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Abstract

Background: Most children do not consume the recommended amount of fruit and vegetable (FV) servings. Chang-
ing the school food environment can be a cost-efficient, effective approach to improving children’s dietary quality.
There is great popular support for school salad bars as a means to increase children’s FV intake within the National
School Lunch Program (NSLP), yet empirical research is limited. Further, although FV consumption can facilitate
healthy weight management if these foods replace high calorie items, there is a need to enhance understanding of
salad bars’influence on children’s diet quality and energy intake within the NSLP. This is particularly important to inves-
tigate in schools in communities characterized by high poverty, as students they serve are particularly likely to rely on
school meals.

Methods: This report describes the design and rationale of a federally-funded investigation that uses validated
methods to evaluate school salad bars. This district plans to install salad bars into 141 elementary schools over 5-years,
facilitating the conduct of a waitlist control, cluster randomized controlled trial. Specifically, 12 pairs of matched
schools will be randomly selected: half receiving a salad bar (Intervention) and half serving pre-portioned FVs only,
standard under the NSLP (Control). Thus, groups will have different FV presentation methods; however, all schools will
operate under a policy requiring students to take at least one FV serving. Schools will be matched on Title | status and
percent of racial/ethnic minoritized students. Intake will be objectively assessed at lunch in each school pair, prior to
(baseline), and 4-6 weeks after salad bars are installed (post), yielding ~ 14,160 lunch observations throughout the
study duration. Cafeteria sales and NSLP participation data will be obtained to determine how salad bars impact rev-
enues. Finally, implementation factors and cafeteria personnel’s perspectives will be assessed, to identify barriers and
facilitators to salad bars use and inform sustainability efforts. Proposed methods and current status of this investiga-
tion due to COVID-19 are described.
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Discussion: Results will have great potential to inform school nutrition policies and programs designed to improve

dietary quality and reduce obesity.

Trial registration: Retrospectively registered (10/28/22) in clinicaltrials.gov (NCT05605483).
Keywords: Salad bar, Elementary school, Dietary intake, National School Lunch Program, Fruit and vegetable intake

Background

Fruits and vegetables (FVs) are essential components of
a healthy diet and can reduce risk for many chronic ill-
nesses; [1, 2] yet, most children do not consume the
recommended number of servings of these foods [3-5].
This is concerning, as inadequate FV intake is linked to
increased risk for cardiovascular disease, [1, 2] and cer-
tain cancers [6]. Children from minoritized backgrounds
living in communities characterized by high poverty
have the lowest FVs intake [7]. These children often live
in food deserts with limited FV affordability and access
[8, 9]. They are also the most likely to participate in the
National School Lunch Program (NSLP), [10] making the
school food environment a critical target of public health
efforts to enhance dietary quality [11, 12].

A major goal of the NSLP is to increase FV intake, with
a long-term aim of reducing obesity, [12] yet it is unclear
how increasing children’s FV intake relates to energy
intake in the NSLP [13]. Greater FV consumption could
decrease energy intake if these foods replace higher-
calorie items; however it could increase energy intake if
FVs are merely added to regular meals [13-16]. Under-
standing how FV consumption influences energy intake
in school lunch is particularly important to examine in
schools serving predominantly minoritized children liv-
ing in communities characterized by high poverty, as
this population faces disproportionately high obesity risk
[17] and is most likely to be impacted by school food pol-
icies, given its reliance on the NSLP [10].

Salad bars are promoted as a strategy to increase stu-
dents’ FV intake, variety, and choice within the NSLP
[18-22]. For example, the Chef Ann Foundation raised
>$15.8 million and donated 6,083 salad bars to schools,
with 260 schools on a waiting list to receive one [23]. The
Centers for Disease Control (CDC) notes that it supports
the mission of Salad Bars to Schools (a public-private
partnership which includes the Chef Ann Foundation,
the Whole Kids Foundation, and government programs)
as a strategy, “to ensure every child has the choice of
healthy fruits and vegetables each day at school” [23].
Yet, rigorous evaluation of school salad bars to deter-
mine their impact on dietary intake patterns is needed to
ensure they meet their intended purpose.

Increasing accessibility to a variety of FVs and
fostering choice are two mechanisms proposed to
explain how salad bars might positively impact dietary

consumption [19-22, 24-27]. However, the limited
research investigating this relation has yielded some-
what mixed results. For example, results of one study
indicated that greater variety of FVs offered (independ-
ent of salad bar status) was associated with higher FV
intake among elementary school students [22]. Simi-
larly, the introduction of salad bars into Title I schools
was associated with increases in the variety of FVs
offered and selected [28]. Yet, self-served portions were
smaller and FV intake decreased [28].

Fostering choice might be an especially helpful in
promoting FV intake in children. Indeed, in one study
conducted with 4th and 5th grade students (N=1193),
85% reported that they liked having the option to
choose FVs from their school salad bar; however only
44% said they used the salad bar at least once per
week [28]. A limitation of that investigation was that
salad bars were offered in addition to fixed portions of
FVs on the lunch line, increasing variety, yet preclud-
ing isolation of presentation methods; this design also
introduced confounds related to FV familiarity (e.g., of
canned [29] and/or heated FVs) competing with salad
bars.

In addition to fostering choice, scholars have posited
that salad bars might impact dietary consumption by
increasing FV intake, and decreasing overall caloric con-
sumption, via energy displacement [30]. Yet it is unclear
how increasing FV intake affects children’s overall energy
consumption, in part due to methodological limitations
of extant research. [16, 31, 32]. Even less is known about
how increasing FV intake within the NSLP (which lim-
its calories available per meal) influences energy intake
at lunch. One of the few existing studies in this area
found that increased lunch FV intake was associated
with decreased self-reported energy intake in students
at schools with salad bars [33]. In contrast, a subsequent
study [16] found that students who consumed the most
FVs at lunch had the highest total energy intake. How-
ever, non-FV energy decreased across FV intake groups
(thus at least some energy consumed from other sources
was displaced by FVs). This study was conducted prior to
the current NSLP guidelines, and only 54% of the schools
it evaluated had salad bars. In a cross-sectional investi-
gation conducted under the current NSLP, students in
schools with salad bars consumed more energy from
vegetables compared with students from schools without
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salad bars. Yet, evidence was inconsistent regarding FV
displacement of other lunch calories [34].

Other limitations of previous research include a lack
of longitudinal and objective data [35]. For example, in
multiple cross-sectional studies, middle and high school
students self-reported greater FV intake in schools with
salad bars [36—38]. However, because dietary intake was
assessed via self-report only it is more subject to bias
than objectively measured consumption. In contrast,
1st -5th grade students’ FV intake (assessed via objec-
tive plate waste) was no higher in schools with salad bars
compared with schools serving pre-portioned FV only
[22]. However, this latter work was conducted > 15 years
ago and might not be generalizable to today’s children,
particularly given significant changes to the NSLP. There
are also several program evaluations available online,
although methodological concerns limit their inter-
nal validity (e.g., lack of comparison groups, post-only
assessments, or low validity of FV assessment methods)
[35].

Only two quasi-experimental studies [28, 33] have pro-
spectively examined the impact of salad bars on dietary
intake among elementary school students, and they
yielded conflicting results. Moreover, only one of these
investigations, [28] was implemented under the current
NSLP standards and assessed dietary intake objectively.
In the first of these studies, Slusser et al. [33] compared
FV intake before and after salad bar installation in three
schools. FV intake increased by 1.12 servings per day, as
measured by 24-hour recalls; however, objective assess-
ments of FV consumption were not conducted. There
was also a 2-year gap between baseline and post assess-
ments (and a 30% student transience rate), introduc-
ing potential history effects and reducing the likelihood
that the same children were assessed at both time points.
Bean and colleagues recently assessed FV intake before
and one month after salad bars were installed in two Title
I elementary schools serving predominately Black chil-
dren, all of whom received free meals [39]. Using objec-
tive, digital imagery plate waste methods, they found that
students selected significantly more types of FVs after the
introduction of salad bars. However, at post, self-served
FV portions were significantly smaller than those served
by food service personnel, and mean FV intake decreased
by 0.65 cups (c), compared to when FVs were pre-por-
tioned exclusively [28]. These results suggest that increas-
ing access to FVs might not be sufficient on its own to
shape consumption patterns in this population. Impor-
tantly, neither of these prior studies included comparison
groups.

