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Abstract

Purpose: This study examined the use of behavioral design strategies to improve healthier food
sales.

Design: A quasi-experimental, one-group, repeated measures design examined changes in food
sales following behavioral design adjustments.

Setting: United States military base hospital dining facility.
Subijects: U.S. military service members, retirees, and civilian employees.

Intervention: Behavioral design changes included placement, layout, messaging, default healthy
bundling, a stoplight rating system, strategic positioning of healthy items on menu boards, and an
increase in healthier snacks.

Measures: Food sales were assessed by point-of-sales data.
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Analysis: T-tests examined total sales of each food adjusted weekly between baseline and
intervention and intervention and post-intervention. 16 food items targeted by the intervention
were examined. Weekly food sales were calculated for the 18-week baseline, 18-week
intervention, and 9-week post-intervention. Further, analysis estimated negative binomial models
for food item sales.

Results: The hospital dining facility served 600 to 900 meals per day. Weekly foods sales
decreased during the intervention for desserts, cooked starches, hummus, and yogurt (P< 0.01).
Sales increased during the intervention for fruit cups, cooked vegetables, vegetable and turkey
burgers, grilled chicken, packaged salads, French fries, hamburgers, and hot dogs (P< 0.02).

Conclusion: This study demonstrates that a mixture of behavioral design strategies can be
operationalized with reasonable fidelity and can lead to increases in the sales of some healthy
foods in military worksites.

Keywords

military facilities; nutrition; military personnel; federal government; health behavior; diet;
behavioral design; food service guidelines

Purpose

Inadequate diets and the attendant sequelae including nutrient deficiency, chronic disease,
and excess weight are serious and costly personal and public health challenges.! This issue
is of particular concern for groups critical to national security including the U.S. military,
where nearly two-thirds of service members have overweight or obesity.2:3

Behavioral design uses cognitive, emotional, behavioral, and informational strategies to
enable or incentivize people toward healthier behaviors, choices, and actions.# For example,
the CDC released guidance in 2023 on using behavioral design in food service to make
healthy choices default and easier.> Numerous reviews demonstrate positive effects of
behavioral design on food selection, sales, and consumption, with some strategies and
combinations of strategies having larger effects depending on the type of food, setting,

and population.5-11 Given that behavioral design strategies are often low-cost, minimally
invasive, preserve alternate choices, and can be incorporated as permanent, they represent
an opportunity to sustainably impart small effects over time across a population to improve
dietary behaviors.

Evidence from military settings suggests that behavioral design strategies are effective in
increasing healthier food choices.12:13 In a review of nine environment-based interventions
in military establishments from 1995 to 2016, eight showed improvements in dietary
behavior. The most common strategies were increases in the availability of healthier foods,
labelling, staff cooking courses, health education, and promotional materials.14

This study examined use of additional types and a larger number of behavioral design
strategies than in previous trials to improve sales of healthier foods in a military hospital
dining facility. Program fidelity and sustainability were assessed with process evaluation.

Am J Health Promot. Author manuscript; available in PMC 2025 February 01.
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This paper follows the Transparent Reporting of Evaluations with Nonrandomized Designs
(TREND) statement guidelines.1®

Design and Sample

This study was conducted in a United States military hospital dining facility (DFAC)
between August and December 2017. The DFAC is self-operated and open to the
installation’s 80,000 service members, families, contractors, retires, and civilian employees.
This DFAC employs 60 federal staff and averages US$32.4 K in monthly sales. It serves
600-900 meals daily to 60% civilian hospital employees, 30% active military, and 10%
other patrons (J. Hess, personal communication, August 1, 2017). Three-week rotating
menu cycles provide different hot lunch options daily, while additional a la carte items are
available daily.

