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Abstract

Objective: To examine the feasibility of using social media to assess the consumer
nutrition environment by comparing sentiment expressed in Yelp reviews with
information obtained from a direct observation audit instrument for grocery stores.
Design: Trained raters used the Nutrition Environment Measures Survey in Stores
(NEMS-S) in 100 grocery stores from July 2015 to March 2016. Yelp reviews were
available for sixty-nine of these stores and were retrieved in February 2017 using
the Yelp Application Program Interface. A sentiment analysis was conducted to
quantify the perceptions of the consumer nutrition environment in the review text.
Pearson correlation coefficients (p) were used to compare NEMS-S scores with
Yelp review text on food availability, quality, price and shopping experience.
Setting: Detroit, Michigan, USA.

Participants: None.

Results: Yelp reviews contained more comments about food availability and the
overall shopping experience than food price and food quality. Negative sentiment
about food prices in Yelp review text and the number of dollar signs on Yelp were
positively correlated with observed food prices in stores (p=0-413 and 0-462,
respectively). Stores with greater food availability were rated as more expensive
on Yelp. Other aspects of the food store environment (e.g. overall quality and

shopping experience) were captured only in Yelp. Keywords
Conclusions: While Yelp cannot replace in-person audits for collecting detailed Social media
information on the availability, quality and cost of specific food items, Yelp holds Consumer nutrition environment
promise as a cost-effective means to gather information on the overall cost, quality Grocery stores
and experience of food stores, which may be relevant for nutrition outcomes. Audits

A large body of research indicates that the nutrition
environment, including the availability of food stores and
restaurants within a community, and the quality and price
of healthy food choices within these establishments,
influences eating behaviour™”. Food stores that sell
foods and beverages that can be prepared at home are an
important element of the nutrition environment, particu-
larly in the light of evidence that suggests at-home food
preparation is associated with better dietary intake and
more family meals®?.

*Corresponding author: Email pjclarke@umich.edu

Measures of the nutrition environment are necessary for
understanding the factors influencing healthy eating
behaviour'”. Researchers have used geographic-based
measures to capture access to community food sources,
including distance to the nearest supermarket, density of
food stores within a given area and gravity-based mea-
sures that also incorporate travel time and modality™'~'®.
The availability, price and quality of healthy options within
food stores represent the consumer nutrition environment,
which reflects what consumers actually encounter within a
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retail food store'”. However, measurement of the con-

sumer nutrition environment can be challenging because
of the large number of potential factors that are believed to
be related to the purchase of healthy foods (e.g. price,
promotions, placement of items within a store, range of
choices, freshness, visibility of nutritional informa-
tion) ' In-person audits have therefore been con-
sidered the gold standard to fully document what
consumers can actually purchase inside a store®*?".

Direct observational audits, such as the widely used
Nutrition Environment Measures Survey in Stores (NEMS-
91922 provide objective and rigorous assessments of the
consumer nutrition environment >, Trained raters use the
NEMS-S to rate the price and availability of ten food
categories and assess the quality of fresh fruits and vege-
tables in food stores®”. The NEMS-S is one of the few
audit tools with demonstrated reliability and validity and
has been used repeatedly in research on the consumer
nutrition environment22%. However, onsite assessments
with in-person audits are time-intensive and costly, espe-
cially when auditing a large number of stores across a
wide geographic area®?.

The vast amount of web-based information on social
media holds promise as a cost-effective alternative to in-
person audits of the consumer nutrition environment.
Social media, such as Twitter, Facebook and Yelp, are
web-based forms of communication where people share
information and create content®”. A growing body of
research has used geographically referenced social media
to assess multiple aspects of the nutrition environment,
including food-borne illness outbreaks®*?” | the relation-
ship between healthy food-related Twitter posts and
proximity to healthy food stores®®| and to create neigh-
bourhood indicators of healthy food availability*3?.
Researchers have documented associations between the
prevalence of healthy food-related postings on social
media and the socio-economic characteristics of the local
neighbourhood @332 Recent work has also shown a
relationship between food-related social media posts and
county- and state-level health outcomes®>*¥.

