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School food programs can improve the nutritional status at community level, and can

be a powerful tool to facilitate a transition to sustainable food systems, particularly

through their purchasing methods and meal/waste management. Artificial Intelligence

(AI) can enable or inhibit transitions to sustainability, due to its capacity to facilitate

transformational change and disruption. Thus, AI can have major impacts on achieving

the United Nations’ Sustainable Development Goals (SDGs), including those related to

food systems. This paper focuses on critically exploring different aspects during the

implementation of a software project in US schools that used AI techniques to enable

agility and provide healthy food options for schoolchildren. Participant observation,

semi-structured interviews, and document analysis were used to inform the case

study and uncover the new processes developed using the technology. As a key

barrier to the effective management of school food programs and nutrition is the

administrative load associated with statutory compliance, this case study demonstrates

the difference that AI-powered tools can make in alleviating the weight of administrative

processes. An Information and Communication Technology (ICT)-enabled boundary

spanning framework is used to extend the case study toward an analysis of the systems,

boundaries, relationships and perspectives which starts mapping the areas where the

private sector, public institutions and civil society can meet to fast-track sustainable

transition activities, particularly in the context of food systems. This article presents

some possible approaches to facilitating these activities, inviting policy makers to bridge

the gap with businesses and use business agility to support common societal goals to

achieve sustainable food systems.
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INTRODUCTION

Transitioning to healthy diets from sustainable food systems
depends on changes in food environments, where sustainably
produced healthy dietary items are available, affordable,
and accessible in different outlets (Herrero et al., 2021).
Additionally, intensification, distancing, concentration, and
homogenisation weaken communication in food value chains
and add constraints to the necessary tightening of feedback
loops between ecosystems, actors within the food chains, and
consumers needed for sustainable food transitions (Sundkvist
et al., 2005). Artificial intelligence has a role to play in
meeting the United Nations’ Sustainable Development Goals
(SDGs) (International Telecommunication Union, 2018;
Vinuesa et al., 2020), including those related to food systems,
although necessary insight and oversight are needed to ensure
transparency, safety, and ethical standards are upheld (Sætra,
2021). Many studies provide theoretical approaches to AI for
sustainability and its benefits and impacts on the SDGs (Fisher,
2011; Nishant et al., 2020; Vinuesa et al., 2020; Sætra, 2021). Some
authors focus on food systems and food security with approaches
to designing transitions using AI responsibly (Camaréna, 2020),
informing public health policy on food quality (Bourguet et al.,
2013), or using predictive insights to improve their resilience to
achieve global food security (How et al., 2020).

Sustainable school food programs have the potential to greatly
influence the production and distribution of sustainable food
(Goggins and Rau, 2016;Mensah and Karriem, 2021; Perez-Neira
et al., 2021), for which the highest environmental impact happens
at the food procurement stage (Garcia-Herrero et al., 2021). The
role of institutions in supporting menu planning, food safety,
and access to healthy food, and building community partnerships
is part of a global discourse about eradicating hunger and
obesity and other food related diseases (Vogt and Kaiser, 2008;
Valaitis et al., 2014; Pagliarino et al., 2021). Sustainable school
food programs are also important in the development and
strenghtening of the farm-to-institution relationships required
to improve the nutritional status of communities and the
institutional support for systemic transitions of purchasing
methods (Vogt and Kaiser, 2008; Wittman and Blesh, 2017;
Aleksejeva and Pelse, 2019; Perez-Neira et al., 2021). National
school nutrition programs, influenced by programs such as
the Farm to School program, could play a significant role
in increasing the connection between fresh, healthy local
food producers and education practices at school (Roche and
Kolodinsky, 2011; USDA, 2019a; Mensah and Karriem, 2021;
Pagliarino et al., 2021; Perez-Neira et al., 2021). These programs
are an interface for youth, and are thus important for their
engagement in the transition to sustainable food systems (Glover
and Sumberg, 2020).

This paper builds on the above theoretical approaches to
AI for sustainability and the ethical use of AI for food
systems. Emerging research at the intersection of AI, school
nutrition and sustainable food systems does not yet provide
primary data, which could help inform approaches to policy
and transdisciplinary collaboration. This article bridges this
gap and investigates a real-life implementation of AI-powered

tools to solve issues confronted by school food programs in
child nutrition meal planning and administration. It illustrates
how the use of AI in the context of a school food program
impacting several thousand schools could be extended to wider
aspects of institutional food programs for the purpose of
sustainable transitions.

The case study takes place in the United States of America
(USA) where schools provide subsidized meals to students
through a range of programs such as the National School
Lunch Program (NSLP), School Breakfast Program (SBP), Special
Milk Program (SMP), After School Snack Program (ASSP), and
Seamless Summer Option (SSO) (Hopkins and Gunther, 2015).
Most programs are run by the United States Department of
Agriculture (USDA) in collaboration with state governments
and school food authorities (Izumi et al., 2018). The NSLP
alone provides free or reduced-fee lunches to more than 30
million students at US public and private schools (USDA, 2019a).
With over one in five children in the United States living in
food-insecure households (Coleman-Jensen et al., 2020), food
programs such as the NSLP play a critical role in the development
and long-term health and educational outcomes for low-income
children (Baidal and Taveras, 2014; Radday, 2020; Feeding
America, 2021).

However, school food authorities face difficulties when
implementing andmanaging these food programs. School leaders
are required to provide their full attention to various components
not only to meet the Nutrition Standards for School Meals set
by the USDA (2019b) but to also maintain sponsorship without
neglecting the instructional leadership needed to effectively
implement and sustain the program (Rafidi et al., 2012).
Reporting guidelines are often complex and time-consuming,
involving reporting on the number of meals served, the level of
subsidy allocated, and the complete nutritional information of
the food, to ensure meals are within the dietary guidelines set
by the program (Gleason et al., 2004; USDA, 2015). Errors or
delays in reporting can result in the loss of subsidies for school
food authorities and gravely impact the families depending
on the program for their food and nutritional security. As
a result, the stringent reporting and compliance framework
often acts as a barrier for the provision of diverse and healthy
options that are locally produced and economically attractive
(Ralston et al., 2008).

