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Figure 1. The Winograd Schema situated in the data-information-knowledge continuum

publication) and APPEARIN(content,publication) enforc-
ing the following: humans, and not papers, author content,
and it is content, and not students, that appear in a publica-
tion. What should be noted at this point is that, once the
relevant information becomes available, resolving the ref-
erence in both levels 1 and 2 is certain: the plausibility of
all, but one referent only, becomes 0. For example, in (5a)
and (6a) we have the following, respectively:

P(he=John) = P(gender(he) = gender(John)) = 1
P(he=Mary) = P(gender(he) = gender(Mary)) =0
.. P(he=John) > P(he=Mary)

P(them=students) = P(AUTHOR(student, book)) > 0
P(them=papers) = P(AUTHOR(paper, book)) = 0
.. P(them=students) > P(them=papers)

To reiterate, the resolution of the reference in levels 1 and
2 is certain - once the relevant information becomes avail-
able, one referent becomes valid while all others will not
even be ‘possible’ candidates. The situation is quite differ-
ent at Level 3, however, as discussed below.

The Pragmatic/Knowledge Level

This is the level at which ‘good” WS sentences are situat-
ed. Sentences at this level are those where the reference in
question can, in theory, be resolved by either of the two
noun phrases, and where the ‘most appropriate’ referent is
usually the one that is more plausible among all the possi-
ble candidates, and where the more plausible referent is
the one that makes the final scenario being described more
compatible with our commonsense understanding of the

world. Care should therefore be exercised in not choosing
WS sentences where the likelihood of both referents are
near equal (these are the cases where the WS is too diffi-
cult), or where the likelihood of one is clearly much higher
than the other (cases where the WS is too easy). Shown in
table 1 below are examples that illustrate WS sentences at

the pragmatic (knowledge) level.

There are several important things to note here: (i) un-
like the situation in Level 1 and Level 2, referents in the
examples of table 1 are both, in theory, and equally, possi-
ble (i.e., P(referentl) > 0 and P(referent2) > 0) although
the plausibility of one is higher than the other - i.e.,

P(referent]) > P(referent2) or P(referent2) > P(referentl)’;

and (if) unlike the situation in levels 1 and 2, the references
in table 1 cannot be resolved by simple attributes (or rela-
tions between attributes) of the lexical items in the sen-
tence data, but requires some background knowledge. For
example, if SHOT(x, y) holds between some x and some y,
then it is more likely for x to try to escape and more likely
for y to try to arrest x. Similarly, if ~LIFT(x, y) is true - that
is, if x cannot lift y, then TOO-HEAVY(y) is more likely than
TOO-HEAVY(x), and if ~FIT(x,y) then TOO-SMALL(y) is more
likely than TOO-SMALL(x), and TOO-BIG(x) is more likely

than TOO-BIG(y), etc.

To summarize, ideal WS sentences are those where both
referents are in theory possible, and where the information
required to resolve the reference cannot be obtained from

* While P(x) is the probability of x, we use P(x) to refer to the plausibility
of x which (for our purposes) is the degree to which x is compatible with
our commonsense view of the world (the exact nature of P in the context

of language understanding is of course an interesting topic on its own).
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A teenager shot a policeman but evewitnesses said
he managed to

a. escape

b. arrest him

SHOT(x, ¥) D P(ESCAPE(x)) > P(ESCAPE()))

A P(ARREST(y, x)) > P(ARREST(x, ')

John could not lift his son becatise he was too
a. heavy
b. weak

~LIFT(x, ¥) D P(TOO-HEAVY(Y)) > P(TOO-HEAVY(Y))

A P(TOO-WEAK(x)) > P(TOO-WEAK()))

The trophy would not fit into the brown suitcase
because it was too

a. big

b. small

~FIT(x, ¥) D P(TOO-SMALL(y)) > P(TOO-SMALL(xX))

A P(TOO-BIG(x)) > P(TOO-BIG()))

The town councilors refused to give the angry
demonstrators a permit because they

a. feared violence

b. advocated violence

ANGRY-DEMONSTRATORS(X) A CITY-COUNCILORS())

O P(FEAR-VIOLENCE(Y)) > P(FEAR-VIOLENCE(X))
A P(ADVOCATE-VIOLENCE(Y)) > P(ADVOCATE -VIOLENCE(x))

Table 1. WS sentences and the plausibility of the two (equally possible) referents.

syntactic data nor from semantic information, but is ob-
tained from background knowledge that, once available
makes one of the possible referents more plausible.

The ‘Missing Text Phenomenon’: is the Wino-
grad Schema just a Special Case?

Having discussed the Winograd Schema (WS) in some
detail, suggesting in the process where good WS sentences
are situated, we would like to suggest here that WS sen-
tences are in fact special cases of a more general phenome-
na in natural language understanding that a good test for
machine intelligence must also consider.