However, no research to date has explored the use of
social media for assessing the nutritional content and
offerings inside a community food store. The purpose of
the present study was to examine the feasibility of using
Yelp to assess the consumer nutrition environment. Yelp
(www.yelp.com) is a popular social media site that pro-
vides a platform for consumers to post reviews of local
businesses and services. In 2017, Yelp averaged over 75
million unique users per month®®. User-generated con-
tent includes an overall business rating (1 to 5 stars), cost
rating (1 to 4 dollar signs, representing ‘inexpensive’,
‘moderate’, ‘pricey’ and ‘ultra high-end’, respectively) and
detailed text reviews from users that capture cost, quality
and other aspects of the business experience.

We used Yelp reviews to assess the consumer nutrition
environment for sixty-nine grocery stores in the City of
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Detroit, Michigan, USA. Detroit is a rich focus for this work
since it has experienced dramatic structural and economic
decline since the 1950s, with consequences for the avail-
ability and quality of healthy food sources for local resi-
dents®”. Using sentiment analysis®® we mined the Yelp
review text for indicators of the consumer nutrition
environment, including healthy food availability, price and
quality. We then assessed the degree to which Yelp review
metrics were consistent with NEMS-S scores obtained from
a direct observation audit of these sixty-nine stores.

Methods

We focused on ‘full-line’ grocery stores, following the
Michigan Department of Agriculture & Rural Develop-
ment’s definition as ‘a store selling fresh produce, fresh
meat, fresh bread, and fresh dairy®”. An enumerative list
of 102 full-line grocery stores in Detroit, Michigan was
obtained from Detroit Food Map (http://www.detroit
foodmap.com/), a community-based initiative that asses-
ses the quality of food stores as access points for nutritious
and healthy food options in Metropolitan Detroit. Trained
raters conducted NEMS-S audits at 102 grocery stores from
July 2015 to March 2016. Audits were not completed for
two stores, leaving 100 stores with complete NEMS-S
audits.

A total of sixty-nine of the 100 grocery stores with
complete audit data had records on Yelp. The Yelp
Application Program Interface (Yelp Fusion API; https://
www.yelp.com/fusion) was used in February 2017 to
request the online public information for each of these
sixty-nine grocery stores. Metadata for each store
(including name, address, number of reviews and store
ratings) were retrieved using the Yelp API. Yelp review
text was retrieved by separately downloading and parsing
the review pages for each store.

NEMS-S measures

The NEMS-S scoring system considers the availability,
quality and price of healthy choices within ten food
categories: milk, fruits, vegetables, ground beef, hot dogs,
baked goods, beverages, bread, potato chips and cer-
eal!?3® Separate scores for availability, price and quality
are created and summed to create an overall total score”.
Higher scores indicate greater availability and quality and
lower cost of healthy options.

NEMS-S availability scores are based on the number of
different varieties of fruits and vegetables, as well as the
presence of healthier options within each of the non-
produce food categories (i.e. low-fat/skimmed milk, lean
ground beef, fat-free hot dogs, low-fat baked goods, 100 %
juice or diet soda, wholegrain bread, baked chips and low-
sugar cereal). The total availability score ranges from 0 to
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27 with a higher score indicating a greater availability of
healthier options.

NEMS-S quality scores are assigned for fruits and
vegetables based on the proportion of produce that is
rated either acceptable or unacceptable (score =3 if >75 %
acceptable; score =2 if 50-75% acceptable; score=1 if
<50% acceptable). A total quality score is calculated by
summing the scores for fruits and vegetables (range 0-06).

NEMS-S price scores are based on the relative price of
the healthier option within each non-produce food cate-
gory (e.g. skimmed milk ». whole milk). The scoring sys-
tem assigns negative values if the cost of healthier options
is greater than the cost of comparable regular options'”.