The research objectives are (a) to understand the context
for the use of AI-powered tools in school food programs; (b)
to understand what the technologies aimed for and delivered;
and (c) to develop an informed view of the opportunities
and challenges of using AI in that context, and what AI
can achieve for the transition to sustainable food systems.
The research used mixed methods to collate information
about the origins, planning, and implementation of AI for
a food program management software company used by a
large proportion of schools throughout the United States
of America (USA). The research includes semi-structured
interviews, participant observation, and document analysis
(Section Methodology). Findings include information on the
AI tools (and disciplines used), information on nutrition
data standardization, results achieved through automation,
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FIGURE 1 | Summary of nutrition planning and reporting steps for foodservice directors and school food authorities.

and the challenges and opportunities faced during the
implementation (Section Results). The discussion (Section
Discussion) is informed by an analysis of the findings
using systems thinking methods. In this section we identify
the opportunities for scaling up similar solutions across
organizational boundaries for sustainable outcomes and discuss
limitations of the research, options for further research, and
proposed implications and recommendations for policy and
practice. The conclusion (Section Conclusion) summarizes the
main findings and reflections.

METHODOLOGY

Case Study
Aiming to support both the implementation and the
maintenance of federally funded and federally compliant
food programs, US-based software company Rayfood Solutions1

offers a suite of products to support schools and school districts
to more effectively manage (1) school nutrition programs, (2)
food distribution programs, (3) administrative reviews, and (4)
food tracking and reporting.

As part of the company’s offering of a “software as a service”
solution and for a monthly licensing fee, state authorities or
local school authorities can access Rayfood’s food program
management features through a web page without the need for
hardware or software infrastructure. Rayfood Solutions have also
developed a new range of software features centered around the
provision and reporting of nutrition information for child school
meals. The information can be used by schools to plan then

1Company names in this article are pseudonyms.

report about eachmeal under the USDA’s Nutrition Standards for
School Meals (USDA, 2019b).

The provision and reporting of these new features triggered
the need to initiate a software development project aimed at
automatically capturing nutrition and other meal data. Figure 1
presents the existing steps of the menu planning and reporting
process taken by the school food authorities and foodservice
directors against the steps provided by the new software. The
agile and streamlined access, processing, and reporting in the new
system is dependent on the availability of over 15,000menu items
nutrition and compliance information.

Initial communications with Rayfood Solutions at the
onset of the project provided information on the context,
intent, and stakeholders involved. Meals and food products’
nutritional data are mostly generated by the food suppliers;
therefore, the meal nutrition documents they provide to
schools are used for the automated data capture. Rayfood
identified the challenge as one requiring accuracy (the
nutrition data extracted is used for local, state, and federal
compliance reporting to the food programs), speed (the
volume of food suppliers and the number of meals or
ingredients that they provide represents thousands of items
to process), automation (searching in a document then
manually entering the data for over 50 fields would be
extremely time consuming, rendering the project unviable),
and adaptability (food suppliers documents do not follow
a standard format and are updated regularly). Rayfood
Solutions selected LPB Ltd., a company specializing in
document data extraction using AI, to conduct a pilot to
test the possibilities of such a project and then implement
the project. The data for this article is based on LPB’s
interviews, participant observations, and documentation as
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FIGURE 2 | Research approach in three stages.

they conducted their pilot test, with input from Rayfood
Solutions’ project director.

Research Approach
The research approach is summarized in Figure 2 and consists
of three main stages: understanding the context, understanding
AI, and investigating the opportunities and challenges of AI
for transitioning to sustainable food systems. The stages are
only in a partial chronological order due to the iterative nature
of exploratory case studies. Exploratory case study approaches
are used when a “how and why question is being asked about
a contemporary set of events over which the investigator has
little or no control” (Yin, 2014, p. 9). The first two stages used
direct input from document analysis, participant observation,
and interviews of LPB. The third stage relied on the conclusion
of first two stages and the application of systems thinking and
ICT-enabled boundary spanning approaches.

The research is qualitative in nature, relying on document
analysis, participant observation, and semi-structured
interviews.2 Collecting information from three points of
data allows triangulation, using evidence from different sources
to corroborate facts and findings (Rowley, 2002; Yin, 2014).

2Data collected in this case study included information about people and from
people and organisations; therefore, research ethics approval was sought and
obtained from the RMIT University Research Ethics Committee (CHEAN A
21722).

Specifically, through these modes of data collection, we have
aimed to fulfill the research objectives stated in the introduction.

Systems thinking is the epistemological lens through which
the issues of sustainability are addressed and is bounded by
the researcher’s worldviews of what constitutes sustainable food
systems (Abson et al., 2017; Dorninger et al., 2020). The
researchers’ stance aligns with the Food Agriculture Organization
(2018, p. 1) which proposes that a sustainable food system “is a
food system that delivers food security and nutrition for all in
such a way that the economic, social and environmental bases
to generate food security and nutrition for future generations
are not compromised”. The analysis includes considerations
of the core systems (production, processing, distribution,
consumption) and extends to the importance of societal elements
(organizations, policies, infrastructures, norms) and the natural
elements (soil, air, ecosystems, water, climate).

The whole-system approach (Lovins et al., 2010; Blizzard
and Klotz, 2012) helped to identify potential areas for future
research where AI can be part of sustainable transition design.
The analysis considered the multiple perspectives, relationships,
boundaries, and systems at play in this case study (Cabrera et al.,
2008). This provided important details to investigate how the
implementation of AI for school’s food program administration
could support transitions to sustainable school food procurement
and management programs more broadly.

