
5.1. Experiment 1 – preferences of patient cardinality (picture-based)

This experiment tested typicality preferences with binary predicates in Hebrew us-
ing picture selection in depicted situations that differ in their patient cardinality.

Method 53 participants (39 male and 14 female, average age 24) were given a
form containing 38 questions, of which 32 were test items and 6 fillers. Each test
item covered one binary concept, and was designed to compare the typicality judge-
ments on two instances of this concept. These instances were illustrated in two
drawings, where one agent performs the relevant activity on one patient or on two
patients. Apart from the number of patients the two drawings were as similar as
possible. In addition to these two drawings, each test item contained a sentence,
and the typicality judgement was elicited by introducing to the participants a forced
choice question: which of the two depicted situations better describes the sentence?
In all items, the subject of the sentence was visibly the agent in the drawings, and
the verb corresponding to the binary concept in question appeared without an ob-
ject. For example, for the binary predicate concept HIT, the two drawings in Figure
3 were presented together with sentence (4)

(4) ha-yeled
the-boy

make
hits

“The boy is hitting.”

(a) (b)

Figure 3: hitting with one or two patients

Filler items contained two pictures that differed from one another in respects
other than patient cardinality (e.g location or instrument). In order to cancel out
priming effects, the questionnaire forms had two versions in opposite orders of the
items. In both versions of the questionnaire, if the same predicate served both for a
filler and in a test item, then the test item came before the filler.

Results Different verbs showed different preferences for the cardinality of ob-
jects. Some verbs (such as ‘stab’, ‘shake’ and ‘comb’) showed a clear preference
for a single object, whereas other verbs (e.g. ‘give a speech’ and ‘take a picture’)
showed a preference for multiple objects. Yet other verbs showed no significant
preference, with choices not significantly different from random (‘catch’ or ‘blind’,
for example). Table 1 shows the predicates tested and for each predicate, the per-
centage of participants who preferred the picture depicting one patient over the
picture with two patients.

265



Predicate Translation Preference for
single patient
(percent)

Predicate Translation Preference for
single patient
(percent)

no’em ‘give a speech’ 7.5 medagdeg ‘tickle’ 64.2
mecalem ‘photograph’ 24.5 maSpric ‘spray’ 67.3
mecayer ‘draw’ 26.4 cove’a ‘paint’ 69.2
mexabek ‘hug’ 32.1 soret ‘scrape’ 70.6
mena’ane’a ‘rock / lull’ 38.5 menake ‘clean’ 71.7
medaber ‘talk to’ 41.5 me’aper ‘apply makeup’ 71.7
Sotef ‘wash’ 41.5 noge’a ‘touch’ 73.1
maSmi’a ‘play [sound]’ 42.0 yore ‘shoot’ 73.6
mefasel ‘sculpt’ 43.4 covet ‘pinch’ 74.5
mesanver ‘dazzle’ 50.0 mesarek ‘comb’ 77.4
roxec ‘bathe’ 50.0 menagev ‘towel’ 81.1
tofes ‘catch’ 51.9 macbi’a ‘point at’ 86.5
melatef ‘caress’ 53.8 make ‘hit’ 86.5
martiv ‘wet’ 56.6 mena’er ‘shake’ 86.8
doxef ‘push’ 58.5 doker ‘stab’ 88.2
mesaben ‘soap’ 61.5

Table 1: patient cardinality preference in Experiment 1

5.2. Experiment 2 – preferences of reciprocal interpretations (picture-based)

Experiment 2 tested acceptance of reciprocal interpretations of sentences contain-
ing a subset of the predicates used in Experiment 1. The predicates chosen for this
experiment were the predicates that showed highest or lowest preferences for a sin-
gle patient in Experiment 1, and that most easily allowed graphical representation
of the relevant reciprocal situations.

