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Introduction: Food in vending machines in US colleges contain limited nutritious foods
available for purchase, which could affect the food choices made by students leading to
poor diet quality. Interventions to improve college foodscapes usually follow a top-down
approach and fail to affect dietary behavioral changes ultimately. This research aims to
uncover what students want and ways to achieve change.

Methods: The mixed-methods approach included peer-led qualitative focus group
discussions and a brief quantitative questionnaire on satisfaction from foods available
in vending machines. A convenience sample of 20 students (15 females) was recruited
from a Hispanic serving institution for this study.

Results: Vending machines were perceived as convenient, plentiful, and unhealthy.
Students expressed dissatisfaction with both the variety and nutritional quality of snacks
in vending machines. Suggestions for improvement included more fresh items (fruits and
vegetables) and refrigerated items with higher protein content (low-fat yogurt, hummus,
and peanut butter). To implement these improvements, participants discussed the cost
and feasibility of perishable items. Increasing awareness and partnering strategies were
proposed to mediate potential cost and buy-in obstacles as was elevating the appeal
of healthy vending machines with technological enhancements that draw customers in
and educate.

Conclusion and Implication for Practice: This group of college students was eager
for positive changes in foods sold in vending machines and understand the major
difficulties. The suggested changes may help this and other colleges develop policies
to regulate the foods in vending machines to promote overall health and help prevent
chronic diseases in the future.

Keywords: college students, vending machines, snacks, mixed-methods study, Hispanic serving institutions,
perception

INTRODUCTION

In the United States (US), pre-packaged processed food items have grown in popularity over the
years. Pre-packaged processed foods, also commonly known as snacks, are notoriously low in
nutrient content and high in sugar, sodium, and fats (1-7). Due to their longer shelf life, they have
become a mainstay in vending machines (VM) and other fast-paced food environments (4, 8-10).
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These items are particularly popular in educational institutions in
the US and most snacks sold in VM are of low nutritional value
foods, such as soft drinks, chips, and sweets (4, 8, 9, 11).

Studies among college campuses have shown that unhealthy
on-campus food choices are one of the many environmental
pillars that may increase the probability of weight gain and waist
circumference (12-14), which contribute significantly to chronic
disease risk factors (15). The use of VM on college campuses
has also been shown to influence dietary intake and diet quality
(8) and it has been shown that college students tend to choose
options with a less nutritional value over healthier snacks when
purchasing from VM (16). This is important as during the college
years, young adults make dietary decisions that would likely be
maintained throughout the rest of their lives, influencing their
future health status (17).

VM food purchasing is influenced by environmental cues
(18, 19), social influences, lack of time, physical and financial
accessibility, and convenience (10, 16, 17). Increasing knowledge
on healthful food options usually helps individuals make
healthier choices over a poorer alternative (20, 21). However,
barriers are more powerful than enablers (22), as most VM do
not offer healthy alternatives, impeding students from choosing
healthier options. Therefore, availability and accessibility to
healthy foods, along with information on which foods are
healthier, are the most critical factors that determine students’
daily food options (11, 23).

Gathering preliminary information on food choices and
perceptions on college campuses is paramount to understand
how to implement interventions to improve VM food options.
Intervention studies have attempted to manipulate pricing,
using the traffic light system, providing nutritional information,
increasing availability of healthy items, and other interventions
(24-34), but the results from these studies have not been
consistent in affecting purchasing behaviors. Additionally, there
are very limited studies focusing on students’ attitudes, higher
education institutions, and among Hispanics, a group with a
high risk of chronic conditions (35-39). The student frame
of reference is essential to understand and adapt culturally
appropriate interventions to improve VM food products at
Hispanic serving institutions. Therefore, this research aimed
to discover the student viewpoint of VM and how VM might
be improved. While prior research has explored improving the
VM environment through top-down approaches, the current
study posits that student input is a critical component of
intervention success.

METHODS
Setting

This mixed-methods study focused on the perceptions of college
students on VM food availability and preferences at the main
Florida International University (FIU) campus, a Hispanic
serving institution, and considered their opinions on how to
improve the food choices in these dispensers. Student enrollment

Abbreviations: US, United States; VM, vending machines; FIU, Florida
International University.

at this campus was 58,711 in 2019, of which 67% were Hispanic
(40). Classes are scheduled from 7:00 AM to 10:30 PM, therefore,
some students stay on campus until very late; most dining
locations close between 5:00 and 8:00 PM. In fact, the libraries
are open from 6:00 AM to 10:00 PM and there are several VM
inside the library. In total, our research team has counted over
200 VM throughout the main campus.

