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Abstract: Background: Dietary patterns affect both human health and environmental sustainability.
Prior research found a ten-unit course on food systems and environmental sustainability shifted
dietary intake and reduced dietary carbon footprint among college students. This research evaluated
the impact of a similar, more scalable one-unit Foodprint seminar taught at multiple universities.
Methods: We used a quasi-experimental pre-post nonequivalent comparison group design (n = 176).
As part of the Menus of Change University Research Collaborative, research was conducted at
three university campuses in California over four academic terms. All campuses used the same
curriculum, which incorporates academic readings, group discussions, and skills-based exercises to
evaluate the environmental footprint of different foods. The comparison group comprised students
taking unrelated one-unit courses at the same universities. A questionnaire was administered at
the beginning and end of each term. Results: Students who took the Foodprint seminar significantly
improved their reported vegetable intake by 4.7 weekly servings relative to the comparison group.
They also reported significantly decreasing intake of ruminant meat and sugar-sweetened beverages.
As a result of dietary shifts, Foodprint seminar students were estimated to have significantly decreased
their dietary carbon footprint by 14%. Conclusions: A scalable, one-unit Foodprint seminar may
simultaneously promote environmental sustainability and human health.

Keywords: university students; dietary intake; eating behaviors; climate change; sustainable
diets; seminar

1. Introduction

Dietary patterns affect both human health and environmental sustainability. The World Health
Organization notes that a healthy diet is a sustainable diet and recommends a dietary pattern rich in
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plant-based foods with limited consumption of meat and meat products [1]. In addition, prominent
scientists have recommended that high-income countries such as the United States increase consumption
of plant-based foods and decrease consumption of red meat and sugar to ensure we can achieve
the UN Sustainable Development Goals and maintain stability of the Earth system [2,3]. Climate
change is currently a critical issue and threatens to exacerbate food insecurity and health disparities
worldwide [4]. At the same time, the food system is a leading driver of climate change, contributing
25-30% of global greenhouse gas (GHG) emissions [4]. The livestock sector alone contributes 14.5% of
GHG emissions, which is more than the entire transportation sector [5]. Ruminant livestock such as
cows and sheep produce especially high amounts of GHG due to low energy conversion and enteric
fermentation [6]. For example, one serving of beef has about 50 times the carbon footprint of a serving
of beans [7].

Although there is high scientific agreement that we can simultaneously improve human health
and environmental sustainability through dietary shifts, interventions targeting these shifts remain
understudied [2,4,7-9]. Intervening in college and university settings is promising given these
institutions” (1) high levels of unilateral control, (2) broad reach, (3) pro-social missions, and (4)
widespread commitment to promoting wellbeing [10-13]. Indeed, growing interest in university social
responsibility (USR) may motivate higher education stakeholders to implement interventions targeting
health and sustainability [14]. Koutali (2019) describes the potential of USR for developing agency
among students and translating academic knowledge to broader society [15]. From a USR perspective,
curricular interventions developed within universities are well positioned to scale across institutions
and contexts [16].

Curricular interventions targeting dietary shifts are common in higher education; however, results
have been mixed, and cognitive outcomes are typically stronger than behavioral outcomes [17]. Of
note, two curricular interventions integrating the topics of food, environment, and society were found
to be effective in shifting dietary intake among college students [18,19]. Jay et al. (2019) recently
demonstrated the effectiveness of a two-quarter, ten-unit course about connections between food
systems and environmental sustainability [18]. The study showed that students who took the course
reported significantly reducing their ruminant meat consumption (i.e., beef and lamb), resulting in a
lower dietary carbon footprint [18]. In addition, females who took the course reported significantly
increasing their vegetable consumption [18]. Hekler et al. (2010) also found that college students
who took a four-unit course on food and society significantly improved reported healthy eating
behaviors [19].

Due to difficulties in scaling up large courses, we were interested in determining whether a
one-unit course could yield impacts similar to Jay et al. (2019) and Hekler et al. (2010)—with potential
for broader reach. One-unit courses may be more appealing to both instructors and students because
they require less time investment. Thus, we developed and studied a one-unit seminar course taught
at multiple universities through the Menus of Change University Research Collaborative (MCURC).
MCURC was launched in 2014 as a working group of scholars, foodservice leaders, and administrators
for colleges and universities (www.moccollaborative.org). In addition to promoting healthy, sustainable
food in dining operations, the group studies various campus-based interventions. We hypothesized
that a one-unit Foodprint seminar would result in: (1) healthy change in dietary intake, (2) a lower
dietary carbon footprint, and (3) increased motivation for dietary behavior change.

2. Theoretical Background

Theory-based interventions tend to have stronger effects than those developed without theory [17].
The Foodprint seminar’s theory of change integrates concepts from the theory of planned behavior (TPB)
and social cognitive theory [20,21]. Based on TPB, we hypothesized that participation in the course
would shift participants” dietary behavior by addressing beliefs and expectations about the outcomes
of their food choices [20]. More specifically, we hypothesized that, by learning about the impacts of
the food system on environmental sustainability, participants would increase value beliefs about the
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importance of environmental issues and increase intentions to engage in environmentally sustainable
dietary behaviors (i.e., green eating intentions).

Recognizing that values and intentions may be insufficient for behavior change, the course also
addressed the social cognitive theory principles of behavioral capability and self-efficacy [21]. We
hypothesized that active learning activities would increase participants’ capability to evaluate the
environmental impact of food and choose lower-impact foods. In turn, we hypothesized this would
increase participants’ self-efficacy (i.e., confidence) to impact climate change through dietary shifts,
resulting in lower ruminant meat consumption and dietary carbon footprint.

