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Figure 1: Examples of our linear (a) and radial (b) visual nutrition facts label designs based on the bullet graph. Both labels show
the nutritional content of the food ‘Salt & Pepper Hard Cut Genoa Salami’ as well as the range of nutrient levels for all foods in
the ‘Salami’ category (dark blue) and the ‘Sausages & Luncheon Meat’ food group (light blue).
A BSTRACT

1

The large variety of food products available in today’s market is
making it increasingly difficult for the diet-conscious consumer to
select the appropriate foods to maintain a balanced diet. To assist
consumers, we design a visual nutrition facts label that provides the
viewer with a quick overview of a food’s nutritional content while
presenting them with contextual information that compares it with
similar foods. Our core design is based on the bullet graph as it is
capable of displaying the level of a nutrient in a food product along
with the range of nutrient levels in other similar foods thus providing
a context. In our work, we create multiple design variations of
our visual nutrition labels based on the bullet graph and test which
design is the most preferable and effective.

Today, people are increasingly conscientious about maintaining a
balanced diet and staying healthy; thus they are very careful in selecting food products. However, the current market offers consumers
a large number of food products with varying levels of nutrients
that make it difficult for people to make the most suitable choices.
Some of these products are very similar in terms of appearance and
taste but vary greatly in terms of their nutrients, and this can only
be learned by reading the nutrition facts labels, or nutrition label
for short, on the product. In the United States, the Food and Drug
Administration (FDA) regulates the design of the nutrition label and
constantly works on improving its design to improve comprehension. However, the current design is still difficult for a large number
of consumers to understand and make comparisons between food
products [12]. Particularly, people tend to make mistakes when
performing computations and estimating the contribution of a food
product to their daily nutrient requirement. Additionally, people
tend to confuse numbers displayed on labels, for example they inappropriately read the percent daily value information instead of the
actual amount of a nutrient. Our work aims to improve the current
label design with visualizations.
In this work, we design a visual nutrition label to provide the
viewer with an intuitive representation of the nutritional content
of a food product as well as contextual information about how the
product compares with similar food products. Specifically, our label
is designed to indicate the quantity or level of individual nutrients in a
food product while indicating where this quantity is placed within the
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I NTRODUCTION

range of quantities of this nutrient in similar products. For example,
we report the quantity of protein in a chicken breast while also
showing the range of the protein content across all poultry products
as well as meat products. An example is shown in figure 1. This
representation allows a viewer to quickly read the nutrient quantities
as well as see if there exist alternatives with a higher or lower nutrient
content. Additionally, we hypothesize that viewers would be more
accurate at computations using the visual representations. In the
remainder of this paper, we describe our design choices as well as
design variations. We conduct a preliminary study to test the user
preference and performance of our design variations and compare
them to the standard nutrition label.
2

R ELATED W ORK

Organizations such as the FDA regulate the design of the nutrition
label so as to ensure general comprehension. However, studies show
that even in its current form, the nutrition label is still confusing to
a large part of the population primarily due to people misapplying
the serving size, confusion due to extraneous material on the food
label, and incorrect calculations [12]. Nutrition researchers who
have studied how people read the current label [7] suggest that the
current design be improved to engage the users while conveying
numeric information in a simpler manner [11].
Nutrition tools such as MyFitnessPal [2], Fooducate [1], and MyPlate Calorie Counter [3] attempt to solve this issue with mobile apps
that compute the nutrient contents of foods the user inputs. However, the study and use of visualization to communicate information
displayed on the nutrition label is limited. Bayu et al studied the use
of gauges in an augmented reality setting to visualize the nutritional
content of food [4]. Riehmann et al designed and studied glyphbased characters to communicate the nutritional effects of foods to
children [10]. Pratt [9] and Mah et al [8] go further by allowing
users to compare food items. Pratt makes use of scatterplots with a
color-coded background to compare the levels of two nutrients in
multiple foods [9]. Mah et al develop an entirely new visual representation they call a Fingerprint that allows users to compare the
nutritional content of any two foods [8]. While these designs have
shown to be useful, they are unsuitable candidates as a replacement
for the current nutrition label as they deviate substantially from the
current design. In our work, we attempt to maintain the core design
guidelines provided by the FDA while adding a visual element to
the nutrition label.
3

