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Strategies to Promote a Healthier Food Environment

Abstract

Excess weight, which affects over 70% of the population in the United States, has been
associated with a plethora of chronic diseases, including diabetes, cardiovascular disease, some
cancers, and mortality. As posited by the ecological model of behavior change, our environment
shapes the way we behave, so to change behavior requires changing the ecology in which we
live. Therefore, the three papers that make up this dissertation explores various strategies to
promote a healthier food environment.

In paper 1, we asked how beverages with child-directed marketing compare to
beverages without such marketing with respect to front-of-package claims and nutrient profile.
We found that sugary fruit drinks with child-directed marketing were more likely to show front-
of-package micronutrient claims (OR=2.1, 95% Cl=1.5, 3.1) and contained more vitamin C
(18.5% daily value, 95% CI=1.6, 35.5) than fruit drinks without child-directed marketing. These
results suggest that beverages companies may be fortifying their sugary beverages with vitamin
Cin order to market their beverages with micronutrient claims. We put forth a series of
recommendations to change the marketing landscape.

In paper 2, we examine whether beverage taxes influence beverage prices and
consumer behavior by studying the impact of the Philadelphia beverage tax in one of the

largest longitudinal studies of beverage taxes to date. Our results showed that the average



price of taxed beverages in Philadelphia increased by 1.6 cents-per-ounce (95% Cl: 1.1, 2.0;
28.7% increase; 107% pass-through) compared to Baltimore in the year after the beverage tax.
This change in price led to loyalty cardholders in Philadelphia purchasing 6.8 ounces

(95% Cl: -7.3, -6.2) fewer of taxed beverages per transaction compared to Baltimore post-tax.
Both the price and volume of nontaxed beverages in Philadelphia compared to Baltimore did
not significantly differ after the beverage tax was implemented. This study provides strong
evidence at the individual-level that beverage taxes can alter consumer behavior.

In paper 3, we studied whether nudges on restaurant menus can influence which
portion sizes diners select in an online randomized controlled experiment. We found that
regardless of pricing scheme, participants were more likely to select a reduced portion entrée if
we named the smaller portion “Standard” or “Just Right” compared to leaving it blank. We
show evidence of an effective low-cost strategy to promote selection of lower-calorie smaller
portions when dining out. Restaurants can potentially benefit from such a menu change by not
only reducing food waste, but also expanding their customer base to include those who seek
healthier alternatives when dining out.

Together, these papers make the argument that there are many tools we can use to
change our environment. Although no single action can solve the issue of excess weight, better
beverage packaging regulations, beverage taxes in more cities, and menu changes in chain

restaurants can help ensure that people are making healthy choices at every stage of life.
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ABSTRACT

Introduction: Fruit drinks are a major source of added sugar in children’s diets. This study
describes the associations between front-of-package child-directed marketing (i.e., sports,
fantasy, or child-directed imagery; child-directed text) and (1) health-related claims and (2)
nutrient content of fruit drinks, 100% juices, and flavored waters.

Methods: Beverage purchase data from a national sample of 1,048 households with children
aged 0-5 years were linked with front-of-package label and nutrition data to conduct a content
analysis on fruit drinks (n=510), 100% juices (n=337), and non-carbonated flavored waters
(n=40) in 2019-2020. Unstratified and stratified regression models assessed the differences in
the prevalence of claims (macronutrient, micronutrient, natural/healthy, and fruit and juice),
non-nutritive sweeteners, and nutrient content (calories, total sugar, and percent daily value of
vitamin C) between drinks with and those without child-directed marketing in 2021.

Results: Fruit drinks with child-directed marketing were more likely to show front-of-package
micronutrient claims (OR=2.1, 95% Cl=1.5, 3.1) and contained more vitamin C (18.5% daily
value, 95% CI=1.6, 35.5) than fruit drinks without child-directed marketing. 100% juices with
child-directed marketing contained less vitamin C (35.6% daily value, 95% Cl= 57.5, 13.8) and
3.0 (95% Cl=5.5, 0.4) fewer grams of sugar than 100% juices without child-directed marketing.
Flavored waters with child-directed marketing contained less vitamin C (37.9% daily value, 95%
Cl=68.1, 7.6) than flavored waters without child-directed marketing.

Conclusions: The combination of child-directed marketing with health-related claims may
mislead parents into believing that fruit drinks are healthy and appealing to their children,

highlighting the need for government regulation of sugary drink marketing.



INTRODUCTION

Research has shown that marketing is effective in influencing children’s choice and
intake, and that marketing of unhealthy foods can lead to overconsumption® and contribute to
childhood obesity, which currently impacts 1 in 5 children in the U.S.%3 In the U.S., food and
beverage companies spend approximately S1 billion advertising products to children aged <12
years, many of which are high in calories and added sugar.? Children are particularly susceptible
to marketing as they do not understand the persuasive intent of such tactics,>” and busy
parents are susceptible to the “pester power” of their children.®® As such, there have been
efforts to restrict marketing toward children. Internationally, Chile’s Law of Food Labeling and
Advertising put into place a series of regulations requiring a warning label and limiting the use
of child-directed marketing techniques such as cartoons on products that contain added sugar,
sodium, or saturated fat, and exceed recommended thresholds for calories, sodium, total sugar,
or saturated fat.’® Many more countries—including Mexico and Taiwan—have federally
mandated restrictions on the types of foods that can be advertised on children’s TV networks.°
In the U.S., though, such efforts have been mostly voluntary and unsuccessful.*!

Despite industry-led pledges to advertise healthier products to children,>*3 children
continue to see advertisements for foods of poor nutritional quality.'*'” One of the main
products advertised to children in the U.S. are sugar-sweetened beverages (SSBs), the number
one source of added sugars in the American diet.'® Some of the most commonly consumed
SSBs among children aged <8 years are fruit drinks, defined as fruit-flavored drinks that contain
<100% juice with or without added sugars or nonnutritive sweeteners (NNSs),**>=?2 and are not

recommended for young children.?® Unlike fruit drinks, which include diluted juices, 100% juices



do not contain added sweeteners, but excessive consumption can still lead to weight gain.?3%
Thus, the Dietary Guidelines for Americans 2020-2025 and the American Academy of Pediatrics
recommend limiting 100% juices to children, but national averages suggest children currently
consume more than the recommended amount.*®2326 Consumption of flavored waters, which
may contain added sugars and NNSs, has also increased from 2006 to 2017 among U.S.
children.?’

Perhaps the biggest industry pledge in the U.S. toward healthier marketing for children
is the Children’s Food and Beverage Advertising Initiative, but it does not cover marketing on
product packaging and labeling.'? Currently, popular beverages for children such as fruit drinks
may have product packaging that leads to confusion about the drinks’ healthfulness. For
instance, claims related to fruit/juice (e.g., “fruit drink”) and nutrition (e.g., “100% Vitamin C”)
are highly prevalent on fruit drink front-of-package (FOP) labels. These claims may be
misleading because they often appear on drinks with high levels of added sugar, thus falsely
implying that they are healthy.?8-33 Additionally, labeling guidelines are not conducive to
parents’ understanding of whether the beverages they are purchasing contain added
sweeteners, because NNSs do not have to be listed on the Nutrition Facts Panel or declared on
the FOP.34 Their disclosure is only mandated on the back-of-package ingredients list. In 2016,
the U.S. Food and Drug Administration issued a redesign of the Nutrition Facts Panel to include
both total and added sugar, but not NNSs.3> Furthermore, these beverages feature child-
directed marketing, which can include spokes-characters, bright colors, and games, all of which
have been shown to influence children’s dietary intake and are not proactively regulated by the

Federal Trade Commission despite falling under its purview.3¢3’



The association between child-directed marketing and the nutritional profile of
beverages is not well explored in the U.S. In 2014, the Rudd Center for Food Policy and Obesity
published a report detailing that children’s drinks in the U.S. had fewer calories than other
similar beverages that were not marketed to children, likely because of the greater use of NNSs
in children’s products.3® Outside of the U.S., researchers in Chile found that beverages with
child-directed marketing had more total sugar and calories than beverages without.?° Cruz-
Casarrubias et al.®? found similar results in an assessment of sugary drinks in Mexico: Beverages
with child-directed marketing had higher levels of sugar and saturated fats than beverages
without such marketing. These beverage results are consistent with several other studies that
focused on foods, suggesting an overall association between products with child-directed
marketing and less healthy nutrient profiles.*:=%4

Though past studies have examined the relationship between FOP claims on fruit drinks
and their nutritional profile,? few if any studies have assessed the relationship between the
nutrient profile of fruit-flavored drinks (i.e., fruit drinks, 100% juices, and non-carbonated
flavored waters) and FOP child-directed marketing. As efforts to regulate child-directed
marketing in the U.S. have been stymied,*! it is important to understand how such marketing
tactics are associated with the healthfulness of products marketed to children given the lack of
regulation in this sphere. It is particularly important to understand the marketing and nutrient
profile of products that are purchased by families with young children to better inform

government action. Thus, the objectives of this paper are to examine the association between

the presence of child-directed FOP marketing on fruit drinks, 100% juice, and non-carbonated



flavored waters purchased by households with young children and: (1) the presence of health-

related claims and non-nutritive sweeteners and (2) the nutritional profile of these beverages.