3. Materials and Methods

3.1. Study Design and Study Sites

This pilot study used a quasi-experimental pre-post nonequivalent comparison group design.
Research was conducted at three university campuses, including the University of California
Los Angeles (UCLA), Stanford University, and the University of California Davis (UCD), all members
of MCURC. Students enrolled in the one-unit Foodprint seminar comprised the intervention group.
With permission from instructors, comparison group students were recruited from eight other one-unit
seminars unrelated to the Foodprint seminar content (e.g., civil engineering, psychology of successful
aging, and Jane Austen). There was no random assignment, and students voluntarily enrolled in
courses and participated in the study. All students were informed of the study prior to deciding whether
or not to participate. The study took place over four academic terms: Fall 2018, Winter 2019, Spring
2019, and Fall 2019. Study procedures were approved by the lead University Institutional Review
Board (UCLA—IRB#18-001468), and by the corresponding IRBs of the other participating schools.

3.2. Intervention Description: Foodprint Seminar

The intervention, Foodprint seminar, is a one-unit academic course on connections between food
systems and environmental sustainability. Taught in a seminar-style format, course enrollment is
capped at 20 to encourage discussion. At UCLA, the seminar was taught by a single professor; at
Stanford by a team of one professor, the Dining Department Sustainable Program Manager, and two
teaching assistants; and at UCD by a professor, a postdoctoral scholar, and four graduate students.
All instructors used the same curriculum and communicated throughout the quarter to facilitate
use of materials. Curriculum was delivered over one academic term with a one-hour seminar each
week. An overview of the course topics is presented in Table 1. The Foodprint seminar incorporates
academic readings, written reading reflections, group discussions, and skills-based active learning
exercises. For example, students calculated the carbon, water, and land footprints at scales ranging
from individual meals to the average diets of countries and presented their findings. The teaching
format promoted critical thinking and group discussions through online platforms (e.g., Canvas) and
during class sessions. All course materials, including class plans and detailed learning objectives, are
available to view and download at healthy.ucla.edu/foodprint.

Table 1. Overview of Foodprint seminar course topics.

Week 1 Food and the planetary boundaries

Week 2 Climate change and the carbon footprint of food

Week 3 Food miles, packaging, and refrigeration

Week 4 Nutrient cycling

Week 5 Water—hidden water and bottled water

Week 6 Land use

Week 7 Biodiversity loss

Week 8 Chemical pollution—worker health, impacts on wildlife, and exposure to consumers
Week 9 Antibiotic resistance—humane treatment of animals

Week 10 Dietary shifts and sustainability
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3.3. Data Collection

Data were collected at the beginning and end of each term during class (~10 min). Study staff
invited students to participate and provided a link to a questionnaire administered online through
SurveyMonkey (surveymonkey.com). Participation was optional, and no identifying information was
collected. To maintain anonymity, students were asked to self-generate a code based on answers to
four questions (e.g., “First letter of the month you were born”).

3.4. Key Outcome Measures

3.4.1. Dietary Intake

Dietary intake was measured using a 39-item food frequency questionnaire (FFQ). The instrument
was adapted from a validated FFQ designed to measure usual food group intake among university
students (unpublished, see Supplementary Material S1). Students were asked to report how often they
usually eat each item using a 10-point frequency scale, ranging from 0 = “Never/rarely” to 9 = “Several
times/day”. To aid with recall and reporting, examples were provided for some food item categories.
For example, chicken, turkey, and duck were given as examples of “poultry”. Frequency responses
were then standardized to servings per week and per day (see conversion factors in Supplementary
Material S2).

Students were also asked to report how often they eat whole grains using three items with the
phrasing: “When you eat [bread/rice/pasta or noodles], how often do you usually eat [whole-grain
bread/whole-grain pasta or noodles/brown rice]?” Response options included: 4 = “Almost all the time”;
3 = “Some of the time”; 2 = “Not too often”; 1 = “Almost never”; 0 = “I do not eat [bread/rice/pasta
or noodles]”. Composite scores were created by averaging responses >0. For example, if a student
reported whole-grain bread = 0, whole-grain pasta or noodles = 2, and whole-grain rice = 4, the
composite score was 3. Scores were then dichotomized, and scores > 3 were identified as “Eats whole
grains some/all the time.” Students who reported 0 for all three items (n = 2) were assigned a composite
score of 0. To allow for stratified analysis of consumer subgroups, we created a dichotomous variable
to identify those who reported consuming > 1 serving of ruminant meat per week. We also created a
green and healthy eating (GHE) score based on the USDA 2015-2020 Dietary Guidelines and Willett
et al. (2019) planetary health diet [3,22]. This GHE score ranged from 0—4 with one point assigned
for each of the following four criteria: >2 servings/day of fruit, >2.5 servings/day of vegetables for
females/missing gender or >3 servings/day for males, <1 serving/week of red meat, and eats whole
grains some/all the time.

3.4.2. Dietary Carbon Footprint

Dietary carbon footprint calculations followed methodology reported in Jay et al. (2019) [18].
Prior to calculating carbon footprint, each student’s diet was normalized to 2000 kcal by summing daily
servings across the 39 food items included in the FFQ. We assumed standard servings sizes and used
gram and kcal values from the USDA Food Composition Database (fdc.nal.usda.gov). Each student’s
reported intake was then adjusted using a unique multiplier to standardize calories to 2000 kcal/day.
This approach was used to enable comparison of results to typical 2000 kcal/day diets discussed in the
literature, while maintaining caloric distributions across reported food groups [23-25].