Finally, a consideration of ICT-enabled boundary spanning
was applied to reveal specifically which collaborative forms of
governance could be highlighted for solving wicked sustainability
problems such as food security (Rittel and Webber, 1973;
Termeer et al., 2015). Termeer and Bruinsma (2016, p. 91)
define boundary spanning arrangements as “the ensembles
of rules, processes and technologies, that deliberately enable
interactions between actors across these boundaries”. An ICT-
enabled boundary spanning arrangements (IBSA), they argue,
can help cross physical, cognitive, and social boundaries
and contribute to collaborative solutions to balance socio-
technological engineering and to sustainability. In the context
of food and nutrition security, IBSA has been identified
as a key feature to consider in practice-led redesign of
pathways where spanning across social, physical, and cognitive
boundaries promises better governance performances (Oostindie
et al., 2016). An analysis of ICT-enabled boundary spanning
frames the discussion section (Section Discussion) of this
paper. The results and discussion can provide insights into
pathways made possible by spanning boundaries, engaging
stakeholders, and leveraging the AI-powered solutions used in
this project.

This exploratory case study investigates the goals of Rayfood
Solutions’ menu planning automation project, the stakeholders
involved, the steps taken to deliver the project, and the
lessons learnt, issues that arose, and other opportunities which
came from its delivery. In this instance, observing an AI-
automation project in a private enterprise to manage an
institutional food program offers opportunities for insights
into what the current system does and how it could be
modified to support sustainable school food procurement and
management options.
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To that end, a series of unstructured interviews and email
conversations conducted with Rayfood Solutions in November–
December 2017 helped situate the research and establish
background knowledge. Participant observation at LPB Ltd
followed in April–May 2019 to gain first-hand knowledge
of the activities involved in the automation of the data
capture processes (Section Participant Observation). Finally,
document analysis (Section Document Analysis) and semi-
structured interviews with the management and operation
team at LPB Pty Ltd. (Section Semi-Structured Interviews)
conducted in October 2019–February 2020 provided details of
the data structure, stakeholder engagements, system challenges,
and achievements.

Data Collection and Analysis
Participant Observation
Participant observation (Jorgensen, 1989) consisted of observing
the work done by the digitalisation operators when conducting
quality assurance tasks involved in the data recognition and
data classification processes. Recognition and classification are
features of AI-powered tools and the participant observation
investigated which tools were used to conduct these functions
and how they were used. A researcher sat with a team of
digitalisation operators and observed while they labeled the
information. Labeling is a task conducted when training an
algorithm for machine learning and observations revealed what
this entailed in the digitisation process. The observation included
documenting the series of steps involved in accessing the system,
identifying the data extracted, and making assessments of errors
and missing data. It also captured conversations conducted in
person or via email when operators had questions or encountered
difficulties over that period. Understanding the extent and
complexity of the task when automating nutrition and meal data
extraction can provide indications of how feasible it is and what
to expect for other institutions who would want to implement
similar tools.

The researcher asked questions about the process, data, and
its provenance, and if and how data was transformed [e.g.,
units needed to be converted from milliliters (ml) to fluid
ounces (fl.oz)]. The type of data exchanged and its source can
provide bridges to new or additional stakeholders and create
new dimensions of information. For instance, capturing location
information (where the food originates from) could be used as a
filter for locally produced foods. Therefore, it could constitute an
avenue of communication between actors in the system and the
transition to sustainable procurement preferences.

Document Analysis
Analysis of documentation of Rayfood’s new project was
conducted between October and December 2019. This included
the initial proposal and project specification documents,
communications and reports, as well as the project’s documents,
such as food supplier product specification data sheets and export
files once the data had been quality-controlled.

In the interest of generating useful data, the document analysis
began by establishing the types and content of the documents
flagged for automation: product specification sheets (also called

product formulation statements or product information sheets).
This helped establish an understanding of the breadth and depth
of the data capture activities. Food suppliers to US schools
have a regulatory obligation to provide product specification
sheets that list all ingredients, quantities, nutritional information,
allergens, and certifications (e.g., organic or halal). With no
national template for these information sheets, the data can
appear in different formats, units, and data fields, making the
standardization of the automated capture more complex. For
instance, as shown in Figure 3, the amount of each creditable
ingredient under the compliance reporting scheme was found in
text form (on the left) and in number form (on the right). The
sheet on the right also presents the amounts in four different
areas on the page. Whether read by a human or by a machine, a
high level of attention and logic must be applied to make sense
of different formats. In some cases, additional information is
available on the sheets on non-nutrition related dimensions (e.g.,
where food was processed).

The Rayfood Solutions/LPB Ltd project’s documentation also
provided information on the origins of the project. It captured
the evolution of the project from pilot to implementation, and
communications between the implementation team at LPB and
Rayfood. The analysis reviewed the intent of the project, as
well as the stakeholders involved and their role and insights
on the results, challenges, and opportunities facing the project’s
pilot and implementation. Further analysis looked for words
and statements identifying stakeholders and processes up- and
downstream from the automated data capture project. Systems,
boundaries, perspectives, and relationships provided the context
within which the project is situated. Additionally, they helped to
build a view of which elements the project is situated without.

Semi-Structured Interviews
Interviews and business process analysis aimed to scope more
precisely the extent of the project, identifying the people,
processes, and systems involved. Semi-structured interviews were
conducted after the roll out of the digitisation project from
November 2019 to February 2020 and involved three managers
and supervisors from LPB, who were directly involved in
design, implementation, and project supervision. The interview
subjects were selected based on their ability to provide in-
depth knowledge of (1) the processes used when the solution
was originally designed, (2) their understanding of how the
implementation steps took place, and (3) the nature of the
data required by the AI automation project and the challenges
faced to ensure data quality and consistent outcomes. The
interview questions focused on the project being investigated,
how it came about, the participants, what objectives it aimed
to deliver, and what documentation exists about it (see
Supplementary Material—Questionnaire 1). LPB provided full
access to stakeholders, systems, and data. Interviews were
analyzed to complete any gaps in the process analysis conducted
through the participant observations and the document analysis.
Interview data were also reviewed to detect differences in
objectives from the original intent (Interview 1 with Rayfood
Solutions) to the project achievements (Interview 2 and 3).
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FIGURE 3 | Examples of specifications sheets variations in data fields and types.