Total NEMS-S scores were calculated by summing the
availability, price and quality scores for five key food
categories (milk, fruits, vegetables, ground beef and
bread). A maximum score of 39 reflects greater availability
of, and relatively cheaper prices for, more healthful or
recommended food choices and quality produce. Because
not all stores had healthier options for sale in all five food
categories, total NEMS-S scores were available for only
fifty-six of the sixty-nine stores.

Food prices (in US dollars) were calculated for the
healthy items in each of six food categories most rele-
vant for nutrition (low-fat milk, fruits, vegetables, lean
ground beef, wholegrain bread and cereal). Because not
all items were available in all stores, only forty-five
stores had data on healthy food prices. An overall total
healthy food price for each store was created by gen-
erating Z-scores to standardize the prices across the
different food categories. The total food price was cal-
culated by summing the Z-scores of each food category
for each store.

Yelp measures
For each store, summary Yelp metrics were calculated for
overall store rating (number of stars out of 5), cost rating
(number of dollar signs out of 4) and total number of
reviews. A sentiment analysis was then conducted with the
Yelp review text to capture the perceptions of the con-
sumer nutrition environment with respect to the dimen-
sions of the NEMS-S (food availability, price, quality).
Sentiment related to the overall shopping experience was
also included to tap other dimensions of the consumer
nutrition environment not assessed by the NEMS-S (e.g.
customer service, cleanliness, spaciousness, crowdedness)
that could be important for food store choices®”.
Sentiment analysis refers to the use of natural language
processing techniques to systematically identify and
quantify information and opinions from web-based textual
information®®*~*2_ We used a food-related subset of the
Linguistic Inquiry and Word Count (LIWC) tool®® t
generate a comprehensive list of 594 keywords, phrases
and adjacency expressions capturing both positive and
negative sentiment about (i) food availability, (i) price,
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(ili) quality and (iv) shopping experience. We first elimi-
nated LIWC keywords that did not correspond to the
NEMS-S categories (e.g. words describing food prepara-
tion: ‘braised’, ‘scalded”). We then manually examined the
review phrases containing frequently used keywords (>10
occurrences) to confirm that they were being used to
describe concepts in the NEMS-S. If needed, keywords
were expanded to better capture sentiment, such as by
adding phrases and adjacency expressions (e.g. ‘not very
fresh’ v. ‘fresh’). Table 1 shows examples of positive and
negative sentiment keywords in each of the four dimen-
sions, along with illustrative examples from the Yelp
review text.

For each dimension, we calculated a positive senti-
ment score and a negative sentiment score based on the
proportion of positive and negative keywords, respec-
tively, in each store’s reviews. To adjust for the number of
reviews per store and the length of each review, we
normalized the sentiment scores using the Okapi BM25
method (a text retrieval algorithm), which scales the total
number of keywords in a store’s review by the total
number of words in the review relative to the average
length of the review across all sixty-nine stores***>.
Weighted proportions were then averaged across all
reviews in each store to capture the average positive and
negative sentiment on food availability, price, quality and
general shopping experience. Net sentiment was
also computed by subtracting the average negative sen-
timent score from the average positive sentiment score
for each dimension. All sentiment scores are expressed in
percentages.

Statistical analyses

Descriptive statistics (means and standard deviations)
were used to summarize the consumer nutrition environ-
ment according to the NEMS-S scores and the Yelp review
metrics. Pearson correlation coefficients (p) were used to
assess the agreement of the sentiment scores from the
Yelp reviews with the NEMS-S availability scores, total
NEMS-S scores and food price Z-scores. All analyses were
conducted using the statistical software package SAS ver-
sion 9.4. Statistical significance of the correlation coeffi-
cients was assessed with an a level of 0-05.

