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ABSTRACT
It can be difficult to understand physical measurements (e.g.,
28 lb, 600 gallons) that appear in news stories, data reports,
and other documents. We develop tools that automatically
re-express unfamiliar measurements using the measurements
of familiar objects. Our work makes three contributions: (1)
we identify effectiveness criteria for objects used in concrete
measurement re-expressions; (2) we operationalize these crite-
ria in a scalable method for mining a large dataset of concrete
familiar objects with their physical dimensions from Amazon
and Wikipedia; and (3) we develop automated concrete re-
expression tools that implement three common re-expression
strategies (adding familiar context, reunitization and propor-
tional analogy) as energy minimization algorithms. Crowd-
sourced evaluations of our tools indicate that people find news
articles with re-expressions more helpful and re-expressions
help them to better estimate new measurements.
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INTRODUCTION
People often encounter measurements of physical properties
(e.g., height, length, weight, volume) in daily life, such as
when reading news stories or data reports, interacting with
visualizations, or buying household products online. Mea-
surements are often difficult for people to understand because
people tend to have limited experience with thinking about
physical measurements explicitly in daily life [32, 35]. Uncom-
monly large (or small) magnitudes (e.g. 4 tons) and unfamiliar
units (e.g. volumetric units like f t3 or m3) can exacerbate
such difficulties. Misunderstanding measurements can lead to
major consequences; for example if news readers cannot grasp
how much California water the average American consumes
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by purchasing fruits grown in the state (300 gallons)1, or how
high storm surge flood waters from a hurricane could rise in
their area (4 ft)2, they may not be compelled to change their
grocery list to help conserve water, or evacuate their home.

Figure 1. A text article with our automated concrete re-expression tools
using two common strategies: adding familiar context (left) and reuniti-
zation (right) to provide more context for the measurements by compar-
ing them to measurements of familiar objects.

One common technique for helping people make sense of a
new measurement is to compare it to the measurement of a fa-
miliar concrete object [25, 23, 24, 28, 29, 37]. Studies indicate
that familiar reference objects are often similar even across
individuals (e.g. when thinking of hand-held objects many
think of a golf or tennis ball) [37, 25, 23, 24]. Various forms
of such concrete re-expressions take advantage of how people
often think of measurements in relation to the measurements
of objects they are familiar with to help them reason about
measurements more accurately:

• Adding familiar context presents a measurement (e.g., 28
lbs) alongside objects with similar measurements (e.g., the
weight of a tool box, the weight of a microwave) (Fig. 1
left).
• Reunitization re-expresses a measurement (e.g., 3 ft) using

a more familiar object as the unit with a multiplicative scale
factor for converting from one to the other (e.g., 2 times the
height of a single bed) (see also Fig. 1 right).
• Proportional analogy re-expresses a pair of measurements

(e.g., the ratio between the volumes of Mercury and Earth)
using two familiar objects that have measurements with the
same ratio (e.g., the ratio between the volume of a sugar
bowl and a watering can) (see also Fig. 2).

1https://goo.gl/f6dc7W
2https://goo.gl/VGu2oa



Re-expressions are widely used in educational settings to intro-
duce students to scales of measurement [25, 28, 29, 37]. For
example, proportional analogies help people develop STEM
literacy by supporting reasoning at multiple scales, which
is common in the sciences [22]. To enhance scienti�c com-
munication, journalists are instructed to craft re-expressions
whenever a measurement might be unfamiliar.3 4.

Figure 2. Our re-expression tool provides aproportional analogythat
compares the unfamiliar measurements in a text article to measurements
of familiar objects.

Unfortunately, the manual effort it currently requires for educa-
tors, journalists, or designers to create effective measurement
re-expressions limits their use in the many settings where mea-
surements appear. Authors must choose one or more familiar
objects (considering factors like how close its measurement
is to the unfamiliar measurement, how much its size varies
across instances, etc.), �nd reliable measurements for the ob-
jects, calculate the conversion, and visualize the re-expression.

