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The Cognitive Nature of Instantiation

Lance J. Rips

Northwestern University

People are easily able to infer that a property true of everything must be true of a particular
individual and, similarly, that a property true of an individual is also true of something or other. If
everything is made of quarks, then George is made of them, and if George is made of quarks, then
something is made of them. The three experiments reported here examine how people make
inferences like these that require instantiation—from universal terms (e.g.,everything) to particular
terms (e.g.,George), from particular terms to indefinite terms (e.g.,something), or from universal
terms to indefinite ones. Results from all three experiments show that it takes people longer to
recognize the deductive correctness of arguments that depend on two types of instantiation (e.g., from
a universal term to a particular term and from a particular term to an indefinite) than those that depend
on two examples of the same type. Experiments 1–3 rule out overall abstractness of the premise or
the conclusion as the cause of this difference. Experiments 2 and 3 rule out the possibility that the
difference is due to repeated noun phrases. Experiment 3 rules out scope ambiguity as the source of
the effect. These findings suggest that people use different cognitive operations to instantiate terms
and that switching between them takes time and mental effort.© 2000 Academic Press
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Every symbolic cognitive theory requir
some way to match generalities with their
stances. Production-rule theories (Ander
1993; Newell, 1990), for example, rely on
mechanism that binds variables in producti
to the contents of working memory. Likewis
schema theories (Rumelhart, 1980; Rumel
& Norman, 1988) posit a mechanism t
matches variables in schemas to aspects o
individuals that fall under them. These theo
ical devices reflect a shared need to hook
eral information about a class of entities
novel examples of that class. People know
remember information that applies to large
infinite numbers of cases—that all pentag
have five angles, that all vertebrates have he
that all Nepalese are Asians. In order for
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information to be useful, people must be abl
apply these generalities to new instances,
example, to use their knowledge that all pe
gons have five angles together with the fact
Shape A is a pentagon to infer that A has
angles.

It is sometimes possible to bypass thisin-
stantiation process by generalizing direc
from old instances to new ones. Suppose e
vertebrate you’ve encountered happens
have a heart. Then you might predict tha
new vertebrate will have a heart, provid
that it is sufficiently similar to one or mo
old ones. Instance-to-instance inferences
analogies can’t be the whole story, howev
For one thing, you can sometimes ded
information about new examples even wh
you have encounteredno previous instance
Although you may never have met a N
palese, you would have no difficulty using
fact that all Nepalese are Asians to determ
that a particular individual from Nepal
Asian. For another, instance-based rea
ing—a form of inductive inference—fails
account for the certainty we sometimes ex
rience in making such judgments (see R
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21THE NATURE OF INSTANTIATION
1995, for a discussion of the limitations
instance-based approaches).1

Because of the crucial role that instantiat
plays in cognitive theories, you might supp
that it would be the target of systematic
search, but this is not the case. Instantia
occurs essentially in many deductive ar
ments, including the classroom chestnutAll men
are mortal; Socrates is a man; Therefo
Socrates is mortal,but astonishingly, it has n
been a focus of research in the psycholog
deduction. Research on reasoning with gen
expressions is usually confined to categor
syllogisms, whose form is more complex th
that of the Socrates example, and these c
plexities have led researchers to emphasize
cesses other than instantiation. A catego
syllogism—for example,All daisies are flow
ers; All flowers are plants; Therefore, all da
sies are plants—is an argument containing tw
premises, both of which include a quanti
(all, some, no,or some. . . not), and a conclu
sion also containing a quantifier. It is sometim
possible to determine the correctness of c
gorical syllogisms without explicit instantiatio
For example, you could reason that the sy
gism about daisies is correct by considering
transitivity of the subset relation among
three named categories. Mental-model theo
of syllogistic reasoning, in particular, do aw
with instantiation (Johnson-Laird & Byrn
1991). By definition, mental models do not c
tain variables or other expressions of gener
(Johnson-Laird, Byrne, & Tabossi, 1989,
672); hence, there is no opportunity to insta
ate within the model. Any instantiation mu
therefore take place by means of the pro
that translates natural-language sentences i
model (or by means of some other exte
process). Because it is possible to sidestep
stantiation in determining the correctness
some syllogisms, syllogisms are not the b
venue for studying instantiation.