Results

Summary statistics for the consumer nutrition environment
in these sixty-nine grocery stores are presented in Table 2.
NEMS-S availability scores ranged from 8 to 17, with a
mean score of 12-9 out of a possible score of 27, reflecting
a lack of availability of a large range of healthier options
(Table 2). This low availability was also reflected in the
total NEMS-S scores for five key food categories in the
NEMS-S (milk, fruits, vegetables, ground beef, bread),
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Table 1 lllustrative Yelp review text and sentiment keywords for food availability, price, quality and shopping experience from the sample of
sixty-nine full-line Detroit area grocery stores, Michigan, USA, February 2017

Food availability
Examples of positive sentiment text
in Yelp review

Examples of positive sentiment
keywords (n 69)

Examples of negative sentiment text
in Yelp review

Examples of negative sentiment
keywords (n 38)

Food prices
Examples of positive sentiment text
in Yelp review

Examples of positive sentiment
keywords (n 45)

Examples of negative sentiment text
in Yelp review

Examples of negative sentiment
keywords (n 20)

Food quality
Examples of positive sentiment text
in Yelp review

Examples of positive sentiment
keywords (n 32)

Examples of negative sentiment text
in Yelp review

Examples of negative sentiment
keywords (n 89)

Shopping experience
Examples of positive sentiment text
in Yelp review

Examples of positive sentiment
keywords (n 55)

Examples of negative sentiment text
in Yelp review

Examples of negative sentiment
keywords (n 39)

‘They offer a HUGE variety of fresh meat, seafood, cheese and breads.

‘Beautiful, bountiful produce galore (literally saw the biggest tomatoes I've ever seen in my life).

‘Located in the heart of Arab America, this grocery store offers an excellent selection of fruits,
vegetables, meats, and dairy’

‘large assortment’, ‘array’, ‘fresh produce’, ‘low-fat dairy’, ‘lean meats’, ‘whole grain’, ‘nutritious’,
‘variety’, ‘healthy’, ‘heart smart’, ‘good selection’

‘l do find that this particular Meijer is often out of products, which can be annoying and result in
me having to make a trip to another store’

‘It's still disappointing how many holes there are in their inventory (basics like heavy whipping
cream, and brands like Morningstar Farms meat substitutes), and indeed, it's a rare meal
where | can find all the ingredients needed here.

‘They do exist, but the selection isn’t vast like it is in most “American” grocery stores.

‘can’t find’, ‘not much’, ‘oily’, ‘salty’, ‘don’t have’, ‘low on stock’, junky’, ‘carries fewer’, ‘tiny
selection’

‘Amazing prices for very good produce.

‘Food Pride is super big too, it really has everything you are looking for AND it’s super cheap, you
know mama loveeeees her a good deal’

‘The prices of the meat, on sale, are excellent.

‘bargain’, ‘cheap’, ‘deals’, ‘good deal’, ‘great value’, ‘reasonable’, ‘save’, ‘specials’, ‘savings’,
‘save’

‘Meat is expensive, no breaks there either.

‘You can find any grocery item that you need there, though it may be the ridiculously overpriced
organic version that you don’t really want.

‘| totally understand why prices might be higher for a city-based store but some items are
ridiculously overpriced.

‘expensive’, ‘costly’, ‘higher end’, ‘hit to the wallet, ‘isn’t worth’, ‘rip off’, ‘overpriced’

‘I was so impressed with the prices, selection, and quality of the fresh produce.

‘Their produce also all looked delicious and was well priced’

‘| love Super Greenland for the fresh produce and freshly ground meat along with all the other
delicious goodies that can be had here’

‘fresh’, ‘good produce’, ‘quality’, ‘nice looking’, ‘tender’

‘Additionally, there have been numerous times when | have seen fresh produce covered in mould
or simply past ripe’

‘Warning: | bought some of the dried Turkish figs and found a couple of them had little spider
nests inside and another was very sour almost like it was fermenting or just rotten

‘... every time | get home, | look at the packaging and the food is expired.

‘bruised’, ‘curdled’, ‘damaged’, ‘expired’, ‘fatty’, ‘greasy’, ‘mould’, ‘not fresh’, ‘old’, ‘rotten’, ‘smelly’,
‘wilted’

‘What rocks: Decent, fresh food, reasonably priced, presented in a convenient and attractive
setting WITHIN the city of Detroit.