Method Experiment 2 was set up similarly to Experiment 1. 50 participants (30
male and 20 female, average age 25) were given a form consisting of 49 questions:
26 test items and 23 fillers. Each test item contained two drawings and a reciprocal
sentence with a subject referring to three people. The two pictures were as similar
as possible, each depicting three people acting on each other in a different constel-
lation. As in Experiment 1, the participants were asked to choose which of the two
pictures better describes the sentence. For each verb, the questionnaire included
two test items. In one test item for the verb, one of the pictures depicted six pairs
of activities between the human figures (i.e. every figure acting on each of the two
other figures), and the other picture depicted three pairs (each figure acting on the
figure to its right). In the two pictures of the other test item for the verb, one picture
depicted three pairs identically to the first test item, and the other picture depicted
two pairs of activities, where the agents in the two pairs were two different figures.
The reciprocity judgement was elicited by asking the participants a forced choice
question: which of the two depicted situations better describes the sentence? For
example, for the binary predicate concept COMB, the two test items consisted of
Figure 1(a) compared to Figure 1(b), and of Figure 1(b) compared to Figure 1(c),
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each pair accompanied by the following reciprocal sentence:

(5) danny,
Danny,

gai
Guy

ve’omer
and-Omer

mesarkim
comb

ze-et-ze
each other

“Danny, Guy and Omer are combing each other.”

The filler items presented non-reciprocal sentences and pictures.

Results Table 2 shows the predicates tested and, for each predicate, the percent-
age of participants who preferred the three-pair picture to the six-pair picture, as
well as the percentage preferring the two-pair picture to the three-pair picture.

Predicate Translation Participants’ preferred picture (percent)
3 pairs over 6 2 pairs over 3

mexabek ‘hug’ 10.0 2.0
make ‘hit’ 18.4 4.0
covea ‘paint’ 24.0 0.0
macbi’a ‘point at’ 28.6 0.0
covet ‘pinch’ 34.0 2.0
mena’er ‘shake’ 34.0 2.0
doker ‘stab’ 38.0 6.0
menake ‘clean’ 40.0 2.0
menagev ‘towel’ 40.0 6.1
me’aper ‘apply makeup’ 40.0 6.0
soret ‘scrape’ 42.0 6.0
no’em ‘give a speech’ 42.0 6.0
mesarek ‘comb’ 65.3 6.0

Table 2: reciprocal interpretations preferred in Experiment 2

From these results we see that verbs like ‘comb’, which show a preference
for a single patient, do not require complete configurations for reciprocal sentences
in which they appear. By contrast, all verbs, independently on their preferences for
patient cardinality, strongly prefer configurations with 3 pairs to 2 pairs as situations
supporting reciprocal sentences.

5.3. Experiment 3 – preferences of patient cardinality (text-based)

Similarly to Experiment 1, Experiment 3 tested typicality preferences with binary
predicates in Hebrew using elicited judgements on situations that differ in their pa-
tient cardinality. Unlike Experiment 1, here the situations were verbally described,
and in each test item the participants were asked to choose between a singular object
a plural object in a transitive sentence illustrating the concept in question.

Method 50 (41 male and 9 female, average age 25) participants were given a form
containing 28 questions: 18 test items and 10 fillers. Each test item consisted of an
incomplete transitive sentence in which the object was missing. The incomplete
sentence was accompanied by two possible objects, one singular and one plural.
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Participants were asked to choose which of the two objects completed the sentence
in a way that sounds best to them. In this textual experiment, unlike the graphical
Experiment 1, it was experimentally easier to use verbs for referring to activities in
the past. We hypothesize that the aspect of the activity, especially whether it was
completed (perfective aspect) or not (imperfective aspect), may affect the typicality
of the activity. Eventive predicates like ‘to compliment’ were tested in both the
perfective and the imperfective. Stative verbs like ‘hate’, were only tested in the
perfective aspect. When two test items contained the same verb, at least three other
test items separated between them. Modern Hebrew lacks overt aspectual marking,
and the aspect (perfective/imperfective) of the activity was highlighted using the
tense of the sentence (past/present, respectively) and the use of report verbs with
the imperfective. Sentences (6) and (7) illustrate the test items in the perfective and
imperfective aspect, respectively, for the verb maxmi (‘compliment’).

(6) ba-Sana
in-the-year

Se’avra
that-passed

omer
Omer

hexmi
complimented

. . .

. . .
a.
a.

la-yalda
to-the-girl

b.
b.

la-yeladot
to-the-girls
“Last year Omer complimented . . . a. the girl b. the girls”

(7) Rina
Rina

nixnesa
entered

ve-hivxina
and-noticed

be’omer
in-Omer

maxmi
compliment

. . .

. . .
a.
a.

la-yalda
to-the-girl

b.
b.

la-yeladot
to-the-girls
“Rina entered and noticed Omer complimenting . . . a. the girl b. the girls”

The filler items contained objects that differed from one another in respects other
than patient cardinality (e.g. gender).