This study used the Ecological framework as the framework
to explain some of the higher-level influences of an individuals’
choices and perceptions of VM foods. The ecological framework
helps to explain some of the higher-level influences on dietary
choices (41). The framework consists of macro-level and
physical environments and societal and individual factors.
The macro-level effects are societal norms, industry standards,
marketing, and governmental policies that influence trends
in food supplies and products. The physical environment is
associated with the places where we spend a large portion of
our time such as work, schools, homes, and neighborhoods, and
exert influence through the number and type of convenience
stores, VM, restaurants, and products available in those spaces.
The social factors are family friends and peers. Finally, the
individual elements are knowledge, attitudes, beliefs, practices,
demographic characteristics, preferences, motivation, self-
efficacy, values, skills, and lifestyle. The Ecological framework
was used to guide the creation of the qualitative questionnaire to
ensure it covered all four levels of influence.

This manuscript was prepared following the standard
guidelines for mixed-methods studies (42).

Population Sample

The initial sample was designed to be 20 participants or until the
data gathered from quotes became saturated. College students
were recruited through flyers posted in different places on
campus and by a mass e-mail sent to FIU professors asking them
to share with their students, with pertinent contact information
for interested participants to sign up. Those interested were
provided with the dates, times, and locations of the focus groups,
via email. The inclusion criterion for population selection was
being a registered student 18 years of age or older. The exclusion
factors were professors, visitors, and university staff.

Participants were compensated with a USD 20.00 gift card
after completing the session. Healthy snacks and beverages were
also provided. Data was collected during the Summer and Fall of
2018. The study was approved by the FIU Institutional Review
Board and students provided a written consent and media release
form before participating in the study.

Data Sources and Measurements

Focus Groups

The focus group interview guide was developed based on a
thorough literature review guided by the factors considered in
the ecological framework as described above. It specifically aimed
to understand students’ perceptions of VM and VM content,
identify if students were satisfied with the VM environment,
if they wanted to see improvements, and how they envisioned
that change. The finalized guide was reviewed by two experts.
Recruited students were asked to choose one of three focus
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groups to participate in based on their schedule. Each focus
group was limited to 10 students to allow all students to voice
their opinions. All focus groups were moderated by the same
peer graduate student (CAM) who received intensive training
on how to conduct focus groups. Another graduate student
helped with the logistics of all focus groups, such as providing
copies of the questionnaire, making sure the session was recorded
and providing payment to each participant at the end. These
focus groups were anonymous and audio-recorded and lasted
about 40 min. Students were identified by number and were
asked to verbalize their identification number before voicing
their opinions. Focus group discussions were conducted until
saturation was reached.

Questionnaire

Participants were also asked to complete a brief questionnaire
that included two sections: demographics and food preferences
from VM. For demographics, there were a total of six questions,
such as age, gender, major, educational level, and food preferences
in terms of cultural influence. For food preferences from VM,
there were five questions intended to help triangulate focus
group findings such as open-ended questions about the VM food
products they consumed and their satisfaction with the products
currently offered in VMs; the frequency of VM use, satisfaction
with the selection, satisfaction with the nutrition content of foods
in VM, and reasons for selecting the foods purchased in VM.
These were rated using a 5-point Likert scale. Questions used
in this survey were based on another questionnaire previously
used in other studies to explore VM use and attitudes toward
healthier snack products and price (43). It was adjusted for the
current study to include demographic information, the specific
food culture that they most related to, the frequency with which
they purchased from VM, and their level of satisfaction with the
current food items sold in these dispensers.

Statistical Plan

Quantitative

For descriptive analysis, we used frequencies for categorical
variables (gender, education level, major, food culture, dietary
restrictions or preferences, and satisfaction degree with selection
and nutritional quality of VM foods offered), and median (25th,
75th percentiles) for the continuous variable (age). The data was
entered and analyzed in Microsoft Excel (Microsoft Corporation,
Redmond, WA).

Qualitative

Answers from focus groups were analyzed by transcribing all
the comments reported by participants, verbatim. Open coding
was conducted by one researcher (CAM) in discussion with a
second researcher (CP) using NVIVO software, which aided
in identifying axial codes. Codes were further analyzed by
two independent researchers (CAM, CK) and organized into
themes. The analysis was iterative, and researchers consulted and
compared the data to itself repeatedly to arrive at the themes
generated from it.

Data and software code is available upon request.

TABLE 1 | Demographic characteristics of study participants (n = 20).

Variable N (%) or median (25th, 75th)
Age (years), Median (25th, 75th) 24 (22,27)
Females, % (n) 15 (75)
Degree level, %

Undergraduate 11 (55)
Graduate 8 (40)
Food culture, % (n)

Latin-American/Hispanic/ Caribbean 8 (62)
African American/North American 2 (15)
Mediterranean 1(8)
Asian 0(0)
Vegan/vegetarian 1(8)
RESULTS

A total of 45 showed interest in participating in the study; the first
20 students that were able to accommodate the focus group dates
in their schedules were those that attended and participated. A
total of seven students participated in the first focus group, four
in the second focus group, and nine in the last focus group.