‘I've always had great service here — employees stop & offer help and they always seem happy to
do so’

‘It's very clean, the layout makes sense and it’s pretty easy to find things’

‘amazing customer service’, ‘bright’, ‘clean’, friendly’, ‘nearby’, ‘spacious’, ‘not crowded’

‘The back area is filthy, the bottle room stinks like rotten garbage and the bathroom was a
disgusting mess.

‘Now the stock for everything else is reduced significantly, the aisles are tiny (half the time | have
to leave my cart since | can’t manoeuvre it around in the cramped space), and it’s just such a
bummer to shop at’

‘The store is dirty, staff is rude and groceries are very expensive.

‘crowded’, ‘grungy’, ‘impolite’, ‘messy’, ‘dirty’, ‘rude’, ‘slow’, ‘unclean’, ‘wait’

which considers both availability and price as well as
produce quality. On average, total NEMS-S scores were
18-3 out of a possible score of 39.

Food prices across six food categories (milk, fruits,
vegetables, ground beef, bread, cereal) were captured in

Z-score US dollars (mean=0-5, sp=8-0). Results of
unstandardized price comparisons (not shown in Table 2)
indicated that healthier food options tended to be more
expensive than less healthy options. Over two-thirds of
the stores sold whole-wheat bread, lean ground beef,
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100 % juice and low-fat chips at higher prices than their
less-healthy counterparts.

The mean number of Yelp reviews per store was 20-6
(range 1-172) with half the stores having fewer than five

Table 2 Summary statistics of NEMS-S scores and Yelp review
metrics for the sample of sixty-nine full-line Detroit area grocery
stores, Michigan, USA, July 2015-March 2016 and February 2017

Mean SD
NEMS-S scores
NEMS-S availability score 129 331
Total NEMS-S score 18-3 2:63
Food prices (Z-score US dollars) 05 8:03
Yelp review metrics
Number of reviews 20-6 32.50
Number of stars (out of 5) 33 0-96
Number of dollar signs (out of 4) 1-6 0-58
Yelp review sentiment
Food availability sentiment (%)
Positive 34-4 019
Negative 7-6 012
Net 26 0-19
Food price sentiment (%)
Positive 19-9 0-19
Negative 34 0-06
Net 16- 0-19
Food quality sentiment (%)
Positive 14-8 016
Negative 6-6 0-12
Net 82 0-19
Shopping experience sentiment (%)
Positive 25.9 0-18
Negative 84 012
Net 17-5 019

NEMS-S, Nutrition Environment Measures Survey in Stores.

5

reviews (Table 2). The mean store rating on Yelp was 3-3
stars out of a possible 5 stars. Mean store cost, reflected
through the number of dollar signs in the review, was 1-6,
representing ‘inexpensive’ to ‘moderate’ prices according
to Yelp.

Table 2 presents the average percentage of positive and
negative sentiment words (normalized) in the Yelp review
text across each of the four dimensions (availability, price,
quality, overall shopping experience). In general, reviews
contained more sentiment words about food availability
and the overall shopping experience than about food
price and food quality. In addition, positive sentiment in
the reviews was greater than negative sentiment for each
dimension. For example, the average proportion of posi-
tive sentiment words for food availability was 34-4 % in the
Yelp reviews compared with 7-6 % for negative sentiment.
The net availability sentiment (26-8 %) reflects the dom-
inance of positive words related to food availability over
negative words. Similarly, for the overall shopping
experience, almost 26% of the review text contained
positive words and 84 % contained negative words, for a
net general sentiment of 17-5% on average.