1 Instantiation is also a crux for connectionist theo
see Marcus, 1998, for discussion). From this perspec
he issue is how to bind particular information to argum
laces in propositions without adopting localist represe

ions of variables (e.g., Shastri & Ajjanagadde, 1993
ther departures from the connectionist program.
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This article attempts to redress the cur
lack of psychological evidence about instan
tion with experiments that focus directly on t
form of inference. In these studies, participa
read arguments containing general or partic
expressions in their premise and conclus
and they must then determine whether the
gument is deductively correct. Because
present arguments are typically rather easy
adult participants, the experiments employ
sponse time, in addition to the traditional m
sure of percentage of correct responses, in o
to study the mental processes responsible
participants’ decisions. Before examining
details of the experiments, though, we nee
take a closer look at the nature of instantia
itself.

Three Kinds of Instantiation

The Socrates argument gives us an exam
of one type of instantiation. Realizing that
conclusion of this argument follows from
premises depends on understanding that w
universally true must be true of a particu
individual; thus, we can reason from a prem
containing a universal expression to a con
sion containing a proper name or definite
scription in place of that expression. To tak
simpler example, we can reason fromEvery-
thing is extendedto Wrigley Field is extende
where everything is the universal expressi
(universally quantified noun phrase or a sim
phrase) andWrigley Field is the proper nam
We can call this form of instantiationreasoning
from universal-to-particular instancesto distin-
guish it from other forms that we are about
meet.

Notice that what a premise claims to be u
versal can be not only a simple property (. .is
extended), but also a relation of a thing to oth
things or to itself. For example, sentence (
asserts that being self-related is true of ev
thing:

(1) a. Everything is related to itself.
b. Wrigley Field is related to itself (Wrigley

Field).
c. *Wrigley Field is related to Comiskey

Park.

When the relation is between each thing
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22 LANCE J. RIPS
itself, as in (1a), we must be careful to substi
the same proper name (or a reflexive prono
at each of the corresponding positions in
premise. Although (1b) follows from (1a), it
obviously incorrect to conclude that (1c) is t
on the basis of (1a). (The star in front of (1
indicates the deductive incorrectness of the
gument from (1a) to (1c).) By contrast, wh
two or more general expressions appear in
premise, it is possible to substitute differ
proper names in each position. For exam
both (2b) and (2c) follow from (2a):

(2) a. Everything is related to everything.
b. Wrigley Field is related to itself (Wrigley

Field).
c. Wrigley Field is related to Comiskey Park.

We can also instantiate universals to sing
terms other than proper names. It follows fr
(2a), for example, that the home of the Chic
Cubs is related to the home of the White S
where the home of the Chicago Cubsand the

ome of the White Soxare definite description
his article, however, confines its attention
roper names for the sake of simplicity and u
articular nounandproper nameinterchange
bly (see Rips, 1994, Chap. 6, for details

nstantiation rules).
Although instantiation from universal-to-pa

icular-instances may be the paradigm, it is
he only variety of instantiation. It is sometim
elpful to conclude that because a property
elation holds of a particular individual that
lso holds of some individual or other. F
xample, fromMark McGwire hit 70 home run

n a season,it follows thatSomeone hit 70 hom
uns in a season.Although there seems to be
tandard term for this type of inference, le
abel it reasoning fromparticular-to-indefinite
nstances.The phrase expressing the indefin
tem is typically an existential quantifier phra
uch assomething,or an indefinite noun phras

such asa thing or an entity.As in the case o
universal-to-particular reasoning, we will a
sume that the proper name in the argum
succeeds in naming an actual individual.

There are also limits on the substitutions
are permissible in this type of inference, lim
that differ from those of universal-to-particu
)

r-
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t

instantiation. For example, when a particu
noun is repeated in a premise, as in (3a), w
free to substitute either an indefinite and a
flexive pronoun or two different indefinite
Both (3b) and (3c) follow from (3a):

(3) a. Wrigley Field is related to itself (Wrigley
Field).

b. Something is related to itself.
c. Something is related to something.

However, if the premise contains two differe
proper names, the conclusion must conta
different indefinite for each. Thus, (4c) follow
from (4a), but (4b) does not:

(4) a. Wrigley Field is related to Comiskey Park.
b. *Something is related to itself.
c. Something is related to something.