Bean and colleagues subsequently compared FV intake
in schools with salad bars with matched schools serv-
ing proportioned FVs only, within this same district.
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Although there was some evidence that vegetable con-
sumption was higher in salad bar schools, different pat-
terns of FV selection and consumption were observed
across school pairs, suggesting that school environment
factors other than salad bar access influenced FV intake
[40]. Importantly, salad bars in this district were offered
in addition to pre-portioned FVs on the serving line, and
salad bar usage varied widely (8—64%) between schools.
The continued availability of pre-portioned FVs pre-
cluded the ability to isolate the effects of salad bars on
dietary consumption. There were also between-school
differences in salad bar location, a factor demonstrated
to impact usage [41]. These results highlight the need for
rigorously-designed, prospective evaluations of school
salad bars, that include larger numbers of schools and
comparison groups, use robust scientific methods, assess
dietary intake objectively, and place salad bars in a con-
sistent location.

Finally, salad bars are also often proposed as a mecha-
nism to enhance NSLP participation [35]. NSLP par-
ticipation is a priority across districts, as it enhances the
economic stability of school nutrition departments [42].
Greater NSLP participation could also have positive
public health implications, as school meals offer supe-
rior nutrition, compared with meals brought from home
[42]. Despite these benefits of NSLP participation, it has
consistently declined over time [43]. Moreover, there are
no empirical data to support the claim that salad bars
increase participation in the NSLP. The current study will
examine how salad bars impact cafeteria sales and NSLP
participation within a diverse district, with wide varia-
tions in NSLP participation, enhancing generalizability of
findings related to these critical revenue sources.

In sum, there is an urgent need to improve the qual-
ity of children’s dietary intake. Optimizing school meals
within the NSLP can have a significant public health
impact. Tremendous resources have been invested in
school salad bars as a means to increase FV intake, yet it
is not known if they achieve this goal. By randomly select-
ing schools receiving salad bars, matching them with
those serving pre-portioned FV only, and conducting
a comprehensive, longitudinal evaluation that includes
objective, validated assessments of dietary intake, this
investigation will address these critical gaps. Specifically,
this study will identify: (1) how salad bars impact dietary
consumption in NSLP lunches, and (2) consequences of,
and barriers and facilitators associated with, salad bar
implementation. It will also examine the potential mod-
erating role of the school-level sociodemographic fac-
tors of percent high obesity risk racial/ethnic minority
students and Title I status on dietary consumption, and
salad bar implementation barriers and facilitators. In
the current study, all FVs on the salad bars will be fresh
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and replace all fixed portion FVs on the serving line. All
schools will operate under a policy requiring students to
take at least one FV serving [44]. This will allow examina-
tion of the independent and combined impact of variety
and choice, two mechanisms with potential to increase
FV intake, within the NSLP. We hypothesize that schools
with salad bars will manifest greater increases in both FV
selection and consumption, and decreases in FV waste,
compared with schools without salad bars. In addition,
we hypothesize that schools with salad bars will have
greater improvements in dietary quality and reductions
in total energy intake at lunch, compared with schools
without salad bars.

Data from this trial will yield some of the clearest evi-
dence related to salad bars to date, providing a strong evi-
dence base to evaluate school nutrition policies designed
to enhance dietary intake and reduce health disparities
within the NSLP. Results can guide resource allocation
and inform targeted interventions and policies designed
to reduce obesity.

Methods and design

Study setting

This study will be conducted in a large public school
district in the Mid-Atlantic United States. This district
plans to install salad bars in all 141 elementary schools
(K-6th grades). Prior to the onset of the current trial, 50
salad bars had already been installed. There are thus 91
schools remaining for potential inclusion in the proposed
investigation, with salad bars to be installed over a 3-year
period. Salad bars are launched throughout the year.
This installation schedule provides a unique opportunity
to evaluate a natural experiment, with a waitlist control
design. Specifically, randomly selected schools receiv-
ing salad bars will serve as Intervention schools and be
matched with Control schools serving pre-portioned FVs
only. These waitlist (Control) schools will receive salad
bars in the subsequent school year. Thus, this investiga-
tion offers a unique and time-sensitive opportunity to
conduct a waitlist control, cluster randomized controlled
trial.

Design

Twelve pairs of matched schools will be randomly
selected: half will receive a salad bar (Intervention;
replacing all other FVs) and half will only serve pre-
portioned FVs, standard under the NSLP (Control).
Thus, groups will have different FV presentation meth-
ods; however all schools will be operating under a policy
requiring students to take at least one FV serving [44].
In contrast to prior salad bar research, [28] salad bars in
the current study will replace all other FVs on the lunch
line, and students can select their entire meal from the
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salad bar. This implementation model facilitates a more
rigorous comparison between schools with and without
salad bars than that conducted in prior research. Schools
will be matched on Title I status (a proxy for socioeco-
nomic status [SES]) and percent of racial/ethnic minority
students based on higher obesity risk. Dietary intake at
lunch will be objectively assessed in each pair of schools,
prior to (baseline), and 4—-6 weeks after salad bars are
installed (post), resulting in ~ 14,160 lunch observations
throughout the study duration. The primary dependent
variable of interest is change in FV intake, assessed using
digital imagery plate waste methods. Cafeteria sales and
NSLP participation data will also be examined to assess
the potential impact of salad bars on these critical reve-
nue sources. Finally, we will assess implementation prac-
tices and cafeteria personnel’s perspectives, to identify
barriers and facilitators to salad bars and inform sustain-
ability efforts.

Prior to random selection, each school will be assigned
to one of 4 categories based on sociodemographic vari-
ables. We used information from schools that received
salad bars in the first 2 years of the district’s program
(prior to the current study) to develop matching proce-
dures. Matching was based on: 1) Title I status, which
includes % free and reduced-price lunch, and 2) % of
students from racial/ethnic backgrounds at higher risk
of obesity (Native American, African American/Black,
Latinx, Native Hawaiian/Pacific Islander, more than
one race). Four categories of schools resulted: A =<40%
minoritized AND not Title I; B=40-60% minoritized
AND not Title I; C=40-60% minoritized AND Title I;
and D=>60% minoritized AND Title I. Matching pro-
cedures were then applied to the remaining 91 schools,
demonstrating that each category has adequate numbers
of schools in each year of this study to successfully exe-
cute the proposed aims.

As illustrated in Fig. 1 and 16 different schools will be
included (A1=>D4), 4 from each sociodemographic cat-
egory. In Year 1, 8 schools will be randomly selected: 4
with salad bars (A1=>D1; Intervention), matched with 4
serving pre-portioned FVs only (A2=>D2; Control). In
Year 2, these 4 control schools will receive salad bars and
become Intervention schools, and will be matched with
4 new, randomly selected Control schools (A3=>D3).
These procedures will be repeated in Year 3, with
A3->D3 becoming Intervention schools, matched with
new randomly selected Control schools (A4=>D4). There
will ultimately be 12 pairs of matched schools (12 Inter-
vention [shaded green in Fig. 1] and 12 Control [shaded
yellow]).

Each pair of Intervention and Control schools will be
assessed concurrently, minimizing the threats matura-
tion and history effects pose to internal validity [45].
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Salad Bar WLC - Salad Bar WLC - Salad Bar WLC
School Al [ Bl -i B2 A3 [ B3 A4 E-
Baseline PW| PW |PW [PW | PW | PW | PW | PW
Year 1 Condition SB | SB | SB | SB | WLC | WLC | WLC | WLC
Post PW | PW (PW |PW | PW | PW | PW | PW
Baseline PW | PW | PW | PW | PW | PW | PW | PW
Year 2 Condition SB | SB | SB | SB | WLC | WLC | WLC | WLC
Post PW | PW | PW | PW | PW | PW | PW | PW
Baseline PW | PW | PW | PW | PW | PW | PW | PW
Year 3 Condition SB | SB | SB | SB | WLC | WLC | WLC | WLC
Post PW | PW | PW | PW | PW | PW | PW | PW
Note: PW=Plate Waste; SB=Salad Bar; WLC=Waitlist Control. Matched pairs of Intervention (green) and Control (yellow) schools will be
assessed concurrently. Schools within the same letter group (i.e., Al, A2, A3, A4) are in the same sociodemographic matching category.
Fig. 1 Design of wait-list control randomized controlled trial of school salad bars

Baseline and post-assessments within each pair will be
conducted on days with the same menu cycle whenever
possible, which controls for potential confounds, such as
the varying palatability of meals and seasonal variations
in food availability (the district’s schools have 5 week
menu cycles). We will also control for month of assess-
ment in all analyses. This is particularly important in the
elementary school setting, where students are continu-
ally adjusting to the environment and school breaks can
affect eating habits [46]. Inclusion of baseline assess-
ments will allow us to control for any baseline differences
between schools. Raters will be masked to avoid potential
bias. Moreover, conducting independent double ratings
of ~20% of meals will further minimize the influence of
any potential bias. Finally, this study’s internal validity is
enhanced by matching schools on key variables prior to
randomization, so that they differ primarily on presence
of a salad bar [45]. Matching procedures were carefully
developed to evaluate how school-level factors of race/
ethnicity and SES might moderate the impact of salad
bars. Other variables that could potentially vary between
schools and impact outcomes will be carefully monitored
and considered in analyses (e.g., NSLP participation or
school environment factors). Plate waste assessments will
be conducted in wait list control schools during two con-
secutive years; however, students will not know the pur-
pose of the assessments, and their prior experience with

these (minimally obtrusive) methods is not likely to alter
dietary behaviors during the following school year.

