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School Nutrition Stakeholders Find Utility in MealSim:
An Agent-Based Model
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ABSTRACT

Objective: To obtain feedback from school nutrition stakeholders on an agent-based model simulating
school lunch to inform model refinement and future applications.

Design: Qualitative study using online discussion groups.

Setting: School nutrition professional stakeholders across the US.

Participants: Twenty-eight school nutrition stakeholders.

Phenomenon of Interest: Perceptions and applicability of MealSim for school nutrition stakeholders to
help reduce food waste.

Analysis: Deductive approach followed by inductive analysis of discussion group transcripts.

Results: Stakeholders appreciated the customizability of the cafeteria characteristics and suggested adding
additional characteristics to best represent the school meal system, such as factors relating to school staft
supervision of students during meals. The perceived utility of MealSim was high and included using it to
train personnel and to advocate for policy and budgetary changes. However, they viewed MealSim as more
representative of elementary than high schools. Stakeholders also provided suggestions for training school
nutrition administrators on how to use MealSim and requested opportunities for technical assistance.
Conclusions and Implications: Although agent-based models were new to the school nutrition stake-
holders, MealSim was viewed as a useful tool. Application of these findings will allow the model to meet
the intended audience’s needs and better estimate the system.
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INTRODUCTION

An estimated 508,000 tons of food
were wasted in kindergarten through
12th-grade school settings in 2019,
primarily stemming from cafeteria
plate waste.” Concurrently, more
than half of US children have poor
eating patterns,” and the National
Health and Nutrition Examination

Survey 2017-2018 reported children
aged 2—18 years are consuming <1
cup of vegetables per day® falling
short of the 2020—-2025 Dietary
Guidelines for Americans.” The
National School Lunch Program (NSLP)
is a federally funded program that
provides nutritious meals to US
youth.® In 2019, the NSLP served 4.9
billion school lunches to children in
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kindergarten through 12th grade
from public, nonprofit private
schools, and residential child care in-
stitutions at the cost of $14.2 bil-
lion.” Although nutrition standards
for federally reimbursable meals out-
lined in the Healthy, Hunger-Free
Kids Act of 2010 provide American
children with a variety of healthy
foods,® the School Nutrition and
Meal Cost Study data suggest that, on
average, 31% of vegetables, 26% of
fruit or 100% fruit juice, and 29% of
milk are wasted during lunch ser-
vice.” Discarding edible food wastes
the resources that go into growing,
producing, processing, and trans-
porting the food. Globally, wasted
food negatively impacts the environ-
ment by contributing to excess fresh-
water and energy use, carbon
dioxide, and greenhouse gas
emissions.'”!'" The economic losses
of throwing away edible food affect
individuals and organizations, such
as schools."!

Organizational, microenvironmen-
tal, and macroenvironmental factors
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—including policies, insufficiently
trained staff, type of food available to
procurement, length of time avail-
able to eat, consumer expectations
and behavior, and lack of consumer
knowledge—contribute  to  food
waste.'” Nudges such as increasing
the number of fruits and vegetables,
slicing fruit, attractively displaying
fruit and vegetables, posting nutri-
tion information in the cafeteria, and
altering the placement of fruits and
vegetables may be implemented in
school cafeterias to improve food be-
haviors.'* However, these approaches
may not consider the complexity of
school meal environments and the
interrelated problems of food waste
and dietary behavior, which requires
a systems approach that is missing
from the existing literature.'*
Computational simulation mod-
els are applied to study complex sys-
tems in the public health literature.'”
An agent-based model (ABM) is a
simulation model that can represent
complex systems with agents, such as
students, capable of interacting with
other agents and their environments.
Agent-based models have been used
extensively in infectious disease epi-
demiology research and have been
more recently applied to study child-
hood obesity prevention,'® fruit and
vegetable preferences among school
children,'!” and coronavirus disease
2019 transmission in US school set-
tings.'® For example, Schauder et al'’
used administrative and secondary
datasets to develop an ABM to simu-
late how different patterns of expo-
sure to the Fresh Fruit and Vegetable
Program (FFVP) affect fruit and vege-
table preferences and how residing in
a food desert changes the impact of
the FFVP. They found that FFVP may
be most beneficial for those living in
areas lacking access to healthy foods
and that consistent exposure to
FFVP is the most effective form
of the intervention.'” Simulation
approaches save time, effort, and re-
sources by identifying what interven-
tions are most suitable for real-world
applications.'? This may be particu-
larly relevant to school cafeteria ex-
periments, which are notoriously
challenging to conduct.’*?! How-
ever, this approach has not yet been
applied to the NSLP. To address this
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gap, the current research team
developed MealSim, an ABM, to help
school nutrition directors and re-
searchers address the challenges with
food consumption and food waste in
the NSLP.

Engaging stakeholders throughout
the development of the ABM leads to
cross-sector communication, consis-
tent language for policy changes
between researchers and stakehold-
ers, and collaborative implementa-
tion and dissemination.”” It is
important to involve stakeholders in
the decision-making process to
increase the adoption and use of the
ABM and increase the trustworthi-
ness of the data output.'’ This study
aimed to obtain feedback from
school nutrition stakeholders on
MealSim to inform refinement and
future applications of the model.
Three research questions are ad-
dressed in this study: (1) How well
does MealSim represent the school
nutrition environment? (2) How do
stakeholders view the potential util-
ity of MealSim? (3) What are the best
methods for MealSim publication and
dissemination?

METHODS

This is a qualitative study using
online discussion groups with school
nutrition professional stakeholders.
The discussion groups were derived
from traditional focus group guide-
lines.”* Stakeholders were recruited
from the Academy of Nutrition and
Dietetics School Nutrition Services
Dietetics Practice Group (SNS DPG),
whose membership includes child
nutrition programs staff at adminis-
trative, district, and school levels.>*
The SNS DPG advertised the discus-
sion groups as an interactive webinar
on their email distribution list.
Members of the SNS DPG who were
interested in participating in the
interactive webinar were asked to reg-
ister and submit their sector of
employment. One continuing educa-
tion credit was provided to each par-
ticipant in lieu of a monetary
participation incentive. There were
no inclusion or exclusion criteria;
anyone who registered for the inter-
active webinar was allowed to partici-
pate. This study was approved by the

University of Illinois Institutional
Review Board and deemed exempt.
All webinar registrants received a pas-
sive informed consent form before
participation.

The stakeholders attended a 30-
minute webinar led by the MealSim
principal investigator to discuss how
a systems approach to school nutri-
tion operations can help identify
evidence-based solutions to improve
student diet quality and reduce
school food waste. Stakeholders were
introduced to MealSim during the
webinar through a MealSim demon-
stration. Following the webinar,
stakeholders were asked to join re-
corded breakout rooms for discussion
groups lasting up to 25 minutes.