METHODS

A content analysis of FOP marketing on fruit drinks, 100% juices, and non-carbonated
flavored waters purchased by households with young children was conducted using previously
described methods.?° To identify beverages purchased by households with young children, 2
data sources were used. The first was acquisition data from households with children aged 0-5
years from the U.S. Department of Agriculture’s National Household Food Acquisition and
Purchase Survey (n=748 households with children aged 0-5 years of 4,826 total households)
collected in 2012—-2013. To complement these national data with newer purchasing
information, loyalty card-linked sales data from households with children aged 0-5 years with
loyalty cards at a large, Northeast supermarket chain in 2016-2017 (n=300) were also used.
Using two data sets created an expanded time window for the sample and captured changes in
FOP labels as well as trends in new products. These data sets were appended, and beverages
with duplicate Universal Product Codes (unique identifiers for each product) were removed.
The remaining observations were merged by Universal Product Code with Label Insight data,
which contains detailed package and nutrition information for each purchased beverage, as
well as details about when the information was collected.* The final sample was restricted to
unique fruit drinks (n=510), 100% juices (n=337), and non-carbonated flavored waters (n=40)
that were purchased by households with children aged 0-5 years and had package information
in Label Insight (Figure 1.1). Despite the differences in time periods that the data were

collected, the distribution of the beverage types between the two data sets was similar.



Figure 1.1 Examples of fruit drinks, 100% juices, and non-carbonated flavored waters with and
without child-directed marketing in our sample (n=887).
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Measures

The FOP child-directed marketing and health-related claims were captured using a
codebook adapted from a previous study on beverage FOP marketing.?® Child-directed
marketing was defined as child-directed imagery (e.g., anthropomorphized animals), sports or
fantasy imagery, or child-directed text (e.g., exaggerated fonts or flavors such as “Polar Blast”).
Health-related claims included macronutrient claims (any claims that included fat, sugar,
protein, or calories), micronutrient claims (any claims regarding vitamins, minerals, probiotics,
and antioxidants), healthy/natural claims (any claims about being healthy or natural), and fruit
and juice claims (any claims that the product contains fruits, vegetables, or juice). Two coders
were trained and independently coded a random sample of 20% of the products to assess inter-
rater reliability. After removing variables with <80% inter-rater reliability (n=7) and removing
(n=4) or revising variables for clarity (n=9), the codebook was updated, and the remaining 80%
of the products were split and coded independently in 2019-2020. The codebook is available
upon request.

Beverage nutrition information was captured by Label Insight between 2012 and 2020.
NNSs were sweeteners that did not contain calories, such as stevia and aspartame. For
beverages missing calories (n=13, 1.5%) and total sugar (n=56, 6.3%) information, the authors
rechecked the Nutrition Facts Panel on the Label Insight website, and if the amount still could
not be identified, the manufacturer’s website was used. For beverages missing vitamin C
information (n=200, 22.5%), a multistep approach was used in which the next step was
followed if the previous step was unsuccessful: (1) rechecked the Nutrition Facts Panel on the

Label Insight website; (2) assigned 0% daily value (% DV) vitamin C to products that contained



no juice or ascorbic acid, or had a disclaimer that the item was “not a significant source of
vitamin C”; (3) referred to the manufacturer’s website; and (4) referred to the U.S. Department
of Agriculture FoodData Central website.*® These steps resulted in complete nutrition

information for all beverages in the sample (n=887).

Statistical Analysis

Logistic regression models were used to assess the association between the presence of
FOP child-directed marketing (independent variable, yes/no) and the presence of NNSs and
four different categories of FOP health-related claims (macronutrient, micronutrient,
healthy/natural, fruit and juice; dependent variables, yes/no). First, analyses were performed
across all beverages controlling for beverage type. No other covariates were included. For the
model predicting the presence of NNSs, 100% juices were not included as they do not contain
NNSs. Second, models were stratified by drink type to examine beverage-specific associations.
Stratified results for fruit drinks and 100% juices are reported; because of limited statistical
power to analyze non-carbonated flavored waters owing to the small number of these
beverages in the data set, these exploratory results are presented in Appendix Tables 1.1 and
1.2

Linear regression models were used to assess the association between the presence of
FOP child-directed marketing (independent variable, yes/no) and the nutritional profile of the
beverages (dependent variables), stratified by beverage type. Three nutrients were examined:
calories per package serving, grams of total sugar per package serving, and % DV of vitamin C

per package serving. Sugar and vitamin C were chosen as outcome measures because claims



about vitamin C and sugar are common on fruit drinks.3° All statistical tests were conducted in

Stata, version 16.1 in 2021.

RESULTS

The total sample included 510 fruit drinks, 337 100% juices, and 40 non-carbonated
flavored waters. Among fruit drinks, approximately 45% had child-directed marketing, and
similar percentages had macronutrient claims, micronutrient claims, fruit and juice claims, and
NNSs. Among 100% juices, 16.3% had child-directed marketing, 52% had micronutrient claims,
and 98% had fruit and juice claims. Similar to fruit drinks, 45% of non-carbonated flavored
waters had child-directed marketing, though 80% had macronutrient claims and 97.5% had
healthy/natural claims. Additionally, 80% of non-carbonated flavored waters had NNSs. Fruit
drinks contained an average of 71.5 calories and 16.6 grams of total sugar, and 100% juices had
an average of 115.7 calories and 24.9 grams of total sugar. Non-carbonated flavored waters had
the least number of calories and sugar on average at 21.0 and 5.4 grams, respectively. With
respect to vitamin C content, 100% juices had the most (92.6% DV), followed by fruit drinks

(46.8% DV) and non-carbonated flavored waters (31.4% DV) (Table 1.1).
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Table 1.1 Presence of Child-Directed Marketing, Mean Nutrient Content, and Prevalence of

Claims by Beverage Type?®

Fruit drinks®

100% Juices?

Non-carbonated

H a
Variable n=510 h=337 flavored waters
n=40
Presence of child-directed
marketing, % (n) 44.5 (227) 16.0 (54) 45.0 (18)
Calories, mean (SD) 71.5(55.1) 115.7 (41.6) 21.0(37.1)
Sugar (g), mean (SD) 16.6 (13.1) 24.9 (8.9) 5.4 (9.9)
o o, A

:gtDa)m'" C % daily value, mean 46.8 (97.4) 92.6 (75.9) 31.4 (50.2)
Presence of non-nutritive

47.1 (24 . 2
sweeteners, % (n) (240) 0(0) 80.0(32)
Presence of macronutrient
claim, % (n) 49.0 (250) 44.8 (151) 80.0 (32)
Presence of micronutrient
claim, % (n) 47.3 (241) 51.9 (175) 57.5 (23)
Presence of healthy/natural
claim, % (n) 62.4 (318) 72.7 (245) 97.5 (39)
Presence of fruit and juice 473 (241) 97.6 (329) 5.0(2)

claim, % (n)

3Fruit drinks were defined as: fruit-flavored drinks, frozen and liquid concentrates, and
powdered mixes with less than 100% fruit juice and with or without added sugars or non-
nutritive sweeteners; 100% juices were defined as: 100% fruit juice or fruit/vegetable juice
blends, or coconut water with no added sugars or non-nutritive sweeteners; non-carbonated
flavored waters were defined as: non-carbonated drinks with water in the statement of

identity and with added fruit flavors, with or without added sugars or non-nutritive sweeteners.
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The presence of FOP child-directed marketing was associated with increased odds of
having macronutrient claims (OR=1.4, 95% Cl=1.1, 1.9), micronutrient claims (OR=1.5, 95%
Cl=1.1, 2.0), and natural or healthy claims (OR=1.5, 95% ClI=1.1, 2.0), and decreased odds of
having fruit and juice claims (OR=0.6, 95% CI=0.4, 0.8) after controlling for drink type. After
stratifying by drink type, one main association persisted: Compared with fruit drinks without
child-directed marketing, those with child-directed marketing had more than twice the odds of
having micronutrient claims (OR=2.1, 95% CI=1.5, 3.1). No other stratified associations between
health-related claims and presence of child-directed marketing were significant (Table 1.2 and

Appendix Table 1.1).

12



Table 1.2 Odds?® of Claims and Child-Directed Marketing® on Beverage Labels, Before and After
Beverage Type Stratification®

Health-related claim Beverages with child-directed marketing
(All beverages n=299; fruit drinks n=227;
100% juice=54) vs control (All beverages
n=588; fruit drinks n=283; 100% juice n=283)
OR (95% Cl)
All beverages (n=887)°
Macronutrient claims 1.4 (1.1,1.9)*
Micronutrient claims 1.5 (1.1, 2.0)**
Natural or healthy claims 1.5(1.1, 2.0)*
Fruit and juice claims 0.6 (0.4, 0.8)***
Presence of non-nutritive sweeteners® 1.2 (0.8, 1.6)
Fruit drinks (n=510)
Macronutrient claims 1.3(0.9,1.9)
Micronutrient claims 2.1 (1.5, 3.1)***
Natural or healthy claims 1.4 (1.0, 2.1)
Fruit and juice claims 0.9(0.6,1.2)
Presence of non-nutritive sweeteners 1.0 (0.7, 1.5)
100% juice (n=337)
Macronutrient claims 1.0 (0.5, 1.8)
Micronutrient claims 0.7 (0.4, 1.3)
Natural or healthy claims 1.2 (0.6, 2.4)
Fruit and juice claims 1.3(0.2,11.2)
Presence of non-nutritive sweeteners f

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001).