Target population and sample

The school district included in this study serves>189,000
elementary school students (K-6th grades); 48 of its 141
elementary schools are Title I, and 31% (>58,500) of
students receive free and reduced-price lunch (1-91%
across schools). Students are 40% White, 25% Latinx, 19%
Asian, 10% African American/Black, and 5% more than
one race. These data highlight the great diversity of this
district with respect to SES and race/ethnicity, making it
an ideal setting in which to examine if the potential dif-
ferential impact of salad bars based on these school-level
factors. Potential schools have a mean enrollment of 692
students and mean NSLP participation rate of 53% (range
23-85% [national rate is 61%]) [43].

Lunches from all children who participate in the
NSLP on rating days will be eligible. We conservatively
estimate rating~295 lunches (~80% of NSLP partici-
pants) per school on each assessment date, from K-6th
grade students, with equal grade distributions. This rate
is consistent with those achieved in our formative work
[28]. We thus anticipate rating 7,080 lunches (3,540 per
condition) at baseline and post-assessments across 12
pairs of matched schools, for a total of ~ 14,160 school
lunch observations throughout the study duration. To
inform understanding of barriers and facilitators to
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salad bars, cafeteria personnel from target schools will
complete weekly logs and post-surveys assessing their
perspectives related to salad bars; there are 4-7 staff
per school, from diverse backgrounds. With an 80%
response rate, consistent with rates we achieved pre-
viously, [47] we anticipate that ~70 cafeteria staff will
participate.

The district’s Food and Nutrition Services staff con-
duct a standardized training for all students and staff
prior to their salad bar launch. Student training includes
informing students that salad bars will replace all other
FVs on the lunch line, describing what foods will be
offered, and instruction related to proper salad bar use
(e.g., sanitation, food safety and handling, and portion
and food group guidelines). Trainers also provide educa-
tion related to the importance of consuming FVs, devel-
opmentally tailored based on grade-level. Staff training
includes strategies to ensure USDA adherence related
to portion sizes and food groups, monitoring and imple-
mentation protocols, menus, food preparation, storage
and handling, and cashier training. Cashiers are trained
to ensure meals adhere to NSLP guidelines (e.g., >%c
FV), with strategies taught to facilitate visual estimation
of this portion.

All students encounter the salad bars as the first option
in the lunch line. This placement is consistent across
schools and intentional, as placing healthier foods first in
line increases their selection [48]. Further, Adams et al.
reported that FV selection and consumption was more
than 4 times greater in schools with salad bars located
within the serving line, prior to the point of purchase,
compared with those located outside the line, after the
point of purchase [41]. This district’s salad bars include
FVs (7 options [all fresh] that rotate based on seasonal
availability) and 2 proteins, with the option to also select
a whole grain and milk from the second part of the
line. Salad greens and dressing (loz serving) are always
offered. Salad bar menus are consistent across schools.
FV portions must adhere to USDA serving size guide-
lines for the NSLP. To facilitate meeting these require-
ments, lunch trays have an identified “square” to fill with
any combination of FVs desired. Signage also facilitates
adherence with NSLP guidelines (e.g., use of colored stars
for each food group). In addition, cafeteria staff moni-
tor salad bars on the line to ensure students serve ade-
quate FV portions. If students’ trays do not meet USDA
requirements, staff guide them back to the salad bar to
select additional fruit or vegetable options before ring-
ing in the meal. Once installed, salad bars replace all
other FVs on the serving line, thus students must select
FVs from the salad bar. Moreover, students can choose to
select their entire meal from the salad bar and bypass the
hot meal completely. Thus, in the current investigation,
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we will be able to investigate how FV presentation (self-
serve vs. fixed portions) and location impact dietary
intake, within the NSLP.

Cafeteria assessor and digital imagery (DI) rater training
Masked cafeteria assessors and DI raters will be trained
following detailed protocols used in previous research,
which vyielded excellent inter-rater reliabilities (IRRs),
maintained throughout the trial [28, 40].

Cafeteria assessors will participate in a standardized
training that includes details of cafeteria procedures, in
addition to extensive practice taking photographs from
a standard angle (45°) and distance using mock trays.
Feedback will be provided until methods are consistently
applied.

Independent raters (masked to timepoint and study
hypotheses) will be trained according to protocols to
rate item selection and consumption from the pho-
tographs. Raters will view multiple images of plated
and post-consumption trays from previous salad bar
investigations. They will indicate the % of each item
consumed in 20% increments [49-51]. Because of the
variable reference portions from salad bars, raters will
be carefully trained to assess portion sizes and volume
visually (to the nearest %c) for different servings of FVs
(that had been previously measured) using photographs
and standard portions as a guide, consistent with our
previously validated methods [52]. Raters must achieve
IRRs (assessed via ICCs) of >0.80 for all items evalu-
ated, as well as ICCs > 0.80 when compared with “gold
standard” ratings to indicate readiness to participate in
the study.

Measures

Cafeteria environment

Prior to baseline, we will obtain details about each school
via systematic observations and reports from the dis-
trict’s Food and Nutrition Services to include: (1) num-
ber of points of sale, (2) lunch period length (if different
from 30 min district standard), (3) lunch time per grade,
(4) presence of a school garden, (5) other relevant pro-
grams (e.g., Farm to School programming); (6) free and
reduced-price lunch and NSLP participation rates; (7)
other food environment aspects that might vary between
schools. These factors will be considered in analyses as
potential explanations of any differential impact of salad
bars across schools.

Demographics
School, sex, and grade will be obtained from labels affixed
to trays (See Procedures). On rating days at each school,
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study staff will obtain updated enrollment data, number
of students absent per grade, number of lunches brought
from home per grade based on the average of two rater
counts, and number of student and parent opt-outs (to
determine study participation rate).

FV selection

Raters will note which items were available and
selected, including number and types of FVs (coded
with a location). Vegetables will be categorized as dark
green, red/orange, legumes, starchy, and other, consist-
ent with USDA/NSLP [44]. Fruit is defined as whole
fruit (not juice). Variety will be scored as the number
of different types of FVs and as the number of different
categories of vegetables the student selected. Location
(salad bar, lunch line, or point of sale) and serving type
(self-serve, pre-portioned) of each FV will be obtained
from photographs of the lunch line.

Plate waste

Raters will estimate the % of each item consumed in
20% increments. Visual stimuli (pie charts) on a vali-
dated tick sheet assist raters in making judgments
[53]. Ounces remaining (to the nearest 0.50z, assessed
in the photographs of measuring cups) will be used to
determine % consumed for beverages, consistent with
methods applied previously [49]. Plate waste (%) and %
consumed will be determined for (1) FVs, (2) non-FVs,
and (3) beverages. The average % consumed for all salad
bar components will be calculated and applied to dress-
ing (if used) to calculate consumption. These methods
are consistent with those used in our prior salad bar
investigation, yielding excellent IRRs [40].

Nutritional information

Recipe data from standard portions (average of 3
measured portions) and all items from the salad bar
will be entered into the Nutrition Data System for
Research (NDSR) [54, 55] for analysis. The amount
missing will be assumed to have been consumed, [16,
49, 56] and subtracted from the plated portion. FV,
non-FV, beverage, and total energy (kcal) available
and consumed will be calculated. The Healthy Eating
Index (HEI) 2015 [57] will assess dietary quality of the
lunch; scores for each component will be calculated
from NDSR data, [57] and a total HEI score (possible
range =0-100) for the meal will be created. The HEI
2015 was developed by the USDA and the National
Cancer Institute to evaluate dietary quality compared
with current USDA guidelines.
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Sales data

Monthly NSLP participation rates, FV sales/reimburse-
ments, and salad bar sales/reimbursements (including
whether the salad bar was part of a NSLP meal or a la
carte [Intervention schools]), and number of days lunch
was served per month will be obtained from the district
for all selected schools.

Cafeteria staff survey

At post-testing, cafeteria staff will be asked to complete a
survey based on our formative work [47] and in previous
investigations [58—60] to assess perceptions of the school
food environment, perceived barriers and facilitators to
salad bars, satisfaction with staff and student training,
impact of salad bars on daily work, and suggestions for
improvement. Responses will identify barriers and facilita-
tors to salad bar programs to inform their sustainability and
will be considered as potential factors explaining any differ-
ential findings between schools. Surveys will be anonymous
and available in the preferred languages of each cafeteria
personnel. To increase participation, respondents will have
the option to enter a raffle for a $25 gift card. These meth-
ods yielded high response rates in our prior work [47].