The trial was a quasi-experimental, one-group, repeated measures design that tested
behavioral design strategies to encourage green-coded (healthier) and discourage red-coded
(less healthy) foods and beverages. Researchers and active-duty dietitians selected and
modified strategies based on Go for Green (G4G), a Department of Defense (DoD)
performance-nutrition initiative.1® Strategies included:

. Pricing, promotion, and defaults

- Featured “performance plate” (a healthier entreé and two green-coded
side dishes)

. Product innovations
- Addition of low-calorie sparkling water
. Placement and layout
- Prominent menu board positioning
- Prominent healthier food at salad bar and hot food stations
- Green-coded hot vegetable at the short order grill
- Fruit baskets at the point of sale
- Easy access healthier grab n’ go items
. Information
- Improved color-coded labels
- Communications messaging depicting healthy behaviors
. Organizational policy

- Staff behavioral design training

Am J Health Promot. Author manuscript; available in PMC 2025 February 01.
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Point-of-sales and environmental scan data were collected from April 2017 to March 2018
and analyzed to determine intervention impact and fidelity. Table 1 shows intervention
stages.

The Centers for Disease Control and Prevention Human Research Protection Office (CDC
HRPO) declared this study exempt research, because no personally identifiable information
was collected from participants and the study posed no risk to participants.

Go for Green (G4G).—The present study applied G4G 2.0 strategies, including stoplight
color labeling, behavioral design, and an education and marketing campaign.18 Although
G4G 2.0 introduced menu revisions, the current study only tested behavioral design
strategies and did not modify existing or include new recipes.

Color-Coding of Foods and Beverages.—From May-July 2017, over 200 foods
and beverages were coded according to G4G 2.0 nutrition standards. Foods and beverage
nutrition information were processed by the G4G’s web-based algorithm, which assigns
items into Red: Eat Rarely, Yellow: Eat Occasionally, or Green: Eat Often categories.1’
In cases where saturated fat content was missing from the recipe printouts, the web-based
algorithm could not be used, and the appropriate color code was determined by DFAC
dietitians.

Strategy Selection and Materials Development.—CDC researchers and DFAC
dietitians selected eleven strategies from the GAG 2.0 based on feasibility of implementation
(Table 2). Researchers and DFAC dietitians created daily menu and performance plate

signs and color-coded tags. For example, lunch menus featured green-coded items on the

on the menu corners, and as possible, a less expensive, green-coded item next to more
expensive yellow- or red-coded items. Communication materials, such as posters and table
tents, were printed from the Army Public Health Center’s Health Information Products
e-Catalog.18 Fifteen different green-coded “performance plate” specials were created from
existing menu items, one for each weekday during the 3-week menu cycle. Structural
improvements included fruit baskets and bottled water at the checkout, installation of no- or
low-calorie sparkling water machines, and a new beverage cooler wrap depicting healthier
vending items. Placement strategies included moving green-coded entrees and vegetables to
the first positions in the main hot line, placing a green-coded vegetable next to the French
fries at the grill station, placing green-coded items at the beginning of the salad bar line,

and moving green-coded refrigerated self-serve items (eg, bottled water, yogurt) to eye-level
and front positions and red-coded items (eg, pies, sugar-sweetened beverages) to less visible
positions.

Intervention strategies were designed to be implemented by DFAC staff as a part of their
regularly scheduled work. DFAC staff training was led by dietitians prior to the intervention
start date. A procedure manual outlining strategies was developed to standardize practices
across DFAC staff. DFAC staff implemented the intervention during lunch services from
August 21, 2017, to December 22, 2017. Due to miscommunication between researchers
and cafeteria staff, the fruit basket intervention was prematurely implemented during the
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fourth week of the baseline data collection period. Regular check-ins with CDC researchers,
DFAC dietitians, and the food service manager served to address issues associated with
program implementation. In the post-intervention period, staff were no longer trained or
reminded to implement the intervention strategies but were not specifically instructed to
cease implementing them.

Sales Data Collection.—Foods sales, the primary outcome, was assessed weekly from
point-of-sales (POS) reports (MICROS Systems Inc, Oracle Corporation, Redwood Shores,
CA). Intervention baseline POS reports were collected for the 18 weeks (6 menu cycles)
from April to August 2017, implementation reports were collected for the 18 weeks from
late August to December 2017, and post-intervention reports were collected for the 9 weeks
(3 menu cycles) from late December 2017 to March 2018. Due to unintentional early
implementation of the fruit basket strategy, baseline data period was only 3 weeks, the
intervention period was 33 weeks, and the post-intervention period was 9 weeks. Mean
sales volume for 16 healthy and less healthy food items that were expected to be impacted
by the intervention were abstracted from sales data. These items included entrees (red,
yellow, and green), hot vegetable and starch side dishes (grains, potatoes), grill station items
(hamburgers/hotdogs, grilled chicken, vegetable/turkey burgers, and French fries), whole
fruit, deserts (cakes, cookies, pies, and brownies), and self-serve refrigerated items (pudding,
fruit cups, yogurt, hummus, and pre-packaged salads).