Results Table 3 shows for each predicate predicate, in its possible aspects, the
percentage of participants who preferred the singular object to the plural object.

Predicate Translation Preference for singular object (percent)
perfective imperfective

no’em ‘give a speech’ 10.4 14.0
ro’e ‘see’ 25.0 63.3
makSiv ‘listen to’ 42.9 66.7
maxmi ‘compliment’ 62.0 77.1
macbia ‘point at’ 81.3 72.9
soret ‘scrape’ 93.8 95.8
doker ‘stab’ 95.8 86.0
mefake’ax ‘supervise’ 18.0
somex al ‘trust’ 67.3
sone ‘hate’ 77.6
Soxe’ax ‘forget’ 88.0

Table 3: preference for singular objects in Experiment 3
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5.4. Experiment 4 – preferences of reciprocal interpretations (text-based)

Method 103 participants (76 male and 27 female, average age 24) received one
of two forms, which together contained 69 questions.4 Of the 69 questions, 16 were
test items and 53 were fillers. In each test item participants were presented with a
reciprocal sentence containing a subject referring to three people. The participants
were asked whether it is necessary or not to conclude from the given sentence that
one person of those referred to acted on another one (both persons were given by
name). The predicates tested were the same ones as in Experiment 3. As in Experi-
ment 3, each “eventive” predicate was tested once in the perfective aspect and once
in the imperfective, with at least three other test items separating between the two
test items for the predicate. Sentences (8) and (9) illustrate these test items, where
(10) is the question asked.

(8) baSana
in-the-year

Se’avra
that-passed

omer,
Omer,

boaz
Boaz

ve-gai
and-Guy

dakru
stabbed

exad-et-haSeni
one another

“Last year, Omer, Boaz and Guy stabbed one another.”

(9) Rina
Rina

nixnesa
entered

ve-hivxina
and-noticed

be’omer,
in-Omer,

boaz
Boaz

ve-gai
and-Guy

dokrim
stabbing

exad-et-hasheni
one another
“Rina entered the room and noticed Omer, Boaz and Guy stabbing one an-
other.”

(10) ha’im
is-it

nitan
possible

lehasik
deduce

mi-kax
from-this

she-gai
that-Guy

dakar
stabbed

et
ACC

boaz
Boaz

“Can you deduce from this that Guy stabbed Boaz?”

For each test item we collected the percentage of participants who answered nega-
tively. A negative answer indicates that the reciprocal sentence can be interpreted
as true in a situation where not all pairs between the three people appear in the
relation denoted by the verb. We hence classify a negative answer as preference
for a weaker reciprocal interpretation. A positive response to the question indi-
cates a strong reciprocity interpretation, where the denoted relation includes all
pairs between the different elements of the subject. The fillers contained sentences
involving three people in various configurations and a different question about the
situation than the question of the test items.

Results Table 4 shows the predicates tested and for each predicate, the percentage
of participants who preferred the weaker reciprocal interpretation over the strong
one. Due to a typo that was discovered in the questionnaire with the verb no’em
(‘give a speech’), this item was excluded from the analysis.

4Experiment 4 required a larger number of fillers than the other experiments, which made it
necessary to have twice as many participants, and two different forms of the questionnaire.
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Predicate Translation Preference of weaker reciprocal interpretation (percent)
perfective imperfective

ro’e ‘see’ 0 3.9
makSiv ‘listen to’ 6.3 8.2
maxmi ‘compliment’ 12.0 14.3
doker ‘stab’ 16.0 31.3
soret ‘scrape’ 19.2 28.9
macbi’a ‘point at’ 25.0 11.8
somex al ‘trust’ 4.0
Soxe’ax ‘forget’ 4.1
mefake’ax ‘supervise’ 13.7
sone ‘hate’ 19.6