MealSim is designed in NetLogo to
replicate the operation of a school
meal program and the dietary behav-
iors of student participants, which
are underpinned by econometric
models and data from cafeteria ex-
periments. As shown in the Figure,
users begin by engaging with sliders,
switches, and choosers to customize
the MealSim model for their school
nutrition program. Sliders adjust var-
iables such as average daily participa-
tion rate without recoding, whereas
switches toggle true/false variables
such as universal free lunch status.
Choosers allow selection from a
dropdown menu for options such as
lunch period duration. Additional
customization options include total
student enrollment, cafeteria capac-
ity, number of lunch periods, grade
span, first-period lunch start time,
recess timing, kitchen type, and
share table status (a share table is a
location in the school cafeteria in
which students can place unwanted
food and beverage items to be either
consumed by other students, reused
in other lunch periods, or donated
off-site). During the webinar, partici-
pants viewed a MealSim demonstra-
tion (Figure), which began with
setting up the model according to a
mock school’s characteristics. Once
the webinar speaker clicked execute,
the first simulated lunch period
began, and students (represented by
colorful dots) went through the ser-
vice line. In real-time, the selection
results began to populate the selec-
tion histogram. Each lunch period
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Figure. Denoted MealSim user interface. The numbers denote the order of user interaction with MealSim. The user
begins by clicking Setup Experiment, selects their cafeteria attributes (circled in blue), and then clicks Execute. The
speed of the simulation is controlled by the tick marker (orange). Users can view student actions in the Cafeteria part
of the display (green). The results (yellow) are updated in real-time via histograms.

progresses at a rate determined by the
speed dial, with the 5 histograms and
mean consumption and waste results
populating accordingly. The webinar
speaker also shared that the simula-
tion outputs (ie, selection, consump-
tion, and waste outcomes) can be
exported to Excel by selecting gener-
ate data.

Participants were informed that
because MealSim is data-driven,
users can execute simulations to
evaluate the potential impact of
alternative policies on school meal
outcomes of interest. For instance,
school nutrition directors can use
MealSim to explore the impact that
different lunch period durations
will have on food waste. To increase
the wuptake of MealSim by US
schools, the model was designed
with an easy-to-use point-and-click
interface that allows users to see the
operation of their meal programs
on a computer screen in real-time,
thereby improving the model’s
transparency and enhancing users’
confidence in the predictions that
MealSim generates.

Data Collection

A total of 10 discussion groups were
conducted in March, 2022. Between 1
and 5 stakeholders were in each dis-
cussion group. Stakeholders were as-
signed to a group on the basis of their
sector of employment (experience us-
ing a share table, national/state-level
administration, district-level adminis-
tration, school-level, industry, and
others). Each discussion group was
moderated by a member of the
research team who was trained in
qualitative research methods and one
additional researcher who provided
supplemental notes. The moderators
used a semistructured interview guide
(Supplementary Table) to facilitate
discussion and feedback on the
model. The questions were largely
based on the methods of Seifu et al,*’
and they were also designed to test
model assumptions, as recommended
by Nianogo et al.>®> The questions
were pilot-tested on an adult conve-
nience sample of research staff and
graduate students with expertise in
school nutrition programs. The

questions asked participants to pro-
vide overall feedback on the model,
test assumptions the model made,
self-report the timing of the lunch
process from the service line, seated
time to end of lunch, the frequency of
using share tables if currently imple-
menting one, future use of the model,
necessary training, and ways to publi-
cize the model. Because stakeholder
feedback can be particularly useful to
assess model assumptions, 1 question
was asked for feedback on our
assumption that school lunch lines
finish within 7 minutes of the lunch
period. This estimate was based on
past lunch observations conducted by
the principal investigator, but there is
a dearth of published literature to
confirm this assumption. In addition,
there is a lack of research studies on
school share tables, and participants
indicating familiarity with share ta-
bles on the registration were asked to
estimate the frequency of share table
use to inform MealSim’s share table
assumptions.

Each discussion group had 5 open-
ended, prioritized questions. The
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questions differed across the groups,
depending on the sector of employ-
ment. After the priority questions
were asked and if time allowed, mod-
erators asked additional questions.
With many groups asking the addi-
tional set of questions, each question
was asked at least 2 times among 2 dif-
ferent stakeholder groups. Not all
groups responded to all questions, as
not all questions were relevant to each
area of employment. At the end of the
session, stakeholders were invited to
provide written feedback to the
research team.

Data Analysis

All interviews were transcribed verba-
tim using a transcription service
through Rev.com. Researchers used a
hybrid process of deductive and
inductive thematic content analy-
sis.?® Initially, 3 team members
developed a deductive codebook on
the basis of the structure of the ques-
tions asked and research questions.
The majority of themes reflected the
interview guide, and a few emergent
(inductive) themes arose outside of
the interview guide, such as the
student’s grade level and key players
involved in processes. Themes from
the interview guide included attrib-
utes and components of the model
and the timing of the lunch process
from selecting food all the way to the
end of the lunch period codes were
paired with participant attitudes and
perceptions. There were also codes
for future use of the model, necessary
training, and potential dissemination
outlets. Two trained team members
independently coded all transcripts
using the codebook. To support data
reflexivity, the researchers acknowl-
edge that these team members did
not have prior work experience in
school nutrition programs. All codes
were reviewed by 2 team members.
Any coding differences were dis-
cussed to reach a consensus between
the 2 coders, with a third research
member providing input as neces-
sary. All coded transcripts were
entered into a qualitative analysis
software, Atlas Ti. Researchers used
an inductive analysis of the codes to
determine emergent themes. Illustra-
tive quotations were identified for
each theme that reflected participant
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ideas. Participants did not have the
opportunity to comment on the tran-
scripts or study results.

RESULTS

A total of 28 stakeholders partici-
pated in the discussion groups. Stake-
holders were employed at the
district-level school administrative
position (n = 10), state-level or
national-level administrative posi-
tion related to school nutrition
(n = 6), university professor (n = 4),
industry related to school nutrition
(n = 3), school nutrition services at
an elementary school (n = 1), school
nutrition services at a middle school
(n = 1), dietetic intern (n = 1), and
other (n = 2).

MealSim’s Representation of the
School Nutrition Environment

Stakeholders viewed the customiz-
able characteristics such as the tim-
ing of recess, the student’s grade, the
start time of lunch, the number of
service lines, lunch duration, and caf-
eteria seating capacity as useful
model inputs.

I like that you can put in the lunch
duration in minutes, and that you
can put offer versus serve on or off
or share table on or off and the
recess before or after lunch. I like
that you can customize it to your
own lunchroom and simulate it,
not have to do it in real life. [state
or national-level position]

Stakeholders viewed the customiz-
able components of MealSim as read-
ily available inputs into the model.