Quantitative
The diverse sample of participants was between 18 and
38 years old seeking an undergraduate (55%) or graduate
degree (45%) in various majors, such as health-related majors
(nursing, public health, and dietetics and nutrition), business,
architecture, languages, social work, sociology, and education.
Table 1 illustrates the demographic characteristics of the sample.
A total of 85% of the participants reported using VMs on
campus. The items frequently purchased by participants were
salty snacks (39%), sweets and candy (45%), and cereal and
granola bars (11%). Fifty-five percent reported being unsatisfied
with the variety and 95% with the nutritional content of VM
food products offered on campus. VM use and satisfaction with
VM content are presented in Table 2. Females reported more
frequent VM use than males with 80% using them at least a
few times per month compared to 40% of males. Dissatisfaction
with VM selection increased with the frequency of VM use
whereas dissatisfaction with the nutritional content of snack
foods remained the same despite the frequency of use.

Qualitative

The focus group discussions revealed three main themes that
represent students’ perceptions of VM and how to improve them.
The themes labeled “VMs are convenient”, “VMs are in need of
improvement”, “improving VM content will be challenging” are
described in depth below and illustrative quotes are presented in
Table 3.

Theme 1: VMs Are Convenient

The major reason students liked VMs was they were located
all over campus, cheaply priced, opened 24 h, and thereby very
convenient. Students expressed that VMs were fast and easy ways
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TABLE 2 | Vending machine purchasing behaviors.

Variable N (%)
Frequency of purchasing in VMs

Every day/most days 2 (10)
At least once weekly 3(15)
Few times per month 9 (45)
Once per month or less 3(15)
Never 3(15)
Food selection in VMs

Not satisfied/somewhat unsatisfied 11 (55)
Neutral 4 (20)
Somewhat satisfied/satisfied 5 (25)
Nutritional value of foods in VMs

Not satisfied/somewhat unsatisfied 19 (95)
Neutral 1(5)
Somewhat satisfied/satisfied 0(0)

to quell their hunger on campus. Due to their class schedules and
other time constraints that they often did not have time to visit
restaurants to consume meals. VM fit into the busy lives of the
students’ and offered a variety of ways to purchase snack foods
throughout campus.

Theme 2: VMs Are in Need of Improvement

Participants revealed their belief that VM required improvements
both in the focus group discussions and in the surveys they
completed. Participants noted that the variety and nutritional
content of VM snacks were lacking and needed improvement.
Many students suggested that VMs contained very unhealthy
products and that they avoided VM because there were no
healthier options. Some of the suggested healthier foods to place
in VM included high protein foods, such as non-fat Greek yogurt
and nuts, fresh fruits, whole grain options, fresh vegetables,
healthy desserts, such as chocolate hummus and fruit sorbets.

Theme 3: Improving VM Content Will Be Challenging

The participants had many ideas for items they would like to
see in VM and expressed a clear understanding that various VM
products have differing shelf lives and potentially costs directly
related to the healthfulness of the product. For example, fresh
fruits and refrigerated items were among the preferred items
but concerns about the cost of refrigerated machines, short shelf
life, and low-profit margins were expressed. There was consensus
among participants that healthy foods need to be well priced
in order to be accessible to the student body and feasible for
the university to make the switch to install healthy VMs. They
discussed how if costs were not offset in some way improving
the content might not be possible. In addition, they noted that
healthier items may not sell as well due to a lack of knowledge
among consumers about the expense of healthier options and
recommended nutrition education to raise awareness on the
importance of consuming healthier foods, including VM snacks.
To increase the acceptability of improving VMs on campus, the
students discussed showing authorities that there is a demand for

healthier foods through a petition or a healthy VM trial run and
collaborating with other organizations, and student groups.

DISCUSSION

The current study attempted to reveal college students’
perceptions about items sold in VM and suggestions for
improving these at a Hispanic serving institution. The most
important points mentioned by participants in this study
were that VM foods are convenient but unhealthy. They
suggested including healthier options such as non-fat yogurt
and nuts, fresh fruits and vegetables, whole grains, and healthy
desserts. When referring to the implementation of these
changes, they were concerned with the cost and suggested
obtaining university funding, ensuring healthy products are
being restocked appropriately, as well as gauging the success of
a healthy VM with a trial run. Creating a health culture was
said to be one of the topics that would create the most change,
considering nutrition education and collaboration with other
organizations on campus as the best approaches.