Analysis.—Data analysis was completed using SAS 9.4 and Stata 15.1 on weekly sales
data (SAS Institute, Cary, NC) (StataCorp). Weekly food sales were calculated during the
baseline, intervention, and post-intervention periods. Sales for each item were standardized
by total sales volume to account for differences in overall sales over the study period. For
each food outcome, the proportion of each food sold out of total foods sold during each
menu cycle was multiplied by the average total number of foods sold per menu cycle. For
example: (Actual # of green entreés sold in intervention week 1 / total # of all items sold in
menu intervention week 1) * (overall total # of all items sold during entire study / 45 weeks
total study duration). We compared mean weekly sales of each food outcome (adjusted for
total weekly sales of all foods) between the baseline and intervention period and between the
intervention and post-intervention period using t-tests.

Next, we estimated two negative binomial models for each food item. Model 1 was
estimated over the baseline and intervention periods only (weeks 1-36) and included the
following covariates: a two-way interaction between the intervention period indicator (=0
during baseline period, = 1 during intervention period) and continuous time trend (including
main effects), total sales, the menu cycle week (1, 2, 3), and the special meals indicator (=1
if special meal occurred that week, = 0 otherwise). The immediate change from baseline to
intervention was presented as the incidence rate ratio (IRR) and calculated as the exponent
of beta-coefficient of intervention period indicator. The slope change from baseline to
intervention period was presented as the IRR and was calculated as the exponent of beta-
coefficient of the interaction effect between time trend and intervention period indicator.
Model 2 was estimated over the intervention and post-intervention periods only (weeks 4-45
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for whole fruit, weeks 19-45 for all other items) and included the following covariates: a
two-way interaction between the post-intervention period indicator (=0 during intervention
period, = 1 during post-intervention period) and continuous time trend (including main
effects), total sales, the menu cycle, and the special meals indicator. The immediate change
from intervention to post-intervention was presented as the incidence rate ratio (IRR) and
calculated as the exponent of beta-coefficient of post-intervention period indicator. The
slope change from intervention to post-intervention was presented as the IRR and was
calculated as the exponent of beta-coefficient of the interaction effect between time trend
and post-intervention period indicator.

Process Evaluation

Fidelity Data Collection.—Intervention implementation was assessed each menu cycle
(3 weeks) using an environmental scan adapted from the Healthy Hospital Cafeteria Scanl®
and the Military Nutrition Environmental Assessment Tool (m-NEAT).20 Study fidelity
measures how well intervention strategies were delivered according to plan.2! The modified
scan was piloted by CDC researchers and DFAC staff and refined prior to the intervention.
The environmental scan was completed during weekday lunch service three times during
baseline, six times during the intervention, and twice during post-intervention. The same
CDC researcher collected all scans to prevent inter-rater variability. We assessed the
presence and placement of promoted ‘green’ foods/drinks, demoted ‘red” foods/drinks, and
communications materials (eg, posters, table tents). The scan also assessed the availability
of color-coded tags correctly identifying items. Questions were binary (eg, yes/no), ordinal
(eg, =25, 3-4, 1-2), or Likert-style (eg, Very Good, Good, Fair, Poor, Very Poor) for ease of
data analysis. There was also an area to provide additional commentary on contextual factors
(eg., staffing issues, quality of items). Scans were completed using a paper version and then
entered in a web-based form built for the project (Epi Info, CDC, Atlanta, GA). Photographs
of strategies were routinely taken to supplement fidelity data.