2 ogistic regression models used to analyze data.

bChild-directed marketing is defined as containing: child-directed text and imagery, including
image of a child, adult, animal, anthropomorphized ingredient/object; sports or fantasy
imagery; or child-directed text, including use of unconventional or exaggerated fonts, indication
of an extreme experience or taste (i.e., made up flavors), claims related to enjoyment or fun,
and words that reference children.

‘Beverage types include fruit drinks (n=510), 100% juices (n=337), and non-carbonated flavored
waters (n=40).

dControl group includes beverages without child-directed marketing.

€Only fruit drinks and non-carbonated flavored waters were included in the unstratified model
predicting the presence of non-nutritive sweeteners as 100% juices by definition cannot contain
non-nutritive sweeteners; n=847).

f100% juices do not contain non-nutritive sweeteners.
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Using linear regression to examine nutrient content, fruit drinks with child-directed
marketing were associated with an absolute 18.5% (95% ClI=1.6, 35.5) greater % DV of vitamin C
than fruit drinks without child-directed marketing. There was no association between total
sugar and presence of child-directed marketing. Conversely, the presence of child-directed
marketing on 100% juices was associated with 3.0 (95% Cl=-5.5, —0.4) fewer grams of total
sugar and an absolute 35.6% (95% Cl=—-57.5, —13.8] lower % DV of vitamin C when compared
with the same beverage types without child-directed marketing. There was no association
between calorie content and the presence of child-directed marketing in either beverage types.
In exploratory analyses of flavored waters, similar patterns to 100% juice were found with

regard to the examined nutrients (Table 1.3 and Appendix Table 1.2).
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Table 1.3 Nutrient Analysis® for Fruit Drinks (n=510) and 100% Juices (n=337) With and Without
Child-Directed Marketing®

Variable Beverages with children-directed marketing
(fruit drinks n=227; 100% juice=54) vs control®
(fruit drinks n=283; 100% juice n=283)
B (95% ClI)
Fruit drinks (n=510)
Calories (kcal) -3.8(-13.5, 5.8)
Total sugar (g) -1.0(-3.3, 1.3)
Vitamin C (% DV) 18.5 (1.6, 35.5)*
100% juice (n=337)
Calories (kcal) -7.5(-19.7, 4.6)
Total sugar (g) -3.0 (-5.5, -0.4)*
Vitamin C (% DV) -35.6 (-57.5, -13.8)**

Note: Boldface indicates statistical significance *p<0.05; **p<0.01; ***p<0.001).
linear regression models used to analyze the data.
bChild-directed marketing is defined as containing: child-directed text and imagery, including
image of a child, adult, animal, anthropomorphized ingredient/object; sports or fantasy
imagery; or child-directed text, including use of unconventional or exaggerated fonts, indication
of an extreme experience or taste (i.e., made up flavors), claims related to enjoyment or fun,
and words that reference children.
“Control group includes beverages without child-directed marketing.
DISCUSSION

In a sample of 887 fruit drinks, 100% juices, and non-carbonated flavored waters
purchased by households with children aged 0-5 years, FOP child-directed marketing on fruit
drinks was associated with more than twice the odds of having micronutrient claims and higher
levels of vitamin C. Child-directed marketing on 100% juices, on the other hand, was associated
with nearly 35 percentage points less vitamin C based on % DV and 3 fewer grams of total sugar
than 100% juices without child-directed marketing.

In this sample, >85% of fruit drinks with any vitamin C had the nutrient fortified,

suggesting that companies fortify fruit drinks with vitamin C as a marketing ploy to attract

parents. In a study done on the effects of food fortification, researchers showed that vitamin
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fortification may increase purchasing.*’ Currently, the Food and Drug Administration does not
condone the fortification of unhealthy snacks or carbonated beverages.*® In light of the findings
in this study, policymakers at the Food and Drug Administration should focus on updating this
regulation to also include non-carbonated beverages as such marketing tactics may mislead
parents into thinking that sugary fruit drinks are a healthy choice that their children will enjoy.
Although vitamin C is an essential micronutrient, it is one in which children are not deficient in
the U.S.*° Thus, these sugary drinks, which have been linked to excess weight gain and dental
caries, have a health halo despite containing added sugar and excess calories.?%>!

In 2012, the Federal Trade Commission published a review of the industry’s youth-
directed marketing expenditures and activities.>? The Federal Trade Commission concluded the
study with suggestions on how to strengthen the marketing landscape, including setting
nutrition standards for the types of foods and beverages that can be marketed to children and
expanding the definition of marketing to include all forms of promotion; however, until such
recommendations are codified, the marketing landscape will not change in a substantial way. In
the absence of government regulations, industry self-regulation is unlikely to fix the problem.
As the Children’s Food and Beverage Advertising Initiative does not cover marketing on package
labels,*? for instance, children continue to see many junk food ads on packaging.1®’

A previous study in Mexico analyzing SSBs found that those with child-directed
marketing were significantly more likely to have more total sugar than SSBs without child-
directed marketing.*° Similarly, Stoltze and colleagues3® analyzed a sample that included water,
juices, SSBs, and dairy and found that beverages with child-directed marketing have

approximately 15 more calories and 1 additional gram of added sugar per 100 mL serving when
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compared with beverages without child-directed marketing. Unlike these two studies, the
analyses performed in this paper were stratified by beverage type and used package serving
sizes, and found that the presence of child-directed marketing on any fruit-flavored beverage
had no association with calories and on 100% juice was associated with fewer grams of sugar.
Similar to the study conducted in Mexico,?° the present analysis also assessed total sugars
because products’ added sugars information was not available for the time period. Though
added sugars are a major health concern, excessive total sugar in a child’s diet is also
inadvisable. As such, experts recommend limiting even the natural sugars found in 100% juice.?

Other ingredients to consider are NNSs, which experts do not recommend for young
children,? and parents wish to avoid.>**> Although this study found no association between the
presence of child-directed marketing and the use of NNSs, nearly half of the fruit drinks and
80% of the non-carbonated flavored waters in this sample contained NNSs. The high prevalence
of NNSs in this sample reflects a trend of increasing NNS consumption.>6>7

This study had several strengths. First, this study expanded upon an earlier study
conducted by the Rudd Center on children’s drinks to include a nutrient content analysis with
vitamin C.38 Models included stratification by beverage type, which enabled detailed
recommendations for specific sugary drink categories. Second, this sample is representative of
beverages purchased by U.S. households with young children and thus represents what parents
see at the supermarket.
Limitations

This study also had several limitations. First, the FOP marketing information used in this

content analysis was collected between 2012 and 2017. It is possible that some packaging may
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have been redesigned. Furthermore, as Label Insight does not provide historical data on
beverage labels, the exact sales date could not be matched to the date the package information
was collected. To address this, the authors reviewed news articles about food and beverage
package redesign from 2012 to 2020 on Packaging Digest,*® and none of the beverages included
in this study had undergone a redesign during the included timeframe. In addition, Label Insight
re-indexes their database weekly, and a vast majority of the 10,000+ weekly label submissions
are from the brands themselves. Taken together, there is confidence that the reviewed labels
have not undergone a major redesign. Second, this study does not address consumption of
fruit-flavored beverages, only purchases. Third, some beverages were missing data for calories
(1.5%), total sugar (6.3%), and vitamin C (22.5%). However, information for all three nutrients
was readily available through other reliable sources. Fourth, added sugar content could not be
examined because nutrient data were collected prior to the implementation of the new
Nutrition Facts Panel, which requires information about added sugars. Future research should
examine the relationships between FOP child-directed marketing, health-related claims, and
nutrition on a wider variety of foods and beverages consumed by young children using updated

package information.

CONCLUSION

Fruit drinks with FOP child-directed marketing were more likely to show micronutrient
claims and contain more vitamin C than fruit drinks without child-directed marketing. This
combination of marketing elements may mislead parents into believing that these sugary drinks

are not only healthy, but also appropriate for and appealing to their children. Greater
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regulation is needed for FOP beverage marketing on sugary drinks, particularly ones that

contain child-directed marketing.
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ABSTRACT

Background: Policymakers are increasingly interested in sweetened beverage taxes as a way to
reduce sweetened beverage purchases and generate revenue. A number of studies have
evaluated the influence of beverage taxes on purchases, but few have used person-level
longitudinal data. The aim of this study was to estimate the influence of Philadelphia’s
sweetened beverage tax on beverage prices and purchases made in a national pharmacy chain.
Methods: We analyzed longitudinal beverage point-of-sale data from 313,582 loyalty cards
from a national pharmacy chain before and after the implementation of Philadelphia’s 1.5 cent
per oz. tax on sugar- and artificially-sweetened beverages on January 1, 2017. To analyze the
change in mean price-per-ounce for taxed and nontaxed beverages, we used generalized linear
models comparing Philadelphia (intervention) to Baltimore (comparison city) before and after
the tax (January 1, 2015 through December 31, 2017). We used multilevel models to analyze
the change in cardholder’s mean volume (ounces) of taxed and nontaxed beverages purchased
per transaction.