Correlations between the documentation analysis, participant
observations, and interviews were used to verify the timings and
efficiency of the new processes being piloted. Findings from the
different methods of data collection and analysis were revisited
to generate a system view of the project within its context
and the role of AI in creating or hindering opportunities for
sustainability transition.

RESULTS

Understanding the Context
Interviewee 1 is the main driver of LPB’s project at Rayfood
Solutions.With a background as a nutritionist and a dietician and
heavily involved in child nutrition in schools, they have a passion
for nutrition. Changing the habits of children and their families
toward healthy nutrition is the main driver of Interviewee 1’s
quest for innovation. They and their team have over 20 years of
experience managing food nutrition programs in the US. They
explained that Rayfood Solutions’ goal is to connect the food
supply in the country by bringing the production of datasets on
nutrition, waste, and children’s choice-making and patterns of
meals together.

Rayfood Solutions found that some of the biggest challenges
related to the wide gap between supply and demand and the
lack of predictability and consistency. “The cyclical shortages and
overages lead to food loss and food waste” (Interviewee 1) in
the absence of proactive and effective design and management

of nutrition programs. Background research conducted by
Interviewee 1 over 15 years of work in state school districts
demonstrated that this inability to provide consistent variety
for children often leads to disappointment and disengagement.
Children tend to choose what they will eat the day before
they go to school. “Not providing access to the menu they
wanted is devastating for food nutritionists and children alike”
(Interviewee 1).

The Rayfood Solutions project with LPB therefore focused
on gathering and extracting nutritional information from food
suppliers, including the availability of stock, so that the school
menu planning activities could be based on real-time data
and provide nutritious and USDA-compliant meal options
to children.

Artificial Intelligence for Automation
Automated Data Extraction
Artificial intelligence tools were used to automate the
recognition, extraction, and reporting of nutrition data across
the over eight thousand school meals’ product specification data
sheets processed in the initial stages of the project. A total of over
37,000 specifications sheets are estimated to have been converted
to USDA-compliant datasets over the lifetime of the Rayfood
Solutions project.

Rayfood aimed to process product specification sheets
automatically to obtain food items’ nutritional information
without having tomanually search for the data and thenmanually
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FIGURE 4 | Example of automatic detection and extraction in a page by the software.

input it into their systems. The task of extracting the data is
complex and the manual process is time consuming and error
prone. Through the pilot project, when information is provided
(mostly in PDF, Microsoft Word, or Microsoft Excel formats),
the new process ensured the content was scanned through an
AI-powered process, automatically extracting the information
required to inform a menu planning tool for schools.

In this case study, the Advanced Optical Character
Recognition3 (OCR) process [a technology used to digitize
written text into machine readable data (Keary, 2019)] was
supported by image recognition, natural language processing,4

and machine learning, all disciplines powered by AI. This
allowed the system to understand where mistakes are made,
and to comprehend information wherever it appears in a
document, in text or number format. For example, when
observing the digitisation operator’s screen, it appeared
that most of the information on the product specification
sheet was individually recognized and extracted (highlighted
in green) to the appropriate data fields without human
intervention (Figure 4).

The process used image recognition5 to recognize logos and
seals and translated them to data when relevant. For example, if

3Combined with AI, Advanced OCR means that data is simultaneously captured
and the content comprehended (Keary, 2019). This is different from basic OCR
data extraction processes, which use templates to define the coordinates of the
text to capture. If the document format changes slightly (for example, an invoice
number which used to be on the top left corner is now in the bottom right corner),
then the OCR accuracy declines, and important data may be omitted.
4Natural language processing is the AI discipline that is used to make meaning out
of extracted text. It is done by the algorithm reading the text, deciphering it, and
understanding how it relates to the extracted data.
5Image recognition identifies objects or features in an image or video.

a “gluten-free,” “kosher,” or “halal” logo was found, it would be
used as part of the dataset to appropriately specify that quality in
the food.

The extracted information was displayed in the software
for digitisation operators to review, correct errors and
missing data, and then save for export in the data
compliance system. This was part of a process where
the initial stages were supported by the digitisation
operators, who were teaching the machine to find the
relevant data on product information sheets of any
types (Figure 5).

Finally, machine learning6 was used to detect data extraction
patterns to sort data into the appropriate fields. Part of the
machine learning in the case study was supported by humans
who reviewed the fields extracted and ensured data was matched
to the appropriate fields (supervised learning). Part of the
learning was done directly by the AI, which would detect
anomalies in the data when a field extracted did not match the
expected format (unsupervised learning). While the machine was
learning, digitisation officers managed exceptions raised by the
software, or cases where the algorithm could not recognize or
find data for a field. They guided the learning until the algorithm
could automate all fields extraction and recognition without
error. For example, one data field requirement was to identify
a Universal Product Code (UPC) in line with the Nutrition
Standards for School Meals requirements. In some cases, the AI
selected “CASE GTIN” as the UPC because they have similar

6Machine learning is a branch of AI and computer science which focuses on the use
of data and algorithms to imitate the way that humans learn, gradually improving
its accuracy (IBM Cloud Education, 2020).
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FIGURE 5 | Digitization operators’ workflow.

nomenclature. When training the AI, an operator flagged it and
looked to confirm whether “CASE GTIN” was actually the same
as the UPC. In this instance, it was not, and needed to be deleted
(Supplementary Figure 7).