L ABEL D ESIGN

Our goal is to create a visual nutrition label that allows general
consumers to easily read a food’s nutrient levels, see where this food
stands within the range of similar foods, and compare it to other
similar foods. For example, if a person is looking at a package of
cheddar cheese, he or she should be able to quickly retrieve the
nutritional contents of the cheese, see where these nutritional levels
stand within the range of other cheeses as well as compare it to an
alternative, say provolone. Thus, our visual label must provide the
user with the ability to quickly and easily read both exact values as
well as ranges while minimizing the space it occupies. We describe
elements of our label design in the following subsections.
3.1

The Data

In order to provide a context or range of nutrient levels for similar foods, we make use of the U.S. FDA database of food. This
database contains a list of most food products sold in the United
States along with the nutrient levels present in each food. The FDA
also categorizes the foods into broad categories and sub-categories.
For each category and subcategory, we pre-compute the upper bound
and lower bound of all the nutrient levels in a single serving of food
within the category. This creates a range for each nutrient within different food categories and sub-categories. We then use these ranges

while creating the visual label for a single food item by displaying
the range of the nutrient for that food category and subcategory.

Figure 2: The level of a single nutrient, in this case protein of the
food ‘Salt & Pepper Hard Cut Genoa Salami’ shown with our bullet
graph design. The representation also shows the range of protein
content in the ‘Salami Category’ (dark blue) and in the parent food
group ‘Sausages & Luncheon Meats’ (light blue)
3.2 Core Design
We chose to model our label after the bullet graph developed by
Stephen Few [6]. The bullet graph features a single quantitative
measure along with complementary measures to which the featured
measure can be related or compared. In addition, the graph reduces
clutter with its small footprint and also reduces the cognitive load
on the viewer [14]. This is ideal for our application as we want to
enable the consumer to easily determine where a product’s nutrition
levels are situated within the range of nutrition levels of similar
products. Additionally, the bullet graph design is based on bar charts
and has some resemblance to progress bars which we believe would
make it easily understandable to the general public.
For our application to food labels, we make minor modifications
to the original bullet chart. An example applied to a single nutrient
(protein) in a food product is shown in figure 2. Here we show the
level of protein (featured value) for the product ‘Salt & Pepper Hard
Cut Genoa Salami’ that is listed under the ‘Salami’ category which
in turn is under the ‘Sausages and Luncheon Meat’ food group.
The first modification to Few’s original graph is that instead of
using a bar to represent the featured value, we use a black vertical
line marker. We chose this design as viewers may confuse a bar to
be representative of a range instead of a single value. Additionally,
in order to fit multiple bullet graphs into a food label, we need to
use narrow bullet graphs thereby making it difficult to fit three bars
(one for the featured value and two for the ranges) into the graphs.
Second, we limit the extent of the range of values shown by a single
bullet graph to the recommended daily value of the nutrient required
by an average human. Nutrient levels or ranges that exceed the daily
recommended value are indicated with an arrow toward the end of
the graph as shown in the Trans Fat nutrient in figure 1a. This choice
was based on the fact that studies [13] show that it is easier for
users to compare the required daily quantity of a nutrient in terms
of a percentage of the required daily amount rather than the actual
quantity. Our design communicates both, the actual quantity through
the line marker label (here, 18 g) and the percentage based on the
position of the marker within the bar as well as a label at the right
end of the bar (18 g is 36% of the recommended daily protein diet
of 50 g).
We also show two complementary ranges using the light and dark
blue bars, also shown in figure 2. The light blue bar corresponds
to the range of the nutrient values for all products in the same
category of the featured product and the dark blue bar corresponds to
a subcategory. By displaying both ranges, the user is more informed
if she decides to look for an alternative. The ranges would inform
her if she needs to look for an alternative in the same subcategory,
category, or look outside of the category based on her dietary needs.
3.3 Layout
Foods contain multiple nutrients each of which we represent with
a bullet graph. However, there is a limited amount of real estate

levels of nutrients. Here we follow most of the FDA’s font specifications but only relax it marginally when it comes to calories. While
this arrangement can save space as the number of nutrients increase,
we believe it will be harder to read.
3.4