There are very limited qualitative studies assessing the college
students’ perceptions about items sold in VM, making it more
difficult to compare the results from the present study to others.
One of these studies was conducted among 43 undergraduate
university students from the United Arab Emirates Ali et al.
(17). This study also highlighted the importance of nutrition
education as part of interventions to improve the quality of
snacks purchased from VM has also been highlighted (17). These
students expressed the need to improve the nutritional quality of
snacks sold in these dispensers and recommended using nutrition
education activities such as placing nutrition tips on or beside
the VM and using active learning methods, such as competitions
on nutrition knowledge (17). They also emphasized that students
demanded nutrient-dense food products on campus, similar to
our study. Another qualitative study in 40 high school students in
Canada also reported the most students would like to have more
healthy choices in their VM, although when available, they rarely
purchased them (44). The cost of healthy items was reported as
the largest barrier to purchasing them, similarly to the findings of
the present study. Also, another barrier reported was the limited
variety and unnoticeable placement of the snacks, which is also
similar to the present study. Students also reported that they
prefer healthy choices like fresh fruits, fresh vegetables, milk, and
yogurt in vending machines, similar to our study results. The cost
has also been reported by college students as one of the main
limitations to purchase healthy snacks from VM, as evidenced in
several cross-sectional studies (24, 45).

A few interventions have been implemented to improve the
quality of the snacks offered in VM. A pilot study in a California
university in the US evaluated a program to influence the point
of purchase foods at a convenience store in one of the residence
halls (20). Certain items were identified as healthy and sales of
these healthy items increased after 5 weeks compared to baseline.
Another study in seven US cities evaluated the impact of an
intervention on two goals for the schools: to offer dessert and
snack foods with <200 kcals per single-serving package and to
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TABLE 3 | Selected quotes illustrating themes and subthemes.

Theme Subtheme

Exemplifying quotation

VMs are convenient Accessible

Cheap

VMs need improvement Unhealthy

Lack of Variety

Improving VM will be challenging  Education

Shelf Life and Price

Funding

Consensus building

“They’re basically 24 h, and there’s a lot of them on campus, so they’re easy to access, especially here on
campus really late or really early in the morning.” “There is one in every corner, so it’s easy to get to them and
fast.”

“The fact that you could pay however you want, ApplePay, card, cash, coins, that makes it easy.”

“I also really agree with convenience, like if you just want to eat something quick on the go, but also one of
the best things of the vending machines is that it's cheap. Mostly cause you don’t want to eat something light
in a restaurant or something, you just want to spend a dollar or two dollars at most just to like quickly satisfy
your hunger for just the time being. Until your able to have a meal at your house or something. But yeah, it's
like on-the-go food and it's the best thing.”

“I also think that they’re too unhealthy like there might be... | think I've seen a couple of VM that they’re like,
specifically for healthy foods, they have nuts, they have fruit packets, dried fruit, but you know, generally,
most of them are just like chocolate bars, potato chips, and all that candy, unhealthy stuff.”

“All options are junk food. | wish they would sell healthier options.”

“Not a larger variety available.”
“Selection and quality are low for the price point.”

“I'm pretty sure if we're talking fresh foods in VM they’re gonna have to be changed often and education |
guess in a way because | would pay more at a VM for an apple than | would for chips. So, it’s just
understanding that although we’re gonna get healthier alternatives, there may be a higher cost to the
consumer for that, you know, um, so people kind of understand. Low cost would be great, but | guess if it
means cheaper and unhealthy or a little bit pricey and healthy, I'd go with the pricier and healthier.”

“That also goes back to knowing that this kind of food has this much protein, this much fiber if people don’t
know they’re not going to get that option. They’d rather get something that looks like it’s a lot more food than
getting. Oh, this might be smaller, but it actually has a lot more protein. It goes back to nutrition education.”

“Anything that’s going to be preserved usually is made up of bad ingredients, not nutrient-dense or healthy
ingredients for you, so although they may have healthier options, still it's something that can sit there, have a
long shelf life, and things that have long shelf lives are not really the best option for you, nutritionally.”

“I think that maybe an issue with having healthy VM is probably a lot of the food is highly processed, and it
might be hard to maintain, like the longevity of the food in the VM.”

“We need funding to get started. It all depends on where we get it from, and how we push an initiative to
actually jumpstart this whole thing, so that umm, you know, these vending machines will start to become a
replacement and healthier alternatives.”

“They maybe have to put in a test machine in place” “You can test it out by putting it next to a regular vending
machine. The healthy one next to the regular one and test it that way. What do people want?”

“So | don’t know where we would start, umm, raising funds, student clubs, you know, | think when | see
change at the university it’s been because students have pushed for it, right. So you get the students
together and educate them on why this is important... research studies, putting the data together, when you
show a need for it, | think the university is more likely to become more willing to spend the money, right? It's
always about money. Or a state school, or publicly funded, it's always going to go down to who’s gonna pay
for these things? You know? Who'’s gonna be responsible for that. That, and then, business services | believe
is the department that oversees, um, the VM and all the other types of products on campus so that could be
a good place to start.”