(The fallacy of the argument from (4a) to (4b
more apparent for concrete relations.Fred
Smith is the father of James Smithclearly doe
not entailSomeone is the father of himself.) In
short, two universals in the same sentence a
substitution of either one or two different prop
names, as the sentences in (2) illustrate; h
ever, two proper names only allow substitut
of two different indefinite phrases, as shown
(4).

Because indefinite instances instantiate
ticular ones and particular ones instantiate
versals, it must be the case that indefinite
stances also instantiate universals. It follo
from Everything is related to everythingthat
Wrigley Field is related to Comiskey Park,and
it follows from Wrigley Field is related t
Comiskey Parkthat Something is related
something.So Everything is related to ever
thing entailsSomething is related to somethi
But although we can reason fromuniversals-to
indefinitesby way of particular instances, it m
be possible to arrive at the conclusion by a m
direct route. Reasoners may appreciate that
tences with universals entail ones with ind
nites without going through an intermedi
step in which a particular instance comes
mind.

One purpose of the experiments in this art
is to examine the possibility that the three ty
of instantiation just mentioned (universal-
particular, particular-to-indefinite, and univ
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23THE NATURE OF INSTANTIATION
sal-to-indefinite) correspond to three disti
cognitive operations. This is suggested by
restrictions just discussed, but is by no mea
foregone conclusion, even within deduction t
ories that include rules for instantiation. A s
tem proposed by Braine, for example, conta
a single instantiation rule rather than th
(Braine, 1998, Table 11.3, Schema 8). To
the hypothesis of distinct instantiation p
cesses, the experiments in this article exam
the time it takes people to derive a conclus
that requires one or two different types of
stantiation.

Issues of Representation

We can capture the facts about instantia
within a system that represents universal
indefinite noun phrases as distinct types of v
ables (Rips, 1994, 1999). This kind of repres
tation is due to Skolem (1928) and provides
alternative to the more usual logic formalis
that employ both quantifiers (e.g.,for all andfor
some) and variables. Similar quantifierless s
tems also appear in some reasoning program
artificial intelligence (see Genesereth & N
son, 1987).

In this representation, universal no
phrases, such aseverything,appear asuniversa
variables,which I will write asu (u9, u0, etc.).
Indefinite noun phrases, such assomething,ap-
pear asindefinite variables,shown asi (i 9, i 0,
etc.), possibly followed by subscripts. For
ample, Everything is related to itself(5(1a))
becomesu is related to u, whereasEverything
s related to everything(5(2a)) isu is related to
9. Similarly, Something is related to itse
5(3b)) is i is related to i, and Something i
elated to something(5(3c)) isi is related to i9.

In some sentences, the meaning of an
efinite phrase depends on the presence o
niversal phrases with which it appears.
xample, one meaning ofEverything is re

ated to somethingis that there is a sing
bject to which everything is related, but a
ther possible meaning is that everything
elated to some object or other (not neces
ly the same one). In the second sense,
nstance, Wrigley Field may be related
omiskey Park, Shea Stadium to Yankee
t
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ium, and so on, but with no one thing rela
o everything. We can represent the fi
eaning asu is related to i. To represent th

econd meaning, however, we need to i
ate that what the indefinite phrase picks
epends on what the universal stands for.
an do this by subscripting the indefinite va
ble with the universal it depends on—u is
elated to iu, in this example. For the fir

meaning, the indefinite haswide scoperela-
tive to the universal; for the second meani
the indefinite hasnarrow scope.(See Kurtz
man & MacDonald, 1993, for a study of pe
ple’s comprehension of scope relations in n
ural language.)

This representation has several advanta
In the first place, it simplifies the deducti
process for instantiation. Traditional logic s
tems often require rules for eliminating qua
fiers, manipulating the resulting expressio
and then reintroducing quantifiers. The pres
representation has no explicit quantifiers, m
ing quantifier introduction and elimination u
necessary. However, unlike mental mod
which also contain no quantifiers, this repres
tation retains the distinction between unive
and indefinite variables. Thus, it treats inst
tiation within the reasoning system instead
leaving this matter to ad hoc devices. Fina
the representation is consistent with current
ories in linguistic semantics (e.g., Kratz
1998; Reinhart, 1997) that depict indefinites
functions depending on other terms with wh
they appear (similar to the dependence indic
by subscripts in our notation).