Normalized daily servings were then converted to grams of food per day and multiplied by
carbon footprint conversion factors (g CO,-eq/g food). Published lifecycle assessment (LCA) data
were used for carbon footprint conversion factors [18,23,26,27]. For multi-item food categories, we
used average values. For example, “green vegetables” is the average of values available for broccoli,
cabbage, collards/kale, lettuce, and spinach (see conversion factors in Supplementary Material S2).
Dietary carbon footprint calculations are especially sensitive to conversion factors used for ruminant
meat. In line with Jay et al. (2019), we used the beef value from Nijdam et al. (2012), which reflects
typical production in the United States (40.2 g CO;-eq/g beef) [18,27]. We also calculated carbon
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footprints using the beef value from Heller and Keoleian (2014), which reflects a mean value for LCAs
from developed countries (26.5 g CO,-eq/g beef) [23], and an average of values for beef and lamb
from Nijdam et al. (2012) and Heller and Keoleian (2014) (29.8 CO2-eq/g ruminant meat) [23,27] (see
calculations in Supplementary Material S3). Microsoft Excel Version 16.39 (Microsoft, Redmond, CA,
USA) was used for all calculations.

3.4.3. Psychosocial Outcomes

We assessed multiple psychosocial outcomes conceptualized as motivators for dietary behavior
change: value beliefs, climate change self-efficacy, and green eating intentions. For value beliefs, we
assessed (1) climate change, (2) environmental sustainability, (3) eating a healthful diet, (4) animal
rights, and (5) social justice. Items were adapted from Hekler et al. (2010) and measured using a 6-point
Likert importance scale, ranging from 0 = “Not at all important” to 5 = “The very most important.” The
following phrasing was used: “Compared to other things in your life, please indicate the importance
of [value]” [19].

Climate change self-efficacy is intended to capture an individual’s confidence in their ability to
impact climate change through their own actions. According to social cognitive theory, self-efficacy
determines whether individuals make use of the knowledge and skills they possess [28]. It is expected
that those with higher climate change self-efficacy are more likely to take action on climate change [29].
We used three items adapted from Kellstedt et al. (2008) and asked students to rate their level of
agreement with each statement using a 5-point Likert scale, ranging from 1 = “Strongly disagree” to
5 = “Strongly agree” [29]. Statements included (1) “I believe my actions have an influence on climate
change”, (2) “My actions to reduce the effects of climate change in my community will encourage
others to reduce the effects of climate change through their own actions”, and (3) “Human beings are
responsible for climate change”. These three items were averaged to create a composite score, with
higher scores indicating greater self-efficacy (Cronbach’s alpha = 0.68).

Green eating intentions were measured using five items adapted from Weller et al. (2014) and
Monroe et al. (2015) [30,31]. According to the theory of planned behavior, intentions are the most
important determinant of behavior [20]. In this research, intentions are conceptualized as indicators
of motivational readiness to engage in green eating behaviors. More specifically, according to stages
of change theory, intentions within a 6-month timeline indicate contemplation or awareness of the
benefits of behavior change [32]. The following phrasing was used: “In the next 6 months, please
indicate your intention to [behavior].” Behaviors included (1) “Choose local/seasonal foods”, (2) “Limit
processed/fast foods”, (3) “Eat meatless meals at least once/week”, (4) “Choose organic foods when
possible”, (5) “Take only what you plan on eating”. Responses were measured using a 5-point Likert
scale, ranging from 1 = “Definitely not” to 5 = “Definitely yes”.

3.4.4. Knowledge and Impact Self-Assessment

We added several items in Spring 2019 to provide insight into students’ change in knowledge and
perceived course impact. Due to resource constraints, items were included only in the intervention group
post survey. Items were developed based on Taylor-Powell and Renner’s (2009) guide to gathering
post-intervention evaluation data [33]. For knowledge assessment, we used a valid retrospective
design, where students were asked to rate their mastery of course competencies after and before the
course. The list of competencies was developed by the course instructors. In additional closed-ended
questions, students were asked to report how much of the course content they already knew and
whether they intend to do anything differently as a result of the course. In open-ended questions,
students were asked to report the most impactful thing they learned and what (if anything) they intend
to do as a result of the course.
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3.5. Statistical Analysis

Categorical variables were described as frequencies (%) and interval variables as means (standard
deviations (SD)). All statistical analyses were conducted using Stata Statistical Software Version 15.1
(StataCorp LLC, College Station, TX, USA). Chi-square tests were used for bivariate analyses of all
categorical variables. Non-parametric tests were used for interval variables because their distributions
were skewed. To test for within-group changes from pre to post, we used Wilcoxon signed rank tests.
To test for significant differences between the intervention and comparison groups at baseline, we used
Wilcoxon Mann-Whitney tests. We also conducted difference-in-differences (DID) analyses to compare
pre-post changes between groups. Wilcoxon Mann-Whitney tests were used for all DID analyses,
except carbon footprint difference scores. Because carbon footprint difference scores were normally
distributed, we used t-tests for DID analyses. We used a p < 0.05 significance level without adjustment
for multiple testing. Because this is pilot study with a small sample size, we also identified results with
p < 0.10 in tables to help guide future research questions.