Table 3 presents the Pearson correlation coefficients for
the NEMS-S scores and the Yelp review metrics. (Stratified
analyses were also conducted by the number of Yelp
reviews per store (<5 v. >5 reviews), but there was no
difference in the pattern of results. Therefore, only the
unstratified results are presented in Table 3.) Stores with
higher availability scores on the NEMS-S tended to be
rated as more expensive on Yelp (i.e. more dollar signs;
p=0-444, Table 3). Similarly, higher total NEMS-S scores

Table 3 Pearson correlation coefficients for Yelp metrics and NEMS-S scores for the sample of sixty-nine full-line Detroit area grocery

stores, Michigan, USA, July 2015-March 2016 and February 2017

NEMS-S scores

NEMS-S availability score

Total NEMS-S score Food prices (Z-score US dollars)

Yelp review metrics

Number of reviews 0170
Number of stars (out of 5) —-0-1143
Number of dollar signs (out of 4) 0-444***
Yelp review text sentiment
Food availability sentiment
Positive -0-035
Negative -0-189
Net 0-081
Food price sentiment
Positive -0-092
Negative 0-108
Net -0-120
Food quality sentiment
Positive -0-239*
Negative —0-103
Net -0-137
Shopping experience sentiment
Positive 0-017
Negative 0-253*
Net —0-146

0-447** 0-454*
0-049 0-317*
0-501** 0-462**

-0-062 0-089

-0-190 0-053
0-073 0-058

-0-117 —0-089
0-262 0-413*

~0-194 -0-208

-0-235 -0.028

-0-101 -0-152

—0-127 0-062
0-053 -0-136
0-116 -0-039

-0-026 ~0-100

NEMS-S, Nutrition Environment Measures Survey in Stores.
Correlation was statistically significant: *P<0-05, **P<0-01, ***P <0-001.
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(p=0-501), which incorporate produce quality and rela-
tive food price in addition to availability, also tended to be
rated as more expensive on Yelp. These positive correla-
tions suggest that stores selling a greater variety of heal-
thier food choices with high-quality produce tended to be
rated as more expensive. The number of Yelp dollar signs
was also positively correlated with the actual food prices
in the stores determined through direct observation
(p=0-462) and negative sentiment about food prices in
Yelp review text was positively correlated with higher
food prices (p =0-413, Table 3).

Higher store food prices (Z-score US dollars) were
positively associated with higher store ratings (i.e. number
of stars; p=0-317) and a greater number of reviews posted
for that store (p=0-454, Table 3). Thus, more expensive
stores tended to be those that were rated highly and also
those for which people posted more reviews on Yelp. This
is consistent with the positive association between the
total NEMS-S scores and the number of reviews (p =0-447,
Table 3), suggesting that people post more reviews for
stores that have higher-quality and more healthy foods,
which also tend to be pricier.

A greater availability of healthier food choices (reflected
in higher NEMS-S availability scores) was negatively
associated with positive review sentiment on food quality
(p=—-0-239) and positively associated with more negative
sentiment on the shopping experience (p=0-253,
Table 3). This suggests that the availability score in the
NEMS-S (which is driven by all ten categories of foods,
including chips, soda and hot dogs) may not reflect food
quality in the eyes of the consumer and stores selling these
foods may not provide a quality shopping experience.
There were no statistically significant correlations between
the food quality review sentiment and total NEMS-S scores
(which factor in produce quality only, Table 3).

Discussion

The present study is one of the first to assess the feasibility
of using social media to assess the consumer nutrition
environment. While social media is increasingly used to
assess the nutrition environment with respect to food-
borne illness outbreaks® and state-level health out-
comes'®”, no research has explored the potential of using
social media to assess the nutritional content and offerings
inside food stores. Using sentiment analysis, a method of
computational linguistics and text analysis, we compared
Yelp review text with NEMS-S scores collected through in-
person audits on the availability, price and quality of
healthy food options in sixty-nine grocery stores in Detroit,
Michigan, USA.

We found that grocery stores that were rated as more
expensive on Yelp tended to have higher observed food
prices documented during the in-person audit. A larger
number of dollar signs on a store’s Yelp page was

Y Shen et al.

positively correlated with higher observed food prices for
fruits, vegetables, milk, beef and bread. Similarly, more
negative sentiment expressed about food prices in the
Yelp review text was associated with higher food prices
observed in the in-person audit. Thus, Yelp review text
and overall cost ratings show promise as a reasonable
barometer of the cost of healthy food options actually
observed in local grocery stores.