Process logs

Cafeteria managers at the target schools will complete
process logs for 4 weeks after salad bars are installed,
assessing implementation practices (e.g., location of salad
bar, monitoring, menu) and any aberrations from proto-
cols. Managers will receive a $25 gift card for completion
of logs. Food and Nutrition Services staff will provide any
modifications to salad bar training or methods. We will
also monitor any changes to NSLP or school/district pol-
icies that might impact the current investigation for con-
sideration in analyses.

Procedures

Consent

Passive consent will be used; students can refuse to have
their tray imaged without penalty. Parents/caregivers
will be informed of the study via notification letters sent
home by the schools, with a form to return if they wish to
opt their child out of assessments. On rating days, teach-
ers will read a short script to students prior to lunch to
inform them about ratings occurring in the cafeteria,
noting that participation is voluntary.

Cafeteria procedures

Lunchroom observations will be conducted in randomly
selected, matched pairs of schools by trained asses-
sors (typically graduate and undergraduate students in
psychology, nutrition, or public health). Each matched
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school pair will be rated concurrently, before (baseline)
and 4-6 weeks after salad bars are installed (post), for
menu consistency. Lunch selection and consumption will
be assessed using the validated DI methods described,
[49, 51, 61] and implemented successfully in our prior
work [28, 52] . As students enter the lunch line (in grade
groups), staff will obtain their assent. If students agree,
they will affix a label on their tray (with grade recorded).
Labels are color-coded and numbered to track sex and
facilitate subsequent rating by matching pre- and post-
consumption images. As students exit the lunch line,
research staff will place their tray on a reference table to
standardize the distance and take a photograph. All pho-
tographs will be taken digitally with iPads at a standard
distance and ~45° angle from the meal [16, 62, 63]. The
number of students who bring a lunch from home per
grade will be independently counted by two raters and an
averaged used. If food from home (typically drinks and
snacks) is added to the school meal, it will be included
in the photograph and subsequently rated if it is visible
at both pre- and post-consumption. Trash cans will be
moved during observations, except for those staffed by
raters. Upon completion of each lunch period, students
will be instructed to leave their trays on the lunch table.
Staff then prepare each tray for rating. They reposition
items to ensure the label and all items are visible. Bever-
age waste is poured into a clear measuring cup to facili-
tate rating [63]. Containers for unopened beverages are
left unopened and positioned upright; containers for
empty beverages are placed on their side. If opened, pre-
packaged items (e.g., chips) are removed from packages.
We developed this method in our formative work to facil-
itate estimation of intake in the lab and overcome lower
reliabilities found for packaged food in a prior plate waste
study [64]. Staff will then take another image document-
ing what was left unconsumed. Trays are then discarded
and tables cleaned for the next lunch period. See Fig. 2.
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On rating days, staff will make detailed process observa-
tions and two raters will independently count the number
of lunches brought from home (by grade).

Images will be subsequently uploaded onto computers
in the lab to prepare for rating. After post-ratings, staff
will distribute FV-themed pencils or other small incen-
tive to all children (regardless of participation), as tokens
of appreciation. We have found that ~10-15 staff per
school (to administer labels, take photographs, prepare
trays for imaging, and clean-up) optimizes rating effi-
ciency and minimizes disruptions to cafeteria flow (an
extremely high priority for school staff). Benefits of DI
are the rapid acquisition of data in the cafeteria environ-
ment (<5 s per tray), [63, 64] low staff and school burden,
and ability to conduct objective ratings in an unhurried
laboratory setting. Moreover, both rater agreement and
validity for estimating portion sizes and waste using DI
methods, including those from salad bars, are very high
(52, 62, 63].

On each rating day, study dietitians will verify all foods
against school menus. Photographs of the lunch line will
be taken to document placement of FVs, including salad
bars. Photographs and direct measurements (using a cali-
brated food scale) of 3 portions of each item will be taken
and an average used as the reference for a standard por-
tion. Serving sizes, product information and recipes of all
items offered will be obtained from the district’s dietitian
after each rating period, for entry into NDSR and subse-
quent analyses.

Salad bar reference portions

Given variable portions of self-serve salad bar items, we
will use methods described previously [52] to create ref-
erence portions of all salad bar menu items. Food will be
prepared in the lab, using methods consistent with those
used in the schools (e.g., diced, sliced, or whole). Two

a. Pre-consumption image

Fig. 2 Pre-consumption (a) and post-consumption (b) image of a school meal using digital imagery methods

b. Post-consumption image
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dietitians will independently serve 3 portions of each
item (Y%c, %c, %c, and 1c) onto cafeteria trays. Portions
will be weighed in triplicate (after taring to remove the
weight of the tray), and an average used as the reference
weight. Staff will take photographs of these portions for
use by DI raters when estimating starting portions from
salad bars.

DI rating procedures

In the lab, trained, masked, independent raters will simul-
taneously view the images of the food selection and waste
for each tray on a computer screen [49-51]. Raters will
record which items were selected and then estimate the %
of each item (FVs, non-FVs, beverages) left on the plate.
Given variable reference portions for salad bar items,
raters will estimate the plated volume of FVs selected to
the nearest %c, consistent with prior research [13, 65].
Reference images of each salad bar item in standard por-
tions will be available to assist raters in making judge-
ments. Salad dressing usage (Y/N and type [ranch or
Italian]) will be recorded and standard serving sizes (1oz)
applied. Schools use a 240z bottle of each dressing and
monitor usage in daily production records. Per the school
district, 25—35% of students use salad dressing (based on
the assumption that loz is used per child), which is con-
sistent with objective assessments in prior research [29].
Further, the district’s salad bar coordinators reported that
over-portioning has not been an issue, likely due in part
to close monitoring by staff. However, given potential
for caloric intake to vary based on salad dressing portion
applied, we will monitor usage and adjust rating methods
accordingly. Foods brought from home will be noted and
will only be rated if the student also purchased a school
lunch (i.e., went through the lunch line and had a pre-
consumption photograph taken), and if the non-school
food is present in both the pre- and post-consumption
photograph. At least 20% of images will be double rated
and IRRs calculated for each item. If IRRs fall below
0.80, raters will be retrained and images re-rated. We
have demonstrated our ability to achieve and maintain
extremely high IRRs using these methods [28]. We also
validated use of DI against measured weights to estimate
volume and waste from salad bars and demonstrated
excellent IRRs (ICCs=0.91) and accuracy for both start-
ing portions (ICC=0.74) and waste (ICC=0.98) across
vegetables [52].

Statistical analyses

Power analysis

Power and effect size of the multilevel models that will
be used to analyze the variety of outcomes in our clus-
ter RCT are a function of a number of parameters: (1)
the number of clusters (J=16 independent schools [8
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Intervention and 8 Control]), (2) the cluster size (1 =295
lunches per school), and (3) the ICC (estimated as 0.01,
0.05, and a much more conservative 0.10), which takes
into account the correlated nature of our data and is the
ratio of variability between clusters to the total variabil-
ity [66]. Optimal Design Plus Empirical Evidence v3.01
software [67] was used to calculate the minimum detect-
able effect size given the parameters above, a=0.05, and
a desired power of 80%. For ICCs of 0.01, 0.05, and 0.10,
we have 80% power to detect small to medium effect
sizes of 0.17, 0.35, and 0.48, respectively. Thus, our pro-
posed sample of 14,160 observations will be more than
adequate to evaluate the study aims.

Analyses

Prior to analyses, distributions of all measures will be
examined. Contingency tables and frequency distribu-
tions will be evaluated (for categorical and continuous
variables, respectively), and transformations considered.
Outliers will be checked for errors before being used
in analyses. Sex differences will be assessed for all out-
comes; if significant differences are found, analyses
outlined below will be stratified by sex. All tests will be
2-sided at «=0.05 level, corrected for multiple compari-
sons, and conducted in SAS v9.3.