Table 4: preference for weaker reciprocal interpretations in Experiment 4

6. Discussion

Experiments 1 and 3 both test preference of different verbs for different patient
cardinalities. Experiment 1 uses forced choice between pictures illustrating a verb
concept with one or two patients. Such forced choice experiments are standard
when testing other typicality preferences (e.g. Southgate and Meints 2001). Exper-
iment 3 used sentence completion in a task of forced choice between a single patient
and multiple patients. Both experiments show that there is a significant variability
among transitive verbs with respect to patient cardinality. With a p-value of 0.05
and 53 subjects, 20 of the 32 verbs tested in Experiment 1 showed a preference
for patient cardinality that is significantly different than chance: 4 verbs towards
multiple patients and 16 towards a single patient. The other 12 verbs did not show
any significant preference for patient cardinality. This experiment shows clearly
that some verbs like ‘point at’, ‘shake’, ‘hit’ and ‘stab’, have a clear preference for
one patient per agent. By contrast, other verbs – ‘give a speech’, and to a lesser
extent ‘photograph’, ‘draw’ and ‘hug’ – have a preference for situations with two
patients per agent. This is in agreement with common experience, where the for-
mer predicate concepts normally require a physical act directed to one location in
space. By contrast, the latter concepts reasonably do not invoke this requirement.
In the case of the predicate ‘give a speech’, a speech directed to one person is fur-
thermore quite unlikely. Considerable consistency in patient cardinality judgements
was found with the four predicates that were included in both Experiment 1 and Ex-
periment 3: ‘point at’, ‘stab’, ‘scrape’ and ‘give a speech’.5 In both experiments, the
verbs ‘point at’, ‘stab’ and ‘scrape’ all displayed significant preference for a single
patient, whereas ‘give a speech’ displayed a strong preference for two patients.

As said above, the MTH expects correlations between preferences of one
patient per agent in instances of binary predicate concepts, and acceptances of
“weaker” reciprocal interpretations with those concepts. Experiments 2 and 4 test
for acceptability of strong reciprocal interpretations (full graphs) vis à vis weaker

5Striving to test as many different predicates as possible, we only chose four predicates to be
included in both experiments.
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interpretations. Due to the similar experimental settings of Experiments 1 and 2
(picture-based settings) and Experiments 3 and 4 (text-based settings), we expect
the stronger typicality-reciprocity correlations to hold of those pairs of experiments.

Experiment 2 tested preferences for reciprocal interpretations, in pairs of
situations contrasting two kinds of configurations:

(a) Circular configurations (three pairs in the relation) vs. linear path configura-
tions (two pairs in the relation).

(b) Complete configurations (six pairs in the relation) vs. circular configurations.

The results of the (a) test items show for all verbs a clear preference (94-100%)
of reciprocal interpretations for the circular configuration over the path configura-
tion. On their own, these results may be expected by the SMH: although both the
path configurations and the circular configurations are not the maximal situations
possible for the predicates tested, it may be supposed that participants, upon being
forced to choose between them, choose the circular configuration, which is closer
to the maximal configuration. The MTH also expects the preference of the circular
configuration, since there is no reason we know to consider the path configurations
as more typical for these verb concepts than the circular configurations. Thus, the
circular configurations exhibit reciprocity according to the MTH, or at least: they
are closer than the path configurations to a situation that exhibits reciprocity. In the
(b) tests the results are quite different. All the (b) tests showed much lower prefer-
ences (34-76%) for the situation containing more pairs, compared to the (a) tests.
This fact is not expected by the SMH: here, unlike the (a) tests, the circular config-
urations are visibly not the maximal configurations possible. Hence, the significant
appearance of preferences for such situations as exhibiting reciprocity cannot be
explained by the SMH alone. This leads to one of our main empirical conclusions:

No Maximality: Situations supporting reciprocal sentences do not necessarily in-
volve the maximal number of pairs possible in the relation denoted by the predicate
antecedent of the reciprocal.

As discussed in Section 4, the MTH, unlike the SMH, expects reciprocity to
be possible with non-maximal relations, provided that these relations are maximally
typical of the predicate concept. Thus, the MTH expects a correlation between pre-
ferring circular configurations to complete ones in Experiment 2, and typicality of
a single patient with the relative concepts in Experiment 1. Figure 4 shows the
correlation calculated for all verbs in Experiments 1 and 2 except the verb no’em
(‘give a speech’ see discussion below). The analysis (cf. Figure 4) shows a strong
positive correlation (at +0.37), which is however statistically insignificant (Pearson
correlation coefficient of 0.4). We attribute this to the poor distribution of values for
patient cardinality typicality with the predicates we selected: all the predicates ex-
cept ‘give a speech’ and ‘hug’ showed relatively strong preference for single patient
interpretation. Although not statistically significant, the strong positive correlation
leads us to expect that with a better distribution of the verbs across preferences for
patient typicality, a more significant correlation may appear.
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Figure 5: Experiments 3 and 4, six
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imperfective – correlation between ac-
ceptance of weaker reciprocity in Ex-
periment 4, and preference of a singular
object in Experiment 3