4. Results

4.1. Study Participant Characteristics

Study participant characteristics are presented by study group in Table 2. There were no statistically
significant differences between the comparison and intervention groups, except for academic quarter:
A greater proportion of students in the comparison group participated in the study during the Fall
quarter (67% vs. 52%, p = 0.04). The majority of participants attended the UCLA campus, participated
in Fall quarter, are female, were in their first year of school, and are Asian or White race/ethnicity.
Study participants include only those whose pre and post surveys were successfully matched. Loss to
follow-up was substantial for both groups but greater for the comparison group. For the intervention
group, loss ranged by quarter from 27% to 42% (mean = 34%), and for the comparison group, loss
ranged from 51% to 62% (mean = 56%). Overall response rates were similar to those reported by Jay
etal. (2019) [18].

Table 2. Study participant characteristics by study group (n = 176).

Comparison Intervention

Characteristics (1 = 87) (1 = 89) p-Value
Campus n % n % 0.42
UCLA 59 67.8 55 61.8
Stanford 20 23.0 20 22.5
UC Davis 8 9.2 14 15.7
Academic Quarter 0.04*
Fall 58 66.7 46 51.7
2018 16 27.6 16 34.8
2019 42 72.4 30 65.2
Winter 2019 14 16.1 13 14.6
Spring 2019 15 17.2 30 33.7
Gender 0.30
Female 55 63.2 63 70.8
Male 32 36.8 25 28.1

Refused - - 1 1.1
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Table 2. Cont.

Characteristics Co(r:za;;s)on Int((;r\;eggt;on p-Value

Year in School 0.11
First 61 70.1 50 56.2
Second 13 149 11 12.4
Third 2 2.3 8 9.0
Fourth/Fifth 11 12.7 20 22.5

Race/Ethnicity 0.59
Asian 32 36.8 26 29.2
White 30 34.5 33 37.1
Hispanic/Latino 10 11.5 8 9.0
Other/Multi 15 17.2 22 24.7

* No significant differences between comparison and intervention groups using Chi-Square tests, except academic
quarter (p = 0.04).

4.2. Dietary Intake

Table 3 shows changes in reported dietary intake by study group, differences between groups at
baseline, and differences in pre-post changes (i.e., difference-in-differences analysis). In general, the
intervention group reported more environmentally sustainable dietary intake at baseline. Significant
within group pre-post changes are noted in Table 3. Of the 16 dietary intake outcomes measured,
the comparison group reported significant changes for two outcomes, and the intervention group
reported significant changes for four outcomes. Students in the intervention group increased their
vegetable intake by 2.1 servings/week, while students in the comparison group decreased their intake
by 2.5 servings/week, resulting in a significant relative difference of 4.7 servings/week (p < 0.001). There
was also a significant difference in grain intake change (p < 0.01): while the comparison group reported
a decrease of about 5 weekly servings, the intervention group reported almost no change. GHE score
also significantly improved among students in the intervention group relative to the comparison group
(p <0.01).
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Table 3. Dietary intake outcomes by group and differences between groups (1 = 176).

. Comparison (n = 87) Intervention (n = 89) Group Differences
Dietary Intake Outcomes Pre Post Diff 2 Pre Post Diff 2 Baseline P DID ¢
Food group servings/week, Mean (SD)
Fruit 10.4 (10.4) 8.4 (8.7) —2.0* 12,5 (9.5) 11.7 (8.1) -0.9 2.2 % 1.1
Vegetables 19.9 (16.9) 17.3 (13.9) —2.5% 21.9 (14.7) 24.0 (14.6) 2.1% 2.0 4.7 #*
Dairy 9.3(9.1) 8.1(8.9) -12* 6.7 (6.4) 5.6 (5.8) —1.2* -2.6* 0.0
Dairy alternatives 3.0 (5.3) 2.7 (5.0) -0.3 49 (7.9) 46 (6.1) -0.3 1.9 % 0.0
Animal-based protein 18.3 (13.0) 16.5(13.2) -1.8 15.0 (12.0) 12.7 (12.3) —2.3 -3.3** -0.5
Ruminant (beef/lamb) 3139 2.8(4.1) -0.2* 2.3(3.4) 1.6 (3.0) —0.7 *** —0.8** -0.5
Pork 1.7 (2.0) 15(2.7) -0.1 1422) 1.1(1.8) -0.3 —0.3 % -0.2
Poultry 7.0(5.7) 6.1(5.7) -09* 5.6 (5.9) 4.8 (5.7) -0.8* -14% 0.1
Fish/seafood 2.9 (4.0) 2.8 (4.0) —0.1% 2.0 (2.5) 1.8 (2.4) —02% -0.9 -0.1
Eggs 3.6 (3.6) 3.2 (3.0) -0.5 3.8(3.7) 3.5 (3.6) -0.3 02 0.2
Plant-based protein 12.0 (18.1) 9.3(8.9) 27 15.3 (12.7) 15.1 (13.1) 02 3.3 %% 25
Grains 215 (17.9) 165 (13.5) —5.0 ** 19.7 (11.6) 19.8 (11.5) 0.1 -1.8 5.1 #*+
SSBs 1.7 (4.0) 1.7 (4.2) 0.0 1.2 (3.5) 0.8 (2.5) —0.4 —0.5** 04
Eat whole grains some/all the time (%) 42.5 49.4 6.9 48.3 59.6 11.3 5.8 44
Weekly ruminant intake (%) 71.3 64.4 -6.9 51.7 40.5 -11.2 -19.6 ** -4.3
GHE score 9, Mean (SD) 141 (1.2) 1.38(1.1) —0.03 1.73(1.3) 2.15 (1.2) 0.42 0.32 0.45 ***