Analyses are dictated by the cluster RCT study design.
Data are hierarchical, gathered in multiple levels. The
first level of measurement is from students, clustered
within schools, the second level of measurement. We
are measuring consumption based on students, yet their
treatment assignment is defined by the school’s assign-
ment. This nested structure must be considered in anal-
yses as the assignment of intervention to the schools
can result in students within schools being positively
correlated for the outcomes. Without accounting for
correlated nature of the data, Type 1 error rate for the
intervention effect might be inflated and the significance
of the study findings misinterpreted. Multilevel Linear
Modeling (MLM) is a type of regression used to ana-
lyze nested data as it can accommodate fixed and ran-
dom effects and correlated observations within units of
assignment (schools). SAS PROC MIXED (for continu-
ous variables) and PROC GLIMMIX (for dichotomous
and polytomous data) have MLM applications which take
into account random effects and correlated observations
and will be used in these analyses. Potential covariates
include grade, NSLP participation, and month of assess-
ment, and factors related to the school cafeteria envi-
ronment that might differ between schools (e.g., lunch
duration), where appropriate. Using these models, we
will evaluate differences between Intervention and Con-
trols schools in types and variety of FVs and categories
of vegetables selected, and subsequent consumption (%
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consumed/wasted) at baseline and 4—6 weeks after salad
bars are installed. Variety will be recorded as the number
of different types of FVs selected for each meal, and the
number of categories of vegetables (ranging from 1 to 5;
corresponding with USDA categorization) [44]. For the
primary outcome (FV consumption), plate waste ratings
will be calculated for fruits, vegetables, each specific FV
category, and also averaged across FVs. We will also eval-
uate the effect of location of FVs (salad bar, lunch line, or
at the point of sale) and serving type (self-serve, pre-por-
tioned) of each item on FV selection and consumption to
inform best implementation practices.

We will evaluate differences in dietary quality (assessed
with the HEI) [57] for the total lunch and energy intake
(kcals) for the total lunch, FVs, non-FVs, and beverages
between Intervention and Control schools. MLM will
be applied to examine the association between levels of
FV intake and overall calorie consumption at lunch, both
independent of school group as well as between Inter-
vention and Control schools, to inform obesity preven-
tion efforts.

Monthly sales (and reimbursements) and NSLP par-
ticipation data will be characterized using descriptive
statistics and graphical approaches. Changes in FV sales
(and reimbursements) per student (based on enrollment)
and % NSLP participation will be calculated (based on
the total number of days lunch was served), evaluated
by month. Schools will be compared on these outcomes
using paired t-tests (matching on month for each school
pair). Responses from cafeteria surveys and process logs
will be examined to identify barriers and facilitators
and implementation differences related to salad bars to
inform sustainability. These variables will also be consid-
ered as potential factors explaining any differential find-
ings between schools. Open-ended survey responses will
be qualitatively examined for common themes by two
independent raters, guided by thematic analysis, to iden-
tify, analyze and report themes within and across data
[68]. This realistic method allows for meaning to come
from participants, rather than from pre-existing codes
[69].

To examine the potential differential responses to salad
bars among sociodemographic groups, main effects for
Title I status and race/ethnicity school group (A through
D) will be examined in Aims 1 through 3 analyses. If main
effects are observed, models will be stratified by sociode-
mographic group and moderator analyses considered as
appropriate.

Discussion

This investigation responds to the urgent need to con-
duct rigorous research on policy and environmental
approaches to obesity prevention. It has high public

Page 10 of 13

health significance, given the extent of the risks unhealthy
dietary intake poses to children, especially those from
systematically oppressed and minoritized backgrounds,
who are most likely to participate in the NSLP. It also
capitalizes on a unique natural experiment by systemati-
cally evaluating schools with and without salad bars in a
large, diverse district.

The practice of installing salad bars, although intuitively
appealing, has advanced well-ahead of the evidence. This
investigation will make a significant contribution to pol-
icy research by providing the empirical data necessary to
evaluate whether salad bars help achieve the HHKFA’s
major goal of increasing FV intake within the NSLP [14].
It will also enhance understanding of the role of FVs and
salad bars on energy intake at lunch in the NSLP. Moreo-
ver, results will identify consequences of and barriers and
facilitators to salad bar implementation, including inves-
tigating how salad bars impact sales and NSLP partici-
pation, informing sustainability efforts. This application
improves upon prior research in this area via its rigor-
ous experimental design (RCT); large sample of students
nested within matched schools; use of psychometrically
sound, objective assessments of dietary intake by blinded
assessors; consistent salad bar implementation; and a
detailed analysis plan, all of which will minimize the
influence of bias on results. Findings will be disseminated
via policy briefs and to scientific, school, and community
outlets. Only one prior RCT has prospectively examined
the effects of salad bars on objectively assessed FV intake,
and none has evaluated their effects on energy intake in
school lunch. Examination of the potential moderating
role of school-level sociodemographic factors further
strengthens the significance of this application, enhances
its external validity, [70] and will ultimately lead to tar-
geted efforts to enhance dietary intake among children at
greatest risk for obesity.

Since the initiation of this study, we have completed
collection of Year 1 and the majority of Year 2 data, yield-
ing >14,000 images of school lunches. Data collection
was paused in March 2020 when schools closed due to
COVID-19, canceling post-ratings of one pair of schools
scheduled to be rated that month. Students returned to
school in Fall 2020, yet salad bars have not yet re-opened.
The COVID-19 pandemic highlighted the critical role of
school meals in addressing food security, and simulta-
neously placed enormous pressure on school nutrition
programs to ensure students were fed [71]. When school
buildings were closed in the Spring and Summer of 2020,
schools set up meal distribution sites and delivery sys-
tems (all while understaffed and under-resourced). The
return to school in 2020-21 brought new challenges
related to increased demands for school meals, risk miti-
gation, staffing shortages, and supply chain disruptions.
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In response, the USDA issued national meal pattern
waivers, allowing schools to veer from NSLP nutritional
standards—including those related to milk, whole grains
and sodium set forth by the HHKFA—and mandated
universal free meals [71-73]. Many districts, including
the one in this investigation, transitioned to more pre-
packaged meals during this time and temporarily elimi-
nated a la carte offerings. Although these temporary
waivers helped schools meet the meal demands during
that time, there is concern that diet quality has been
compromised [71-73]. This is a particular concern given
extension of nutrition waivers and the enhanced role
of schools in addressing food security [71-73]. There is
thus a great need to investigate how these changes have
impacted children’s nutrition.

Given that surfaces are not the primary mode of
COVID-19 transmission, and because a healthy diet is
important to support immune functioning and overall
health, some have argued that salad bars should return
to schools [74]. However, it is unclear how potential
barriers to the re-implementation of salad bars, such as
staffing shortages and parents’ fears of the virus, might
affect this process. Personal communication with this
district’s Food and Nutrition Services stated plans to
resume salad bar operations, yet acknowledged facing
the same challenges as those encountered nationwide—
adjusting to changes in school food policy mandates,
supply chain disruptions, and staffing shortages. The
resumption of data collection in the current applica-
tion depends on timing of the return to salad bars in
schools. Importantly, however, current estimates sug-
gest that in our two years of data collection, we far
exceeded projected numbers, even when removing
data from the pair of schools for whom post-ratings
were not conducted. To date, we have applied labora-
tory rating procedures on an estimated 11,000 school
lunches across time points, from an estimated 5,500
students. Thus, even if data collection does not resume,
we are optimistic that we will be adequately powered to
respond to our study aims and hypotheses.

In sum, this study stands to be one of the most defini-
tive investigations of school salad bars to date and will
inform school nutrition policies and programming
designed to enhance dietary intake and reduce obe-
sity. The vital role of schools in promoting children’s
nutrition and preventing food insecurity has become
clearer to the nation since the onset of the COVID-19
pandemic, making this work particularly timely [71].
Future directions for this line of research include using
these data, combined with results from our forma-
tive work, to design targeted interventions (adjunctive
or alternative to salad bars) to optimize children’s FV
intake within current school policy mandates.

Page 11 of 13

Abbreviations
NSLP: National School LunchProgram; FV: Fruits and Vegetables.

Acknowledgements
The authors wish to thank the school administration, food and nutrition services
personnel, and students for their willingness to participate in this investigation.

Authors’ contributions

MKB secured funding; MKB, SEM, HR, LT designed the study; LD is involved in
data collection and implementation of study protocols; All authors read and
approved the final manuscript.

Funding

NIH TROTHD098732 and the Children’s Hospital Foundation to MKB. These
funding sources had no role in the design or conduct of this study or the writ-
ing of this manuscript. This work has undergone peer review by the National
Institutes of Health.

Availability of dataand materials
There are no data in this manuscript. Qualified individuals interested in study
materials should contact the primary author (MKB).

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Virginia Com-
monwealth University (HM20012226). Parental notification with an opt-out
option and student verbal assent were applied. These consent / assent
methods were approved by the Institutional Review Board of Virginia Com-
monwealth University.

Consent for publication
N/A

Competing interests
The authors declare that they have no competing interests.

