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Objective

Computational model for generating phrases that describe
proportions (e.g., more than a quarter, 25.9 per cent)

I Proportions are a convenient well-defined subproblem

I Common in factual discourse (e.g., newspaper articles)

I Important for generating from data (but neglected)

I Interesting pragmatic issues (precision vs brevity)



Newspaper article

A-level results show record number of A grades
Record numbers of teenagers have received top A-levels grades.
More than a quarter of papers were marked A as results in the
so-called gold standard examination reach a new high.
[. . . ]
According to figures released today by the Joint Council for
Qualifications, 25.9 per cent of A-level papers were awarded an A
grade this summer, compared to 25.3 per cent 12 months earlier
— and just 12 per cent in 1990.
(Daily Telegraph, 14th August 2008)



Proportions

Mathematically, a proportion is the cardinality of a set divided by
the cardinality of a superset. Example:

I SS is the set of A-level papers marked in 2008. Suppose its
cardinality CSS = 1,000,000

I S is the set of A-level papers marked in 2008 and graded A.
Suppose its cardinality CS = 259,344

I The proportion of papers graded A is given by CS/CSS =
259344/1000000 = 0.259344



Question from survey



Answers given by 50 subjects

over a quarter (3), more than 25% (3), 25.9% (3), over
25% (2), just over a quarter (2), about 26% (2), about
25% (2), twentysix percent, over 25 percent, more than
25 percent, only around 26 percent, nearly 26 percent,
nearly 26 %, almost a quarter, more than one quarter,
more than a quarter, more than a 1/4, more than 1/4,
less than a third, just over 25%, around 260, around 25
percent, approximately one fourth, almost all, almost 26
percent, about twenty-six percent, about a quarter,
about a fourth, about 26 per cent, a little over a quarter,
26%, 26 percent, 25.93 percent, 25 percent, 1 out of
every 4, 1 in 4, 260000, 259, 26, 25



Deep and surface form

Actual value = 0.259344

Surface forms
over a quarter
more than a quarter
more than 1/4

Deep forms
> 1/4

about 26%
around 26 per cent
about twenty-six percent

≈ 26/100



Actual and given values

At a semantic level, expressions like ‘more than a quarter’ and
‘about 26 percent’ describe an actual value VA through its
relationship to a given value VG .

more than a quarter

about 26 per cent

0.259 > 1/4

0.259 ≈ 26/100



Input and output of planner

Input: real number between 0.0 and 1.0, representing actual value
VA of a proportion

Output: set of plans for describing the input proportion, each
comprising

I Mathematical form (fraction or percentage)

I Given value VG (approximation of VA)

I Arithmetical relation (one of =,≈, >,<)

Thus for VA = 0.259, the deep plan for ‘more than a quarter’ has
VG = 1/4 with the relationship VA > VG and the mathematical
form fraction
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Favourite numbers

C. Jansen and M. Pollman (2001) On round numbers: pragmatic
aspects of numerical expressions. Journal of Quantitative
Linguistics.

Using various sources of evidence (frequency peaks, currencies,
expressions like ‘35 or 40 people’), they identify a set of favourite
numbers called F (10):

F (10) = {f |f = 10n ∗ K} where K is 1, 2, 1/2 or 1/4,
and n is any integer.

Thus in pounds sterling there are coins for £0.01, 0.02, 0.05, 0.1,
0.2, 0.5, 1.0 and 2.0, as well as notes for £5, 10, 20, 50, 100 . . .

Multiples from 1..20 of favourite numbers are round numbers (e.g.,
35 = 7× 5 where 5 is a favourite and 1 ≤ 7 ≤ 20



Scale systems

M. Krifka (2007) Approximate interpretations of number words: a
case for strategic communication. Cognitive foundations of
interpretation.

Numbers can be approximated by taking points from scales of
different granularity, organised in a system. The coarser the grain
of the scale, the rounder the number.

0---------------------------------60
0---------------30----------------60
0------15-------30-------45-------60
0-5-10-15-20-25-30-35-40-45-50-55-60

If these are scales for measuring time in minutes, it follows that 45
is rounder than 40 (for this scale system)



Scale systems for proportions

Applying these ideas to proportions is straightforward:

I Any scale SN segments the interval from 0.0 to 1.0 into N
equal intervals

I For example, S100 yields 100 intervals and 101 points (0.0,
0.01, 0.02, . . . 1.0)

I We can represent any value along a scale by two values P/N
where P is a point and N is the scale number, for example
25/100

I A scale system can be specified by listing the scales in
descending order of granularity – e.g., [S10, S100, S1000, . . . ]



Mathematical form

The mathematical forms fraction and percentage are not just
alternatives in surface realisation.

At the deep planning level, they represent a choice between two
different scale systems: one simple and non-hierarchical, the other
technical and hierarchical.

By hierarchical, we mean that if scale SA is more coarse-grained
than SB , all values on SA must also be found on SB (e.g., 3/10 =
30/100).