Note: Numbers may not add up perfectly due to rounding.  Within group pre-post changes tested using Wilcoxon signed rank tests. ? Baseline differences between intervention
and comparison groups tested using Wilcoxon-Mann-Whitney and Chi-Square tests. ¢ Difference-in-differences (DID) analysis of pre-post changes between groups tested using
Wilcoxon-Mann-Whitney tests. d Green and healthy eating (GHE) score out of 4 points with 1 point for each: >2 servings/day fruit; >2.5 servings/day veg for female/missing and >3/day
for male; <1 serving/week red meat; eats whole grains some/all the time; * p < 0.10, ** p < 0.05, *** p < 0.01.
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4.3. Ruminant Meat Intake and Dietary Carbon Footprint

Due to sensitivity of dietary carbon footprint to ruminant meat intake and significant group
differences at baseline, we conducted overall and stratified analyses to determine intervention impacts
on ruminant meat intake and dietary carbon footprint. For stratified analyses, students who reported
consuming ruminant meat at least once/week at baseline were defined as weekly consumers, and those
who reported consuming ruminant meat less than once/week at baseline were defined as infrequent
consumers. As illustrated in Table 3 above, ruminant meat intake significantly differed between
the groups at baseline. Approximately 52% (n = 46) of the intervention group and 71% (n = 62) of
comparison group students were weekly ruminant meat consumers at baseline (p = 0.01).

Table 4 shows changes in ruminant meat intake stratified by weekly/infrequent ruminant meat
intake at baseline. There were no significant baseline differences between groups for weekly
(p =0.76) or infrequent (p = 0.77) consumer subgroups. The decrease in ruminant meat intake
among weekly consumers in the intervention group was significant relative to the comparison
group (difference-in-differences = —0.9, p = 0.03). Changes among infrequent consumers were not
statistically significant.

Table 4. Ruminant meat outcomes by group and differences between groups, stratified by reported
ruminant meat in take at baseline (n = 176).

Ruminant Meat Out Comparison (1 = 87) Intervention (1 = 89) Group Differences
uminant Vieat Dutcomes Pre Post Diff 2 Pre Post Diff 2 Baseline P DID ¢
Servings/week, Mean (SD)
Weekly consumers 43(40) 36(43) 06"  43(47) 2838  -15 0 —0.9*
Infrequent consumers 0.2(0.2) 0.9 (2.9) 0.7 0.1(0.2) 0.2 (0.5) 0.1 -0.1 -0.6

Note: Numbers may not add up perfectly due to rounding. # Within group pre-post changes tested using
Wilcoxon signed rank tests. P Baseline differences between intervention and comparison groups tested using
Wilcoxon-Mann-Whitney and Chi-Square tests. ¢ Difference-in-differences (DID) analysis of pre-post changes
between groups tested using Wilcoxon-Mann-Whitney tests. Weekly consumers defined as those who reported
consuming ruminant meat (beef/lamb) at least once/week at baseline, comparison group n = 62, intervention group
n = 46. Infrequent consumers defined as those who reported consuming ruminant meat less than once/week at
baseline, comparison group n = 25, intervention group n = 43. ** p < 0.05, ** p < 0.01.

Figure 1 shows mean daily dietary carbon footprint for a 2000-kcal normalized diet for all students,
weekly ruminant meat consumers at baseline, and infrequent consumers at baseline. Among all
students, baseline dietary carbon footprint was 5209 g CO,-eq for the comparison group and 4077 g
COs-eq for the intervention group; the baseline group difference of 1132 g CO,-eq was significant
(p < 0.01). Decrease in dietary carbon footprint was significantly greater in the intervention group
relative to the comparison group (difference-in-differences= —533, p = 0.04).

When stratifying by baseline ruminant meat intake, there were marked differences in dietary carbon
footprint: In both groups, mean daily dietary carbon footprint of weekly ruminant meat consumers was
about twice that of infrequent ruminant meat consumers. There were no significant baseline differences
among weekly consumers (p = 0.64). Among infrequent ruminant meat consumers, dietary carbon
footprint was significantly lower among students in the intervention group (p < 0.01). Among weekly
consumers, the difference in change between groups approached significance (difference-in-differences
= -713, p = 0.06). Among infrequent ruminant meat consumers, comparison group students increased,
while intervention group students slightly decreased their dietary carbon footprint, resulting in a
significant relative change (difference-in-differences = —661, p = 0.03).
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Figure 1. Pre and post daily dietary carbon footprint (g CO;-equivalent) by study group for all students,
weekly ruminant consumers at baseline, and infrequent ruminant consumers at baseline. Note: Weekly
consumers defined as those who reported consuming ruminant meat (beef/lamb) at least once/week
at baseline. Infrequent consumers defined as those who reported consuming ruminant meat less
than once/week at baseline. Within group pre-post changes tested using Wilcoxon signed rank tests.
Difference-in-differences (DID) analysis of pre-post changes between groups tested using one-sided
t-tests. * p < 0.10, ** p < 0.05, *** p < 0.01; error bars represent 95% confidence intervals.