Unit Encoding

In addition to laying out the bullet graphs in different ways, we
also implement different unit encodings. We use the traditional continuous encoding as shown in figure 1 and we used a discretized
encoding shown in figure 3. The continuous encoding represents the
range of the nutrient values as a continuous bar while the discretized
encoding divides the bar into ten individual segments each representing 10% of the range. We expect that the discrete encoding will
help users to easily approximate the quantity of a nutrient in terms
of the percentage of the daily recommend value as well as help users
easily compare products. For example, a viewer reading the protein
content of the salami in figure 3 can quickly see that the level is
marked somewhere near the center of the fourth segment indicating
that this product fulfills 35% of her daily protein requirement. Now
she would have to look for other foods with a protein content of six
and a half segments to complete her daily protein requirement.
4
Figure 3: The linear nutrition label design with the discrete unit
encoding. Here each bullet graph has been divided into 10 discrete
units where each unit represents 10% of the required daily value of
a nutrient.

available for food labels on food packages. Thus, in order to optimize
the space occupied by the visual food label, we consider two layouts
- linear and radial. Examples of the layouts are shown in figure 1.
In the linear layout, the bullet graphs are arranged vertically
from top to bottom as shown in figure 4a and 4b. The nutrients
are arranged from top to bottom in the order specified by the U.S.
FDA. We also follow the font-size specifications provided by the
U.S. FDA. As the FDA specifies that the calorie font-size should
be larger than the other nutrients, we increase the thickness of the
bullet graph for calories proportionally.
In the Radial layout, the bullet graphs are arranged in a radial
fashion as shown in figure 4c and 4d. Again the nutrients are arranged in the order specified by the U.S. FDA. But in this case, the
first item, calorie count, starts at the 90◦ or 12 o’clock position. In
this arrangement, we choose to offset the start of each bullet graph
from the center of the circle so as to avoid confusion for very low
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P ILOT S TUDIES

We conduct a pilot evaluation of our visual nutrition labels with two
studies. First, we test which layout is more preferable. We then test
which unit encoding of the bullet graphs was beneficial. We also
compare the standard text-based label to our design in both studies.
4.1

Linear vs Radial

The performance of reading values and ranges on linear and radial
designs has been well studied by Brehmer et al [5]. Although the
radial designs have shown to have limitations in terms of performance, it is important for us to learn which layout is preferred by
general users as we expect a more preferable layout would be more
engaging. In this study, we compared our linear label design, radial label design as well as the standard nutrition label. We created
two additional labels which were variations of our visual labels;
the variation only changed the location of the labels that indicate
the percent daily required value for the nutrients. We also chose to
remove the color as we did not want users to be engaged by color
when comparing the visual labels to the standard black and white
color. These are shown in figure 4. We recruited 20 participants, 10
males and 10 females, for this study. All participants were students
and were recruited at our university campus. The participants first
received a brief introduction explaining each label design. Next,
they were presented with a random ordering of all five designs and
asked them to rearrange them based on their preference. Participants

(c)

(d)

Figure 4: The label designs used in our preference study. Figures (b) and (d) differ from (a) and (c) respectively in terms of label placement of
the percentage of daily value and the background of the bullet graphs.

Figure 4: This graph shows the results of our preference test. The
result show that the linear design Linear A and Linear B shown
in figure 4a and 4b respectively are more preferred than the radial
designs Radial A and Radial B shown in figure 4c and 4d as well as
the standard nutrition label.

with users performing marginally better (t(8) = -0.58, p >0.05) with
the discretized unit encoding with an accuracy of 95% versus the
92.5% accuracy with the continuous unit encoding. However, the
participants seem to perform better at comparisons of values (t(8) =
2.45, p <0.05) when using the continuous unit encoding versus the
discrete encoding. When it comes to reading and comparing ranges,
we only report results for the visual labels as the standard labels do
not have the capability of reporting ranges. Again the performance
difference between the participants using the continuous and the
discretized unit encoding was marginal, with a difference of only 2%
(t(8) = 0.25, p >0.05) when reading ranges and a difference of only
5% (t(8) = -0.63, p >0.05) when comparing ranges. This indicates
that there is no significant difference in user performance when using
either encoding. However, when we asked users if they preferred
their respective visual designs over the standard label, more users
said that they preferred the linear label with the discretized unit
encoding over the standard label.
Table 1: This table shows results of the effect of unit encoding on
the user performance when reading nutrient levels and ranges.
Measure