The sentences at Level 3 are good WS sentences specifi-
cally because these are typical examples where the chal-
lenge is to infer the missing text - text that is not explicitly
stated but is assumed as shared commonsense knowledge.
As Levesque (2012), noted:

“You need to have background knowledge that is not ex-
pressed in the words of the sentence to be able to sort out
what is going on ... And it is precisely bringing this back-
ground knowledge to bear that we informally call think-
ing.” (Emphasis added)

We wholeheartedly agree: what we call thinking in the
process of language understanding is precisely that ability
to determine the most plausible scenario among all possi-
ble scenarios, and this is done by having access to infor-
mation that is not explicitly stated in the text but is as-
sumed among a speakers of ordinary language as com-
monsense (background) knowledge. However, this ‘miss-
ing text phenomenon’ (which we will refer to as MTP), of
accessing background knowledge not explicitly stated in
the text, is not specific to reference resolution, but is in fact

445

the common denominator in many other linguistic phe-
nomena. Below we briefly discuss how the MTP is the
source of semantic challenges involving a number of lin-
guistic phenomena other than reference resolution.

MTP and Hidden Events in Relational Nominals
Consider the examples in (7) (Pustejovsky et. al., 1988):

(7) a. John enjoyed [reading] the book
b. John enjoyed [watching] the movie
c. John enjoyed [smoking] the cigarette

While John can, in theory, enjoy writing, publishing, buy-
ing, or selling a book, and enjoy directing, producing, buy-
ing, selling, a movie, etc., a 5-year old would immediately
infer the [missing text] in (7) and precisely because the
most plausible hidden verb is the one that is more con-
sistent with our commonsense understanding of the world:
the most salient relation between people and books is
‘reading’, that between people and movies is ‘watching’,
etc. If such examples were to be part of the WS challenge
then a query posed against such sentences would be “what
did John enjoy about the book” for (7a) and “what did John
enjoy about the movie?” for (7b), where the answers to
choose from could be two or more ‘possible’ answers
(reading/selling/buying, etc.)

MTP and Prepositional Phrase Attachments

Consider the sentence pairs in (8) which are examples of
prepositional phrase (PP) attachments.

(8) [1read a story about evolution in the last ten
a. minutes.
b. million years.




Clearly, the most plausible interpretation of (8a) is ‘7 read
a story about evolution [and finished it] in the last ten
minutes’ while the correct interpretation of (8b) is ‘/ read a
story about evolution [that occurred] in the last ten mil-
lion years’. Again, the ambiguity is due to the ‘missing
text’ that can only be uncovered using background com-
monsense knowledge: (i) evolution does not happen in 10
minutes, but the act of reading a story could; and (i) our
commonsense understanding of the world precludes the
reading of a story to take 10 million years. If such sentenc-
es were to be used in the WS challenge, then a good ques-
tion to (8a) and (8b) would be: what is that took ten
minutes/million years (answers: evolution/reading)?

MTP and Quantifier Scope Ambiguities

In (9) we have an example where we need to resolve what
is referred to in the literature as quantifier scope ambigui-
ties by, again, accessing the relevant commonsense back-
ground knowledge to infer the [missing text] that is not
usually explicitly stated.

(9) John visited a [different] house on every street
in his neighborhood.

Inferring the missing text is what allows us here to reverse
the surface scope ordering and interpret (9) as ‘On every
street in his neighborhood, John visited a house’. If such
questions were to be used in the WS challenge, then a good
question for (9) would be: how many houses does (9) refer
to (and the answers could be 1 and many)

MTP and Metonymy

What is referred to in the literature as metonymy is yet
another example of where humans use commonsense
background knowledge to infer the [missing text], as illus-
trated by the sentences in (10).

(10) a. The omelet wants another beer.
= The [person eating the] omelet wants another beer.
b. The car in front of us is annoying me, pass it please.
= The [person driving the] car in front us is annoying
me, pass it please.

For such sentences to be part of the WS challenge, a ques-
tion such as this can posed for the sentence in (10a): ‘what
is the type of object that wants a beer?” And the alternative
answers would be person/table.

The main point of this section was to illustrate that, be-
sides reference resolution, what we usually call thinking in
language understanding almost always involves discover-
ing a significant amount of missing text that is not explicit-
ly stated but is assumed as shared background knowledge.
The crucial question now is this: is the data-driven ap-
proach to language understanding consistent with MTP?
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Data-Driven Language Understanding?

In this section we suggest that the ‘missing text phenome-
non’ (MTP) places severe limitations on the data-driven
and machine learning approaches to natural language un-
derstanding. The first argument is a technical one, and it is
based on theoretical results where the equivalence between
learnability and compressibility has been established - see,
for example (David et. al., 2016) and the more recent (Ben-
David, et. al. 2019). Essentially, what these results tell us is
that learnability can only occur if the data we are learning
from is compressible (and vice versa). However, and as
argued above at length, much of what we call thinking in
the process of language understanding is about discovering
the ‘missing text’ (the text we leave out), and thus ordinary
spoken language is not compressible as it is already highly
(and optimally!) compressed. And given the equivalence of
learnability and compressibility, thus, ordinary spoken
language cannot be learned. What’s at issue here is this:
while the data-driven machine learning approach is an at-
tempt at generalizing and compressing the data by finding
meaningful patterns, the language understanding problem
is about uncompressing - in fact, it is about expanding and
amplifying, by ‘uncovering’ all the hidden text! It would
seem therefore that the goal of machine learning and that
of language understanding are at odds, to put it mildly!