4.4. Psychosocial Outcomes

Table 5 shows changes in psychosocial outcomes by study group, differences between groups
at baseline, and differences in pre-post changes. In general, the intervention group reported greater
motivational readiness for behavior change at baseline. Students in the comparison group reported
no significant changes, while the intervention group reported significant changes in seven of the
11 outcomes measured. In difference-in-differences analyses, the intervention group reported significant
improvements in three of the five green eating intentions relative to the comparison group; relative
improvement in climate change self-efficacy score approached significance (p = 0.08).

4.5. Knowledge and Impact Self-Assessment

Knowledge and impact self-assessment data are provided for intervention group students from
the Spring 2019 and Fall 2019 quarters (n = 60). When asked how much of the course content they
already knew, the large majority of students (73%) reported “A little bit,” suggesting most information
presented in the course was new to participants (Table 6). Table 7 shows students’ self-assessments
of mastery of six core seminar topics at the start of the course (pre) and end of the course (post). All
self-assessments were conducted at post; thus, assessments of pre-course knowledge were retrospective.
Students reported significant improvements in all topic areas.
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Table 5. Mean (SD) psychosocial outcomes by group and differences between groups.

Psychosocial Outcomes Comparison (1 = 87) Intervention (n = 89) Group Differences
Pre Post Diff 2 Pre Post Diff 2 Baseline P DID €
Value Beliefs ¢
Climate change 32(1.3) 34(1.2) 0.2 34(12) 35(1.1) 0.2* 0.2 0.0
Environmental sustainability 28(1.2) 29(1.2) 0.1 33(1.1) 3.5(1.0) 0.2 0.5** 0.1
Eating a healthful diet 31(1.1) 33(1.0) 02* 35(1.1) 37(L1) 02 0.5** 0.0
Animal rights 24(12) 23(12) 0.0 25(1.2) 25(1.1) 0.0 0.1 0.0
Social justice 31(1.2) 3.1(1.3) 0.0 29(12) 3.0(1.1) 0.1 0.1 0.1
Climate Change Self-Efficacy ©
Mean score 4.0(0.7) 41(0.7) 0.1 44(0.5) 46(04) 0.2 0.4 *+* 0.1*
Green Eating Intentions f
Choose local/seasonal 3.6(1.0) 3.6(0.9) 0.0 3.8(0.9) 4.1(0.7) 03** 0.2 0.3 **
Limit processed/fast foods 4.1(1.0) 4.1(1.0) 0.0 43(0.8) 4.6(0.7) 02*** 03* 0.2**
Eat meatless meals once/week 35(14) 3.6(14) 0.1 42(12) 4.6(0.8) 0.4** 0.7 *** 0.3 **
Choose organic when possible 35(1.1) 3.6(1.2) 0.1 3.8(1.1) 4.1(.0) 0.2** 03* 0.1
Take only what plan on eating 46(0.7) 4.6(0.6) 0.0 4.6(0.6) 4.8(0.5) 0.2 0.1 0.2

Note: Numbers may not add up perfectly due to rounding. * Within group pre-post changes tested using
Wilcoxon signed rank tests. ° Baseline differences between intervention and comparison groups tested using
Wilcoxon-Mann-Whitney tests. ¢ Difference-in-difference (DID) analysis of pre-post changes between groups tested
using Wilcoxon-Mann-Whitney tests. 9 Values measured on 6-point importance scale, ranging from 0 = “Not at all
important” to 5 = “The very most important” with wording, “Compared to other things in your life, please indicate
the importance of ... ”. ¢ Climate change self-efficacy measured on 5-point scale, ranging from 1 = “Strongly
disagree” to 5 = “Strongly agree”. f Green eating intentions measured on 5-point scale, ranging from 1 = “Definitely
not” to 5 = “Definitely yes”; mean score calculated as mean of three efficacy beliefs measured; * p < 0.10, ** p < 0.05,
***p <0.01.

Table 6. Intervention student responses to question: How much of the course content did you already

know? (n = 60).
Already Knew 1 (%)
None 1(1.7)
A little bit 44 (73.3)
Quite a bit 14 (23.3)
All of it 1(1.7)

Note: Data includes participants only from Spring 2019 and Fall 2019; thus, data are limited to n = 60.

Table 7. Mean (SD) self-assessment of mastery of seminar topics, intervention students (n = 60).

Seminar Topic Pre Post Diff ***
Carbon footprint of food 22(1.2) 3.5 (0.6) 1.30
Antibiotic resistance 1.8 (1.0) 3.2(0.9) 1.42
Planetary boundaries 1.8 (1.0) 3.2(0.8) 1.32
Biodiversity loss 1.9 (0.9) 3.0(0.9) 1.08
Hid7den water 1.5(0.9) 2.6 (0.9) 1.13
Nitrogen cycling 1.8 (1.0) 2.9(0.9) 1.12

** All pre-post differences significant at p < 0.001. Knowledge self-assessment conducted at post; students
retrospectively assessed knowledge at pre. Self-assessments measured on a 4-point scale, ranging from 1 = “Not
very well” to 4 = “Very well”. Note: Data includes participants only from Spring 2019 and Fall 2019; thus, data are
limited to 1 = 60.

Students were also asked: “Do you intend to do anything differently as a result of this course?”
Fifty-four out of 60 (90%) reported “Yes” (data not shown). Most of the open-ended comments
describing these intentions revolved around reducing meat consumption. Other comments addressed
reducing consumption of prepared/processed foods, shopping locally/seasonally, and reducing waste.
Overall, open-ended comments corroborated results presented above showing significant increases in
green eating intentions. Finally, students were asked to report the most impactful thing they learned in
the course. Open-ended comments ranged from specific information about antibiotic use in livestock
and the carbon footprint of ruminant products to more general awareness of the magnitude of the
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impact of the food system on environmental sustainability. All open-ended comments are provided in
Supplementary Material 54.