Results: Average prices of taxed beverages in Philadelphia increased by 1.6 cents-per-ounce
(95% ClI: 1.1, 2.0; 28.7% increase; 107% pass-through) compared to Baltimore in the year after
the beverage tax. This price increase varied across taxed beverages types. Prices of nontaxed
beverages saw no changes in Philadelphia compared to Baltimore post-tax (0.1 cents-per-ounce
[95% CI: -0.1, 0.4]). Loyalty cardholders in Philadelphia purchased 6.8 ounces (95% Cl: -7.3, -6.2)
fewer of taxed beverages per transaction compared to Baltimore from before to after

implementation of the beverage tax. The volume purchased of nontaxed beverages in
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Philadelphia compared to Baltimore did not significantly differ after the beverage tax was
implemented.

Conclusion: The Philadelphia beverage tax led to significant price increases for taxed beverages,
which in turn led to a 7.6% decline in taxed beverage purchases at a national pharmacy chain.
This longitudinal study contributes to a growing literature demonstrating sustained reductions
in taxed beverage sales following beverage excise taxes. Cities should consider such taxes to

reduce purchases of sugary drinks.
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INTRODUCTION

Consuming sugary drinks is associated with excess weight gain, diabetes, and
cardiovascular disease, among many other negative health outcomes.!* Americans eat an
average of 68 grams of added sugar a day,> which is greater than the upper limit of ~50 grams
that the Dietary Guidelines for Americans 2020 — 2025 recommends for an adult on a 2000
calorie diet.® One of the biggest sources of added sugars in the American diet comes from
sugary drinks.® As such, there have been efforts to reduce the amount of sugary drinks
Americans consume, using methods such as portion limits, excise taxes, healthier default
beverages on kid’s menus, and traffic light labeling signage.”*!

There has been increasing momentum and political feasibility for beverage taxes in the
U.S. since 2014, when Berkeley, CA passed the nation’s first sugar-sweetened beverage (SSB)
tax.!? In 2016, Philadelphia, PA followed suit, and several other U.S. cities thereafter.!? This
paper will focus on the Philadelphia beverage tax, a 1.5 cent-per-ounce excise tax on artificially-
and sugar-sweetened beverages that was implemented on January 1, 2017.14

The beverage industry has pushed back against beverage taxes,> claiming that with
decreased purchasing, stores would lose profit and be forced to lay off employees. However,
studies have shown that unemployment rates did not change after the Philadelphia beverage
tax was implemented.'®'8 While qualitative studies conducted with beverage retailers have
uncovered general discontent around beverage taxes, the same retailers ultimately reported
that their sales did not change.'®

Studies examining the impact of beverage taxes on prices have consistently shown that

a large portion of beverage excise taxes are passed on from the beverage distributors (the
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entities that actually pay the tax to the city) to retailers and finally to consumers.020-22 |n
Berkeley, chain supermarkets saw complete pass-through of the tax—i.e., the cost of the tax
was completely passed onto the consumers—though pharmacies only saw partial pass-
through;?° on the other hand, supermarkets in Philadelphia saw partial pass-through while
pharmacies and small, independent stores saw complete pass-through.%2! As prices of taxed
beverages have gone up, sales have correspondingly declined, as demonstrated by studies in
Berkeley, Philadelphia, and Seattle.1%20-22 Understanding the extent of a decline in sales is
important because it may predict the amount of reduced consumption, which would define the
amount of health benefit for those who drink fewer sugary drinks after the tax.

While studies have consistently shown an increase in the price of taxed beverages and a
subsequent population-level decline in sales, what is less well-studied is how individuals
respond to the tax. In two longitudinal studies (i.e., following the same people over time)
conducted in Philadelphia using receipt collection or surveys, one found no statistically
significant changes in purchases of taxed beverages,!! while another found decreases in self-
reported consumption of soda among adults.?3 Researchers in Mexico also found sustained
declines in self-reported consumption of taxed beverages in a longitudinal design.?*However,
results from self-report surveys and receipt collection may be limited by measurement error,
sampling, or participant forgetting to submit all receipts.

Building off those previous longitudinal evaluations of beverages taxes, this study uses
objectively collected sales data to investigate how the Philadelphia beverage tax impacted the
prices and purchasing of beverages in a large, national pharmacy chain among consumers

whose individual purchases were linked by their loyalty cards.
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METHODS

A national pharmacy chain provided complete scanner data for all beverages sold from
January 1, 2015 through December 31, 2017 for Philadelphia (intervention city with a beverage
tax), Baltimore (comparison city without a tax), and Providence (comparison city without a tax).
The data are card-level beverage dollar sales, volume, and price information for all SKUs (“stock
keeping units” representing distinct items for sale) from the stores. Unique loyalty card
numbers linked purchases over this three-year period either to individual loyalty card owners,
or to store locations (for purchases made without an individual loyalty card).

Beverages were classified into two broad categories: taxed and nontaxed. Beverages
subject to the Philadelphia beverage tax included soda, diet soda, fruit drinks, iced tea &
lemonade, sweetened sparkling water, sports drinks, sweetened coffee, and energy drinks. The
nontaxed beverages included regular water, unsweetened sparkling water, fruit juice, milk, and
unsweetened coffee. Analyses of taxed beverages as a category additionally included milk
alternatives and other taxed beverages. Analyses of nontaxed beverages as a category
additionally included milk alternatives, energy drinks, flavored waters, iced tea or lemonade,
sports drinks, and other nontaxed beverages.

Our two primary outcomes were: 1) change in mean weighted beverage price-per-ounce
for taxed beverages using SKU-within-store-level data weighted by volume sold at baseline
(captures pass-through of the tax), and 2) change in mean volume (ounce) of taxed beverages
purchased per transaction.

We created parallel trend graphs for average price-per-ounce and for total volume sold

among the following beverage groups: all taxed beverages, all nontaxed beverages, soda, diet
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soda, fruit drinks, iced tea & lemonade, sparkling water (taxed and nontaxed separately), sports
drinks, coffee (taxed and nontaxed separately), regular water, fruit juice, and milk. These
graphs showed that both Baltimore and Providence were acceptable controls for Philadelphia;
we chose to compare Philadelphia with Baltimore in our primary models because Baltimore is
more similar with regard to demographic variables and had more units of observations. We ran
sensitivity analyses with Providence as the comparison city.

Both analyses excluded the following transactions from the 16,796,831 original
transactions in Philadelphia and Baltimore: products that were not beverages (n=2,819
transactions; 0.02%), beverages which we were unable to locate online (n=169,251
transactions; 1.0%), beverages whose tax status could not be determined (n=239,989
transactions; 1.4%), return transactions (i.e., store credits, n=26,372; 0.2%), beverages for
which beverage size (n=8,796 transactions; 0.05%) or volume (n=18,970 transactions; 0.1%)
information was missing, and beverage concentrates (n=36,873 transactions; 0.2%) as their
volumes are very different from the typical beverage.

For the price-per-ounce analyses, we also excluded energy drink (n=930,393; 5.7%) and
coffee (n=337,909; 2.2%) transactions as these beverage types have a higher price-per-ounce
than other beverages, which would have skewed the price results had we included them in the
overall analysis. Mean prices were weighted using pre-tax volume sold by each SKU in each
store to estimate the effective impact of price changes on consumers, not just the average price
change across the menu of available products. Therefore, we additionally excluded transactions

for SKUs that did not appear in both the pre- and post-tax period (n=476,095 transactions;
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3.2%) leaving 14,558,160 transactions which were aggregated to the week by store by SKU level
(N=2,646,098).

For the volume purchased analyses, we dropped purchases not associated with an
individual loyalty card (n=5,104,360; 31.3%) and purchases from loyalty card IDs that did not
appear in both time periods (n=3,315,160; 29.6%), leaving 7,883,037 transactions from 313,582

unique cardholders.

Analytic Models

We used generalized linear models to analyze the change in mean weighted price-per-
ounce for beverages. Our primary models included store ID, city, tax period, and the interaction
of city and tax period (the difference-in-differences [DID] estimate). Data were clustered at the
SKU level and weighted by the pre-tax volume sold by SKU and store ID.

To analyze the change in mean volume (ounces) of beverages purchased per card per
transaction, we used cross-classified mixed models to account for imperfect nesting of loyalty
cardholders and stores. In other words, loyalty cardholders were able to make purchases from
multiple stores. Our primary models included city, tax period, the interaction of the city and tax
period (DID estimate), and random intercepts for the store ID and loyalty card ID.

We used Holm-Bonferroni’s method to adjust p-values within families of outcomes
(total taxed beverages [1 test], taxed beverage subcategories [8 tests], total nontaxed
beverages [1 test], and nontaxed beverage subcategories [5 tests]). We ran sensitivity analyses

on our models to include covariates for yearly quarters and store zip code-level percent below
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the poverty line (as determined by the store’s zip code from the 2019 American Community

Survey).?