While the process ensured that there were no data extraction
issues, it required additional steps to check the data for
compliance to the nutritional standards. The data compliance
check was done post-data extraction in a different system
where digitisation operators would review any exceptions raised
by the system, such as when a type of data was expected
but not found, or it was found in an unexpected format.
For instance, a “serving size” could have been successfully
extracted as 150 g, but appeared as an exception because
it needed to be expressed in ounces; in which case the
system would raise an exception for the operator or for a
Rayfood Solution staff member to confirm what needed to
be done.

Data Standardization
A key requirement of the project was to extract and export
nutritional information about available meals for the design of
school menus and compliance reporting to the food program
administrators. This information would be a key enabler for an
online platform that Rayfood Solutions was developing as a new
service to their customers, to simplify the menu planning and
reporting activities.

When Rayfood defined the nutritional information to be
extracted from the product specification sheets, they defined
“Go-to-market” data fields (called “features” in the project
documentation). The data was classified in three types:
“Mandatory fields” —data required under the food programs’
regulations, implemented in Phase 1; “Good to have” —
additional information not required for compliance but highly
desirable by users, implemented in Phase 2; and “Phase 3” —the

remainder of the data fields to be released once the rest of the
solution was in place.

Data categories defined in the project initiation phase
included (Table 1):

• Product information
• Meal pattern contribution
• Nutrient analysis
• Identified allergens and Californian information

The product information and meal pattern contribution are
fields of data that are required by regulations to be compliant with
the food programs. Parts of the nutrient analysis are required
by regulations; the rest [total fat (g), cholesterol (mg), carbs (g),
fiber (g), protein (g) vitamin A (%DV), and calcium (%DV)] were
fields Rayfood Solutions decided to add as additional features
that would benefit the school menu planners and food program
administrators. Identified allergens were also added as part of the
“go-to-market” push to create a competitive advantage for the
software solution. Other information fields were highlighted as
potential fields to be made available in “Phase 3” of the project.

During the interviews, it appeared that the biggest challenge
in the implementation of the AI program was the lack of
standardized format in the data. The product specification sheets
collated from suppliers did not follow any specific format, and
only some suppliers used the USDA templates. There were no
naming conventions and supplier information was provided in
different formats (Word document, pdf, csv, jpg). This resulted
in a large amount of time spent between the digitisation team
at LPB and Rayfood Solutions clarifying which keywords to look
for and to ensure the extracted data was accurately matched to
the data fields requirements. This, in turn, created challenges for
the Rayfood team, who had to contact the suppliers and request
clarifications on how the fields in their product specifications
sheets matched (or did not match) the compliance reporting in
the USDA standards.
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TABLE 1 | Detailed data fields earmarked for automated extraction in the initial project specifications documents. Source: (Project Documentation, 2020).

Information type Mandatory data fields “Good to have” data fields “Phase 3” data fields

Product information Manufacturer name

Manufacturer number/product code

UPC code

Product name

Product description

Pack size

Serving weight (grams)

Servings per case

n/a n/a

Meal pattern information Fruits (cups)

Dark green vegetable

Red/orange vegetable

Beans/peas/legumes

Starchy

Other

Grain (oz eq)

Meat/meat alternate (oz eq)

Fluid milk (cups)

CN label (Y/N)

Copy of CN label

Signed product formulation statement

Product specification sheet

n/a n/a

Nutrient analysis Total calories

Saturated fat (g)

Trans fat (g)

Sodium (mg)

Total fat (g)

Cholesterol (mg)

Carbs (g)

Fiber (g)

Protein (g)

Vit A (%dv)

Calcium (%dv)

Vit C (%dv)

Identified allergens %

Californian information

Gluten

Peanuts

Tree nuts

Soy

Ilk

Egg

Wheat

Fish

Shellfish

Artificial ingredients

Produced in a nut free facility

No nitrite/nitrate

No high fructose corn

Contains whey

Vegetarian

Vegan

Kosher

Halal

No BPA

51% wholegrain

Smart snack

Commodity eligible

No antibiotic ever

Point of origin

Shelf-life

Low-sodium

Reduced sodium

Organic

CRAU

Grown in California

Processed in California

Company from California

Non-GMO

The lack of standards in the supplier’s data also extended
to the units used to capture quantities for each food item.
For example, product specification sheets indicated quantities in
grams (g) but the food program compliance reporting must be
done in ounces (oz) or cups. Data conversion tables had to be
implemented to ensure the original data, whatever its format
and units, could be converted to the format required by the

compliance standards. There were also issues with reporting
language. For example, when reporting for gluten, there needed
to be an agreement that the answer would be “Yes” when the
words “gluten free” appeared on the product specification sheet.
When training the algorithm, staff could at times say “yes”
when they saw “gluten” in the contents or “no” when they saw
“gluten free”.
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Results of Automation
The interviews and document analysis conducted post-
implementation confirmed that the project achieved the goals
of automating the capture of child meal nutrition value per
meal item for over 2,000 suppliers and dozens of products per
supplier on average. The data extracted automatically evolved
over time and came to include a range of 30 mandatory fields
and 50 additional fields which had never been extracted before
(Interview 1, 2, and 3), providing in-depth information on
nutritional value of children’s meals but also context data about
provenance or food miles.

The results of the data analysis and Interview 3 revealed that
thousands of supplier data sheets, regularly updated, required
between 5 and 10min per document to extract the data manually.
This represented between 160 and 320 h to process the data in
a set of 2,000 data sheets (the number of product specification
sheets scoped in the initial part of the project). The total project
processed between 6,000 and 7,000 data sheets within weeks. At
the end of the project and in its current operational form, sets
of 200 data sheets are processed within 30–90 s per sheet. This
represents a time saving of between 70 and 80% (or over 15 h)
per set, compared to processing the updates manually.

The accuracy of the automated extraction ranged between 95
and 98%. The remaining 2–5% is due to gaps in the data, which
was either not available on the product specification sheets or
unreadable (Interview 3). These gaps nevertheless could be filled
by human intervention, with one or two people reviewing any
exceptions andmakingmanual corrections if andwhere required.