5. Discussion

We found that a one-unit Foodprint seminar taught at multiple university campuses holds promise
for shifting students’ dietary intake, reducing dietary carbon footprint, and increasing motivation
for dietary behavior change. Regarding our first hypothesis (healthy change in dietary intake), we
observed changes in line with recommended dietary shifts [3]. Specifically, students in the intervention
group significantly decreased reported intake of ruminant meat and sugar-sweetened beverages
(SSBs). Notably, students in the intervention group significantly improved reported vegetable intake
by 4.7 weekly servings relative to the comparison group. Green and healthy eating (GHE) score also
significantly improved among students in the intervention group relative to the comparison group.
Unlike Jay et al. (2019), we found no significant gender differences in dietary changes [18].

Results also support the hypothesized decrease in dietary carbon footprint. Given the large
contribution of ruminant meat intake to dietary carbon footprint, we examined changes overall and
stratified by baseline ruminant meat intake. Overall, students in the intervention group significantly
decreased reported ruminant meat intake by 0.7 servings per week (30%), and their daily dietary
carbon footprint significantly decreased by an estimated 551 g CO;-eq (14%). Decrease in dietary
carbon footprint was significant relative to the comparison group.

Among weekly ruminant meat consumers, students in the intervention group significantly
decreased reported ruminant meat intake by 1.5 servings per week (35%). This decrease was significantly
greater and more than double the 0.6 (14%) serving decrease reported among weekly consumers in the
comparison group. Weekly consumers in the intervention group significantly decreased their estimated
daily dietary carbon footprint by 957 g CO;-eq (16%). This change approached significance relative
to the 244 g CO;-eq (4%) decrease observed among weekly consumers in the comparison group. We
observed no significant changes among intervention group students who reported infrequent ruminant
meat intake at baseline, which is likely attributable to a limited opportunity to shift to an even lower
level (e.g., basement effect). However, infrequent consumers in the comparison group increased their
dietary carbon footprint, resulting in a significant relative difference.

As discussed in Jay et al. (2019), dietary carbon footprint reductions can be understood in the
context of broader carbon footprint reduction targets [18]. Under President Obama’s Climate Action
Plan to meet the Paris Climate Accord, the United States aimed to reduce greenhouse gas emissions
by 326 million metric tons per year (17% below 2005 levels by 2020) [34]. On a per capita basis, this
amounts to approximately 2764 g CO, per person per day. The significant 551 g CO;-eq reduction
estimated among all students in the intervention group amounts to 20% of this target. Using the
significant difference-in-differences value (=533 g CO;-eq), the improvement estimated among students
in the intervention group relative to the comparison group amounts to 19% of the target.

In general, animal-based foods contribute more GHGs than plant-based foods; thus, shifting to
a more plant-based diet reduces dietary carbon footprint [2]. For example, a study estimating the
differences in dietary carbon footprint by dietary pattern in the United Kingdom (n > 55,000) found
meat-eaters to be the highest, followed by fish-eaters, vegetarians, and vegans; the dietary carbon
footprint of meat-eaters was approximately twice that of vegans [25]. Tilman and Clark (2014) also
demonstrated through modeling that, compared to a projected 2050 global dietary pattern, shifting to
Mediterranean, pescatarian, and vegetarian dietary patterns could reduce dietary carbon footprints
by 30%, 45%, and 55%, respectively [9]. Future studies may consider the use of simulation modeling
approaches to provide rigorous estimates of the potential climate change mitigation effects of more
modest dietary shifts, such as those found in this study.

In support of hypothesis three, we found significant changes in psychosocial outcomes
conceptualized as motivators for dietary behavior change. Intentions to choose local/seasonal foods,
limit processed/fast foods, and eat meatless meals at least once/week significantly improved relative to
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the comparison group, indicating improvements in awareness of the benefits of these behaviors [32].
Finally, students in the intervention group reported significant improvements in mastery of all seminar
topics measured, and 90% reported they intend to change their behavior as a result of the course.

The results of this pilot study suggest that a briefer, more scalable course implemented at multiple
universities can yield impacts similar to those observed in Jay et al. (2019) and Hekler et al. (2010) [18,19].
In their study of a two-quarter, ten-unit course, Jay et al. (2019) observed similar, slightly smaller
decreases in ruminant meat intake (28% in Jay et al. (2019) vs. 30% in this study) and dietary carbon
footprint (7% in Jay et al. (2019) vs. 14% in this study) [18]. It should be noted we used an updated
instrument for measuring dietary intake to improve accuracy; thus, differences in the magnitude of
changes may reflect differences in measurement. Our study also provided insight into other dietary
shifts, psychosocial outcomes, and learning/course impact outcomes described above. Healthy eating
improvements, including increased reported vegetable intake and GHE score, were similar to those
reported in Hekler et al. (2010) [19].