Our work contributes tools that make it possible for more
people to bene�t from concrete measurement re-expressions.
Our �rst contribution isa set of effectiveness criteria for
concrete re-expression objects.These criteria formalize at-
tributes like the object's familiarity, concreteness, and count-
ability; the familiarity of the object's measurement; and the
variance in the measurement across object instances. We next
show how these criteria can be operationalized in ascalable
approach to mining object datasets, including Amazon, DB-
Pedia, and Freebase databases. Our approach applies a three-
stage pipeline for constructing a database of familiar objects
and their measurements, using semantic databases (WordNet
and ImageNet), and crowdsourcing techniques, resulting in a
database containing an average of 11.3 instances of 1,192 fa-
miliar objects with four measurements (weight, height, length,
and volume) for each instance. We contribute a set ofauto-
mated concrete re-expression toolsthat implement the three
re-expression strategies (adding familiar context, re-unitization
and proportional analogy) as energy minimization algorithms.

As a proof-of-concept for how measurement re-expressions
can be incorporated in an online reading context, we develop
Web-based applications that analyze text news articles for
measurements and use our automated tools to re-express them
using text and visualizations (Fig. 1). Through user studies
we show that 1) viewers who saw concrete re-expressions in
text articles rated the content as approximately 2� 0.5 points
more helpful for understanding measurements on a 7-point
scale compared to no re-expressions, and that 2) viewers who

3https://goo.gl/aio143
4https://goo.gl/KjsDDV

saw our Adding Familiar Context re-expressions as they esti-
mated unfamiliar measurements were 8� 1.6% more accurate
compared to not seeing re-expressions.

RELATED WORK
Chevalier et al. [12] use an analysis of over 300 examples of
visual re-expressions of measurements found in infographic-
style visualizations to identify common re-expression strate-
gies like reunitization and proportional analogy. Noting that
many semantic and contextual considerations go into select-
ing a re-expression object, they suggest that it is not possible
to develop a general technique for generating re-expressions
automatically [13]. We propose that automatic re-expression
is possible using a database of familiar objects and we show
that the resulting re-expressions are helpful to users.

Closer to our work, Kim et al. [26] developed a method for au-
tomatically generating re-expressions of spatial distances and
areas using a database of landmarks. Their approach employs
an objective function that considers the overall familiarity of
a landmark, the proximity of the user to the landmark (repre-
senting personal familiarity), and the multiplicative factor to
generate reunitizations. We similarly use an objective function
to generate measurement re-expressions, but focus on criteria
and tools to help people understand on other dif�cult to under-
stand physical measurements like weight, height, and volume.
We contribute a scalable pipeline for creating a database of
familiar objects and implementations of two additional strate-
gies: Adding Familiar Context and Proportional Analogy.

Chaganty and Liang [10] automatically produce re-expressions
for measurements that include weight, length, and volume us-
ing natural language generation techniques applied to a small
set of web-scraped statistics. However, their database con-
tains mostly counts of people and money, which they attribute
to their reliance on a news corpus for the measurement data.
Their approach also does not consider the familiarity of the
statistics, resulting in re-expressions that reuse a small set of
potentially unfamiliar measures (e.g., the population of Texas,
the number of Google employees). Our approach is guided
by a set of criteria that we develop to describe the proper-
ties objects should have to serve effectively in measurement
re-expressions, including familiarity.

While not pursuing a fully automated solution, Barrio et al. [3]
present three crowdsourced user studies of re-expressions of
measurements generated by crowdworkers. They �nd that
users who view re-expressions can more accurately recall and
estimate unfamiliar measurements by roughly 10 to 15% com-
pared to users who did not see re-expressions. To evaluate our
automated re-expression algorithms, we adapt their estimation
study design. More recently, Riederer et al [33] studied how
properties of spatial re-expressions impact their effectiveness
for helping users estimate measurements, �nding that long
term bene�ts of re-expressions persisted 6 weeks later.

The lack of a large repository of object measurements has also
motivated researchers to extract numerical attributes of objects
from Web text [19] or text and images [2], including physi-
cal measurements like heights and lengths. The goal of such
work is to develop automated techniques that use inference



Figure 3. Our three-stage database construction pipeline. In stage 1, we identify candidate classes of objects (represented by WordNet concepts called
synsets) that are concrete, countable, rigid and familiar using a combination of WordNet, ImageNet and Amazon Mechanical Turk. In stage 2, we
obtain speci�c instances of the classes of objects (synsets) and their measurements for each synset extracted in stage 1. In stage 3, we use crowdsourcing
to verify that instances are associated correctly with the synset and to obtain object and measure familiarity scores.

based on relative size information to estimate measurements
that are not directly observed. This results in low accuracy
(e.g., 64-73% [19]) overall for inferred absolute measurements.
Higher accuracy (83%) is achieved for relative measurements
(e.g., is an elephant or a butter�y bigger), but this limits ap-
plications [2]. Our primary focus is on collecting accurate
measurement data, since it will be presented to end-users to
help them understand measurements.