RESULTS
Price Outcome

Data came from 48 unique stores of this chain retail pharmacy in Philadelphia and 27 in
Baltimore. There were 1,078 unique beverage SKUs that were purchased from the same store
pre and post-tax. Price analyses compared prices across the 104 weeks pre- and 52 weeks post-
tax. At baseline, prices in Philadelphia and Baltimore were fairly comparable: taxed beverages
were 6.7 and 6.5 cents-per-ounce, respectively, and nontaxed beverages were 8.6 cents-per-

ounce in both cities (see Table 2.1).
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Prices of taxed beverages in Philadelphia increased by 1.6 cents-per-ounce (95% Cl: 1.1,
2.0; 28.7% increase; 107% pass-through) compared to Baltimore after the beverage tax was
implemented. This increase in price varied among taxed beverages, ranging from a 0.8 cents-
per-ounce (95% Cl: 0.6, 1.0; 53% pass-through) increase among fruit drinks to a 1.8 cents-per-
ounce (95% Cl: 1.5, 2.2; 120% pass-through) increase among sports drinks. Prices of nontaxed
beverages did not change between Philadelphia compared to Baltimore post-tax for all
nontaxed beverages combined (0.1 cents-per-ounce [95% Cl: -0.1, 0.4]), and for each nontaxed
beverage subcategory (Table 2.1).

We ran sensitivity analyses to additionally include covariates for yearly quarters and
store zip code-level percent below the poverty line to the primary models (Appendix Table 2.1).
We additionally ran sensitivity analyses with Providence as the comparison city for Philadelphia

(Appendix Table 2.2). Results for all sensitivity analyses were similar to the primary analyses.

Volume Outcome

The volume analysis dataset included data from 231,065 unique cardholders in
Philadelphia who made beverage purchases in both the pre- and post-tax period, while in
Baltimore there were data from 82,517 unique cardholders who made purchases in both the
pre- and post-tax period. Across both cities, we analyzed 3,634,736 taxed and 2,443,752
nontaxed daily beverage transactions for changes in volume purchased at the individual level.
At baseline, individual cardholders purchased fewer ounces of taxed beverages per transaction
in Philadelphia relative to Baltimore (73 and 91 ounces, respectively) and more ounces of

nontaxed beverages (142 and 129 ounces; see Table 2.2).
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Loyalty cardholders in Philadelphia purchased 6.8 ounces (95% Cl: -7.3, -6.2) fewer of
taxed beverages per transaction compared to Baltimore from before to after implementation of
the beverage tax. This decline in cardholders’ purchases of taxed beverages in Philadelphia was
seen across all categories of taxed beverages. These decreases ranged from 0.5 ounces (95% Cl:
-0.7, -0.3) for energy drinks to 8.3 ounces for both fruit drinks (95% Cl: -9.1, -7.5) and iced teas
and lemonades (95% Cl: -8.9, -7.6; Table 2.2). There was no difference between cities from
before to after the tax in cardholders’ purchases of nontaxed beverages; however, there were
differences by individual nontaxed beverage categories. Cardholders purchased more regular
water and milk (regular water: 3.5 ounces [95% Cl: 0.7, 6.4]; milk: 2.5 ounces [95% Cl: 1.9, 3.0]),
and less nontaxed sparkling water (-1.7 ounces [95% Cl: -2.7, -0.6]) in Philadelphia compared to
Baltimore post-tax (Table 2.2).

We ran sensitivity analyses to include covariates for yearly quarters and store zip code-
level percent below the poverty line to the primary models (Appendix Table 2.3). We
additionally ran sensitivity analyses with Providence as the comparison city for Philadelphia

(Appendix Table 2.4). Results for all sensitivity analyses were similar to the primary analyses.

DISCUSSION

The 1.5 cents-per-ounce Philadelphia beverage tax on sweetened beverages ledtoa 1.6
cents-per-ounce increase in the price of taxed beverages which subsequently led to cardholders
buying nearly 7 ounces less of taxed beverages per transaction in a national pharmacy chain.
The price increase of taxed beverages represents a 107% pass-through of the tax onto

consumers and a 29% increase in price in Philadelphia compared to Baltimore post-tax. Our
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study showed that beverage taxes work as predicted and can lead to decreased consumption of
sugary drinks.

While the Philadelphia beverage tax was passed as a method to raise money for
citywide initiatives such as universal pre-K,?® beverages taxes are also a strong public health
tool to decrease purchasing and potentially consumption of sugary drinks.?%2327-31 Qur findings
showed that the tax was completely passed on to consumers in the pharmacy retail setting,
which contrasts with how the tax was passed on in supermarkets, mass merchandise stores, gas
stations, and independent corner stores.'%2123 The effect of such pass-through—whether
complete or not—was that consumers purchased fewer sugary drinks in Philadelphia, and the
amount of cross-border shopping to buy taxed beverages did not completely offset that
decrease.103

Similar to results in Berkeley, CA,%° our results showed a relative increase in purchased
volume of milk and water post-tax in Philadelphia compared to Baltimore; however, this was
the result of a smaller decrease in purchases in Philadelphia in the post-tax period compared to
a larger decrease in purchases of these products in Baltimore. Thus, it is unclear whether
consumers were necessarily substituting to these healthier beverages due to the tax. In line
with a study by Roberto et al.,'° we found no statistically significant increases in overall
nontaxed beverage purchases, which suggests that in general, customers were not substituting
to nontaxed beverages when in the store. Notably, total purchased volume of taxed and
nontaxed beverages in both cities declined, driven by decreases in sodas, diet sodas, water, and

milk. These findings reflect an overall national trend of decreased beverage consumption.3?
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Our results, in the context of other studies that have been done in Philadelphia which
showed decreased purchasing of taxed beverages in other retail settings, suggest that
Philadelphia consumers were actually purchasing fewer sugary beverages as a result of the tax.
Importantly, a study by Grummon and colleagues showed that consumers were not substituting
to other unhealthy items, such as sugary sweets or salty snacks.3? Despite a decrease in
purchasing, the tax revenue from the first half of the implementation year was still nearly $40

million, thus generating substantial revenue for city initiatives.3*

Strengths and Limitations

This study has several strengths. It is the first to use point-of-sale data in conjunction
with loyalty card numbers to evaluate the impact of the Philadelphia beverage tax using
scanner data over time. Prior studies relied on self-report surveys and receipt collection
methods, both of which are prone to measurement and human error.'*23 Second, it is the
largest longitudinal study to date to study the beverage tax in Philadelphia. Our sample size,
with hundreds of thousands of participants, is much larger than prior longitudinal studies, and
this enabled us to clearly show how the beverage tax impacted those who reside and work in
Philadelphia over time. Finally, our data allowed us to understand how consumers’ individual
behaviors changed over time rather than just how store-level sales changed. Store-level
patterns may mask important individual-level patterns. Given these strengths, we are confident
that among the same people over time, the volume purchased of taxed beverages decreased in

Philadelphia as a result of the tax.
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This study has several limitations. First, we were only able to assess how this one
particular chain handled the beverage tax, and how customers for this chain reacted. However,
this national chain had 48 unique stores in Philadelphia included in the dataset, and 231,065
unique loyalty cardholders who visited the store at least once in both the pre- and post-tax
period. Second, we were only able to examine purchase patterns, not patterns of consumption.
However, there is a strong relationship between purchasing and consumption, so given that
other analyses have found declines in purchases across other retail settings, it is unlikely that
the declines in purchasing detailed in this study did not lead to declines in consumption. This is
especially true because studies have found that the amount of cross-border shopping was not
enough to offset the decrease in purchased taxed volume in Philadelphia.® Finally, given that
our study only included stores from one national pharmacy chain, our ability to understand
whether customers were going to supermarkets, mass merchandise stores, or other big box
stores to make their taxed beverage purchases was limited. Other studies in other retail
settings, however, support the overall conclusion that the beverage tax in Philadelphia resulted

in decreased purchases of taxed beverages.*°

CONCLUSION

The beverage tax in Philadelphia worked exactly as economic models predicted: prices
increased on taxed beverages leading to a decrease in purchased volume of those same
beverages. This study adds to the pool of literature demonstrating the efficacy of beverage
taxes in reducing purchasing, and likely consumption, of sweetened beverages. Several

additional localities are currently considering their own beverage taxes; this study provides
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evidence that a tax is not only a good way to raise revenue for city initiatives to benefit all, but

also a strong public health tool reducing purchases of sweetened beverages.
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ABSTRACT

Objective: To test whether portion-size descriptions on menus and different pricing strategies
influence selection of smaller portion sizes.

Methods: In 2021, we conducted an online simulated menu-ordering study, randomizing 2,205
U.S. adults to view one of four portion-size descriptions (Reduced/Larger portion): 1) no
label/“Large” (control); 2) “Standard”/“Large”; 3) “Just Right”/“Large”; 4) no label/“Hearty”.
Participants were also randomized to either linear (50% and 100% of pricing for reduced size
and larger size) or non-linear pricing (70% and 100% of pricing for reduced and larger size) (4x2
factorial design). They viewed two menus and ordered an entrée from each. Logistic regression
models analyzed whether the interventions increased the likelihood of choosing a reduced
portion.