This quantifier-free representation highlig
the issue of how people determine whether
such expression instantiates another. In t
terms, the hypothesis that these experim
explore is that different combinations of va
ables and names require different rules of
stantiation. For example, the inference fromu is
related to u9 to Wrigley Field is related t
Comiskey Parkmakes use of just one type
instantiation rule (that governing universal-
particular instantiation), whereas the infere
from u is related tou9 to i is related to Comis
key Parkmakes use of two.
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24 LANCE J. RIPS
A Method for Studying Instantiation

In general, people take longer to accomp
a task that requires two distinct mental p
cesses than a task that requires a single
peated process (e.g., Allport, Styles, & Hs
1994; Garavan, 1998; Spector & Biederm
1976). Switching between processes is likel
take extra time, since the cognitive syst
needs additional resources to retrieve and c
dinate the second operation. Moreover, prim
between processes of the same type would
an advantage to repeating the same proces
ative to employing two distinct ones. Thus
one task requires processes A and B, a se
requires A and (a second application of) A, a
a third B and B, we should expect the first t
to take longer than the mean of the second
the third. For example, Spector and Biederm
(1976) found that participants took longer
add three to the first number in a list, subtr
three from the second number, add three to
third, and so on, in alternating sequence, tha
add three to each number in the list or to s
tract three from each number.

To see how this assumption about switch
can help in studying instantiation, consider
arguments in (5):

(5) a. Everyone dazzles everybody.
Fred dazzles Ginger.

b. Fred dazzles Ginger.
Someone dazzles somebody.

c. Everyone dazzles Ginger.
Fred dazzles somebody.

Although all three arguments are deductiv
correct, they vary in the types of instantiat
they embody. In argument (5a) both univers
instantiate to particular nouns, and in argum
(5b) both particular nouns instantiate to ind
nites. In contrast, (5c) contains a universal
instantiates to a particular noun and a partic
noun that instantiates to an indefinite. If
separate types of instantiation correspond
different cognitive operations, we should p
dict that response time to confirm (5c) should
longer than the average of the times for (5a)
(5b).2

2 When people are encouraged to do two tasks at o
esponse times can sometimes increase (and accura
e-
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In a preliminary test of this hypothesis, p
ticipants read arguments like those in (5) on
a time on a computer monitor (Rips, 19
Chap. 7). In addition to the arguments in (5),
study included other deductively correct ar
ments in which universals, particulars, and
definites appeared in the premises and con
sions. There were also an equal numbe
deductively incorrect arguments that rever
the position of the premise and the conclus
of the correct arguments (e.g.,Fred dazzle
somebody; therefore, everyone dazzles Gin).
Unlike the examples in (5), however, each
gument contained a different transitive verb
(where applicable) a different set of pro
names. Participants were to assume that
premise of each argument was true of a grou
people, and they were to decide whether
conclusion was necessarily true of the sa
group. To indicate their response, they press
button marked “follows” or one marke
“doesn’t follow” on their keyboard.

Mean response time for arguments such
(5c) was 4190 ms, whereas the mean of a
ments analogous to (5a) and (5b) was 3134
in accord with the hypothesis. This result can
be due to differences in difficulty of the types
instantiation, considered singly. Argument (
uses universal-to-particular and particular-to
definite instantiation, while (5a) and (5b) u

e,
de-

crease) if these tasks both draw on the same cog
processes (see Pashler, 1994, for a review of dua
experiments). In the present context, if people could c
out two different types of instantiation in parallel, but ha
carry out two repetitions of the same type serially (e
because of competition for resources), then we might
dict faster times to (5c) than to (5a) or (5b), above. The
little reason to suppose, however, that repetitions of
same type of instantiation are restricted in this way. (I
ition suggests that, if anything, parallel processing is m
likely when the types of instantiation are the same.) M
important, the alternative to the account proposed he
that the same mechanism handles all forms of instantia
Under this alternative, there should be no difference in
competition for cognitive resources or in their serial/par
processing characteristics. This yields a prediction o
difference between (5c) and the mean of (5a) and (5b)
this forms the null hypothesis for the experiments
follow. A finding that (5c) takes longer than the mean
(5a) and (5b) would then reject this hypothesis, what
one’s assumptions about dual-task interference.
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25THE NATURE OF INSTANTIATION
the same two types in separate arguments.
relevant difference is how the arguments div
up the instantiation types. Similarly, the in
vidual types of noun phrases can’t contribut
the difference. There are a universal n
phrase and a proper name in the premise of
corresponding to two univerals in (5a) and t
proper names in (5b). Likewise, (5c) contain
proper name and an indefinite phrase in
conclusion, corresponding to two proper nam
in (5a) and two indefinites in (5b). Thus, t
average frequency of types of noun phrase
(5a) and (5b) is the same as that in (5c).