The data and the menu planning tool it supports have since
been rolled out to schools as a pilot project. Schools can access
a vendor portal, which allows menu planners to (1) pick food
items and create recipes, (2) plan meals which meet the USDA
compliance standards, (3) set meals to a schedule to create
menus, (4) connect menus to local sites in the district, (5)
track menus to sites in the school district, and (5) automatically
generate meal and statutory reports.

Challenges and Opportunities
Training an Algorithm
The participant observation revealed that during the data
extraction exercise, the difficulty in training the algorithm lies
in the painstaking process of identifying instances where the
data needed in a field is presented in many different forms
across a range of documents. This renders the automated
identification and extraction difficult. As with the UPC code
example, the participant observation and document analysis
highlighted intense and almost constant communication between
the digitisation operators, the digitisation supervisor, and staff of
both LPB and Rayfood Solutions. Each field triggeredmany email
conversations to ensure the whole team was up to date with the
requirements (Supplementary Figure 8).

On many occasions during our observation of the digitisation
operators, the operators engaged in conversations to share
knowledge about food and try to make sense of the definitions
for the data fields. For example, one of the data was called “dark
green vegetables”. In a multicultural environment, the team was
often unsure of which vegetable should be considered “dark

green” and which to consider “green”. The name of vegetables
themselves were unknown to some of the team members; once
one person researched it and found photos, they would share the
knowledge with others.

The document analysis confirms that a lot of knowledge was
therefore created ad-hoc in a multitude of email conversations,
specification documents, and clarification statements in team
meetings. Interviewee 3 indicated that no single document
or library was created to effectively retain the knowledge.
Consequently, when stakeholders changed at Rayfood Solutions
due to corporate transformations, the business rules and
historical knowledge built over the course of the project delivery
were lost and had to be re-explained or re-discovered to newly
appointed staff.

Managing the Suppliers
The initial interview of a Rayfood Solutions representative
indicated that when they embarked on the project, they were
focused on the requirements from the schools and the food
programs’ administrators. They did not expect to have a tool
that would put them in a position to advise or manage food
suppliers. However, interviews with representatives from LPB
indicated that once Rayfood were faced with questions of data
validation, data standardization, and consistency of language, the
project coordinators realized that they had a new role to play in
the supply chain. The process analysis confirmed that the data
extraction automated the compliance checks, that is how the food
item complied with the food program nutritional standards. As a
result, Interviewee 3 indicated that Rayfood were able to contact
the suppliers and let them know that their product did not
comply and why. This led to a new type of relationship between
Rayfood and the food suppliers. Unfortunately, additional
information about how the relationships were influenced by the
project and what benefits this could lead to was not available in
the material.

Interviewee 2 and 3 mentioned another issue that arose when
it was discovered that the product data sheets uploaded by the
food suppliers contained what looked like duplicates. The quality
control process would automatically flag a specification sheet if it
was 99.8% similar to an existing one. However, a number change
(for example, 3 spoons of sugar instead of 2) had to be tracked,
and meant that the new sheets superseded previous specification
sheets. According to Interviewee 3, this issue led to different
practices being put in place with the suppliers, such as adding
direct comparison of similar files (i.e., field-by-field, submission
date), so that the modified product sheets were easily identified.

Disconnection: Intent Lost in Delivery
Looking at design decisions throughout the project, we found
that Rayfood Solutions’ representative had a vision of what the
project was to achieve, but that vision did not transfer across
the delivery team (Interview 1). Rayfood Solutions wanted to
“connect the food supply. . . by subsidizing the production of
datasets on nutrition, waste, kids picking, and patterns of meals
together” (Interview 1). Participant observation and questions on
the subject confirmed that the digitisation team involved in the
training of AI were focused on data accuracy and the reduction of
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exceptions; they did not know what the data they were extracting
were for.

The lack of shared vision and joint understanding of the
project led to missed opportunities in using existing knowledge
and skills. For example, as identified earlier, the need for data
conversion and issues with units and duplication could have
been handled differently and taken advantage of LPB’s extensive
experience in the area (Interview 2 and 3). There was a lack
of clarity about what the automation could achieve and what
opportunities it could create, which became more obvious to
all participants as the project progressed and they were gaining
knowledge of the AI-powered capabilities (Interview 3).

Discussions about food security, nutrition education
in children, and sustainability were part of the initial
briefings but were not approached again in subsequent
communications (Interview 1, specification documents, and
email communications). When Rayfood initiated the project,
they were in the process of finalizing an agreement with
an organization who aim to change local food systems and
encourage public institutions to procure food produced through
value-driven purchasing standards (Interview 1). This influenced
the breadth of data fields flagged for extraction. However, after
these initial stages, the document analysis did not find that the
aims and values carried by that agreement were mentioned again
in the project.

DISCUSSION

Expanding Organizational Boundaries
Through ICT-Enabled Collaboration
Termeer and Bruinsma (2016, p. 92) propose that the
governance boundaries, which are usually associated with
barriers and obstacles, “also reflect junctures that reveal new
opportunities for dealing with wicked issues by connecting varied
knowledge, resources and ambitions”. These junctures enable the
collaborative forms of governance needed across public, private,
and civil actors working in “new coalitions, new partnerships,
new food markets and relations, new institutional arrangements
and new urban-rural relations” (Oostindie et al., 2016, p. 44).