Results: Regardless of pricing scheme, participants in the “Standard/Large” condition selected
reduced portions by 10 (95% Cl: 0.04, 0.16)) and 12 (95% Cl: 0.07, 0.18) percentage points more
than those in the control condition (fast-casual and full-service, respectively). Selection of
reduced portions in the “Just Right”/“Large” condition increased by 9 (95% Cl: 0.04, 0.15) and 8
(95% Cl: 0.02, 0.14) percentage points.

Conclusion: Portion-size descriptions on menus, even with non-linear pricing, is a low-cost

strategy to promote choice of lower-calorie smaller portions when dining out.
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INTRODUCTION

Portion sizes for foods and beverages in the U.S. have increased over time, and this
parallels an increase in dining out.3 When served large portions, people consume in excess
without realizing it, and in the restaurant setting, this means consuming more foods that tend
to be higher in calories, sodium, and saturated fats than foods cooked at home.*° Excess weight
and obesity are driven in part by larger portion sizes, which contribute to overeating and have
reset norms around reasonable serving sizes.®8

Developing low-cost interventions to guide consumers to choose smaller portions has
the potential to help people stay within calorie recommendations and potentially shift
perceived norms about portion sizes towards appropriate servings to support a healthy, active
life. Hollands et al. found that portion size reduction has the potential to reduce average daily
energy consumption among adults by up to 16%, and Zlatevska et al. found that doubling
portions may increase consumption by up to 39%.%° Studies have shown that when people are
served less food, they will eat less without necessarily feeling less sated.'%? However, it is still
unclear whether compensation for these calories occurs later in the day.?*2 In one of the few
studies conducted in a real-world setting, nearly one third of consumers in a Chinese take-out
restaurant opted to receive reduced side dish portions for the same cost as the regular
portions.'* Downsizing a part of their meal led people to consume fewer calories and did not
lead to overconsumption of other portions of the meal.

Current restaurant pricing strategies also play an important role in encouraging the
selection of large portions when dining out.’®> Many restaurants use “non-linear pricing,” in

which the price per ounce is cheaper as the portion size increases, thus incentivizing customers
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to order larger sizes.® This is in contrast to linear pricing, in which the price per ounce stays the
same regardless of size. Despite models suggesting that non-linear pricing should increase the
ordering of larger-sized meals,*® the few experimental studies that have examined the effects
of linear and non-linear pricing on portion size choice have found no significant effects.}’-1° A
study by John et al. showed that pricing scheme did not interact with beverage menu type (in
this case, a menu with three sizes of beverages or a menu with the larger sizes split into two
cups such that a 32-ounce drink was presented as 2 16-ounce drinks).?° Because the restaurant
industry operates on thin margins, it is important to understand how portion size reduction
interventions may interact with non-linear and linear pricing schemes.

Social norms theory posits that people incorrectly believe that behaviors of others are
not aligned with their own when that is not the case.?! As a result, interventions that aim to
correct that misperception can encourage healthier behavior. By calling the larger of two sizes
“Hearty” on a restaurant menu, for instance, we hope to portray the larger size as “larger than
average,” thus steering consumers toward the smaller size. Similarly, by calling the smaller size
“Standard” or “Just Right,” we hope consumers will perceive the reduced portion as the
“normal” size, or what others are choosing to eat.

In recognition of the role large portions play in promoting overconsumption of
unhealthy foods, New York City attempted and failed in 2013 to implement a cap on the size of
sugary drink portions.?? This highlights a need to explore low-cost portion size reduction
strategies that restaurants can voluntarily implement. Therefore, the goal of this study was to

test the effects of manipulating portion-size descriptions on fast-casual and full-service
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restaurant menus on consumers’ choice of reduced portions. The study also examined if the
portion-size description manipulation was dependent on non-linear or linear pricing schemes.
We hypothesized that describing a reduced portion entrée as “Standard” size or “Just Right”
(compared to having no description) or describing the larger portion entrée as “Hearty” would
increase the odds of customers choosing the smaller portion size, regardless of whether linear

or non-linear pricing was used.

METHODS

We conducted a pre-registered (AsPredicted #72850) online randomized controlled
experiment with a 4x2 factorial design. Data were collected September—October 2021. This
study was determined exempt by the Harvard T.H. Chan School of Public Health Institutional
Review Board. The sample consisted of U.S. adults who spoke English and reported eating out
or ordering from a restaurant at least twice in the past four weeks. Participants were recruited
to take an online survey by Dynata, a research firm with an online panel of U.S. consumers.
Participants were invited to take a survey about consumer preferences when dining out.
Quotas were used to recruit a sample with an educational attainment that aligned with the U.S.
distribution according to the 2020 Census.?® In total, 2,785 participants were randomized and
completed the survey. Participants were excluded from primary analyses if they met the
following pre-specified criteria: 1) completed the survey in less than one-third of the median
completion time (n=23); or 2) did not pass the attention check question asking, “What month
are we were in now?” (n=404). Although not pre-specified, we further excluded participants
from the primary analyses if they omitted race (n=5), BMI (n=58), or numeracy (n=40)

information, or had a reported BMI <13 kg/m2 (n=50). Since our secondary analyses controlled
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for these demographic variables, excluding those missing the relevant information allowed our
sample size to be the same for both primary and secondary analyses. The final analytic sample

included 2,205 participants (See Figure 3.1 for CONSORT diagram).
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Participants were randomized to see one of eight sets of menus, with each set including
a menu inspired by a fast-casual restaurant (e.g., Panera) and a menu inspired by a full-service
chain restaurant (e.g., TGI Fridays), shown in a random order (Figure 3.2). We reviewed existing
restaurant menus to come up with plausible menu items for the study. All menu items were
labeled with their calorie content as required by national law. Each menu showed entrées
available in two sizes: a reduced portion and a larger portion. The calorie contents for the larger
entrées were modeled after standard sizes in restaurants, and the reduced-portion entrees had
half as many calories. The mean number of calories per order in the fast-casual menu assuming
the side salad was 100 calories and the beverage was 0 calories was 515 calories; in the full-
service menu, it was 620 calories. Participants were randomized to see menu sets with one of
four pairs of portion-size descriptors (reduced portion and larger portion): no label and “Large”;
“Standard” and “Large”; “Just Right” and “Large”; and no label and “Hearty”. The no label and
“Large” condition was the control based on the labeling used at several popular chain
restaurants that offer multiple entrée sizes.?»? Participants were additionally randomized to
one of two pricing conditions: linear pricing (i.e., the reduced portion was 50% of the larger
entrée’s price) and non-linear pricing (i.e., the reduced portion was 70% of the larger entrée’s
price). The larger entrée prices were held constant while the reduced portion entrée prices

changed.
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After providing informed consent, participants viewed the two menus one at a time, and
were instructed to imagine they were eating out on a typical night and to order one entrée
from each menu. Participants clicked on the menu item they wanted to select, similar to how
they might for an online ordering platform. Participants were then asked questions about their
menu choices, followed by a series of demographic questions, and a 3-question, validated
numeracy scale.?® (See Appendix Table 3.1 for the survey.) We measured numeracy because the
only indicator that the reduced portion was half the size of the larger portion was the calorie
labels, so we wanted to control for numeracy in the analyses if it was not balanced across
conditions.

The primary outcome was a dichotomous variable indicating whether or not a
participant chose a reduced portion entrée from each restaurant menu (fast-casual and full-

service chain).

Data Analysis

Analyses were conducted separately for the fast-casual and full-service restaurant
menus because portion sizes are usually larger in full-service restaurants. Primary analyses used
logistic regression models to assess how naming and pricing affected choice of a reduced
portion entrée. Each model contained a categorical variable for portion-size-description
condition (reference=control), a binary variable for pricing condition (non-linear vs. linear), and
an interaction between the two variables. The interactions were not significant in any model, so
they were removed from the final models. We tested for differences across conditions by

demographic variables such as age and gender identity (ANOVA for continuous variables,
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Kruskal-Wallis H tests for categorical). Because conditions were randomized, demographic
variables were balanced across conditions, so our primary analyses did not control for other
variables. Sensitivity analyses were performed on the full sample without any of the exclusions
based on time to completion, accuracy of attention check answer, or missing information.

We conducted secondary analyses to develop more precise estimates and to
demonstrate that our results were not due to confounding. We adjusted for age (categorical by
decade; 18- and 19-year-olds were included in the <30 group), gender identity (categorical;
female, male, other), BMI (categorical; underweight, normal weight, overweight, obese), race
(categorical; White, Black, other), numeracy (categorical; score of 0-3 depending on number of
accurate answers), and educational attainment (categorical; less than high school, high
school/GED, some college, 2-year/Associate degree, 4-year degree, graduate degree), in
addition to price and portion size variables.