Moving on to Experiments 3 and 4, the MTH again expects a correlation be-
tween preference of a singular object in Experiment 3 and acceptance of the weaker
interpretation of the reciprocal as tested in Experiment 4. We analyzed the cor-
relation between the six eventive predicates that were tested in these experiments
separately from the stative predicates. With the two aspects of each eventive pred-
icate, the calculated correlation is given in Figure 5. In this case there is again a
strong positive correlation, similar (at +0.36) to the correlation found with Experi-
ments 1 and 2. Furthermore, in this case the correlation is statistically significant,
with a Pearson correlation coefficient of 0.8. Thus, among eventive predicates a
large portion of the variance in the acceptance of weaker reciprocal interpretations
may be attributed to patient cardinality preferences, as expected by the MTH.

On top of this quantitative correlation between Experiments 3 and 4, they
also show a qualitative correlation between changes in typicality/reciprocity pref-
erences when comparing the perfective and the imperfective aspects of the same
eventive verb. Regarding the eventive verbs in Table 3, the imperfective aspect
shows an average increase of 0.9 (15%) in the preference of a single patient over
the preferences observed in the perfective aspect. In correlation to that increase,
the imperfective aspects shows an average increase of 0.03 (25%) in the acceptance
of weaker reciprocal interpretations, compared to the perfective aspects. All in-
dividual eventive predicates except the verb doker (‘stab’) also show a qualitative
correlation in the direction of the change of preferences between imperfective and
perfective aspects. We consider these correlations as further support for the MTH:

Typicality affects non-maximality: One of the factors affecting non-maximality
of the relation denoted by a predicate antecedent in a reciprocal sentence is this
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predicate’s typicality preference for single patients.

Apart from this evidence, which we consider to be supporting the MTH, the
stative predicates tested in Experiments 3 and 4 did not show any support for our
hypotheses. No correlation was observed between typicality preferences and recip-
rocal interpretations with the four stative verbs in these experiments. We believe
that more research is needed about the factors that determine weaker interpretations
of reciprocity with such verbs.

The behavior of another verb, no’em (‘give a speech’), challenges our hy-
potheses most dramatically. While in Experiment 1, this verb showed the strongest
preference for two patients (92.5%), in Experiment 2 this verb did not show signif-
icant reciprocity preference for either of the circular/complete configurations. We
speculate, however, that this should not be construed as counter evidence to the
MTH. In fact, it is quite possible that ‘give a speech’ also shows a preference for
agent cardinality and not only patient cardinality. Just like it is atypical to give a
speech to one person, it is also quite atypical to be given two speeches simultane-
ously. As a result, the typicality of complete configurations (cf. Figure 6(a)) may
in fact be lower than the typicality of circular configurations (cf. Figure 6(b)). If
this is the case, preferences for patient cardinality in situations with one agent, in
opposition to our tentative experimental assumption, is not indicative of the typical-
ity of such situations where more agents and patients are involved. In such cases,
agent cardinality may also affect the interpretation of the reciprocal according to
the MTH. We leave it for further research to study the effects on reciprocal inter-
pretation in such cases.

(a) (b)

Figure 6: two situations illustrating the expression giving a speech to each other

7. Conclusions

We proposed the Maximal Typicality Hypothesis, a modification of the Strongest
Meaning Hypothesis, as a new principle for analyzing the interpretation of recip-
rocal sentences. Following Sabato and Winter (2005), we proposed that the inter-
pretation of reciprocals is directly derived by properties of the concept denoted by
the binary predicate to which the reciprocal attaches. Thus, we implemented the
MTH as formally generalizing the SMH, but employed a richer theory of predicate
concepts than the “classical” theory of concepts presupposed by the SMH. Specif-
ically, the typicality preferences of binary predicate concepts are hypothesized to
play a major role in the logical interpretation of reciprocals. In order to check this
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hypothesis, we conducted a set of experiments involving reciprocal interpretations
and typicality preferences with binary predicates. The correlations found between
these different phenomena are claimed to support the MTH. Almost inevitably, the
complexities of semantic judgements about reciprocals require further theoretical
and experimental work. We believe however, that our main proposals and findings
may point to some general connections between conceptual structure and the logical
behavior of natural language expressions.
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