“Classrooms is a good way to go, also. If you talk to the professors, ask them for 5 min. Go to the class and
talk to them, send it around, and see if they’re going to sign the petition. Once you get a petition, maybe you
could put one vending machine in place and go from there. See how it works and once it starts working then
you can generate a profit for, then you could give that to the teacher and if that's what they wanna see then
maybe that’s what you can do. On a wide scale go and get signatures.”

eliminate 100% fruit juice and most sweetened beverages from
VM (46). All intervention schools met their goals for snacks
and beverages in VM, although the study did not evaluate if
these changes resulted in dietary improvements in their students.
Another trial in Canada among four high schools found that
replacing non-healthy snacks with healthier snacks at a ratio of
50:50 led to lower sales and referred that the main barriers to
purchasing the healthier options were price, value, and taste (44).

Nutrition education is key when implementing changes in VM
and several trials have tested different educational strategies to
improve the purchase of healthier items from VM. A trial in

the Netherlands tested three strategies to increase consumption
of healthier snacks, which were implemented in 13 high schools
(47). These strategies were: improving the availability of healthy
snacks in VM, labeling these products, and reducing their price.
They showed that there were proportionally greater sales of
the healthier snacks compared to non-healthy snacks with all
these strategies, without affecting total snacks™ sales. Another
trial on a college campus tested these same strategies separately
for improving healthy snack consumption (28). They found that
when combining a higher availability of healthy options with
promotional signs, sales of healthy items increased, while price
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reductions alone did not affect them. Similar, another study
in a US college campus in Utah used labeling of healthy and
unhealthy items from VM with a color-coded system (green for
healthy, yellow for moderately healthy, and red for less leady
items) and found that purchase of green items increased while
red and yellow-coded items decreased (25).

Institutions should start with the initiative of offering more
nutritious foods to their student body to improve health and
wellbeing, but this type of initiative should include an institution-
wide policy change. To our knowledge, only one university
has implemented a policy to improve snacks sold in VM.
The Ohio State University in the US implemented a policy
in 2008 in which VM should be stocked with the following
proportion of types of snacks: 28.5% of green (healthiest),
43% of yellow (less healthy), and 28.5% of red (non-healthy)
items (16). However, evaluation of this policy through the
sales of snacks in eight VM showed that it was highest for
less healthy options (59%), and similar to the present study,
the selection of these snacks was based on hunger (42%) and
convenience (41%). At the worksite, the state of Delaware in
the US implemented a policy among three state agencies to
stock at least 75% of items in VM with healthy options (48).
Although it took 7-19 weeks to implement the policy, total
sales of snack items did not decrease, with some even increasing
in sales.

Among the strengths of the study were the open peer-
led discussion and the ease of participants in sharing their
perceptions among a diverse group of students. Most had
experienced purchasing foods from VM and therefore, had
several recommendations to share. A limitation was the small
sample size and the fact that those who chose to participate might
have been biased toward a healthier lifestyle. Also, race/ethnicity
information was not collected so participant remarks could not
be stratified by this variable.

In conclusion, college students in this Hispanic serving
institution want to see their snack environment improved
and understand the obstacles to that change. They suggested

REFERENCES

1. Ng KW, Sangster ], Priestly J. Assessing the availability, price, nutritional
value, and consumer views about foods and beverages from vending machines
across university campuses in regional New South Wales, Australia. Health
Promot J Austr. (2019) 30:76-82. doi: 10.1002/hpja.34

2. Kirchoff C, Palacios C. Evaluation of snack food environment at a large
Hispanic serving college in south Florida utilizing the nutrition environment
measurement scale for vending machines (NEMS-V). Curr Dev Nutr. (2020)
4:712-712. doi: 10.1093/cdn/nzaa051_009

3. Lawrence S, Boyle M, Craypo L, Samuels S. The food and beverage
vending environment in health care facilities participating in the healthy
eating, active communities program. Pediatrics. (2009) 123 Suppl 5:5287-
92. doi: 10.1542/peds.2008-2780G

4. Byrd-Bredbenner C, Johnson M, Quick VM, Walsh ], Greene GW, Hoerr
S, et al. Sweet and salty. An assessment of the snacks and beverages sold
in vending machines on US post-secondary institution campuses. Appetite.
(2012) 58:1143-51. doi: 10.1016/j.appet.2012.02.055

5. Park H, Papadaki A. Nutritional value of foods sold in vending

machines in a UK University: Formative, cross-sectional research

changes to improve VM quality that will require both a
university-wide policy on snacks and a holistic nutrition
education intervention. The participants’ suggestions for how
to implement the changes reveal an understanding of business,
communication, and consensus-building. Improving the snack
environment at colleges may lead to higher consumption of
healthy snacks which may lead to improving diet quality and this,
in turn, could have long-lasting health benefits.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Florida International University Institutional
Review Board. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

CM and CP designed the research. CM conducted the research.
CM and CK analyzed the data and involved in interpreting the
results and editing the manuscript. CM, CK, and CP wrote the
paper. CP had primary responsibility for the final content. All
authors read and approved the final manuscript.

FUNDING

This study was funded in part by Florida International
University.