But despite this (perhaps controversial) argument, the data-
driven/machine learning approach to language understand-
ing can be questioned on other grounds that are more rele-
vant to our discussion of the WS challenge. Consider again
the sentence in (11), discussed above in Table 1.

(11) The trophy would not fit into the brown suitcase
because it was too big/small

The most obvious way to learn how to resolve the refer-
ence in (10) using a purely data-driven/machine learning
approach would be to, essentially, and given a large cor-
pus, find out the following probabilities:

p11 = P(The trophy ... because [the trophy] was too small)
P12 = P(The trophy...because [the suitcase] was too small)
P21 = P(The trophy ... because [the trophy] was too big)
P2 = P(The trophy ... because [the suitcase] was too big)

That is, a machine learning approach to resolving such
references would essentially try to find out which replace-
ment is more probable. This general approach has indeed
been tried by (Trinh and Le, 2018). As pointed out in (Sa-
ba, 2018b), however, such an approach will not scale as the
replacement of the reference ‘it’ by one of the referents and
computing the probability of each replacement against a
large corpus is not enough. For example, the preferred ref-
erent would also change if ‘would not fit” was replaced in
(11) by ‘would fit’, or ‘be-cause’ was changed to ‘alt-



hough’, etc. Moreover, and since data-driven approaches
do not admit an ontological structure where similar objects
are arranged in a type-hierarchy, another set of probabili-
ties would have to be computed for sentences where ‘tro-
phy’ is replaced by ‘laptop’, and where ‘suitcase’ was re-
placed by ‘bag’, etc. Simple calculations would show that a
data-driven approach would need to process millions of
examples, just to learn how references in sentences similar
to (11) are resolved. What seems to be happening here is
that a data-driven approach to language understanding
would need to replace the ‘uncovering’ of the missing data
by a futile attempt at memorizing most of language - some-
thing that is theoretically, not to mention cognitively and
computationally, implausible.

Concluding Remarks

In this paper we suggested where appropriate WS sentenc-
es are situated in the data-information-knowledge continu-
um. In particular, we suggested that ‘good” WS sentences
are those that cannot be answered using syntactic data or
semantic information, but can only be resolved at the
pragmatic level by uncovering the missing text - text that is
never explicitly stated but is assumed as shared back-
ground knowledge. We further suggested that this ‘missing
text phenomenon’ (MTP) is not specific to reference reso-
lution but to most challenges in the semantics of natural
language and suggested further how the WS can be ex-
tended to include such linguistic phenomena. Against the
backdrop of MTP we further argued that this phenomenon
precludes data-driven and machine learning approaches
from providing any real insights into the general problem
of natural language understanding.

Another aspect of this work that could not be discussed
here for lack of space is related to why ignoring MTP is
perhaps the reason logical semantics might have faltered.
To see the relation of MTP to problems in traditional logi-
cal semantics, consider (12a) and (12b).

(12)  a. Julie is an articulate person
= ARTICULATE(Julie) A PERSON(Julie)

b. Julie is articulate = ARTICULATE(Julie)

(12a) and (12b) have different translations into first-order
predicate logic, although the two sentences seem to have
the same semantic and cognitive content. One way to re-
solve this semantic puzzle is to acknowledge the difference
between ontological concepts - that are types in a strongly-
typed ontology, and logical concepts - that are the proper-
ties of and the relations between various ontological types.
As such, the proper translation of (12a) and (12b) would be
to assume that, in the context of being ARTICULATE, PER-
SON(Julie) is true, a priori - in other words, that the proper-
ty ARTICULATE is said of objects that are of type person:
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(13)  (3'Julie :: person)(ARTICULATE(Julie))

That is, there is a unique object named Julie, an object that
must of type person, and such that ARTICULATE is true of
Julie. Embedding ontological types in our semantics in this
manner allows us then to uncover all the missing text, as
for example in (14).

(14) The omelet wants another beer
= (Jo :: omelet)(3b :: beer)
(WANT(0 :: person, b :: entity))

Note now that the ‘hidden text’ can be uncovered by unify-
ing omelet with the expected type of WANT, namely
person. This type unification should ‘pick out’ the most
salient relationship between person and omelet (a kind
of food), resulting in the interpretation “the person EAT-
ING the omelet wants another beer”. Details of this
work, that attempts to rectify a major oversight in logical
semantics, namely how MTP was completely ignored, can
be found in (Saba, 2018a).
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