Fidelity Data Analysis.—Fidelity statistics (percentages) were calculated for baseline,
intervention, and post-intervention periods, and was determined for availability, prominent
placement, and presence and correct placement of color-coded labels for green-coded hot
foods, grab n’ go vended items, drinks, chips, salad bar, and menu boards. Prominent
placement was defined as placing the promoted items either first in line, near the register,
or at eye-level. We totaled values for each of the scales (eg, Yes/No questions were coded
as 1 or 0, while a 5-point Likert scale were assigned values of 4 to 0) and divided by the
number of assessments to create a fidelity average. We then divided the average by the
highest value (eg, 4 for a 5-point Likert Scale) to create a fidelity percentage. For example,
in the ‘Salad Bar’ category, the average score for ‘prominent placement” across assessments
was 3.17 out of a possible 4, thus, the fidelity percentage was 79% (3.17/4 x 100). High
fidelity was defined as having a mean percentage of 75% across all categories, as defined
in prior intervention studies.?223 Moderate fidelity was defined as 50%-74% and low was
0%-49%.23

Am J Health Promot. Author manuscript; available in PMC 2025 February 01.
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Color coding of food items had no effect on sales in the intervention or post-intervention
period regardless of the method of analysis (Tables 3 and 4). Weekly foods sales, adjusted
only for total sales, decreased during the intervention for desserts (eg, cakes, cookies, pies,
and brownies), cooked starches (eg, grain and potato dishes), hummus, and yogurt (Table
3). Sales increased during the intervention for fruit cups, cooked vegetables, vegetable and
turkey burgers, grilled chicken, packaged salads, French fries, hamburgers, and hot dogs
(Table 3). Post intervention sales decreased for whole fruit and pudding and increased for
pre-packaged salads and French fries (Table 3).

Table 4 shows results for negative binomial models estimating the immediate change during
the intervention and post intervention, as well as the differences in slope between baseline,
intervention, and post intervention. Adjusted model 1 shows the intervention was associated
with a positive immediate change in fruit cup sales and a negative slope change. The same
pattern was found for pudding, veggie/turkey burgers, and packaged salads. Hot vegetables
had no significant immediate change, but a small significant positive slope change. Desserts
had no significant immediate change, but a significant negative slope change. Whole fruit
had a positive immediate change and no significant slope change. Other items’ sales were
not significantly different in the intervention period, compared to baseline.

Adjusted model 2 show that desserts, fruit cups, yogurt, pudding, cooked starches, and
veggie/turkey burgers had a negative immediate change and a positive slope change in post-
intervention, compared to the intervention period. Hamburgers and hotdogs had a positive
immediate and negative slope change in post-intervention, compared to the intervention
period. Hot vegetables had a small but statistically significant negative change in slope only.
Packaged salads had a positive change in slope only. There was a positive immediate change
in grilled chicken sales in post-intervention, compared to intervention.

Process Evaluation Results

Implementation fidelity for availability, placement, and color-coded labels for individual
foods and strategies suggest that intervention strategies were implemented with moderate

to high fidelity during the intervention period (Table 5). Fidelity declined during post
intervention but remained higher compared to the baseline period. Mean availability fidelity
was 88% and decreased to 57% during post-intervention. Mean placement fidelity was

90% and decreased to 65% during post intervention. Mean labeling fidelity was 87% and
decreased slightly to 83% during post-intervention.

Discussion

This study examined the effect of an 18-week behavioral design intervention in a U.S.
Department of Defense hospital dining facility. Behavioral design strategies were selected to
increase healthier food selection and decrease less healthy food selection and were applied
with high fidelity. In line with these objectives, findings from the fully adjusted model

show increases in sales of some healthier foods (whole fruit, fruit cups, packaged salads,
and vegetable and turkey burgers) and one less healthy item, pudding (Table 4). During the

Am J Health Promot. Author manuscript; available in PMC 2025 February 01.
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post-intervention fidelity decreased only slightly to 83% and among a variety of changes
was a decreased sales of both fruit cups and vegetable/turkey burgers which had increased
during the intervention (Table 4).

Previous trials have examined similar behavioral design strategies to improve dietary intake
in military facilities, though with a more limited number of strategies than in the current
study. For example, Arsenault et al examined the use of the G4G traffic-light colored

labels in six U.S. Army bases, showing a decrease of fat intake for users vs non-users

of the labels.1#24 More recently Cole et al, 2018 examined the effect of nutrient-dense
recipes, improved menus for performance, and placement strategies on diet quality and meal
satisfaction at a Special Operations Forces Human Performance Program DFAC.2° Cole et
al?® found that implementing the strategies was feasible and led to dietary improvements.
However, unlike the current trial they relied solely on improving selection via the favorable
placement of healthy items.