eventually submitted a list of labels ranked from most preferred to
the least preferred. Each participant performed one ranking and
the food represented by the label was selected randomly from three
candidates.
The results are shown in figure 4. The chart shows a rank score
for each label type. The score was calculated by assigning a value of
5 if a participant gave a label the highest possible rank and a value
of 1 for the lowest possible rank with intermediate ranks receiving
values decreasing from 5 to 1. Our results show that both the linear
designs received higher rank scores than the standard label with
the label shown in figure 4a receiving the highest score. On the
other hand, both radial designs received lower rank scores than the
standard label. Thus we conclude that the linear design clearly wins
over the standard label in terms of user preference.
4.2 Continuous vs Discrete
Having learned that users prefer the linear design over the radial
design, we decided to test the unit encoding performance only on
the linear design. In this study, we compared the standard food label
to the continuous linear design and the discretized linear design.
For this study, we recruited 15 participants, 9 males and 6 females,
ages 17 to 50. Participants were recruited via social media and had
education levels varying from High School to Ph.D. Each participant
answered questions using one of the three label designs applied to
two randomly selected food products. Participants were asked a
total of 13 questions per food product, divided into the categories:
reading nutritional values (4 questions), reading nutritional ranges
(5 questions), comparing values between two products (2 questions),
and comparing ranges between two products (2 questions). These
questions are replicated from those used in the study designed by
Rothman et al [12] and shown in the supplementary material. Additionally, we asked participants who received the visual labels if they
preferred it over the standard food label. Prior to answering these
questions, participants received a brief introduction explaining each
section of the label and how to read them. Then they were given 6
questions to which the answers were shown to familiarize them with
using the label.
The results are presented in table 1. We tested for significant
differences between the performance of users for each label type and
question type with a two sample t-test. They show that when it comes
to reading and comparing values of the levels of a single nutrient,
participants perform significantly better with our visual labels with
an accuracy increase of greater than 25% over the standard label.
Furthermore, the effect of the discretized unit encoding was minimal

Reading Values
Reading Ranges
Comparing Values
Comparing Ranges
Preference

Standard

Label Type
Continuous

Discrete

62.5%
65.0%
-

92.5%
52.0%
100%
80.0%
60.0%

95.0%
50.0%
85.0%
85.0%
100%

5 D ISCUSSION
We designed a visual nutrition label based on the bullet graph and
conducted pilot tests on two layouts and two unit encodings in these
visual labels. Our pilot study indicates that people have a preference
for the linear layout over the standard text-based label, while the
radial layout was not preferred over the linear or standard nutrition
label. On the other hand, when evaluating the unit encoding, we
did not find any significant differences between the continuous or
linear encodings. However, it should be noted that studies were
preliminary and had a limited number of participants hence future
evaluations may lead to new conclusions. We believe our results
for the layout preference study will hold with an increase in the
number of participants as the radial layout has been shown to be
problematic in multiple studies. But in the case of the unit encoding,
based on our observations of users performing the tasks in the study,
we do expect to see some differences as the number of participants
increase. We believe that participants may find it easier to read
values with the discrete encoding as it breaks down the scale into
10 ten smaller units making it easier for the user to approximate the
level of a nutrient. However, we believe that the discrete encoding
will cause some problems when it comes to reading ranges. This is
because the ranges typically start from a non-zero value and would
start from somewhere within one of the 10 units. It is also likely
that the end of the range ends somewhere within one of the 10 units.
This would make it difficult for users to first compute the starting
and ending points of the range and how many units it spans. Further
comprehensive testing is required to confirm our hypotheses.
6 C ONCLUSION
We introduce a new method for visualizing nutritional information
based on the representation of data in a graphical format, with the
goal of improving readability, ease of use, and understanding of
consumers over the standard label. Our pilot studies show that
our labels have the potential to improve users’ understanding of a
product’s nutritional value relative to other products of its type, and

in improving users’ ability to read nutritional values and compare
those values between products. The use of our design shows the
potential for increasing consumer understanding of the foods they
eat and thus may encourage improvement in their dietary choices.
Further research is needed to assess the effects of implementation on
dietary choices, as well as to expand the user study to include more
participants from a greater range of backgrounds to test whether
the improvement is applicable to a wider range of consumers. Our
labels are also generalizable; our label design can be applied to other
product types as well. For example, they can be used to display the
specifications of cellphones and laptops while showing the range of
specifications across alternate products. In the future, we plan to test
our labels extensively on a wider audience as well as on a product
type other than food.
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