The process analysis outlined for this case study reveals the
boundaries between Rayfood Solutions, LPB, the school food
suppliers, school food authorities, and government departments.
Results indicate that a collaborative form of governance is
required for information to flow between Rayfood Solutions,
LPB, and the schools’ food suppliers. At the juncture of the
boundary, school food suppliers started providing nutritional
data sheets and receiving advice on gaps in their compliance and
in their compliance data (Sections Automated Data Extraction
and Data Standardization). Additional data on children’s eating
patterns and institutional procurement standards could be
captured at the juncture with the school food authorities. For
example, Figure 1 indicates part of the process is for school food
authorities to use the system to collect meal information and
manage the inventory of food. Since the data exist, they could
be used to capture eating and waste patterns, and to inform
procurement strategies. Outside the boundaries are the families

benefiting from the programs and the state and federal agencies
administering the programs. Figure 6 uses the ICT-boundary
spanning approach outlined in Section Research Approach, and
takes a systemic view of the project’s boundaries, structure, and
processes to assess where these opportunities might be.

As we discovered in Section Methodology, Rayfood Solutions,
through the project implementation, created closer relationships
with food suppliers. As a result of collaboratively resolving the
data compliance issues discussed in Section Artificial Intelligence
for Automation, the search for data clarification uncovered a
need for food suppliers to standardize the way they document
nutrition information. Rayfood has been able to offer a new
service to the suppliers to help them automatically identify the
product specification sheets and individual fields that did not
meet the statutory nutritional requirements. This is an advantage
for Rayfood, who can build trust and share knowledge about
nutrition standards with thousands of suppliers. For the food
suppliers, it means that their products are not rejected because
they were missing the data required for the standards. It is an
advantage for the sponsored schools and school districts who
can trust that the food items available for the creation of menus
are accurately reflecting the ingredients and are in compliance
with the food programs. It is also a critical component for the
food programs’ administrators in federal and state government
departments, who can rely on almost real-time information on
the type, availability, and nutrient content of food offered to
sponsored schools.

Opportunities at the Junctures of the
Boundaries
With a view to connect varied forms of knowledge, resources,
and ambitions, the knowledge uncovered in this study points to
opportunities available to enable sustainability transitions when
food suppliers, school food authorities and the private sector
collaborate. Food suppliers originate from across the U.S. and
provide either raw ingredients or processed foods and drinks.
Capturing data about the provenance of the food and ingredients
(Table 1) could offer local farmers and food producers a unique
value proposition where local and state schools prefer local food
producers. The “Californian information” is such an example,
allowing Californian schools to select produce that is grown and
prepared in California.

The original intent of the project included the view that
Rayfood Solutions could offer a set of tools which would cover
the gap between supply and demand (Section Understanding
the Context). With a few additions to the current processes and
systems, automated data extraction could provide options for
the rapid detection of surpluses available in the local area that
schools could access at a reduced price. This would support
efforts to reduce food waste at the production stage, which
is a promising strategy for enhancing the sustainability of
food systems (Vågsholm et al., 2020). Similarly, where efforts
to increase government departments’ sustainable procurement
practices exist (as in California in this study), access to the
data would provide a selection of preferred content, i.e., fresh,
locally-produced, vegetables and fruit, direct from the farm.
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FIGURE 6 | System perspective of case study governance boundaries including structure, functions and processes.

As we have seen earlier, school food authorities (SFA) tend to
standardize the food they order to avoid misreporting new food
items and jeopardizing the receipt of USDA subsidies (Section
Introduction). Automation can help standardize and simplify the
way SFA report on compliance rather than standardize the food
they offer. This, in turn, could provide agility in the way food
menus are created and support a greater diversity in the food
accessible to sponsored schools and families. Additionally, the
ability to create a localized, biodiverse food supply chain would
create systems which are much more resilient to shocks and
stresses (Oostindie et al., 2016, p. 43).

Opportunities Outside the Boundaries
In this case study, nutrition data (and the decision-making
power they offer) is facilitated through the automation of data
extraction, the standardization of data reporting, the ability to
filter across complex data fields, and newly created relationships
within the boundaries of the shared processes, systems, and
rules. Looking outside the boundaries of the case study, we
consider what the project enables for sustainability among the
food program administrators, families and sponsored kids, and
government authorities.

The impact of Rayfood and LPB’s project was mainly felt
by the school food authorities, who are now able to use

a portal to simply drag and drop different elements of the
menu, and instantly know what is nutritionally missing. They
now also have access to recommendations about what other
ingredients and items they need to include in their menu to
comply with the latest standards for child nutrition. School food
authorities are often reluctant to change their menus because
it puts the subsidies at risk of being canceled or missed if the
new ingredients do not comply with the standards (Ralston
et al., 2008). This has caused a lack of agility in how the
administrators can introduce new products and how they can
take advantage of locally produced food and food surpluses
(Interview 1). Rayfood and LPB’s intervention can overcome
these challenges.

The administration of food programs is often tedious and
time consuming, with little room for error. Many schools still
manage food orders and menu creation using binders containing
the food suppliers’ product specification sheets. As we saw
previously, these are quickly out of date and many do not
follow a standardized format. For administrators, being able
to easily change and manage the menu and instantly report
to relevant departments with compliant data can save hours
and days of reporting every month, resulting in a significant
decrease in administrative costs and efforts. Furthermore, the
agility gained from the ability to adapt amenu quickly could open

Frontiers in Sustainable Food Systems | www.frontiersin.org 12 June 2022 | Volume 6 | Article 743810

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Camaréna AI for Institutional Food Systems

opportunities for procurement strategies which could respond
more quickly to supply crises and adapt to local availabilities.

Most importantly, being able to provide fresh and diverse
menu options to children who often do not have access to
food at home, let alone healthy food, has dramatically beneficial
consequences for child development, education outcomes, and
health (Ashiabi, 2005; Thomas et al., 2019). Furthermore,
children who are repeatedly exposed to varied and new foods are
more willing to accept them (Baidal and Taveras, 2014) therefore
creating a pathway for improving nutrition early in life (Forestell
and Mennella, 2007). It is argued here that over time, data about
the food offered and the food consumed, delivered through the
direct input of school sites could provide insightful information
about the uptake of a program, the children’s response to
local food programs and campaigns (i.e., Farm to School), and
more detailed information about food waste. These insights and
enabling capabilities could deliver systems where children can
select a menu ahead of time and be better engaged in eating
healthy foods; thus avoiding the disappointment of not having
the food they want when they pick up their lunch.