It seemed easy to use. I was wor-
ried at first. It looked very cumber-
some. First view, having not been
walked through it, I might have
been deterred a little bit thinking
how busy everyone is and my
mind of immediate thought was,
this is another layer to be asked to
do, but then it seemed like infor-
mation you would have off hand.
You know your student enroll-
ment, you know your lunch dura-
tion. So at first glance, it looked
complex, but then once I saw that,
it didn’t seem complex. [univer-
sity professor]

Another customizable aspect is to
indicate if the cafeteria has a share
table, as this influences the output of
food waste. Share tables also influ-
ence the layout of the cafeteria. Six
stakeholders noted experience with
share tables and were asked questions
about the frequency of share table
use. Stakeholders mentioned the
most common items placed on the
share tables were fruit, milk, and
packaged vegetables. Omne stake-
holder discussed how share tables
help with food insecurity in their dis-
trict. Another stakeholder mentioned
that they see students frequently
placing items on the share table and
rarely taking items from it. After
lunch service, stakeholders men-
tioned that the items left on the
share tables were sanitized and reser-
viced.

To better represent school cafete-
ria characteristics, stakeholders sug-
gested adding staff supervision
during mealtime, a compost station,
different layouts of the lunch line,
the length of seated lunchtime, and
allowing different cafeteria arrange-
ments. Stakeholders believed the
MealSim model they viewed best fit
elementary school cafeterias, and it
was unrealistic to use MealSim in
higher grade levels:

In high schools the serving model
[is more] a la carte and different
serving locations, there’s more at
play. I could see [MealSim] being
more useful... in elementary
schools than in secondary schools.
[district-level position]

In addition to the suggestions of
adding school-level characteristics to
MealSim, stakeholders provided in-
sights on the timing of the lunch pro-
cesses, starting with entering the
cafeteria to the dismissal process,
including the estimated 7-minute
average duration of time spent in the
service line. Overall, participants re-
ported that the service line time
duration depends on the grade level
of students, the number of service
lines, and the complexity of the
menu. As demonstrated by the fol-
lowing 2 quotes, generally, we
assume that lunch line duration
takes approximately 7 minutes, but
some factors may contribute to lon-
ger line durations:
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Elementary, 1 would say seven,
eight minutes is probably normal
for us. Sometimes if you’re doing
something like tacos that might
take a little bit longer because they
have to make choices. High
school... lunch more kids come at
the same time so it may be a little
bit longer. We don’t have options
other than the normal meal so
they stand in line as it goes
through but it moves pretty quick.
[elementary school position]

Seven minutes is the goal, not to
be over seven minutes. In our high
school, if we have a grab and go
line, that may go a little bit
quicker than something that has
to be served... with COVID, we
scaled back on our salad bars, so
students don’t have as many
choices. So I think lines are going
a little bit fast now than before
COVID because there’s not as
many  choices. [district-level
position]

After students have their meal,
stakeholders mentioned that it typi-
cally depends on the student’s grade
level for seating. “Elementary
schools, they’re normally assigned by
classroom or by teacher. Junior high
and high school students are able to
pick where they sit” [district-level
position]. Stakeholders noted the nu-
ances of seated lunchtime among
schools, and in some schools, lunch-
time includes the time when stu-
dents enter the cafeteria until they
are dismissed. The dismissal proce-
dure, stakeholders noted, often de-
pends on the student’s grade level.
Frequently, older students have the
autonomy to leave their seats
throughout lunchtime, whereas
younger students have a more struc-
tured dismissal.

Potential Utility of MealSim

Representative quotes from the
school nutrition stakeholders on the
perceived sources of utility and fac-
tors that limit the utility of MealSim
are shown in the Table. Advocating
for policy changes at the national
and local levels was the most fre-
quently reported potential use of
MealSim. Reported policy changes
include advocating for longer seated

lunchtime, increasing school meal
budgets, and altering the timing of
recess.

Stakeholders also felt MealSim had
applications for grade school and grad-
uate school classrooms. One stake-
holder mentioned that MealSim is a
visual to teach children to become
more aware of food waste in the cafete-
rias, and others suggested that MealSim
may be a useful example to teach grad-
uate students about policy, systems,
and environmental change strategies.
In addition, stakeholders suggested us-
ing MealSim to train school nutrition
staff on cafeteria system- and environ-
mental-level changes.

There were mixed perspectives on
MealSim'’s ideal degree of specificity,
use of race as a customizable input
variable, and output design. Some
participants suggested that MealSim
provides a broad understanding of
plate waste or focused predictions
specific to one’s region. Participants
who desired that race be a customiz-
able variable felt that student-level
race and ethnicity might allow them
to evaluate the cultural appropriate-
ness of the menus. However, others
were concerned about the time
required to locate and enter race data
as they are less readily available.
Others believed there are more impor-
tant characteristics than race to take
into account, such as geography and
student socioeconomic status. For
example, stakeholders believed that
adding more school-level characteris-
tics, such as race and ethnicity of stu-
dents, rural vs urban location,
percent of free and reduced-price
lunch eligibility, varying cafeteria lay-
outs for different grade levels, and the
foods offered can help examine
equity within school nutrition. Stake-
holders believed that detailed charac-
teristic options yielded the most
relevant predictions of food behaviors
for their school or district. Pertaining
to the results output, stakeholders
suggested offering different graphical
layouts according to the intended use
and audience. Another stakeholder
suggested making MealSim more goal-
focused, allowing end-users to set a
goal for food waste and show when it
is achieved.

Stakeholders also shared some
concerns about using MealSim, such
as the time it may take to learn,
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locate data, input -characteristics,
run, and evaluate the results of Meal-
Sim. Stakeholders noted that there
may be a high learning curve with
MealSim, which takes time away from
their daily duties of preparing and
serving students. Several stakeholders
across multiple discussion groups
asked where the plate waste data in
MealSim was collected. Stakeholders
questioned whether the data accu-
rately reflected the diversity in school
district characteristics and cafeteria
arrangements. They asked questions
about the interpretation of the plate
waste results and the meaningfulness
in their school or district.

Publicity and Dissemination of
MealSim

To publicize MealSim to potential
end-users, stakeholders suggested
promoting the tool through profes-
sional associations and conferences
—advertising through the School
Nutrition Association (state and
national level), school administrator
meetings, and school nutrition staff
meetings. To promote MealSim to
school nutrition directors, stakehold-
ers suggested offering potential end-
users an opportunity to interact and
practice using the platform. This pro-
vides end-users with a hands-on
experience with the model vs pas-
sively attending a training session.
Stakeholders believed that promot-
ing MealSim with school business of-
ficials and with school board
associations may elicit greater buy-in
from administrators.