In exploratory analyses, we also tested for effect modification of the portion description
by educational attainment and numeracy as both have been found to affect the efficacy of
nutrition labels.?” Not only did we want to test whether these factors could similarly affect the
efficacy of portion-size descriptors, but we also wanted to statistically control for both variables
if they were not balanced across conditions. Odds ratios and predicted probabilities are
presented. With a sample size of 2200, we would have 80% power to detect an odds ratio of 1.3
(o0 = 0.05, two tailed).* All analyses were conducted using Stata version 17 (StataCorp LLC,

College Station, TX).
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RESULTS

In the final analytic sample (n=2,205), the average age was 59.1 years, 53.0% identified
as being female, and the majority of participants identified as White (82.5%). Participants had
an average BMI in the overweight category (28.0 kg/m?). These variables did not differ by

condition. See Table 3.1.
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For the fast-casual menu, holding pricing condition constant, the predicted probability
of participants in the control condition (no label and “Large”) choosing the reduced portion was
55% (95% Cl: 0.51, 0.59). Participants who viewed a menu that referred to the smaller portion
as “Standard” and the larger portion as “Large” had 1.5 (95% CI: 1.2, 2.0) times the odds—or an
increase of 10 percentage points in predicted probability (95% Cl: 0.04, 0.16) —of choosing the
smaller size compared to the control condition. Participants who viewed the “‘Just Right’ and
‘Large’” menu had 1.5 (95% ClI: 1.2, 1.9) times the odds and an increase of 9 percentage points
(95% Cl: 0.04, 0.15) of choosing the smaller portion size. The menu that displayed the name of
the larger portion as “Hearty” while keeping the smaller portion unlabeled was not associated
with increased odds of choosing a smaller portion (OR = 1.0 [95% Cl: 0.8, 1.3]) compared to the

control. See Figure 3.3 and Appendix Table 3.2.
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For the full-service menu, similar patterns existed (Figure 3.3). Those who viewed the
“!Standard’ and ‘Large’” labels on the menu had 1.7 (95% Cl: 1.3, 2.2) times the odds and an
increase of 12 percentage points (95% Cl: 0.07, 0.18) of choosing a reduced portion entrée, and
those who viewed the ““Just Right’ and ‘Large’” labeled menu had 1.4 (95% Cl: 1.1, 1.8) times
the odds and an increase of 8 percentage points (95% Cl: 0.02, 0.14) of ordering a reduced
portion entrée as compared to the control. As with the fast-casual menus, the odds of
consumers choosing a reduced portion entrée when viewing the “no label and ‘Hearty’” menu
(OR =1.0[95% Cl: 0.8, 1.2]) did not statistically differ from the control menu.

For the fast-casual menu, holding portion-size descriptors constant, customers had 1.2
(95% ClI: 1.0, 1.5) times the odds of ordering a reduced portion entrée with non-linear pricing
compared to linear pricing. For the full-service menu, the odds of choosing a reduced portion
entrée did not differ between linear and non-linear pricing (OR = 1.1 [95% Cl: 0.9, 1.3]) (Figure

3.4). Results of sensitivity analyses with all participants who completed the survey (ignoring

exclusion criteria) were similar to the primary models (Appendix Table 3.3).
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Figure 3.4 Predicted probabilities® for choosing the smaller portion by pricing scheme in an
online randomized controlled ordering trial (n=2,205)
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3 ogistic regression models controlled for portion size descriptors (4 levels: no label and
“Large”; “Standard” and “Large”; “Just Right” and “Large”; and no label and “Hearty”

We ran exploratory analyses examining effect modification of the portion description by
education and numeracy. For the full-service menu, compared to participants with a high
school degree, participants with “some college” or a “4-year degree” were significantly more
likely to order reduced portions when nudged to do so in the “no label and ‘Hearty’”
condition compared to the control “no label and ‘Large’” condition (OR = 2.7 [95% Cl: 1.3, 5.8];
OR =2.7 [95% ClI: 1.3, 5.6], respectively). No other significant education or numeracy

interactions with portion-size descriptors were observed for portion size choice on either

restaurant menu.
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In secondary models which took the primary analyses’ models and additionally
controlled for demographic characteristics, results were generally similar across both menus.

(Appendix Table 3.4).

DISCUSSION

Our study found that naming the smaller portion “Standard” or “Just Right” on menus
with two different-sized entrées increased the predicted probability of participants choosing
reduced portion entrées by 8-12% in an online hypothetical restaurant setting. Non-linear
pricing increased the predicted probability of selection of reduced portions in the fast-casual
setting, though it did not impact selection of reduced portions in the full-service setting,
keeping portion names constant. The impact of the portion-size descriptors did not differ by
level of pricing.

Our results suggest that it is possible to nudge consumers to select smaller portion sizes
by labeling them as “Standard” or “Just Right.” Unexpectedly, referring to the larger size as
“Hearty” —which was meant to connote “larger than average” —did not alter the odds of
ordering a smaller size compared to the control condition. However, it is possible that in our
study, “Hearty” did not properly convey how much bigger the larger size was, although all
menus did have calorie counts that reflected that the larger size had twice as many calories as
the smaller size. It is also possible that simply naming the smaller size anything at all prompted
participants to order that size, as the control condition and “no label and ‘Hearty’” did not label
the smaller size. Currently, restaurants like Chipotle and Blaze only describe the larger size
(such as our control condition),?*?° so if merely adding a description for the smaller size can

increase selection, then the strategy merits further exploration.
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Despite the influence of price on restaurant choices,® we found that, holding portion-
size descriptors constant, there were no differences in the odds of selecting reduced portions
between linear and non-linear pricing in the full-service setting. Surprisingly, in the fast-casual
setting, non-linearly priced menus compared to the linearly priced menus increased selection of
reduced portions. This meant that participants were willing to pay more for a smaller portion.
Even though reduced portions were more expensive in the non-linear price conditions,
participants may have been using price instead of calories as a proxy for size. As a result, when
they viewed prices that were only slightly lower than the larger size, they may have assumed
the size of the portion would also be slightly smaller instead of half the size.

Consistent with our results, research on the effect of linear and non-linear pricing on
ordering decisions has been counterintuitive, with studies showing that behavior is not affected
by the type of pricing used.1”:1820.2823 Although we did not find interactions between portion-
size descriptors and pricing, it will be important for future research to examine interactions
between pricing and item naming in real-world settings, and how such interventions impact
restaurants’ bottom line.

We did find that those with higher educational attainment had increased odds of
ordering reduced portions in the full-service setting when they viewed the no label and
“Hearty” compared to the control no label and “Large”, even though this condition did not have
an effect in our primary analyses. These results highlight the importance of testing seemingly
similar wording, especially when viewed through a health equity lens. Implementing “no label

0

and ‘Hearty’” portion naming could potentially widen health disparities among lower- and

higher-educated populations. Given that effect modification by education was not apparent in
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the “‘Standard’ and ‘Large’” condition, and this intervention arm had the greatest ordering of
reduced portions, the “/Standard’ and ‘Large’” wording has the most promise for overall
effectiveness and for equal effectiveness across educational levels, and thus should be tested
under real-world conditions as a next research step.

Groups that oppose public health measures such as beverage taxes and portion size
caps for sugary beverages use the argument that such measures turn cities and other localities
into a “nanny state.”3% It is therefore important that public health officials propose
interventions like the one in this experiment that can preempt that argument—one in which
consumers can still order the larger size. Restaurants can voluntarily alter their menus with this
low-cost intervention to improve the health of their customers, preserve consumer choice,

reduce food waste, and potentially profit from an expanded customer market.

Strengths and Limitations

This study had several strengths. It was the first study to examine the efficacy of
changing the description of reduced portion entrées to nudge consumers toward smaller
portion sizes when dining out. It is also one of the few studies to assess the impact of pricing on
ordering reduced sizes. It considered the importance of linear versus non-linear pricing when
using these nudges to address whether such nudges would work in the context of non-linear
pricing, which is often used in the restaurant industry. Finally, we used a randomized,
controlled design with a large sample size.

Our study also had several limitations. First, as this was an online hypothetical study

testing a single exposure to mock menus, it may not reflect repeated ordering behavior from a

70



real restaurant menu using real money. However, we only recruited participants who indicated
that they either ate out or ordered online at least twice in the past four weeks, suggesting
familiarity with both dining out and/or using an online platform to order. The menus were
modeled after real menus. In addition, the calories ordered in hypothetical scenarios are often
in line with calories ordered in real world studies.332 Second, we did not measure
consumption. It is possible that participants who ordered the larger size in this study did not
intend to finish the entire entrée as one meal, in which case, the portion size consumed may
have been appropriate, though we know that people typically overeat with larger portions.®
Third, despite attempts to recruit a racially diverse sample, over 80% of our participants
identified as White, limiting the generalizability of our results to other important demographic
groups. Fourth, this intervention did not account for dietary quality, though reducing caloric
intake is another important aspect of chronic disease prevention.3? Finally, the average age of
our participants was relatively high (59 years) compared to the median age of the U.S.
population, limiting generalizability to other age groups. Future studies should assess the
effects of repeated ordering from menus with modified portion-size descriptors and linear/non-
linear pricing schemes in real-world restaurant settings. It will also be important to test these

interventions on populations with diverse sociodemographic characteristics.