In a post-COVID-19 world, the movement to cater to
customers online and opt for more direct value-chains to
minimize COVID-19 contamination (Worstell, 2020), is
responding to questions about food security when people are in
lockdown, children are not going to school physically (Galanakis,
2020), and dramatically increased demands on food banks
(Foodbank, 2020; Fitzpatrick et al., 2021; Gundersen et al., 2021).
Meanwhile, food that was supposed to be distributed to schools
and institutions is wasted due to vulnerabilities in distribution
systems and extreme concentration of supply chains (Pollan,
2020). Access to rich, localized, and real-time data on food
availability in a given region could support the better distribution
of surpluses, which, in a time of crisis, could also be diverted to
the institutions close to the charities that are catering for families
in food insecure environments.

Challenges
Cognitive, physical, and social boundaries are a central element of
the use of ICT-enabled boundary spanning approaches (Section
Research Approach). In the Rayfood and LPB project, differences
in meanings, knowledge, and language made collaboration
more difficult. Cognitive boundaries were encountered inside
the digitisation officer team when they tried to label food
items but were unsure of how to categorize them (Section
Automated Data Extraction). Cultural differences between the
US (where the project nutrition information and food suppliers
originated from), and New Zealand and Australia (where the
AI implementation team were located), created some level
of miscommunication. Despite speaking the same language,
names for vegetables could be different between countries
(e.g., bell pepper/capsicum, courgette/zucchini, bok choi/Chinese
cabbage), and when the team contained staff from different
cultural backgrounds, these differences were more pronounced.
A positive outcome of the project was that both Australia and
New Zealand have strong labor laws protecting the rights of
workers. This is not the case for a large proportion of machine
learning projects, where the people who are tasked with labeling
data (i.e., ghost workers) are often located in poorer countries

with little or no labor laws (Mohamed et al., 2020), opening the
way for exploitation.

Limitations of the study include the fact the data used to
create an overview of the boundaries is the outcome of a
project focusing on other research questions, and still deserves
specific research in the field. Furthermore, there was only indirect
access to the school food authorities and food service directors
for the research. Research directly involving this important
group could bring relevant and measured information about the
differences the system’s features can make: for example, how it
could accommodate efforts to maintain a balanced budget with
options for healthier food, or, how it could support instructional
leadership to the school communities and the students.

Finally, being aware of the difference between AI for
sustainability and the sustainability of AI, and the implications
of this difference, is an important part of how the design of
solutions should be conducted. Studies of the sustainability of
AI, including life-cycle-based assessments of the equipment used,
the increasingly larger energy consumption of data centers, and
the further impacts of disposal of electronics, are still few and
far between (Jones, 2019; Strubell et al., 2019). More work
needs to be done to provide designers of AI for sustainability
transitions the tools of relevant data to measure the impacts of
what they propose before solutions are implemented, especially
in the context of food systems.

Policy and Practice Implications and
Recommendations
The application of AI-powered tools to food programs, can
extend administrators’ and schools’ abilities (a) to recognize
patterns in meal consumption, (b) to predict surpluses or
recommend preferred supply chains, and (c) to optimize meal
planning and administration. These improved abilities could
support policy objectives aimed at tightening feedback loops
to transition to sustainable food systems. Institutions and
providers of food programs management software could co-
define the critical elements necessary for the systemic adoption
of sustainable procurement methods. Elements include (but are
not limited to) defining the goals of the system (i.e., sustainable
transition of food systems), data necessary for decision-making
(e.g., food provenance, nutritional information, costs), and level
and forms of feedback (e.g., upcoming surpluses for low-cost
options in institutional settings; food waste patterns to school
menu planners).

Food program management systems should include the
possibility of adding or selecting suppliers based on local
settings, thus providing opportunities to create closer
relationships between the nutritional status of communities
and the procurement of healthy food produced using sustainable
practices. Furthermore, the ability to order and redistribute food
in local settings could bring more resilience in the supply chain.

At this relatively early stage in the evolution of AI for food
systems, there is still time for civil servants, businesses, and
charities to be brought together and develop shared problem
definition, joint fact-finding, and vision in codesign activities.
This can help to take advantage of the opportunities that AI
offers, and define what data are needed and how they should
be used. However, with the private sector moving quickly to
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occupy the AI in the food system space, public institutions and
civil society need to get involved to guide the scope of solutions
toward the achievement of societal goals, including enhancing
the sustainability of food systems.

CONCLUSION

AI processes data and learns from it over time, in a manner
that is similar to the human brain. The primary data collected
in this study highlights the intricacies of ensuring that data is in
the right format for its effective processing, and for facilitating
understanding and learning by an AI algorithm. AI-powered
solutions can facilitate the adoption of sustainable practices in
the planning and administration of current school food programs
by providing better decision-making tools and automated access
to sustainable food choices. This can be achieved when the
private sector and public institutions collaborate on solutions
seeking to help responsiveness and agility in meal planning and
administration. Overall, this case study demonstrated that ICT-
enabled solutions can help bridge the gap between participants
in a school food program. Furthermore, the ability to automate
the extraction and verification of data to close to real-time can
support transition to more sustainable food production systems
(especially local ones). The case study also alerts us to the trend
of using AI in food systems in school food programs, which is
driven primarily by commercial interests. While all of the people
involved in the studied project demonstrated a dedication to
operate a system that benefits the children, it is not hard to
imagine that data and information could quickly evolve toward
engines that make personal recommendations based on customer
data. For example, Netflix, Facebook, Google, and Amazon use
recommendation engines to market theirs and their affiliates’
commercial interest in terms of products and services. If this were
to be the case, the manner in which the nutrition data are used
could either benefit a few commercial interests or society at large.
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