Stakeholders preferred an online
training format. To minimize the
amount of time needed for training,
stakeholders mentioned offering a
quick training webinar or recorded
video they can watch anytime. In-
person training was another option,
but participants felt some may be
encumbered by the required travel
and time. For efficiency with train-
ing, stakeholders suggested offering
training through various platforms
to reach individuals with diverse
technical skill levels. Stakeholders
suggested having an opportunity for
hands-on practice and providing
end-users with examples of how
other schools have effectively used
MealSim. Topics to include in the
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Table. School Nutrition Stakeholders’ Perspectives on the Utility Delivered by MealSim and Potential Limiting

Factors

Utility Representative Quotes
Perceived MealSim
Advocacy “I would see using [MealSim] in my regular meetings with my business office, in a school

board meeting or something like that presenting my budget or if you're asking for some
kind of change within the district, it could be helpful.” [district-level position]
“I like seeing the difference between [amount of lunch time] has on the differential on
waste. | think it’s pictorial, so you could show that whether it’s a principal or administrator
or school board to pictorially show the impact of changing lunch times.” [district-level
position]
“| could use [MealSim] with supervisors and staff to try to convince them that for example
not plating a fruit or vegetable or doing the offering bar and not doing the offering bar... |
can see [MealSim] with managers, training them to show the importance of... how you
offer and don't offer, you could run two or three models and show them the difference.”
[district-level position]
“My viewpoint as an educator is how great this would be to introduce students as they're
learning about the National School Lunch Program and to embed food waste into it as it
becomes more of a discussion point with sustainability and getting kids involved... to
teach kids to be more aware of the waste in the school cafeteria.” [other]
Potential Factors Limiting MealSim
Generalizability of the

output to a school

cafeteria environment

Educational value
(staff, students, etc)

“[Add] the number of serving lines, because it impacts the number of staff and if you
have more serving lines, you have the capability of getting more students through [the
line] quicker. If you don't, you can only go as fast as the one line is.” [state or national-
level position]

“When [MealSim shows] lunch duration time, is there a way to break that down into how
long the kids are in line versus actual seat and eating time? | know it says cafeteria seat-
ing and capacity, but there’s a big difference if there’s a huge line and the last kids only
get five minutes to sit and eat, what does that look like"? [state or national-level position]
“If you had a tool and had a place for [users] to practice [MealSim] and experience it. It
would probably be a good way to publicize it because when one person in a unit is com-
fortable with it, | would think the odds increased that there’s going to be acceptance of it
and utilization a bit more.” [university professor]

“| would want some simple one, two, three, turn, click, go [for training]. Knowing if you
want to use [MealSim] for food waste in a scenario, or if you want to change these sce-
narios, [show] what to look for... [For example] here’s 10 examples of districts that have
used [MealSim)] effectively. Have a simple two to five minute YouTube video [for train-
ing].” [district-level position]

Learning curve

training are the benefits of ABMs, input on MealSim, an ABM that simu- students, and college students.

how to set up MealSim characteris-
tics, how to export results, how to
interpret and apply the results, and
the length of time and financial re-
sources needed from end-users.
Stakeholders also suggested provid-
ing technical support for using Meal-
Sim, either a help desk, contact
information, or a frequently asked
question section. After training,
stakeholders suggested testing end-
user comprehension of MealSim,
such as having a posttest.

DISCUSSION

In this
nutrition

qualitative study, school
stakeholders  provided

lates child eating behaviors in the
NSLP. Participants reported largely
positive feedback about MealSim; in
particular, they liked the colorful and
customizable display. However, there
were concerns about the time
required to learn how to use the
model, locate data, and evaluate the
model output. Participants most fre-
quently reported potentially using
MealSim for advocacy at the local,
state, and national levels, such as
advocating for longer seated lunch-
time, increasing school meal budg-
ets, and altering the timing of recess.
Others were interested in using Meal-
Sim to train school nutrition staff,
kindergarten through 12th-grade

Although participants felt that Meal-
Sim represented the elementary
school environment well, most felt
that several adaptations were neces-
sary to make the model applicable to
higher grade levels. Participants sug-
gested using professional associations
and conferences to promote MealSim
and requested that promotions
include an opportunity to allow
stakeholders to interact with and
practice using MealSim. Participants
also preferred online training formats
and requested that technical support
be available to users.

These findings are similar to those
of Seifu et al,’” who conducted quali-
tative interviews with policymakers
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in government and nonprofit sectors
to assess their perceptions of a model
to simulate childhood obesity pre-
vention interventions. Seifu et al'’
concluded that their simulation
model required a visual display and
contextualized results to overcome
the policymakers’ limited under-
standing of simulation models. In
this study, school nutrition stake-
holders were pleased with the visual
display of MealSim. Although partici-
pants did not express challenges
conceptualizing MealSim’s results,
incorporation of a goal-setting com-
ponent—as recommended by at least
one participant—may further ensure
that the model’s results are fully tan-
gible to the user. School nutrition
stakeholders, similar to the policy-
makers interviewed by Seifu et al,"’
have a limited understanding of sim-
ulation models. The provided sugges-
tions for MealSim training, such as
online demonstration webinars, will
be an important resource in over-
coming this potential barrier. How-
ever, participants in both studies saw
the potential utility of using simula-
tions in their workplace. In addition,
the policymakers'? and school nutri-
tion participants both stressed the
importance of the quality and rele-
vance of the data that are used to cre-
ate simulation models. This suggests
the vital role that data quality may
have in ensuring public trust and the
utility of simulation models.

These findings are important to the
overall utility of MealSim and consis-
tent with an open-science approach
to agent-based modeling. Vermeer et
al”’ contend that models must be
more than accurate; they must be
accepted, trusted, owned, and used by
policymakers and community leaders
to make informed decisions, and re-
searchers “cannot afford to ignore
stakeholders’ value as resources.” Put
differently, stakeholders’ engagement
can broaden researchers’ understand-
ing of the system, resulting in a more
robust model. Engaging key stake-
holders during ABM development,
rather than presenting them with a
completed product, increases ABM
utility and trust,'”*® suggesting that it
was appropriate to get feedback on
MealSim despite the fact that more
adaptations are needed to make the
model fully representative of the

school meal environment and meet
the needs of stakeholders. Similarly,
Falconi and Palmer” advocate for
agent-based models that are co-gener-
ated with stakeholders and suggest
that model confidence comes from
stakeholders’ understanding of the
process and confirming model out-
puts with intuition or experience
rather than seeing model outputs as
arriving from a mysterious black box.

The most frequent MealSim adapta-
tion requests centered around more
nuanced time estimation. Participants
desired to differentiate between seated
and line time in the model. Although
there are studies demonstrating the
link between seated lunchtime and
consumption,*”*! there is limited evi-
dence on the factors influencing the
amount of time that students spend
in line, making it difficult to incorpo-
rate this into MealSim. A 2003 study
by Bergman et al*” estimated that stu-
dents spend 5—9 minutes in line, 9
minutes eating (with an SD of 5-7
minutes), and 5—10 minutes socializ-
ing. The participants in this study
were agreeable to the 7-minute aver-
age line wait time used in MealSim,
but they also spoke about wanting to
customize MealSim to incorporate
other factors that were related to line
time duration, such as the number of
food choices provided and number of
service lines.