Author details

!'Department of Pediatrics, School of Medicine, Children’s Hospital of Rich-
mond at Virginia Commonwealth University, Box 980140, Richmond, VA 23298,
USA. 2Departmem of Nutrition, University of Tennessee, Knoxville, 1215 W.
Cumberland Ave, Knoxville, TN 37996, USA. >Department of Psychiatry, Univer-
sity of North Carolina, Chapel Hill, NC 27599, USA. “Department of Nutrition
and Food Studies, 10349 Democracy Ln, Suite 306, Fairfax, VA 22030, USA.
>Department of Psychology, Virginia Commonwealth University, Box 842018,
Richmond, VA 23284, USA.

Received: 29 September 2022 Accepted: 27 November 2022
Published online: 09 December 2022

References

1. He FJ,Nowson CA, Lucas M, MacGregor GA. Increased consumption of
fruit and vegetables is related to a reduced risk of coronary heart disease:
meta-analysis of cohort studies. J Hum Hypertens. 2007;21(9):717-28.
https://doi.org/10.1038/sjjhh.1002212.

2. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption and
stroke: meta-analysis of cohort studies. The Lancet. 2006,367(9507):320-6.
https://doi.org/10.1016/50140-6736(06)68069-0.

3. Kim SA, Moore LV, Galuska D, et al. Vital signs: fruit and vegetable intake
among children - United States, 2003-2010. MMWR Morb Mortal Wkly
Rep. 2014;63(31):671-6.

4. Krebs-Smith SM, Guenther PM, Subar AF, Kirkpatrick SI, Dodd KW.
Americans do not meet federal dietary recommendations. J Nutr.
2010;140(10):1832-8. https://doi.org/10.3945/jn.110.124826.

5. Guenther PM, Dodd KW, Reedy J, Krebs-Smith SM. Most Americans
eat much less than recommended amounts of fruits and vegetables.
J Am Diet Assoc. 2006;106(9):1371-9. https://doi.org/10.1016/j jada.
2006.06.002.


https://doi.org/10.1038/sj.jhh.1002212
https://doi.org/10.1016/S0140-6736(06)68069-0
https://doi.org/10.3945/jn.110.124826
https://doi.org/10.1016/j.jada.2006.06.002
https://doi.org/10.1016/j.jada.2006.06.002

Bean et al. BMC Public Health

20.

21.

22.

23.

24.

25.

(2022) 22:2304

Riboli E, Norat T. Epidemiologic evidence of the protective effect of fruit
and vegetables on cancer risk. Am J Clin Nutr. 2003;78(3):5595-569S.
https://doi.org/10.1093/ajcn/78.3.559S.

Rasmussen M, Kralner R, Klepp Ki, et al. Determinants of fruit and vegeta-
ble consumption among children and adolescents: a review of the litera-
ture. Part I: quantitative studies. Int J Behav Nutr Phys Act. 2006;3(1):22.
https://doi.org/10.1186/1479-5868-3-22.

Miech RA, Kumanyika SK, Stettler N, Link BG, Phelan JC, Chang VW. Trends
in the association of poverty with overweight among US adolescents,
1971-2004. JAMA. 2006;295(20):2385. https://doi.org/10.1001/jama.295.
20.2385.

Sherry B, Mei Z, Scanlon KS, Mokdad AH, Grummer-Strawn LM. Trends in
state-specific prevalence of overweight and underweight in 2- through
4-Year-old children from low-income families from 1989 through 2000.
Arch Pediatr Adolesc Med. 2004;158(12):1116. https://doi.org/10.1001/
archpedi.158.12.1116.

Mirtcheva DM, Powell LM. Participation in the National School lunch Pro-
gram: importance of school-level and neighborhood contextual factors.
J Sch Health. 2009;79(10):485-94. https://doi.org/10.1111/).1746-1561.
2009.00438.x.

. Story M, Nanney MS, Schwartz MB. Schools and obesity prevention: creat-

ing school environments and policies to promote healthy eating and
physical activity. Milbank Q. 2009;87(1):71-100. https://doi.org/10.1111/].
1468-0009.2009.00548 X.

Adams EL, Raynor HA, Thornton LM, Mazzeo SE, Bean MK. Nutrient intake
during school lunch in Title | elementary schools with universal free
meals. Health Educ Behav. 2022;49(1):118-27. https://doi.org/10.1177/
10901981211011936.

Ledoux TA, Hingle MD, Baranowski T. Relationship of fruit and vegeta-
ble intake with adiposity: a systematic review: FV review. Obes Rev.
2011;12(5):143-50. https://doi.org/10.1111/j.1467-789X.2010.00786 X.
One Hundred Eleventh Congress of the United States of America, 2nd
Session. S. 3307. Healthy Hunger-Free Kids Act of 2010. Published online
2010. Accessed 3 Aug. 2022. https://www.govtrack.us/congress/bills/111/
$3307/text.

Rolls BJ, Ello-Martin JA, Tohill BC. What can intervention studies tell us
about the relationship between fruit and vegetable consumption and
weight management? Nutr Rev. 2004,62(1):1-17. https://doi.org/10.
1111/).1753-4887.2004.tb00001 x.

Bontrager Yoder AB, Schoeller DA. Fruits and vegetables displace, but do
not decrease, total energy in school lunches. Child Obes. 2014;10(4):357-
64. https://doi.org/10.1089/chi.2014.0017.

Ogden C, Carroll M, Flegal K. Prevalence of childhood and adult obesity in
the United States, 2011-2012. JAMA. 311(8):806-814. https://doi.org/10.
1001/jama.2014.732.

Harris DM, Seymour J, Grummer-Strawn L, et al. Let's Move Salad Bars

to Schools: a public-private partnership to increase student fruit and
vegetable consumption. Child Obes Print. 2012;8(4):294-7. https://doi.
0rg/10.1089/chi.2012.0094.

Hendy HM, Williams KE, Camise TS.“Kids Choice” school lunch pro-

gram increases children’s fruit and vegetable acceptance. Appetite.
2005;45(3):250-63. https://doi.org/10.1016/j.appet.2005.07.006.

Perry CL, Bishop DB, Taylor GL, et al. A randomized school trial of envi-
ronmental strategies to encourage fruit and vegetable consumption
among children. Health Educ Behav Off Publ Soc Public Health Educ.
2004;31(1):65-76. https://doi.org/10.1177/1090198103255530.

Pittman DW, Parker JS, Getz BR, et al. Cost-free and sustainable incentive
increases healthy eating decisions during elementary school lunch. Int J
Obes 2005. 2012;36(1):76-9. https://doi.org/10.1038/ij0.2011.205.

Adams MA, Pelletier RL, Zive MM, Sallis JF. Salad bars and fruit and vegeta-
ble consumption in elementary schools: a plate waste study. J Am Diet
Assoc. 2005;105(11):1789-92. https://doi.org/10.1016/}jada.2005.08.013.
Centers for Disease Control and Prevention. Salad Bars to Schools. Pub-
lished online September 7, 2022. Accessed 7 Sept. 2022. https://www.
cdc.gov/nutrition/healthy-food-environments/saladbars2schools.html#:
~text=Initiative,to%20schools%20across%20the%20nation.

Bere E, Klepp KI. Changes in accessibility and preferences predict
children’s future fruit and vegetable intake. Int J Behav Nutr Phys Act.
2005;2:15. https://doi.org/10.1186/1479-5868-2-15.

Blanchette L, Brug J. Determinants of fruit and vegetable consumption
among 6-12-year-old children and effective interventions to increase

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 12 of 13

consumption. J Hum Nutr Diet Off J Br Diet Assoc. 2005;18(6):431-43.
https://doi.org/10.1111/j.1365-277X.2005.00648 x.

Cohen JFW, Richardson SA, Cluggish SA, Parker E, Catalano PJ, Rimm EB.
Effects of choice architecture and chef-enhanced meals on the selection
and consumption of healthier school foods: a randomized clinical trial.
JAMA Pediatr. 2015;169(5):431-7. https://doi.org/10.1001/jamapediatrics.
2014.3805.

Hakim SM, Meissen G. Increasing consumption of fruits and vegetables
in the school cafeteria: the influence of active choice. J Health Care Poor
Underserved. 2013;24(2 Suppl):145-57. https://doi.org/10.1353/hpu.2013.
0109.

Bean MK, Brady Spalding B, Theriault E, Dransfield KB, Sova A, Dunne
Stewart M. Salad bars increased selection and decreased consumption
of fruits and vegetables 1 month after installation in Title | elementary
Schools: a plate waste study. J Nutr Educ Behav. 2018;50(6):589-97.
https://doi.org/10.1016/j.jneb.2018.01.017.

Moreno-Black G, Stockard J. Salad bar selection patterns of elementary
school children. Appetite. 2018;120:136-44. https://doi.org/10.1016/j.
appet.2017.08.034.