ACKNOWLEDGMENTS

We thank the students who participated in the study.

to inform an  environmental intervention.
96:517-25. doi: 10.1016/j.appet.2015.10.022

6. Grech A, Hebden L, Roy R, Allman-Farinelli M. Are products sold in
university vending machines nutritionally poor? A food environment audit.
Nutrition and Dietetics. (2017) 74:185-90. doi: 10.1111/1747-0080.12332

7. Horacek TM, Yildirim ED, Schreiber MM, Byrd-Bredbenner C, Colby S,
White AA, et al. Development and validation of the vending evaluation for
nutrient-density (VEND)ing audit. Int ] Environ Res Public Health. (2019)
16:514. doi: 10.3390/ijerph16030514

8. Rovner AJ, Nansel TR, Wang J, Iannotti R]. Food sold in school vending
machines is associated with overall student dietary intake. ] Adolescent Health.
(2011) 48:13-9. doi: 10.1016/j.jadohealth.2010.08.021

9. Park S, Sappenfield WM, Huang Y, Sherry B, Bensyl DM. The impact of
the availability of school vending machines on eating behavior during lunch:
the youth physical activity and nutrition survey. ] Am Diet Assoc. (2010)
110:1532-6. doi: 10.1016/j.jada.2010.07.003

10. Quintiliani LM, Bishop HL, Greaney ML, Whiteley JA. Factors across home,

work, and school domains influence nutrition and physical activity behaviors
of nontraditional college students. Nutr Res (New York, NY). (2012) 32:757-
63. doi: 10.1016/j.nutres.2012.09.008

Appetite.  (2016)

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742121


https://doi.org/10.1002/hpja.34
https://doi.org/10.1093/cdn/nzaa051_009
https://doi.org/10.1542/peds.2008-2780G
https://doi.org/10.1016/j.appet.2012.02.055
https://doi.org/10.1016/j.appet.2015.10.022
https://doi.org/10.1111/1747-0080.12332
https://doi.org/10.3390/ijerph16030514
https://doi.org/10.1016/j.jadohealth.2010.08.021
https://doi.org/10.1016/j.jada.2010.07.003
https://doi.org/10.1016/j.nutres.2012.09.008
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Mengarelli et al.

Student Perceptions of Vending Machines

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Nelson MC, Story M. Food environments in university dorms.
Am ] Prev. Med. (2009) 36:523-6. doi: 10.1016/j.amepre.2009.
01.030

Sogari G, Velez-Argumedo C, Gomez MI, Mora C. College

students and eating habits: A study using an ecological model for
healthy behavior. Nutrients. (2018) 10:1823. doi: 10.3390/nul01
21823

Amore L, Buchthal OV, Banna JC. Identifying perceived barriers and
enablers of healthy eating in college students in Hawai’i: a qualitative study
using focus groups. BMC Nutrition. (2019) 5:1-11. doi: 10.1186/s40795-019-
0280-0

Woo J, Cheung B, Ho S, Sham ALT. Influence of dietary pattern

on the development of overweight in a Chinese population.
Eur ] Clin Nutr. (2008) 62:480-7. doi: 10.1038/sj.ejcn.16
02702

Mirmiran P, Aghayan M, Bakhshi B, Hosseinpour-Niazi §,
Azizi  F.  Socioeconomic status and lifestyle factors modifies
the association between snack foods intake and incidence of
metabolic syndrome. Nutr J. (2021) 20:70. doi: 10.1186/s12937-021-0
0728-y

Caruso ML, Klein EG, Kaye G. Campus-based snack
food vending  consumption. ]  Nutr  Educ  Behav. (2014)
46:401. doi: 10.1016/j.jneb.2014.02.014

Ali HI, Jarrar AH, Abo-El-Enen M, Al Shamsi M, Al Ashqar
H. Students’ perspectives on promoting healthful food choices
from campus vending machines: a qualitative interview study.
BMC  Public Health. (2015) 15:512. doi: 10.1186/s12889-015-
1859-2

Serrano M, Torres R, Perez CM. Palacios C. Social Environment Factors, Diet
Quality, and Body Weight in 12-Year-Old Children from Four Public Schools
in Puerto Rico. P R Health Sci J. (2014) 33:80-7.

Stockli S, Stampfli AE, Messner C, Brunner TA. An (un)healthy
poster: When environmental cues affect consumers’ food choices at
vending machines. Appetite. (2016) 96:368-74. doi: 10.1016/j.appet.2015.
09.034

Freedman MR, Connors R. Point-of-Purchase Nutrition information
influences food-purchasing behaviors of college students: a pilot
study. ] Am Diet Assoc. (2010) 110:1222-6. doi: 10.1016/j.jada.2010.
05.002

Monteiro AC, Jeremic M, Budden MC. Can We have fries with
that, please? nutrition and physical activities among college students.
Contemporary Issues in Education Res (CIER). (2016) 3:1. doi: 10.19030/cier.v3
i11.241