Fraction [S2, S3, S4, . . . ]

Percentage [S10, S20, S100, S200, S1000, . . . ]
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Solution variables

For any input proportion VA, a solution (at the deep planning
level) is expressed by the values of four finite-domain variables:

I System: The scale system with which the given value VG is
expressed (e.g., fraction, percentage)

I Scale: The scale from this scale system with which VG is
expressed (e.g., S10, S20, . . . )

I Point: The point along this scale with which VG is expressed
(e.g., 0, 1, 2, 3, . . . )

I Relation: The relationship between VA and VG through
which the proportion is described (one of =,≈, >,<)

Examples:

more than a quarter {fraction, 4, 1, >}
about 26 percent {percentage, 100, 26, ≈}



Constraint Logic Programming

CLP solves Constraint Satisfaction Problems in Prolog.

A CSP has the following components:

I A set of variables V1..Vn

I For each variable Vi a finite domain Di of possible values

I A set of constraints on the values of the variables

A solution assigns to each variable Vi a specific value from its
domain Di , while respecting all constraints.



Constraints

1. Scale Domain: The scale must belong to the selected scale
system

2. Point Domain: The point chosen as given value must belong
to the selected scale

3. Correct Description: The relation must be adapted to the
given value so that the proportion is described correctly

4. Minimal Distance: For a given relation and scale, the point
selected as given value should be as close as possible to the
actual value of the proportion

5. Extreme Point: If extreme points (equivalent to 0.0 and 1.0)
are used as given values, the relation should not be either ‘>’
or ‘<’



Examples of violations

1. Scale Domain: Choosing the scale S4 when the scale system
is percentage

2. Point Domain: Choosing the point 5 when the scale is S4

3. Correct Description: Choosing the relation < and VG = 1/4
when VA = 0.259 (‘less than a quarter’)

4. Minimal Distance: Choosing the point 27 from the scale
S100 when VA = 0.259 (26 from the same scale is closer)

5. Extreme Point: Choosing the relation < when VA = 0.259
and VG = 10/10 (‘less than 100%’)



Example of output (1)

VA = 0.259

System Point/Scale Relation Realisation
Frac 1/2 ≈ about a half
Frac 1/2 < less than a half
Frac 1/3 ≈ about a third
Frac 1/3 < less than a third
Frac 1/4 ≈ about a quarter
Frac 1/4 > more than a quarter
Frac 2/4 < less than a half
Frac 1/5 ≈ about a fifth
Frac 1/5 > more than a fifth
Frac 2/5 < less than two-fifths



Example of output (2)

VA = 0.259

System Point/Scale Relation Realisation
Perc 2/10 > more than 20 percent
Perc 3/10 ≈ about 30 percent
Perc 3/10 < less than 30 percent
Perc 5/20 ≈ about 25 percent
Perc 5/20 > more than 25 percent
Perc 6/20 < less than 30 percent
Perc 25/100 > more than 25 percent
Perc 26/100 ≈ about 26 percent
Perc 26/100 < less than 26 percent
Perc 51/200 > more than 25.5 percent
Perc 52/200 ≈ about 26 percent
Perc 52/200 < less than 26 percent
Perc 259/1000 = exactly 25.9 percent



Preferences

Solutions can be evaluated using two preferences:

I Roundness: The coarser-grained the scale, the better (e.g.,
S10 is better than S100)

I Accuracy: The smaller the difference between VG and VA,
the better (e.g., for VA = 0.259, VG = 26/100 is better than
VG = 3/10)

To rank the solutions we need to weight these preferences.
However, we can eliminate some solutions simply by assuming that
weights are positive:

I Among solutions that are equally accurate, retain only the
roundest

I Among solutions that are equally round, retain only the most
accurate



Output after applying preferences

VA = 0.259

System Point/Scale Relation Realisation
Perc 259/1000 = exactly 25.9 percent
Perc 26/100 ≈ about 26 percent
Perc 26/100 < less than 26 percent
Frac 1/4 ≈ about a quarter
Frac 1/4 > more than a quarter
Perc 5/20 ≈ about 25 percent
Perc 5/20 > more than 25 percent
Perc 3/10 ≈ about 30 percent
Perc 3/10 < less than 30 percent
Frac 1/3 ≈ about a third
Frac 1/3 < less than a third
Frac 1/2 ≈ about a half
Frac 1/2 < less than a half
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Sources of evidence

The NumGen corpus has 24 descriptions of proportions for which
the actual value VA is known (because mentioned elsewhere in the
texts).

Of these, 21/24 conform to the model.

However, this is not enough data for a convincing evaluation, so an
empirical study was performed.

50 subjects from the SIGDIAL and SIGGEN lists completed a
questionnaire administered over the web.



Instructions

This survey will take about 5 minutes to complete. Its purpose is to
investigate how people choose numerical descriptions. It is not a test
where answers are either right or wrong.
Imagine that you are the subeditor of a newspaper. You have been asked
to complete an article which has some gaps where data were not yet
available to the original author.
You are given the incomplete sentence, and the data which it should
describe. Your task is to choose a suitable expression to complete the
sentence, leaving the rest of the wording unchanged (even if you disagree
with it).