Behavioral design strategies influence selection by the way they interact with our cognitive
systems.*26 A mix of strategies targeting both deliberate, rational decision-making and
impulsive, automatic action-taking can guide healthy choices.26 Many behavioral design
strategies target the latter system, making choices easier, default, and normative by
adjusting, for example, food placement, relative number of healthier foods, or foods in a
bundle. These can be complimented with strategies that slow decision-making down and
require deliberative effort such as opportunities to preorder meals or view posted calorie
counts. Selecting a set of cognitively diverse behavioral design strategies for an intervention
can be guided by feasibility, practicality, and monitoring. In the current study, for example,
strategy selection was guided by existing sales, cafeteria layout, staffing considerations,
consultation with staff dieticians, and price change limitations imposed by U.S. Army
regulations.

The challenge for public health is how to operationalize behavioral design and make it

a normative part of creating environments that facilitate healthy behaviors. A promising
method is to include these strategies in facility design and food service contracts. For
example, because many Americans consume food within institutional environments such
as universities and worksites, the Federal Government has developed and promotes the
use of food and nutrition guidelines in institutional settings, such as the Food Service
Guidelines for Federal Facilities.2” These guidelines specifically recommend behavioral
design strategies to encourage the selection of healthier foods. They are designed to and
have successfully been put into requests for food service proposals and subsequently
incorporated into contractual agreements between institutional management and food service
companies. The use of food service guidelines in this manner begins to normalize the
alignment of the food environment with human dietary requirements as a best business
practice.

Limitations of the current study included no randomization, control group, or measurement
of foods consumed, only sales. It is also possible that over the study timeframe unmeasured
outside factors changed dietary selection, such as seasonal eating patterns, although we
made efforts to adjust for this statistically. Furthermore, behavioral design strategies may

Am J Health Promot. Author manuscript; available in PMC 2025 February 01.
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differently affect each of the numerous steps involved in selecting and purchasing food.
This study only measured how the collective intervention led to the purchasing step. This
study did not resolve the effects of specific strategies, nor did it determine how these
strategies influenced other outcomes on the causal path such as patron flow patterns, time
spent eating, amount consumed, sharing of food, saving food for later, and food wasted. For
example, the observed increase in sales of some less healthy items may have resulted from
inadvertent layout changes that made these items more prominent. Finally, we were not able
to examine sales of fountain drinks nor whole grain products, which were both targeted by
the intervention but not able to be measured using available POS data.

In conclusion, this study demonstrates that a mixture of behavioral design strategies can

be operationalized with reasonable fidelity and can lead to increases in the sales of some
healthy foods in military worksites. This work adds to the literature on behavioral design
interventions in military food settings and contributes to the evidence on the effectiveness of
workplace cafeteria interventions and congregate food service settings more broadly. CDC
continues to support the use of behavioral design strategies in the food service setting by
providing guidance.
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So What?
What is already known on this topic?

Behavioral design uses cognitive, emotional, behavioral, and informational strategies
to incentivize healthier behaviors, choices, and actions. Given that these strategies are
often low-cost, minimally invasive, preserve alternate choices, and can be incorporated as
permanent, they represent an opportunity to sustainably impart small effects, over time,
across a population to improve dietary behaviors.

What does this article add?

This study examined behavioral design strategies at a military hospital dining facility.
Strategies included placement, layout, messaging, healthy bundling, stoplight rating
system, strategic positioning of healthy items on menu boards, and an increase in
healthier snacks. These behavioral design strategies were successfully operationalized
and led to increases in healthy foods sales.

What are the implications for health promotion practice or research?

A promising method to operationalize behavioral design and make it a normative part
of creating healthy food environments is to include these strategies in institutional food
service contracts, such as in universities and worksites. The US Centers for Disease
Control and Prevention has developed Food Service Guidelines for Federal Facilities,
which includes behavioral design strategies, as a best business practice to normalize a
healthy food environment.
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