This study has limitations to con-
sider. There were very few participants
who worked at the school level,
which primarily comprised school
nutrition directors and administrators.
This may be because the majority of
SNS DPG are registered dietitians, and
this credential is not required of
school-level staff, whereas it is quite
common among school nutrition di-
rectors and administrators. The lack
of school-level participants may be
why the potential utility of the model
centered around advocating for policy
change and training. Although school
nutrition stakeholders across the
country were invited to participate, it
is unclear if the participants reflect
the geographic diversity of the US
because we did not ask participants to
disclose the state in which they work.
Because of the nature and time con-
straints of the online discussion
groups, selected questions were asked
in each group, and not everyone
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responded to the full set of questions.
In addition, because data were col-
lected over 1 day, qualitative satura-
tion was not measured. Despite these
limitations, the data analysis methods
were of sufficient rigor, with 2 trained
researchers coding each transcript.

In conclusion, this study suggests
that a diverse group of school nutri-
tion stakeholders view MealSim posi-
tively and can see themselves using
MealSim to advocate for new policies
and training purposes. Stakeholders
wanted to know more information
about the quality of the data used to
develop MealSim and suggested that
more nuanced environmental char-
acteristics be integrated into the
model, such as the number of staff
and the amount of time spent in
line. Findings suggest that online
training and support resources are
the preferred methods to support
stakeholder use of MealSim.

IMPLICATIONS FOR
RESEARCH AND PRACTICE

Although national policy changes
have provided a mechanism to serve
healthier school meals, the conse-
quences of school and district-level
policies, such as lunch period dura-
tion, often do not allow the impact of
these national policies to be fully real-
ized. The perceived utility of MealSim
suggests the potential to empower
school nutrition professionals with an
advocacy tool to address these local
policy issues and ultimately improve
consumption and decrease the food
wasted at their schools. This study
underscores the importance of incor-
porating stakeholder perceptions in
the development of agent-based mod-
els. Eliciting a feedback loop from the
intended audience may help agent-
based models reach a broad audience
of implementers and support systems
and, ultimately, policymakers. Given
the capacity for agent-based models
to explore the interplay between vari-
ous agents and time, future research
that provides data on the connections
between the number of nutrition serv-
ices staff and lunch monitors, number
of food choices and menu complex-
ity, time use, and food waste would
best leverage the potential for Meal-
Sim’s impact on school nutrition



8 Palmeretal

practices and policies. It will also be
critical for MealSim to be accompanied
by training and support resources
to ensure that end-users are confident
in their ability to use the tool and
interpret its outcomes effectively. This
includes seeking additional partner or-
ganizations, such as the School Nutri-
tion Association, to better link school
administrators, nutrition managers,
and school-level staff to MealSim and
resources for training and technical
support. Further research should
entail a more targeted enrollment, as
it is also necessary to determine how
school-level school nutrition staff
may engage with MealSim.

ACKNOWLEDGMENTS

This research was supported by
the intramural research program of
the US Department of Agriculture,
National Institute of Food and Agri-
culture (no. 2020-68015-30735). The
findings and conclusions in this pub-
lication have not been formally dis-
seminated by the US Department of
Agriculture and Should not be con-
strued to represent any agency deter-
mination or policy.

The authors would like to thank
the SNS DPG for hosting the discus-
sion group webinar and encouraging
their members to attend. The authors
would also like to thank Marina
Brown, Xanna Burg, Maria Kalaitzan-
donakes, Jessica Metcalfe, Ana Mitch-
ell, Gustavo Reyes, and Emily Siebert
as moderators of discussion groups.
Thank you to Paola Gordillo, Eliza-
beth Gutierrez, Julie Hwang, Colin
Marsh, Vama Naik, Nan Ni, Donald
Quach, Susannah Scaroni, and Emily
Yong for being note-takers during the
discussion groups. In addition, the au-
thors thank Lauren Chermak for
designing the final presentation slides.

SUPPLEMENTARY DATA

Supplementary data related to this
article can be found at https://doi.
0rg/10.1016/j.jneb.2024.02.008.

REFERENCES

1. ReFED. Food waste monitor. https://
insights-engine.refed.org/food-waste-
monitor?break_by=subsector&indica-
tor=tons-waste&sector=foodservice

Journal of Nutrition Education and Behavior

10.

&view=detail&year=2019. Accessed
February 21, 2024.

. Derqui B, Grimaldi D, Fernandez V.

Building and sustainable
schools: the case of food waste. Journal

of Cleaner Production. 2020;243:118533.

managing

. Bryant E. Diets improve but remain

poor for most U.S. children. NIH
Research Matters. https://www.nih.
gov/news-events/nih-research-matters/
diets-improve-remain-poor-most-us-
children. Accessed February 21, 2024.

. Bowman SA, Clemens JC. Food Pat-

tern Food Group Intakes of Children 6
to 11 years: What We Eat in America,
NHANES 2017-2018. Food Surveys
Research Group. Dietary Data Brief
No. 45, September 2022. https://www.
ars.usda.gov/AR SUserFiles/80400530/
pdf/DBrief/45_Food_Pattern_Food_
Group_Intakes_of_ Children%206-

11_1718.pdf. Accessed March 18, 2024.

. US Department of Agriculture, US

Department of Health and Human
Services. Dietary Guidelines for Ameri-
cans, 2020—2025. 9th ed. https://Diet-
aryGuidelines.gov. Accessed March 18,
2024.

. Ralston K, Newman C, Clauson A,

Joanne G, Buzby J. The National School
Lunch Program: background, trends, and
issues. https://www.ers.usda.gov/web-
docs/publications/46043/12051_err61_
1_.pdfzv=0. Accessed March 18, 2024.

. US Department of Agriculture, Eco-

National
School Lunch Program. https://www.

nomic Research Service.
ers.usda.gov/topics/food-nutrition-
assistance/child-nutrition-programs/
national-school-lunch-program. Ac-
cessed March 18, 2024.

. US Department of Agriculture. Nutri-

tion standards in the National School
Lunch and School Breakfast Programs;
Final rule (7 CFR parts 210 and 220).
Federal Register. https://www.federal-
register.gov/d/2012-1010. Accessed
March 18, 2024.

. Fox MK, Gearan E, Cabili C, et al.

School nutrition and meal cost study.
Final report volume 4: student partici-
pation, satisfaction, plate waste, and
dietary intakes. US Department of
Agriculture, Food and Nutrition Ser-
vice, Oftice of Policy Support. https://
www.mathematica.org/download-
media?MedialtemId=%7BD18BBOE6-
B16F-4988-A15B-EFADE21A280E%
7D. Accessed March 18, 2024.