We found no correlation between NEMS-S availability
scores and Yelp review text sentiment about food avail-
ability. Nor did we find any correlation between total
NEMS-S scores and Yelp review text sentiment on food
price, food quality or food availability (all of which factor
into the total NEMS-S score). Thus, Yelp reviews do not
appear to be capturing the availability and quality of
healthy food choices within stores, as reflected in the
NEMS-S scoring system. However, we did find that stores
reviewed as more costly on Yelp (reflected through
negative price sentiment and a greater number of dollar
signs) were more likely to have higher NEMS-S availability
scores and higher total NEMS-S scores. This is consistent
with other research demonstrating the cost burden of
purchasing healthy food“"” and suggests that grocery
stores with a greater availability of quality, healthy food
choices also tended to be rated on social media as more
expensive overall.

We also showed that Yelp reviews can be used to
capture additional metrics about the consumer nutrition
environment that are not included in the NEMS-S,
including general store appearance, cleanliness and ser-
vice, which have been shown to be important for con-
sumer food store choices®”%”. While the NEMS-S assesses
the quality of fruits and vegetables only, Yelp reviews
contained information about the quality of other food
categories (e.g. the quality of meat)®*™® and on the
overall shopping experience.

Yelp reviews contained more positive sentiment than
negative sentiment, suggesting that more positive reviews
are posted about grocery stores than negative reviews.
Stores with more Yelp reviews and higher store ratings (as
reflected by the number of stars on Yelp) also tended to
have more expensive food prices observed in the store.
Thus, online users may be more inclined to review more
high-quality and expensive grocery stores. Alternatively, if
these higher quality stores are located in more socio-
economically affluent neighbourhoods, then a greater
number of reviews could reflect the tendency of residents
in these neighbourhoods to post more reviews on social
media. In supplemental analyses (not shown) we found
that grocery stores located in more affluent neighbour-
hoods (captured through census tract indicators of higher
education, higher household income and more residents
with professional occupations) had significantly more
Yelp reviews. Conversely, those stores located in more
socio-economically disadvantaged neighbourhoods (cap-

tured through census tract indicators of poverty,
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unemployment and more residents on public assistance
income) had significantly fewer reviews, consistent with
the concept of the ‘digital divide*”. Differences in both
computer literacy and Internet access across these types of
neighbourhoods may drive the number of online reviews
about the consumer nutrition environment%>".

Limitations

Yelp reviews were not available for all 100 grocery stores
in our sample. The thirty-one stores without reviews were
significantly more likely to be in socio-economically dis-
advantaged census tracts and in areas with low broadband
adoption®?, suggesting that social media may be useful
for assessing the consumer nutrition environment only in
less disadvantaged areas. Further research in communities
other than Detroit is needed to determine the extent to
which social media is selectively used across communities
with different characteristics. Although our study was
exploratory, we conducted a large number of statistical
tests. Thus, the statistical significance of the observed
correlations may reflect a statistical anomaly.

Conclusion

Despite these limitations, the present study is the first
attempt to consider whether information gleaned from
social media could be useful for evaluating the consumer
nutrition environment. Researchers today can draw on an
expanding set of data about the nutrition environment,
including social media websites like Yelp, which rely on
user contributions®”. The study suggests that, while Yelp
cannot replace in-person audits for collecting detailed
information on the availability, quality and cost of specific
food items, Yelp does hold promise as a cost-effective
means to gather information on the overall cost and quality
of the consumer nutrition environment. Simple metrics like
the number of dollar signs on Yelp or the overall star rating
may be useful for researchers or practitioners who are
unable to conduct in-person audits in community food
stores due to time or cost reasons. Even for those able to
conduct detailed observational audits, Yelp may serve to
supplement NEMS-S metrics of the consumer nutrition
environment by providing other indicators of store and
food quality relevant for consumer nutrition.
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