Greaney ML, Less FD, White AA, Dayton SE, Riebe D, Blissmer B, et al. College
students’ barriers and enablers for healthful weight management: a qualitative
study. J Nutr Educ Behav. (2009) 41:281-6. doi: 10.1016/j.jneb.2008.
04.354

Afshin A, Pefalvo JL, Gobbo L. Del, Silva ], Michaelson M,
O’Flaherty M, et al. The prospective impact of food pricing on
improving dietary consumption: A systematic review and meta-
analysis. PLoS ONE. (2017) 12:e0172277. doi: 10.1371/journal.pone.01
72277

French SA, Jeffery RW, Story M, Hannan P, Snyder MP. A
pricing strategy to promote low-fat snack choices through vending
machines. Am ] Public Health. (1997) 87:849-51. doi: 10.2105/AJPH.8
7.5.849

Brown M V, Flint M, Fuqua J. The effects of a nutrition education
intervention on vending machine sales on a university campus. J
Am  College Health. (2014) 62:512-6. doi: 10.1080/07448481.2014.9

20337

Hoerr SM, Louden VA. Can nutrition information
increase sales of healthful vended snacks? ] School
Health. (1993) 63:386-90. doi: 10.1111/j.1746-1561.1993.tb0
6167.x

Dingman DA, Schulz MR, Wyrick DL, Bibeau DL, Gupta SN. Does
providing nutrition information at vending machines reduce calories per
item sold? ] Public Health Policy. (2015) 36:110-22. doi: 10.1057/jphp.
2014.38

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Hua S V, Kimmel L, Van Emmenes M, Taherian R, Remer G, Millman
A, et al. Health promotion and healthier products increase vending
purchases: a randomized factorial trial. ] Acad Nutr Diet. (2017) 117:1057-
65. doi: 10.1016/j.jand.2016.12.006

Viana ], Leonard SA, Kitay B, Ansel D, Angelis P, Slusser W. Healthier vending
machines in a university setting: Effective and financially sustainable. Appetite.
(2017) 121:263-7. doi: 10.1016/j.appet.2017.11.094

Tsai C, Slater S, Ronto R, Gebel K, Wu JHY. Removal of sugary drinks from
vending machines: an Australian university case study. Aust N Z J Public
Health. (2018) 42:588. doi: 10.1111/1753-6405.12827

Seah SSY, Rebello SA, Tai BC, Tay Z, Finkelstein EA, van Dam RM. Impact
of tax and subsidy framed messages on high- and lower-sugar beverages
sold in vending machines: a randomized crossover trial. Int ] Behavioral
Nutrition and Physical Activity. (2018) 15:76. doi: 10.1186/s12966-018-
0711-3

Rosi A, Zerbini C, Pellegrini N, Scazzina F, Brighenti E Lugli G. How to
improve food choices through vending machines: The importance of healthy
food availability and consumers’ awareness. Food Qual Prefer. (2017) 62:262-
9. doi: 10.1016/j.foodqual.2017.05.008

Lapp JL, Ressler WH, Frith AL. College students, vending machines, and
improving nutritional choices: the effects of adding healthier foods on
perceptions of vending machines. Int ] Food Safety, Nutr Public Health. (2014)
5:16. doi: 10.1504/ijfsnph.2014.063502

Roy R, Liu JY. Do products from healthier vending machines
on a university campus selll | Am College Health. (2020)
1-4. doi: 10.1080/07448481.2020.1846043

Aguilar M, Bhuket T, Torres S, Liu B, Wong R]. Prevalence of the
metabolic syndrome in the United States, 2003-2012. JAMA. (2015) 313:1973-
4. doi: 10.1001/jama.2015.4260

Clark CJ, Alonso A, Spencer RA, Pencina M, Williams K, Everson-Rose SA.
Predicted long-term cardiovascular risk among young adults in the national
longitudinal study of adolescent health. Am ] Public Health. (2014) 104:¢108-
15. doi: 10.2105/AJPH.2014.302148

Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic risks and
severity of obesity in children and young adults. N Engl ] Med. (2015)
373:1307-17. doi: 10.1056/nejmoal502821

Saydah S, Bullard KM, Imperatore G, Geiss L, Gregg EW. Cardiometabolic
risk factors among US adolescents and young adults and risk of early
mortality. Pediatrics. (2013) 131:¢679-86. doi: 10.1542/peds.2012-2583

Qi Q, Strizich G, Hanna DB, Giacinto RE, Castafieda SF, Sotres-Alvarez
D, et al. Comparing measures of overall and central obesity in relation
to cardiometabolic risk factors among US Hispanic/Latino adults. Obesity.
(2015) 23:1920-8. doi: 10.1002/0by.21176

National Center for Education Statistics. College Navigator - Florida

International ~ University. ~ Available online at: https://nces.ed.gov/
collegenavigator/?id=133951#enrolmt (accessed February 23, 2021).