CONCLUSION

Portions sizes of foods and beverages have grown in the U.S., as has the prevalence of
overweight and obesity. To reverse such societal norms will require not only policies targeting
larger portions, but also time for such norms to change. Innovative strategies are needed to

combat the consumption of excess calories. This study demonstrated that describing reduced
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portion sizes on restaurant menus as “Standard” or “Just Right” could encourage consumers to
choose smaller portion sizes, which has the potential to reduce caloric intake. Given the
frequency with which Americans eat restaurant foods, our experiment provides a novel

strategy to encourage people to eat smaller portions without taking away their choice.
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Paper Appendices

Paper 1 Appendix

Appendix Table 1.1 Odds?® of Claims and Child-Directed Marketing® on Beverage Labels for Non-
Carbonated (NC) Flavored Waters (n=40)
NC flavored waters (n=40) Beverages with children-directed marketing
(n=18) vs control® (n=22)
OR (95% Cl)

Macronutrient claims 7.9(0.9,72.1)
Micronutrient claims 0.6 (0.2, 2.0)
Natural or healthy claims? 0.8 (0.0, inf)
Fruit and juice claims® 3.1 (0.2, inf)
Presence of non-nutritive sweeteners® 12.8 (1.8, inf)**

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001).

3L ogistic regression models used to analyze the data.

bChild-directed marketing is defined as containing: child-directed text and imagery, including
image of a child, adult, animal, anthropomorphized ingredient/object; sports or fantasy
imagery; or child-directed text, including use of unconventional or exaggerated fonts, indication
of an extreme experience or taste (i.e., made up flavors), claims related to enjoyment or fun,
and words that reference children.

“Control group includes beverages without child-directed marketing.

dDue to small sample size, exact logistic regression was used.
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Appendix Table 1.2 Nutrient Analysis® for Non-Carbonated Flavored Waters (NC Flavored
Waters) (n=40) With and Without Child-Directed Marketing®

NC flavored waters (n=40) Beverages with children-directed marketing
(n=18) vs control¢ (n=22)
B (95% ClI)
Calories (kcal) -3.8(-28.0, 20.3)
Total sugar (g) -1.2(-7.7,5.2)
Vitamin C (% DV) -37.9 (-68.1, -7.6)*

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001).

linear regression models used to analyze the data.

bChild-directed marketing is defined as containing: child-directed text and imagery, including
image of a child, adult, animal, anthropomorphized ingredient/object; sports or fantasy
imagery; or child-directed text, including use of unconventional or exaggerated fonts, indication
of an extreme experience or taste (i.e., made up flavors), claims related to enjoyment or fun,
and words that reference children.

“Control group includes beverages without child-directed marketing.
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dNs represent the number of unique week by store ID by SKU combinations over 104 weeks
pre-tax and 52 weeks post-tax. In total, there were 1,078 unique SKUs in this dataset across 75
unique stores.

¢Overall nontaxed category does not sum up to the composite categories because it also
includes milk alternatives, flavored waters, iced tea or lemonade, sports drinks, and other

nontaxed beverages. It does not include nontaxed coffees as the price-per-ounce is much
higher than the other beverages.
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Paper 3 Appendix
Appendix Table 3.1 Survey
Q1.1 By clicking the arrow, you will start this research survey hosted by Harvard researchers to

learn about consumer preferences when dining out. To be eligible, you need to be 18 or older
and speak English. Further inquiries should be directed to Sophia at svh085@g.harvard.edu.

Q1.2 In the past four weeks, how often did you eat out at a restaurant and/or order food online
(either on a website or using an app)?

Never/once in the past four weeks
2-4 times in the past four weeks

More than once a week
Survey ends if participant selects “Never/once in the past four weeks”
Q1.3 Do you currently live in the United States of America?

Yes

No

Survey ends if participant selects “No”
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Appendix Table 3.1 Survey (Continued).

Q2.1 Welcome to our study!

You are being asked to take part in a research study.

This research is being conducted to learn about consumer preferences when dining out at or
ordering from restaurants. You are being asked to participate in this research because you had

indicated that you occasionally eat out/order from restaurants.

Your participation in this study is voluntary and you may withdraw your participation at any
time for any reason.

If you take part in this study, you will be asked to take a short, 8-10 minute survey during which
time no identifiable information will be collected. Specifically, you will be asked a number of
guestions about what you would order when dining out (you will be shown two menus) and
then a series of simple questions about you.

The possible risks of participating in this study include breach of confidentiality. However, we
will not be collecting identifiable information, so your answers cannot be linked back to you.
Furthermore, the data will be stored in a password protected file.

There are no direct benefits to you from your taking part in this research. However, the
information we get from this data can potentially help make the dining experience better for

the general population.

You can decline to participate in any part of this study for any reason and can end your
participation at any time.

If you have any questions about this study, you can contact Sophia at svh085@g.harvard.edu.
Thank you again for your time and participation. As we will not be collecting your name or

email, please either save this webpage or take a screenshot if you would like a copy of this
consent language.

Q2.2 Please choose one.
| have read the above statements and give my consent to take part in this research.
No, | do not give consent.

Survey ends if participant selects “No”
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Appendix Table 3.1 Survey (Continued).
Q2.3 What is your highest level of education?
Less than high school
High school/GED
Some college
2 year degree/associate's degree
College/university degree (4 years)
Graduate degree
Q3.1 You are about to view two different menus on the next two screens. For each one,

imagine you are about to spend your own money for dinner at the restaurant on a typical night
out.

Q4.1 Imagine you are about to spend your own money to order dinner from a fast casual
restaurant similar to Panera or Chipotle. Please browse the menu below and select 1 entrée
you would like to order by clicking on its price. To unselect, click the price a second time.

For ease of viewing, we only list entrée items from the menu. Assume any item can be modified

to accommodate any dietary restriction. Items marked (V) are specifically vegetarian.
Randomized to one of eight conditions

Q4.2 Imagine you are about to spend your own money to order dinner from a full-service

restaurant similar to Olive Garden or Applebee's. Please browse the menu below and select 1

entrée you would like to order by clicking on its price. To unselect, click the price a second

time.

For ease of viewing, we only list entrée items from the menu. Assume any item can be modified
to accommodate any dietary restriction. ltems marked (V) are specifically vegetarian.

Randomized to one of eight conditions
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Appendix Table 3.1 Survey (Continued).

Q5.1
For one of the dinners, the entrée you selected was:
[display what participant selected]

Please check the one or two most important reasons why you made that selection.

It was a healthy choice.

The entrée sounded delicious.

It was a good value.

The calories seemed right for me.

| wanted to treat myself.

The portion size seemed right for me.

Other (please explain):
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Appendix Table 3.1 Survey (Continued).

Q5.2 For the other dinner, the entrée you selected was:
[display what participant selected]

Please check the one or two most important reasons why you made that selection.

It was a healthy choice.

The entrée sounded delicious.

It was a good value.

The calories seemed right for me.

| wanted to treat myself.

The portion size seemed right for me.

Other (please explain):
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Appendix Table 3.1 Survey (Continued).

Q5.3 On at least one of the menus, you ordered the larger of two entrée sizes. In general, when
you look at menus with different portion sizes, do you usually order the larger portion?

Yes
No
Display Q5.4 if participant selected “yes” to Q5.3.

Q5.4 You selected that you usually order the larger of two portions. What might persuade you
to order the smaller size?

If it's cheaper

If I'm not that hungry

If I’'m going to order more than one item (such as an appetizer or dessert)
If the size of the smaller item is enough to fill me up

Other (please explain):

Q6.1 What is your age?

Q6.2 What is your gender identity?
Male
Female
Non-binary
Transgender

Other
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Appendix Table 3.1 Survey (Continued).

Q6.3 What is your total annual household income before taxes?
Less than (not including) $25,000
Between $25,000 and $49,999
Between $50,000 and $74,999
Between $75,000 and $99,999
Between $100,000 and $124,999
Greater than $125,000

Q6.4 What is your height in feet and inches?

Q6.5 What is your weight in pounds?

Q6.6 Are you Hispanic?
Yes

No
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Appendix Table 3.1 Survey (Continued).

Q6.7 What is your race? Check all that apply.

White

Black or African American

American Indian or Alaska Native

Asian

Native Hawaiian or Pacific Islander

Other
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Appendix Table 3.1 Survey (Continued).

Q6.8 What month are we in now?
January
February
March
April
May
June
July
August
September
October
November

December

Q6.9 Do you have any dietary restrictions? Check all that apply.

No

Vegetarian

Vegan

Gluten-free

Lactose intolerant
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Appendix Table 3.1 Survey (Continued).

Other

Q6.10 Do you have any food allergies?

Yes

No
Q7.1 Lastly, we're going to ask you a few questions to understand how you think about
numbers. Please answer the following questions.

Q7.2 Imagine that we flip a fair coin 1,000 times. What is your best guess about how many
times the coin would come up heads in 1,000 flips?

Q7.3 In the BIG BUCKS LOTTERY, the chance of winning a $10 prize is 1%. What is your best
guess about how many people would win a $10 prize if 1,000 people each buy a single ticket to
BIG BUCKS?

Q7.4 In ACME PUBLISHING SWEEPSTAKES, the chance of winning a car is 1in 1,000. What
percent of tickets to ACME PUBLISHING SWEEPSTAKES win a car? Please do not include the
percent sign in your answer below.
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