In addition to researchers seeking to address the need for
more scalable solutions, several developers have created small
hand-curated object databases with corresponding reunitiza-
tion tools to make it easier for readers of internet documents,
journalists, and educators to access measurement context [14,
15]. However, these solutions are limited in scope (e.g., reuse
the same objects repeatedly or cannot return a re-expression
for some magnitudes), and do not generalize due to their re-
liance on the designer's intuition. Wolfram Alpha (WA) [39]
can also reunitize some input measurements for height, length,
weight, and volume, but the size of the database and methods
for generating re-expressions are not documented. In contrast
we contribute a three-stage pipeline for constructing a large-
scale database of familiar objects and their measurements.
We provide automated implementations of three re-expression
strategies, which we evaluate with several user studies.

CRITERIA FOR EFFECTIVE RE-EXPRESSION OBJECTS
Psychologists, educators and researchers have suggested sev-
eral criteria for an object to serve as an effective candidate
for measurement re-expression [6, 12, 20, 25, 28, 29]. We
distill these suggestions and our observations from analyzing
published re-expression examples into effectiveness criteria:
� Concrete: The object should have a physical form and

measurable properties (e.g. weight, height, volume) so that
it can be used to re-express physical measurements.

� Countable: The quantity of the object should be clear so
that it can be used as a countable unit.

� Rigid: The object should be rigid and resist bending and
folding because such deformations can impact its measure-
ments (e.g., height, volume).

� Object Familiarity: The object should be familiar so that
when it is used for re-expression people can immediately
relate to it from experience.

� Measure Familiarity: The measured property of the object
(e.g. weight, height, volume, etc.), should also be familiar
so that when it is used for re-expression people can relate
to it from experience.

� Low Measure Variance: The measured property of the ob-
ject should not vary greatly between instances of the object
so that people can reliably estimate the measurement.

� Measure Closeness: The measured property of the object
should be close to the unfamiliar input measurement so that
people can mentally convert from the measurement of the
familiar object to the unfamiliar measurement.

� Object Similarity: For proportional analogies, the two ob-
jects should be conceptually similar to one another (e.g.
both are toys, both are furniture, etc.) so that they are easier
to compare.

A necktie, for example, ful�lls all of the re-expression criteria
except rigidity: since the length and volume of a necktie may
vary depending on how it is folded, it is a poor choice for the
re-expression. Pavement is concrete, rigid, and familiar, but is
not countable, and its physical measures (e.g. height, length,
weight) are not well de�ned. Alternatively, a crayon ful�lls
all of the criteria for re-expressing 55 inches except measure
closeness. The resulting re-expression – 55 inches is about
the length of 46 crayons – equates a large number of crayons
with the input measurement, requiring more mental effort to
process the conversion. In contrast, a park bench (40 inches)
and a writing desk (42 inches) are objects that ful�ll all the
criteria and result in effective re-expressions of 55 inches.

DATABASE CONSTRUCTION
We present a three stage pipeline for constructing a database
of objects covering four common measures (weight, height,
length, volume ) at multiple scales (e.g. 0.01 lbs to 1000 lbs)
(depicted in Fig. 3). In stage 1 we identify familiar classes
of objects (e.g., basketball, laptop) using WordNet, ImageNet
and crowdsourcing techniques. In stage 2, we collect instances
of these objects (e.g. Spaulding NBA Street Basketball, Ap-
ple iBook 12.1-Inch Laptop), including their measurements,
from Amazon and two sources of Wikipedia data, DBpedia,
and Freebase. In stage 3 we use crowdsourcing to �lter out
instances that crowdworkers cannot easily verify as examples
of the intended object and to obtain familiarity information for
the objects. Our pipeline is designed to only include objects
that are concrete, countable, rigid and familiar, while obtain-
ing enough information for our automated re-expression tools
to compute measure familiarity,variance and closeness.

Stage 1: Identify Familiar Classes of Objects (Synsets)
Our goal in the �rst stage of the pipeline is to identify objects
that achieve the �rst four effectiveness criteria. We focus on
these four criteria because we can assess them without access
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