Story M, Kaphingst KM. Robinson-O’Brien R, Glanz K.
Creating  healthy  food and  eating  environments:  policy
and  environmental  approaches. Anmnu  Rev  Public  Health.
(2008) 29:253-72. doi: 10.1146/annurev.publhealth.29.020907.0
90926

Levitt HM, Bamberg M, Creswell JW, Frost DM, Josselson R, Sudrez-
Orozco C. Journal article reporting standards for qualitative primary,
qualitative meta-analytic, and mixed methods research in psychology: The
APA publications and communications board task force report. American
Psychologist. (2018) 73:26-46. doi: 10.1037/amp0000151

Carrad AM, Louie JCY, Milosavljevic M, Kelly B, Flood VM. Consumer
support for healthy food and drink vending machines in public places.
Aust N Z ] Public Health. (2015) 39:355-7. doi: 10.1111/1753-6405.
12386

Callaghan C, Mandich G, He M. Healthier snacks in school
vending machines: a pilot project in four Ontario high schools.
Can ] Diet Pract Res. (2010) 71:186-91. doi: 10.3148/71.4.
2010.186

Glanz K, Basil M, Maibach E, Goldberg ], Snyder D. Why Americans eat
what they do: Taste, nutrition, cost, convenience, and weight control concerns
as influences on food consumption. ] Am Diet Assoc. (1998) 98:1118-
26. doi: 10.1016/50002-8223(98)00260-0

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742121


https://doi.org/10.1016/j.amepre.2009.01.030
https://doi.org/10.3390/nu10121823
https://doi.org/10.1186/s40795-019-0280-0
https://doi.org/10.1038/sj.ejcn.1602702
https://doi.org/10.1186/s12937-021-00728-y
https://doi.org/10.1016/j.jneb.2014.02.014
https://doi.org/10.1186/s12889-015-1859-2
https://doi.org/10.1016/j.appet.2015.09.034
https://doi.org/10.1016/j.jada.2010.05.002
https://doi.org/10.19030/cier.v3i11.241
https://doi.org/10.1016/j.jneb.2008.04.354
https://doi.org/10.1371/journal.pone.0172277
https://doi.org/10.2105/AJPH.87.5.849
https://doi.org/10.1080/07448481.2014.920337
https://doi.org/10.1111/j.1746-1561.1993.tb06167.x
https://doi.org/10.1057/jphp.2014.38
https://doi.org/10.1016/j.jand.2016.12.006
https://doi.org/10.1016/j.appet.2017.11.094
https://doi.org/10.1111/1753-6405.12827
https://doi.org/10.1186/s12966-018-0711-3
https://doi.org/10.1016/j.foodqual.2017.05.008
https://doi.org/10.1504/ijfsnph.2014.063502
https://doi.org/10.1080/07448481.2020.1846043
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.2105/AJPH.2014.302148
https://doi.org/10.1056/nejmoa1502821
https://doi.org/10.1542/peds.2012-2583
https://doi.org/10.1002/oby.21176
https://nces.ed.gov/collegenavigator/?id=133951#enrolmt
https://nces.ed.gov/collegenavigator/?id=133951#enrolmt
https://doi.org/10.1146/annurev.publhealth.29.020907.090926
https://doi.org/10.1037/amp0000151
https://doi.org/10.1111/1753-6405.12386
https://doi.org/10.3148/71.4.2010.186
https://doi.org/10.1016/S0002-8223(98)00260-0
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Mengarelli et al.

Student Perceptions of Vending Machines

46. Hartstein J, Cullen KW, Virus A, Ghormli LE, Volpe SL, Staten MA, et al.
Impact of the HEALTHY study on vending machine offerings in middle
schools. J Child Nutr Manag. (2013) 35:16353.

47. Kocken P, Eeuwiik J, Van Kesteren N, Dusseldorn E, Buiis G, Bassa-Dafesh
Z, et al. Promoting the purchase of low-calorie foods from school vending
machines: a cluster-randomized controlled study. J Sch Health. (2012) 82:115-
22.doi: 10.1111/j.1746-1561.2011.00674.x

48. Lessard L, Poland M, Trotter M. Lessons learned from a healthful vending
pilot program in Delaware state agency buildings, 2011-2012. Prey Chronic
Dis. (2014) 11:E143. doi: 10.5888/pcd11.140188

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Mengarelli, Kirchoff and Palacios. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 742121


https://doi.org/10.1111/j.1746-1561.2011.00674.x
https://doi.org/10.5888/pcd11.140188~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	College Students' Perception of Snacks Sold in Vending Machines in the US: A Mixed-Methods Study
	Introduction
	Methods
	Setting
	Population Sample
	Data Sources and Measurements
	Focus Groups
	Questionnaire

	Statistical Plan
	Quantitative
	Qualitative


	Results
	Quantitative
	Qualitative
	Theme 1: VMs Are Convenient
	Theme 2: VMs Are in Need of Improvement
	Theme 3: Improving VM Content Will Be Challenging


	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


