental Design: Procedures for

30.

31.

32.

33.

34.

35.

36.

the Behavioral Sciences. 2nd ed. Belmont, Calif:
Brooks/Cole Publishers; 1982:308–342.
SAS/STAT Software: Changes and Enhancements Through Release 6.12. Cary, NC: SAS Institute Inc; 1997.
Tippett KS, Cleveland LE. How current diets
stack up: comparison with dietary guidelines.
In: America’s Eating Habits: Changes and Consequences. Washington, DC: US Dept of Agriculture, Economic Research Service; 1999:
51–70. Agriculture information bulletin 750.
Glanz K, Lankenau B, Foerster S, Temple S,
Mullis R, Schmid T. Environmental and policy
approaches to cardiovascular disease prevention
through nutrition: opportunities for state and
local action. Health Educ Q. 1995;22:512–527.
French SA, Story M, Hannan P, et al. Cognitive
and demographic correlates of low-fat vending
snack choices among adolescents and adults. J
Am Diet Assoc. 1999;99:471–475.
Shepherd R, Stockley L. Nutrition knowledge,
attitudes, and fat consumption. J Am Diet Assoc.
1987;87:615–619.
Contento IR, Murphy BM. Psycho-social factors differentiating people who reported making desirable changes in their diets from those
who did not. J Nutr Educ. 1990;22:6–14.
Harnack L, Block G, Lane S. Influence of selected
environmental and personal factors on dietary behavior for chronic disease prevention—a review
of the literature. J Nutr Educ. 1997;29:306–312.

American Journal of Public Health

117