Casazza K, Brown A, Astrup A, et al. Weighing the evidence of common
beliefs in obesity research. Crit Rev Food Sci Nutr. 2015;55(14):2014-53.
https://doi.org/10.1080/10408398.2014.922044.

Bayer O, Nehring |, Bolte G, von Kries R, for the Study Group of the GME
cohort. Fruit and vegetable consumption and BMI change in primary
school-age children: a cohort study. Eur J Clin Nutr. 2014;68(2):265-70.
https://doi.org/10.1038/ejcn.2013.139.

Casazza K, Brown A, Astrup A, et al. Weighing the evidence of common
beliefs in obesity research. Crit Rev Food Sci Nutr. 2015;55(14):2014-53.
https://doi.org/10.1080/10408398.2014.922044.

Slusser WM, Cumberland WG, Browdy BL, Lange L, Neumann C. A school
salad bar increases frequency of fruit and vegetable consumption
among children living in low-income households. Public Health Nutr.
2007;10(12):1490-6. https://doi.org/10.1017/51368980007000444.

Bean MK, Thornton LM, Mazzeo SE, Raynor HA. Salad bars and energy
intake in Virginia elementary schools with free meals. Prev Med Rep.
2021;24:101515. https://doi.org/10.1016/j.pmedr.2021.101515.

Gretchen Swanson Center for Nutrition. Evaluation of the Let’s Move
Salad Bars to Schools Inititative. Published online 2014. Accessed 7 Sept.
2022. http//www.saladbars2schools.org/wp-content/themes/app/pdf/
supporting-research.pdf.

Johnson CC, Myers L, Mundorf AR, O'Malley K, Spruance LA, Harris DM.
Lunch salad bars in New Orleans' middle and high schools: student intake
of fruit and vegetables. Int J Environ Res Public Health. 2017;14(4):E415.
https://doi.org/10.3390/ijerph14040415.

Gosliner W. School-level factors associated with increased fruit and
vegetable consumption among students in California middle and high
schools. J Sch Health. 2014;84(9):559-68. https://doi.org/10.1111/josh.
12188.

Terry-McElrath YM, O'Malley PM, Johnston LD. Accessibility over availabil-
ity: associations between the school food environment and student fruit
and green vegetable consumption. Child Obes Print. 2014;10(3):241-50.
https://doi.org/10.1089/chi.2014.0011.

United States Department of Agriculture. School Meals: Community
Eligibility Provision. Published online September 7, 2022. Accessed 7 Sept.
2022. https://www.fns.usda.gov/cn/community-eligibility-provision.
Bean M. Salad bars and fruit and vegetable intake in Title | elementary
schools. Health Behav Policy Rev. 2020;7(5):461-72. https://doi.org/10.
14485/HBPR.7.5.8.

Adams MA, Bruening M, Ohri-Vachaspati P, Hurley JC. Location of school
lunch salad bars and fruit and vegetable consumption in middle schools:
a cross-sectional plate waste study. J Acad Nutr Diet. 2016;116(3):407-16.
https://doi.org/10.1016/jjand.2015.10.011.

Vernarelli JA, O'Brien B. A vote for school lunches: School lunches provide
superior nutrient quality than lunches obtained from other sources in a
nationally representative sample of US children. Nutrients. 2017;9(9):£924.
https://doi.org/10.3390/nu9090924.

National School Lunch Program: Participation and Lunches Served. Pub-
lished online July 8. 2022. Accessed 7 Sept 2022. https://fns-prod.azure
edge.us/sites/default/files/resource-files/slsummar-7.pdf.

Food, Service N. USDA. Nutrition standards in the National School Lunch
and School Breakfast Programs. Final rule. Fed Regist. 77:4088-167.


https://doi.org/10.1093/ajcn/78.3.559S
https://doi.org/10.1186/1479-5868-3-22
https://doi.org/10.1001/jama.295.20.2385
https://doi.org/10.1001/jama.295.20.2385
https://doi.org/10.1001/archpedi.158.12.1116
https://doi.org/10.1001/archpedi.158.12.1116
https://doi.org/10.1111/j.1746-1561.2009.00438.x
https://doi.org/10.1111/j.1746-1561.2009.00438.x
https://doi.org/10.1111/j.1468-0009.2009.00548.x
https://doi.org/10.1111/j.1468-0009.2009.00548.x
https://doi.org/10.1177/10901981211011936
https://doi.org/10.1177/10901981211011936
https://doi.org/10.1111/j.1467-789X.2010.00786.x
https://www.govtrack.us/congress/bills/111/s3307/text
https://www.govtrack.us/congress/bills/111/s3307/text
https://doi.org/10.1111/j.1753-4887.2004.tb00001.x
https://doi.org/10.1111/j.1753-4887.2004.tb00001.x
https://doi.org/10.1089/chi.2014.0017
https://doi.org/10.1001/jama.2014.732
https://doi.org/10.1001/jama.2014.732
https://doi.org/10.1089/chi.2012.0094
https://doi.org/10.1089/chi.2012.0094
https://doi.org/10.1016/j.appet.2005.07.006
https://doi.org/10.1177/1090198103255530
https://doi.org/10.1038/ijo.2011.205
https://doi.org/10.1016/j.jada.2005.08.013
https://www.cdc.gov/nutrition/healthy-food-environments/saladbars2schools.html#:~:text=Initiative.,to%20schools%20across%20the%20nation
https://www.cdc.gov/nutrition/healthy-food-environments/saladbars2schools.html#:~:text=Initiative.,to%20schools%20across%20the%20nation
https://www.cdc.gov/nutrition/healthy-food-environments/saladbars2schools.html#:~:text=Initiative.,to%20schools%20across%20the%20nation
https://doi.org/10.1186/1479-5868-2-15
https://doi.org/10.1111/j.1365-277X.2005.00648.x
https://doi.org/10.1001/jamapediatrics.2014.3805
https://doi.org/10.1001/jamapediatrics.2014.3805
https://doi.org/10.1353/hpu.2013.0109
https://doi.org/10.1353/hpu.2013.0109
https://doi.org/10.1016/j.jneb.2018.01.017
https://doi.org/10.1016/j.appet.2017.08.034
https://doi.org/10.1016/j.appet.2017.08.034
https://doi.org/10.1080/10408398.2014.922044
https://doi.org/10.1038/ejcn.2013.139
https://doi.org/10.1080/10408398.2014.922044
https://doi.org/10.1017/S1368980007000444
https://doi.org/10.1016/j.pmedr.2021.101515
http://www.saladbars2schools.org/wp-content/themes/app/pdf/supporting-research.pdf
http://www.saladbars2schools.org/wp-content/themes/app/pdf/supporting-research.pdf
https://doi.org/10.3390/ijerph14040415
https://doi.org/10.1111/josh.12188
https://doi.org/10.1111/josh.12188
https://doi.org/10.1089/chi.2014.0011
https://www.fns.usda.gov/cn/community-eligibility-provision
https://doi.org/10.14485/HBPR.7.5.8
https://doi.org/10.14485/HBPR.7.5.8
https://doi.org/10.1016/j.jand.2015.10.011
https://doi.org/10.3390/nu9090924
https://fns-prod.azureedge.us/sites/default/files/resource-files/slsummar-7.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/slsummar-7.pdf

Bean et al. BMIC Public Health

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

(2022) 22:2304

CookT, Campbell D, Day A. Quasi-Experimentation: Design & Analysis
issues for field settings. Boston: Houghton Mifflin; 1979.

Moreno JP, Johnston CA, Woehler D. Changes in weight over the school
year and summer vacation: results of a 5-year longitudinal study. J Sch
Health. 2013;83(7):473-7. https://doi.org/10.1111/josh.12054.

Bean MK, Spalding BB, Theriault E, Dransfield KB, Grigsby T, Stewart MD.
Cafeteria personnel responses to culinary training and school salad bars.
Health Behav Policy Rev. 2018;5(4):3-11. https://doi.org/10.14485/HBPR.5.
4.1.

Wansink B, Hanks AS. Slim by design: serving healthy foods first in buffet
lines improves overall meal selection. PLoS ONE. 2013;8(10):e77055.
https://doi.org/10.1371/journal.pone.0077055.

Taylor JC, Yon BA, Johnson RK. Reliability and validity of digital imaging as
a measure of schoolchildren’s fruit and vegetable consumption. J Acad
Nutr Diet. 2014;114(9):1359-66. https://doi.org/10.1016/jjand.2014.02.
029.

Martin CK, Newton RL, Anton SD, et al. Measurement of children’s food
intake with digital photography and the effects of second servings upon
food intake. Eat Behav. 2007;8(2):148-56. https://doi.org/10.1016/j.eatbeh.
2006.03.003.