Hall KD, Guo J, Dore M, Chow CC.
The progressive increase of food waste

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

e Volume 000, Number 000, 2024

in America and its environmental
impact. PLoS One. 2009;4:¢7940.
Thyberg KL, Tonjes DJ. Drivers of
food waste and their implications for
sustainable policy development. Resour
Conserv Recycl. 2016;106:110-123.
Yetkin Ozbiik RM, Coskun A. Factors
affecting food waste at the downstream
entities of the supply chain: a critical
review. | Clean Prod. 2020;244:118628.
Metcalfe JJ, Ellison B, Hamdi N,
Richardson R, Prescott MP. A sys-
tematic review of school meal nudge
interventions to improve youth food
behaviors. Int | Behav Nutr Phys Act.
2020;17:77.

Prescott MP, Gilbride JA, Corcoran SP,
et al. The relationship between school
infrastructure and school nutrition pro-
gram participation and policies in New
York City. Int J Environ Res Public
Health. 2022;19:9649.

Grimm V, Revilla E, Berger U, et al.
Pattern-oriented modeling of agent-
based complex systems: lessons from
ecology. Science. 2005;310:987-991.
Hennessy E, Ornstein JT, Economos
CD, et al. Designing an agent-based
model for childhood obesity interven-
tions: a case study of childobesity180.
Prev Chronic Dis. 2016;13:E04.
Schauder S, Thomsen MR, Nayga
RM. Agent-based modeling insights
into the optimal distribution of the
Fresh Fruit and Vegetable Program. Prev
Med Rep. 2020;20:101173.

Espana G, Cavany S, Oidtman R, et al.
Impacts of K-12 school reopening on
the COVID-19 epidemic in Indiana,
USA. Epidemics. 2021;37:100487.

Seifu L, Ruggiero C, Ferguson M, Mui
Y, Lee BY, Gittelsohn J. Simulation
modeling to assist with childhood obe-
sity control: perceptions of Baltimore
City policymakers. J Public Health Policy.
2018;39:173-188.

Prescott MP, Cleary R, Bonanno A,
Costanigro M, Jablonski BBR, Long
AB. Farm to school activities and stu-
dent outcomes: a systematic review.
Adv Nutr. 2020;11:357-374.

Kain J, Uauy R, Concha E et al
School-based obesity prevention inter-
ventions for Chilean children during
the past decades: lessons learned. Adv
Nutr. 2012;3:6165-6218.

Atkinson JAM, Wells R, Page A, Dom-
inello A, Haines M, Wilson A. Applica-
tions of system dynamics modelling to
support health policy. Public Health Res
Pract. 2015;25:¢2531531.


https://doi.org/10.1016/j.jneb.2024.02.008
https://doi.org/10.1016/j.jneb.2024.02.008
https://insights-engine.refed.org/food-waste-monitor?break_by=subsector&indicator=tons-waste&sector=foodservice&view=detail&year=2019
https://insights-engine.refed.org/food-waste-monitor?break_by=subsector&indicator=tons-waste&sector=foodservice&view=detail&year=2019
https://insights-engine.refed.org/food-waste-monitor?break_by=subsector&indicator=tons-waste&sector=foodservice&view=detail&year=2019
https://insights-engine.refed.org/food-waste-monitor?break_by=subsector&indicator=tons-waste&sector=foodservice&view=detail&year=2019
https://insights-engine.refed.org/food-waste-monitor?break_by=subsector&indicator=tons-waste&sector=foodservice&view=detail&year=2019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0002
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0002
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0002
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0002
https://www.nih.gov/news-events/nih-research-matters/diets-improve-remain-poor-most-us-children
https://www.nih.gov/news-events/nih-research-matters/diets-improve-remain-poor-most-us-children
https://www.nih.gov/news-events/nih-research-matters/diets-improve-remain-poor-most-us-children
https://www.nih.gov/news-events/nih-research-matters/diets-improve-remain-poor-most-us-children
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf
https://DietaryGuidelines.gov
https://DietaryGuidelines.gov
https://www.ers.usda.gov/webdocs/publications/46043/12051_err61_1_.pdf?v=0
https://www.ers.usda.gov/webdocs/publications/46043/12051_err61_1_.pdf?v=0
https://www.ers.usda.gov/webdocs/publications/46043/12051_err61_1_.pdf?v=0
https://www.ers.usda.gov/topics/food-nutrition-assistance/child-nutrition-programs/national-school-lunch-program
https://www.ers.usda.gov/topics/food-nutrition-assistance/child-nutrition-programs/national-school-lunch-program
https://www.ers.usda.gov/topics/food-nutrition-assistance/child-nutrition-programs/national-school-lunch-program
https://www.ers.usda.gov/topics/food-nutrition-assistance/child-nutrition-programs/national-school-lunch-program
https://www.federalregister.gov/d/2012-1010
https://www.federalregister.gov/d/2012-1010
https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D
https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D
https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D
https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D
https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0010
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0010
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0010
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0010
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0011
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0011
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0011
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0011
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0012
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0013
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0014
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0015
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0015
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0015
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0015
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0016
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0016
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0016
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0016
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0016
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0017
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0017
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0017
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0017
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0017
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0018
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0018
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0018
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0018
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0018
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0019
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0020
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0020
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0020
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0020
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0020
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0021
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0021
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0021
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0021
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0021
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0022
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0022
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0022
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0022
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0022

ARTICLE IN PRES

Journal of Nutrition Education and Behavior e Volume 000, Number 000, 2024

23. Krueger R. Designing and conducting
Sfocus group interviews. https://www.eiu.
edu/ihec/Krueger-FocusGrouplInter-
views.pdf. Accessed March 18, 2024.

24. Academy of Nutrition and Dietetics.
Dietetic practice groups. https://www.
eatrightpro.org/membership/academy-
groups/dietetic-practice-groups. Ac-
cessed August 10, 2022.

25. Nianogo RA, Arah OA. Agent-based
modeling of noncommunicable dis-
eases: a systematic review. Am J Public
Health. 2015;105:e20—e31.

26. Swain J. A Hybrid Approach to Thematic
Analysis in Qualitative Research: Using a
Practical Example. Sage Publications; 2018.

27. Vermeer WH, Smith JD, Wilensky U,
Brown CH. High-fidelity agent-based
modeling to support prevention deci-
sion-making: an open science approach.
Prev Sci. 2022;23:832—843.

28. Gittelsohn J, Mui Y, Adam A, et al.
Incorporating systems science princi-

29.

30.

31.

32.

ples into the development of obesity
prevention interventions:
benefits, and challenges. Curr Obes Rep.
2015;4:174-181.