The data are fictional, but assume they are correct. We are interested in

your choice of numerical expression, not in the validity of the data.



Types of question



Design of experiment

N Actual Relation Given
1 0.712 ≈ ?%
2 0.437 > ?%
3 0.625 ≈ ?%
4 0.336 < ?%
5 0.475 ≈ ?%
6 0.561 < ?%
7 0.286 ≈ ?%
8 0.619 > ?%

9 0.983 ? 100%
10 0.028 ? 0%
11 0.962 ? 100%
12 0.021 ? 0%

13 0.259344 ? ?



Results for questions 1-8

Q R Actual Responses (Frequencies)
1 ≈ 0.712 70(33), 71(8), 71.2(5), 75(1), 20(1), 15(1), 2(1)
2 > 0.437 40(26), 43(21), 30(2), 45(1)
3 ≈ 0.625 60(19), 62(17), 63(10), 62.5(2), 30(1), 20(1)
4 < 0.336 35(30), 34(17), 50(1), 40(1), 1(1)
5 ≈ 0.475 50(17), 48(12), 47(12), 45(5), 47.5(2), 46(1), 25(1)
6 < 0.561 60(27), 57(17), 56(3), 55(2), 30(1)
7 ≈ 0.286 30(28), 29(15), 28(4), 25(1), 28.6(1), 1(1)
8 > 0.619 60(38), 61(9), 62(2), 50(1)



Results for questions 9-12

Q Actual Given Responses (Frequencies)
9 0.983 100% almost(43), around(6), less than(1)

10 0.028 0% almost(31), around(13), more than(6)
11 0.962 100% almost(45) around(3), less than(2)
12 0.021 0% almost(38), around(8), more than(4)



Overall performance

Coverage
For questions 1-8, 367/400 responses conformed to the model
(92%)

Quality
Of the 27 solutions predicted by the model (summing over
questions), 23 were produced by at least one subject.

The high coverage of the model is therefore not obtained by
generating a vast number of solutions most of which are never
found in practice.



Constraints and preferences

Minimal distance
367/400 responses (92%) conformed to minimal distance
constraint
Examples of exceptions:
‘about 28 percent’ expressing VA = 0.286
‘about 20 percent’ expressing VA = 0.712 (bizarre)

Extreme point
187/200 responses (94%) conformed to extreme point constraint

Evidence for the roundness and accuracy preferences was also
found (e.g., 36/41 responses favoured the rounder of two
equidistant given values)



Evidence for scale systems

The model claims that the mathematical forms fraction and
percentage correspond to different scale systems:

[S2, S3, S4, S5] for fractions
[S10, S20, S100, S200, S1000, . . . ] for percentages

To test this from the NumGen corpus:

I Express each proportion value in the corpus as a ratio N/D of
two integers (e.g., 7.5% would be 75/1000)

I Reduce this ratio to minimal terms (3/40)

I Count the frequencies of all denominators, separately for
fractions and percentages (for 7.5%, add one to frequency of
denominator 40)



Denominators for fractions and percentages

Frequencies
Denominator Fractions Percentages

1 0 13
2 33 16
3 29 0
4 18 11
5 0 12

10 0 24
14 2 0
20 0 13
25 0 35
40 0 4
50 0 21

100 0 54
125 0 3
200 0 18
250 0 25
400 0 1
500 0 21

1000 0 70
5000 0 1
Total 82 324



Survey evidence on scales

Although the survey did not specifically address scales, it provided
some indications on the percentage scale system:

I Strong support for S10 (10%, 20%, etc.), with 197/400
(nearly 50%) of responses from this scale

I Common use of S20, e.g. for the question with VA = 0.336
where 30/50 subjects chose ‘less than 35 percent’

I Little support for S25, e.g. no preference for 48% over 47%
with VA = 0.475 (12 responses each)

I No support for S200, e.g. no subjects chose ‘less than 56.5
percent’ for VA = 0.561
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Summary of claims

1. Fractions and percentages have clearly distinct scale systems
([S2, S3, S4], [S10, S20, S100, S1000, . . . ])

2. Strong evidence for a Minimal Distance constraint, which
requires speakers/writers to choose (for a specified scale and
relation) the nearest point to the actual value that yields a
true description

3. Strong evidence for an Extreme Point constraint, which
disallows approximations in which the relations ‘>’ or ‘<’ are
used in combination with extreme points of a scale (0% or
100%)

4. Good evidence that potential solutions are ranked by
preferences for roundness (i.e., coarser scales within the
selected system) and accuracy (i.e., smaller disparity between
VG and VA)



Matters arising

I How are preferences among solutions related to contextual
features such as audience, genre, and expectation?

I Do these ideas extend to other numerical quantities such as
time and distance measures (e.g., metric and imperial units as
distinct scale systems)?

I More ambitiously, do they generalise at all to non-numerical
descriptions, such as choices among colour terms, or species
names, or qualitative scales (long-short, fast-slow)?
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