Smith SL, Cunningham-Sabo L. Food choice, plate waste and nutrient
intake of elementary- and middle-school students participating in the US
National School lunch program. Public Health Nutr. 2014;17(6):1255-63.
https://doi.org/10.1017/51368980013001894.

Bean MK, Raynor HA, Thornton LM, Sova A, Dunne Stewart M, Mazzeo
SE. Reliability and validity of digital imagery methodology for measuring
starting portions and plate waste from school salad bars. J Acad Nutr
Diet. 2018;118(8):1482-9. https://doi.org/10.1016/jjand.2018.02.002.
Connors PL, Rozell SB. Using a visual plate waste study to monitor menu
performance. J Am Diet Assoc. 2004;104(1):94-6. https://doi.org/10.
1016/jjada.2003.10.012.

Feskanich D, Sielaff BH, Chong K, Buzzard IM. Computerized collection
and analysis of dietary intake information. Comput Methods Programs
Biomed. 1989;30(1):47-57. https://doi.org/10.1016/0169-2607(89)
90122-3.

Feskanich D, Buzzard IM, Welch BT, et al. Comparison of a computerized
and a manual method of food coding for nutrient intake studies. J Am
Diet Assoc. 1988;88(10):1263-7.

Martin CK, Nicklas T, Gunturk B, Correa JB, Allen HR, Champagne C. Meas-
uring food intake with digital photography. J Hum Nutr Diet Off J Br Diet
Assoc. 2014;27(Suppl 1):72-81. https://doi.org/10.1111/jhn.12014.
Nutrition Coordinating Center, University of Minnesota. Healthy Eating
Index. Published online 2022. Accessed 12 Sept. 2022. http://www.ncc.
umn.edu/healthy-eating-index-hei/.

Bridging the Gap. Food and Fitness: School Health Policies and Practices
Questionnaire [Internet]. 2012 [cited 2022 Sep 12]. Available from: http://
www.bridgingthegapresearch.org/_asset/41v3cv/ES_2012_survey.pdf.
Spruance LA, Myers L, O'Malley K, Rose D, Johnson CC. Individual- and
school-level factors related to school-Based salad bar use among children
and adolescents. Health Educ Behav Off Publ Soc Public Health Educ.
2017;44(6):885-97. https.//doi.org/10.1177/1090198116687713.
Bruening M, Adams MA, Ohri-Vachaspati P, Hurley J. Prevalence and
implementation practices of school salad bars across grade levels. Am J
Health Promot AJHP. 2018;32(6):1375-82. https://doi.org/10.1177/08901
17116689159.

Nicklas TA, Liu Y, Stuff JE, Fisher JO, Mendoza JA, O'Neil CE. Characterizing
lunch meals served and consumed by pre-school children in Head Start.
Public Health Nutr. 2013;16(12):2169-77. https://doi.org/10.1017/51368
980013001377.

Williamson DA, Allen HR, Martin PD, Alfonso AJ, Gerald B, Hunt A.
Comparison of digital photography to weighed and visual estimation of
portion sizes. J Am Diet Assoc. 2003;103(9):1139-45. https://doi.org/10.
1016/50002-8223(03)00974-x.

Swanson M. Digital photography as a tool to measure school cafeteria
consumption. J Sch Health. 2008;78(8):432-7. https://doi.org/10.1111/].
1746-1561.2008.00326.X.

Hanks AS, Wansink B, Just DR. Reliability and accuracy of real-time visu-
alization techniques for measuring school cafeteria tray waste: validating
the quarter-waste method. J Acad Nutr Diet. 2014;114(3):470-4. https://
doi.org/10.1016/}jand.2013.08.013.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

Page 13 of 13

Amin SA, Yon BA, Taylor JC, Johnson RK. Impact of the National School
Lunch Program on fruit and vegetable selection in northeastern elemen-
tary school children, 2012-2013. Public Health Rep Wash DC 1974.
2015;130(5):453-7. https://doi.org/10.1177/003335491513000508.

Killip S, Mahfoud Z, Pearce K. What is an intracluster correlation coef-
ficient? Crucial concepts for primary care researchers. Ann Fam Med.
2004;2(3):204-8. https://doi.org/10.1370/afm.141.

Raudenbush SW, et al. Optimal Design Software for Multi-level and Lon-
gitudinal Research (Version 3.01) [Software]. Available from www.wtgra
ntfoundation.org. Published online 2011.

Braun V, Clark V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3(2):77-101.

Potter J, Wetherell M, Wetherell P. Discourse and social psychology:
Beyond Attitudes and Behaviour. London: Sage; 1987.

Chatterji M, Green LW, Kumanyika S. LE.A D. A framework for evidence
gathering and use for the prevention of obesity and other complex pub-
lic health problems. Health Educ Behav Off Publ Soc Public Health Educ.
2014;41(1):85-99. https://doi.org/10.1177/1090198113490726.

Steimle S, Gassman-Pines A, Johnson AD, Hines CT, Ryan RM. Under-
standing patterns of food insecurity and family well-being amid the
COVID-19 pandemic using daily surveys. Child Dev. 2021;92(5). https://
doi.org/10.1111/cdev.13659.

Bean MK, Ananat EA, Figueroa R, et al. Support child nutrition programs,
evidence-based nutrition standards and expanded access to school
meals. In: Society of Behavioral Medicine Position Statement. 2022. Pub-
lished March 17, 2022.

Figueroa R, Bean MK, Nock N, et al. Increasing diet quality through
Pandemic-EBT benefit and school meals during and after COVID-19. Soci-
ety of Behavioral Medicine Position Statement, Published April 1, 2021.
Johnson A. Salad Bars During Covid: School Year 21-22. Published online
September 22, 2021. https:.//www.chefannfoundation.org/blog/salad-
bars-during-covid-school-year-21-22. Accessed 13 Sept 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/josh.12054
https://doi.org/10.14485/HBPR.5.4.1
https://doi.org/10.14485/HBPR.5.4.1
https://doi.org/10.1371/journal.pone.0077055
https://doi.org/10.1016/j.jand.2014.02.029
https://doi.org/10.1016/j.jand.2014.02.029
https://doi.org/10.1016/j.eatbeh.2006.03.003
https://doi.org/10.1016/j.eatbeh.2006.03.003
https://doi.org/10.1017/S1368980013001894
https://doi.org/10.1016/j.jand.2018.02.002
https://doi.org/10.1016/j.jada.2003.10.012
https://doi.org/10.1016/j.jada.2003.10.012
https://doi.org/10.1016/0169-2607(89)90122-3
https://doi.org/10.1016/0169-2607(89)90122-3
https://doi.org/10.1111/jhn.12014
http://www.ncc.umn.edu/healthy-eating-index-hei/
http://www.ncc.umn.edu/healthy-eating-index-hei/
http://www.bridgingthegapresearch.org/_asset/41v3cv/ES_2012_survey.pdf
http://www.bridgingthegapresearch.org/_asset/41v3cv/ES_2012_survey.pdf
https://doi.org/10.1177/1090198116687713
https://doi.org/10.1177/0890117116689159
https://doi.org/10.1177/0890117116689159
https://doi.org/10.1017/S1368980013001377
https://doi.org/10.1017/S1368980013001377
https://doi.org/10.1016/s0002-8223(03)00974-x
https://doi.org/10.1016/s0002-8223(03)00974-x
https://doi.org/10.1111/j.1746-1561.2008.00326.x
https://doi.org/10.1111/j.1746-1561.2008.00326.x
https://doi.org/10.1016/j.jand.2013.08.013
https://doi.org/10.1016/j.jand.2013.08.013
https://doi.org/10.1177/003335491513000508
https://doi.org/10.1370/afm.141
https://www.wtgrantfoundation.org
https://www.wtgrantfoundation.org
https://doi.org/10.1177/1090198113490726
https://doi.org/10.1111/cdev.13659
https://doi.org/10.1111/cdev.13659
https://www.chefannfoundation.org/blog/salad-bars-during-covid-school-year-21-22
https://www.chefannfoundation.org/blog/salad-bars-during-covid-school-year-21-22

	Design and rationale for evaluating the impact of salad bars on elementary school students’ fruit, vegetable, and energy intake: a wait list control, cluster randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods and design
	Study setting
	Design
	Target population and sample
	Cafeteria assessor and digital imagery (DI) rater training

	Measures
	Cafeteria environment
	Demographics
	FV selection
	Plate waste
	Nutritional information
	Sales data
	Cafeteria staff survey
	Process logs

	Procedures
	Consent
	Cafeteria procedures
	Salad bar reference portions
	DI rating procedures

	Statistical analyses
	Power analysis
	Analyses

	Discussion
	Acknowledgements
	References