Falconi S, Palmer R. An interdisciplinary
framework for participatory modeling
design and evaluation—what makes mod-
els effective participatory decision tools?
Water Resour Res. 2017;53:1625—-1645.
Cohen JFW, Jahn JL, Richardson S, Clug-
gish SA, Parker E, Rimm EB. Amount of
time to eat lunch is associated with child-
ren’s selection and consumption of school
meal entrée, fruits, vegetables, and milk. |
Acad Nutr Diet. 2016;116:123—128.

Burg X, Metcalfe JJ, Ellison B, Prescott
MP. Eftects of longer seated lunch time
on food consumption and waste in ele-

principles,

mentary and middle school-age chil-
dren: a randomized clinical trial. JAMA
Netw Open. 2021;4:e2114148.

Bergman E, Buergel N, Englund T,
Femrit A. The relationship between

Palmeretal 9

the length of the lunch period and
nutrient consumption in the elemen-
tary school lunch setting. J Child Nutr
Manag. 2004;28(2). https://schoolnu-
trition.org/journal/fall-2004-the-rela-
tionship-between-the-length-of-the-
lunch-period-and-nutrient-consump-
tion-in-the-elementary-school-lunch-
setting.

ORCIDs

Iulia Ciubotariu: http://orcid.org/
0009-0000-2984-8310

Roland Ofori: http://orcid.org/0000-
0001-8127-7586

Mayra Saenz: http://orcid.org/0009-
0006-5634-8550

Brenna Ellison: http://orcid.org/
0000-0002-4042-0056

Melissa Pflugh Prescott: http://orcid.
org/0000-0002-6317-6674


https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf
https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf
https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf
https://www.eatrightpro.org/membership/academy-groups/dietetic-practice-groups
https://www.eatrightpro.org/membership/academy-groups/dietetic-practice-groups
https://www.eatrightpro.org/membership/academy-groups/dietetic-practice-groups
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0025
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0025
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0025
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0025
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0026
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0026
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0026
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0027
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0027
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0027
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0027
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0027
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0028
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0029
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0029
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0029
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0029
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0029
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0030
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
http://refhub.elsevier.com/S1499-4046(24)00045-9/sbref0031
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-setting
http://orcid.org/0009-0000-2984-8310
http://orcid.org/0009-0000-2984-8310
http://orcid.org/0000-0001-8127-7586
http://orcid.org/0000-0001-8127-7586
http://orcid.org/0009-0006-5634-8550
http://orcid.org/0009-0006-5634-8550
http://orcid.org/0000-0002-4042-0056
http://orcid.org/0000-0002-4042-0056
http://orcid.org/0000-0002-6317-6674
http://orcid.org/0000-0002-6317-6674

	School Nutrition Stakeholders Find Utility in MealSim: An Agent-Based Model
	INTRODUCTION
	METHODS
	Data Collection
	Data Analysis

	RESULTS
	MealSim's Representation of the School Nutrition Environment
	Potential Utility of MealSim
	Publicity and Dissemination of MealSim