This research contributes to the literature on dietary interventions among college and
university students and provides much needed evidence on strategies for promoting healthier,
more environmentally sustainable diets. A recent systematic review of systematic reviews confirmed
mixed effectiveness of university-based interventions delivered face-to-face in classrooms (1 = 31
studies), with about half positively impacting dietary behavior [17]. At the same time, there is evidence
that addressing dietary behavior from non-health-oriented perspectives may be particularly effective
among this population [19,31,35-37]. For example, in their quasi-experiment, Hekler et al. (2010) found
that students who took a course on food and society improved their healthy eating more than students
in health-focused food courses (e.g., community health, obesity) [19]. In a qualitative study, university
students identified social justice and environmental sustainability as motivators for developing and
applying food literacy [35]. Surveys of young adults have found higher diet quality among those
who value sustainable food production practices, and a brief online course was effective at increasing
green eating behaviors among college students [36,37]. In short, educational interventions highlighting
broader social and environmental impacts of food may build valuable awareness of food systems and
contribute to individual-level behavior change.

It is worth discussing process motivation as a potential explanation for the effectiveness of
non-health-oriented approaches to improve health-oriented behavior, such as dietary intake. Often
referred to as the “stealth intervention” approach, Robinson’s (2010) theory of process motivation
posits that health-beneficial interventions may be more effective by focusing on other rewarding
aspects of a behavior—such as enjoyment or participation in a social movement—rather than health
outcomes [38]. In the current study, students who took the Foodprint seminar were likely motivated
to reduce their environmental footprint, which supported the reported adoption of health-beneficial
dietary changes, such as increased vegetable intake and decreased red meat intake [39-43]. Intervention
students also reported decreasing sugar-sweetened beverage intake and increasing intention to limit
processed/fast food, both of which may protect against weight gain and chronic disease [44-47]. This
process motivation logic is supported by reported increases in students” knowledge of food systems,
value of environmental sustainability, and climate change self-efficacy. Importantly, due to emphasis
on intrinsic satisfaction, stealth interventions are expected to result in sustained interest and behavior
change [38]. Future research should examine this hypothesis.

Limitations and Strengths

There were several limitations to this research. First, participants were not randomly assigned
to each group; thus, students predisposed to adopting healthier, more environmentally sustainable
eating behaviors may have been more likely to enroll in the Foodprint seminar. Indeed, we found
significant baseline differences between the comparison and intervention groups for dietary intake and
motivational readiness outcomes, suggesting a threat of selection bias. Of note, baseline ruminant
meat intake was significantly lower among the intervention group than the comparison group. In an
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attempt to provide more balanced comparisons, we presented stratified analyses by ruminant meat
intake at baseline. Findings among weekly consumers suggest the effectiveness of the intervention to
reduce ruminant meat intake among those with the highest potential for positive impact.

Second, all measures were self-reported and may be subject to social desirability and recall biases.
To ensure anonymity, we used anonymous ID codes for matching pre and post surveys. To aid with
dietary recall, we adapted a food frequency questionnaire designed for and validated for use with
college students. When converting frequencies to servings, we assumed standard serving sizes, which
may not capture true quantities consumed. However, errors in dietary measurement are likely evenly
distributed across groups. Due to logistical and financial constraints, we were unable to conduct
follow-up at additional time points. Additional time points of assessment would have been beneficial
to determine the trajectory and sustainability of events.

Third, our sample size was relatively small (n < 90 in each group) due to the seminar-style class
format and loss to follow-up. Enrollment shifts coupled with the lengthy questionnaire (~10 min)
and voluntary participation likely contributed to loss of participants. In stratified analyses, subgroup
sizes ranged from 25-62. Small sample sizes may have resulted in limited power to detect true
difference-in-differences between groups. Furthermore, college is a natural period of transition in the
life course, and new experiences are especially salient during the first months and year in school [14].
As such, it should be noted that a greater proportion of comparison students were in their first year of
school and participated during Fall quarter. This may have contributed to changes observed in the
comparison group and lack of clear intervention effects.

Fourth, generalizability is limited. Although multi-campus participation is a strength of the study,
participants included students only from universities in California; thus, it is unknown whether the
seminar would be effective in other locations and/or beyond the four-year university setting. Our
sample was also largely female and Asian or White race/ethnicity. It would be valuable for future
research to evaluate the seminar in other settings, with a larger and more diverse sample, with random
assignment, and potentially in other formats as well (e.g., online course format).

This study also has several strengths. We recruited intervention and comparison group
students from the same universities; thus, participants were exposed to similar contexts beyond
the intervention, including the university food environment and campus culture. We also used a
quasi-experimental, difference-in-differences approach to address threats to internal validity such as
secular trends, interfering events, maturation, and seasonality [48]. Finally, this study is noteworthy in
its collaborative nature and potential for intervention dissemination. The Menus of Change University
Research Collaborative allowed this research to be conducted at multiple universities and facilitated
communication, implementation, and continuous improvement of intervention materials for future
use. The one-unit, seminar-style format of the course supports intervention feasibility due to relatively
low investment requirements for both university instructors and participants alike.

6. Conclusions

Opverall, findings suggest the one-unit Foodprint seminar simultaneously promotes environmental
sustainability and human health by improving dietary intake and reducing dietary carbon footprint
among college students. The significant dietary shifts reported in this study—including increased
vegetable intake, decreased ruminant meat intake, and decreased SSB intake—are likely supported by
students’ increased knowledge of connections between food systems and environmental sustainability,
value of environmental sustainability, and climate change self-efficacy. This study supports prior
research suggesting the effectiveness of “stealth interventions” (i.e., non-health-oriented) to improve
health-related outcomes. The Menus of Change University Research Collaborative facilitated
participation by multiple universities, allowing for broader intervention reach and collaboration
among instructors. These results are promising given the demonstrated feasibility of providing the
seminar at multiple campuses and potential for scalability.
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