	DISCUSSION
	IMPLICATIONS FOR RESEARCH AND PRACTICE
	ACKNOWLEDGMENTS
	SUPPLEMENTARY DATA
	REFERENCES
	REFERENCES1ReFED. Food waste monitor. https://insights-engine.refed.org/food-waste-monitor?break_by=subsectorandindicator=tons-wasteandsector=foodserviceandview=detailandyear=2019. Accessed February 21, 2024.2BDerquiDGrimaldiVFernandezBuilding and managing sustainable schools: the case of food wasteJournal of Cleaner Production2432020118533Derqui B, Grimaldi D, Fernandez V. Building and managing sustainable schools: the case of food waste. Journal of Cleaner Production. 2020;243:118533.3Bryant E. Diets improve but remain poor for most U.S. children. NIH Research Matters. https://www.nih.gov/news-events/nih-research-matters/diets-improve-remain-poor-most-us-children. Accessed February 21, 2024.4Bowman SA, Clemens JC. Food Pattern Food Group Intakes of Children 6 to 11 years: What We Eat in America, NHANES 2017-2018. Food Surveys Research Group. Dietary Data Brief No. 45, September 2022. https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/45_Food_Pattern_Food_Group_Intakes_of_Children%206-11_1718.pdf. Accessed March 18, 2024.Average Intakes and HEI-2015 Scores: analysis of What We Eat in America, NHANES 2015-2016, day 1 dietary intake data, weighted. Recommended intake ranges: healthy U.S.-style dietary patterns. Percent Exceeding Limits What Eat Am NHANES. 2013;2.5US Department of Agriculture, US Department of Health and Human Services. Dietary Guidelines for Americans, 2020-2025. 9th ed. https://DietaryGuidelines.gov. Accessed March 18, 2024.6Ralston K, Newman C, Clauson A, Joanne G, Buzby J. The National School Lunch Program: background, trends, and issues. https://www.ers.usda.gov/webdocs/publications/46043/12051_err61_1_.pdf?v=0. Accessed March 18, 2024.7US Department of Agriculture, Economic Research Service. National School Lunch Program. https://www.ers.usda.gov/topics/food-nutrition-assistance/child-nutrition-programs/national-school-lunch-program. Accessed March 18, 2024.8US Department of Agriculture. Nutrition standards in the National School Lunch and School Breakfast Programs; Final rule (7 CFR parts 210 and 220). Federal Register. https://www.federalregister.gov/d/2012-1010. Accessed March 18, 2024.9Fox MK, Gearan E, Cabili C, et al. School nutrition and meal cost study. Final report volume 4: student participation, satisfaction, plate waste, and dietary intakes. US Department of Agriculture, Food and Nutrition Service, Office of Policy Support. https://www.mathematica.org/download-media?MediaItemId=%7BD18BB0E6-B16F-4988-A15B-EFADE21A280E%7D. Accessed March 18, 2024.10KDHallJGuoMDoreCCChowThe progressive increase of food waste in America and its environmental impactPLoS One42009e7940Hall KD, Guo J, Dore M, Chow CC. The progressive increase of food waste in America and its environmental impact. PLoS One. 2009;4:e7940.11KLThybergDJTonjesDrivers of food waste and their implications for sustainable policy developmentResour Conserv Recycl1062016110123Thyberg KL, Tonjes DJ. Drivers of food waste and their implications for sustainable policy development. Resour Conserv Recycl. 2016;106:110-123.12RMYetkin ÖzbükACoskunFactors affecting food waste at the downstream entities of the supply chain: a critical reviewJ Clean Prod2442020118628Yetkin Özbük RM, Coskun A. Factors affecting food waste at the downstream entities of the supply chain: a critical review. J Clean Prod. 2020;244.13JJMetcalfeBEllisonNHamdiRRichardsonMPPrescottA systematic review of school meal nudge interventions to improve youth food behaviorsInt J Behav Nutr Phys Act17202077Metcalfe JJ, Ellison B, Hamdi N, Richardson R, Prescott MP. A systematic review of school meal nudge interventions to improve youth food behaviors. Int J Behav Nutr Phys Act. 2020;17:77.14MPPrescottJAGilbrideSPCorcoranThe relationship between school infrastructure and school nutrition program participation and policies in New York CityInt J Environ Res Public Health1920229649Prescott MP, Gilbride JA, Corcoran SP, et al. The relationship between school infrastructure and school nutrition program participation and policies in New York City. Int J Environ Res Public Health. 2022;19:9649.15VGrimmERevillaUBergerPattern-oriented modeling of agent-based complex systems: lessons from ecologyScience3102005987991Grimm V, Revilla E, Berger U, et al. Pattern-oriented modeling of agent-based complex systems: lessons from ecology. Science. 2005;310:987-991.16EHennessyJTOrnsteinCDEconomosDesigning an agent-based model for childhood obesity interventions: a case study of childobesity180Prev Chronic Dis132016E04Hennessy E, Ornstein JT, Economos CD, et al. Designing an agent-based model for childhood obesity interventions: a case study of childobesity180. Prev Chronic Dis. 2016;13:E04.17SSchauderMRThomsenRMNaygaAgent-based modeling insights into the optimal distribution of the Fresh Fruit and Vegetable ProgramPrev Med Rep202020101173Schauder S, Thomsen MR, Nayga RM. Agent-based modeling insights into the optimal distribution of the Fresh Fruit and Vegetable Program. Prev Med Rep. 2020;20:101173.18GEspañaSCavanyROidtmanImpacts of K-12 school reopening on the COVID-19 epidemic in Indiana, USAEpidemics372021100487España G, Cavany S, Oidtman R, et al. Impacts of K-12 school reopening on the COVID-19 epidemic in Indiana, USA. Epidemics. 2021;37:100487.19LSeifuCRuggieroMFergusonYMuiBYLeeJGittelsohnSimulation modeling to assist with childhood obesity control: perceptions of Baltimore City policymakersJ Public Health Policy392018173188Seifu L, Ruggiero C, Ferguson M, Mui Y, Lee BY, Gittelsohn J. Simulation modeling to assist with childhood obesity control: perceptions of Baltimore City policymakers. J Public Health Policy. 2018;39:173-188.20MPPrescottRClearyABonannoMCostanigroBBRJablonskiABLongFarm to school activities and student outcomes: a systematic reviewAdv Nutr112020357374Prescott MP, Cleary R, Bonanno A, Costanigro M, Jablonski BBR, Long AB. Farm to school activities and student outcomes: a systematic review. Adv Nutr. 2020;11:357-374.21JKainRUauyFConchaSchool-based obesity prevention interventions for Chilean children during the past decades: lessons learnedAdv Nutr32012616S621SKain J, Uauy R, Concha F, et al. School-based obesity prevention interventions for Chilean children during the past decades: lessons learned. Adv Nutr. 2012;3:616S-621S.22JAMAtkinsonRWellsAPageADominelloMHainesAWilsonApplications of system dynamics modelling to support health policyPublic Health Res Pract252015e2531531Atkinson JAM, Wells R, Page A, Dominello A, Haines M, Wilson A. Applications of system dynamics modelling to support health policy. Public Health Res Pract. 2015;25:e2531531.23Krueger R. Designing and conducting focus group interviews. https://www.eiu.edu/ihec/Krueger-FocusGroupInterviews.pdf. Accessed March 18, 2024.24Academy of Nutrition and Dietetics. Dietetic practice groups. https://www.eatrightpro.org/membership/academy-groups/dietetic-practice-groups. Accessed August 10, 2022.Academy of Nutrition and Dietetics. Dietetic practice groups. https://www.eatrightpro.org/membership/academy-groups/dietetic-practice-groups. Accessed August 10, 2022.25RANianogoOAArahAgent-based modeling of noncommunicable diseases: a systematic reviewAm J Public Health1052015e20e31Nianogo RA, Arah OA. Agent-based modeling of noncommunicable diseases: a systematic review. Am J Public Health. 2015;105:e20-e31.26JSwainA Hybrid Approach to Thematic Analysis in Qualitative Research: Using a Practical Example2018Sage PublicationsSwain J. A Hybrid Approach to Thematic Analysis in Qualitative Research: Using a Practical Example. Sage Publications; 2018.27WHVermeerJDSmithUWilenskyCHBrownHigh-fidelity agent-based modeling to support prevention decision-making: an open science approachPrev Sci232022832843Vermeer WH, Smith JD, Wilensky U, Brown CH. Highfidelity agentbased modeling to support prevention decisionmaking: an open science approach. Prev Sci. 2022;23:832-843.28JGittelsohnYMuiAAdamIncorporating systems science principles into the development of obesity prevention interventions: principles, benefits, and challengesCurr Obes Rep42015174181Gittelsohn J, Mui Y, Adam A, et al. Incorporating systems science principles into the development of obesity prevention interventions: principles, benefits, and challenges. Curr Obes Rep. 2015;4:174-181.29SFalconiRPalmerAn interdisciplinary framework for participatory modeling design and evaluation-what makes models effective participatory decision tools?Water Resour Res53201716251645Falconi S, Palmer R. An interdisciplinary framework for participatory modeling design and evaluation-what makes models effective participatory decision tools? Water Resour Res. 2017;53:1625-1645.30JFWCohenJLJahnSRichardsonSACluggishEParkerEBRimmAmount of time to eat lunch is associated with children´s selection and consumption of school meal entrée, fruits, vegetables, and milkJ Acad Nutr Diet1162016123128Cohen J, Jahn J, Richardson S, Parker E, Rimm E. The amount of time to eat lunch is associated with children's selection and consumption of school meal entrée, fruits, vegetable, and milk Juliana. Physiol Behav. 2017;176:139-148.31XBurgJJMetcalfeBEllisonMPPrescottEffects of longer seated lunch time on food consumption and waste in elementary and middle school-age children: a randomized clinical trialJAMA Netw Open42021e2114148Burg X, Metcalfe JJ, Ellison B, Prescott MP. Effects of longer seated lunch time on food consumption and waste in elementary and middle school-age children: a randomized clinical trial. JAMA Netw Open. 2021;4:e2114148.32EBergmanNBuergelTEnglundAFemritThe relationship between the length of the lunch period and nutrient consumption in the elementary school lunch settingJ Child Nutr Manag2822004https://schoolnutrition.org/journal/fall-2004-the-relationship-between-the-length-of-the-lunch-period-and-nutrient-consumption-in-the-elementary-school-lunch-settingBergman E, Buergel N, Englund T, Femrit A. The relationship between the length of the lunch period and nutrient consumption in the elementary school lunch setting. J Child Nutr Manag. 2004;28;2.