It is possible to object, however, that
difference between the arguments could be
to uncontrolled aspects of the experime
Within the group of stimulus arguments,
example, ones that had a premise of the f
Everyone verbs everybodywere always dedu
ively correct, as were those with the conclus
omeone verbs somebody.The first sentenc
ntailed all the others, and the second was

ailed by all the others. Participants who noti
his pattern could have responded to items
5a) and (5b) without fully processing the ar
ent. This short-circuiting strategy is not p

ible for (5c), and this difference may acco
or the result just reported (see the Gen
iscussion for further comments on this po
ility). To eliminate this strategy, and othe

ike it, it is helpful to examine arguments mo
omplex than those of (5), and the experime
hat follow develop this idea.

verview of the Experiments

All experiments in this article rely on th
ethod just described, but they alter the form

he stimulus arguments. Experiment 1 emp
entences with several noun phrases (e.gX
eminded Y to compare Z to W) so that it is
ossible to vary the number of instantiat
ules that people need to confirm the argum
hile, at the same time, equating the ove
enerality of the premises and conclusions.

his reason, participants cannot use the form
he premise or conclusion (considered se
ately) as a clue to the correct answer. Exp
ent 2 uses arguments of the same form,

aries the phrasing of the universal and ind
e

),
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nite terms in order to avoid repetition. Th
maneuver eliminates the possibility that
faster response times for arguments like
and (5b) are due to duplication of the quantifi
(every. . . every, some. . . some) rather than t
duplication of the instantiation rule. Experime
3 examines whether the pattern of results is
to ambiguities in the stimulus sentences.
arguments in this experiment had premises
conclusions that were conjunctions (X admired
Y, and Z interviewed W). When universal an
indefinite terms appear in separate conjun
these sentences eliminate ambiguities abou
relative scope of these terms. In examin
these issues, the experiments limit themse
to judgments of deductive correctness. W
judging the inductive strength of argumen
people sometimes fail to give due weight
implicit information that could determin
whether a property of a superset is true o
subset (Sloman, 1998).

EXPERIMENT 1: INSTANTIATION
WITHOUT DIFFERENCES IN

GENERALITY

This experiment examines the amount
time people take to decide whether one sent
instantiates another, and it attempts to de
mine whether people take longer to confirm
different types of instantiation than two repe
tions of the same type. On each trial, part
pants saw an argument—a pair of sentenc
with each sentence of the formX reminded Y t
compare Z to W. Two of the terms (X, Y, Z, or
W) were held constant in the two sentenc
whereas the other two varied. The pairs in (
6c) are examples:

(6) a. Everyone reminded Jill to compare every-
body to Cathy.
Someone reminded Jill to compare some-
body to Cathy.

b. Ann reminded everyone to compare Beth
to everybody.
Someone reminded everyone to compare
somebody to everybody.

c. Everyone reminded everybody to compare
Martha to Jane.
Someone reminded everybody to compare
somebody to Jane.

Participants decided on each trial whether
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26 LANCE J. RIPS
second sentence of the argument must be
whenever the first sentence was true.

The stimulus arguments varied according
how many different types of instantiation th
contained. To spell this out more precisely, l
say that two terms are acorresponding pairif
hey occupy the same relative position in
wo sentences of an argument. Thus, the co
ponding pairs in argument (6a) are^everyone
omeone&, ^everybody, somebody&, ^Jill, Jill&,

and^Cathy, Cathy&. In one-type arguments,cor-
responding pairs are either constant (e.g.,^Jill,
Jill&, ^Cathy, Cathy&) or they exemplify a singl
type of instantiation. Argument (6a) is a on
type argument, for example, since^everyone
someone& and^everybody, somebody& are both
universal-to-indefinite instantiations. Similar
(6b) is also one-type, since both^Ann, some
one& and ^Beth, somebody& are particular-to
indefinite instantiations. By contrast, the co
sponding terms exemplify two different types
instantiation intwo-type arguments.In (6c), for
example,^everyone, someone& is universal-to
indefinite, but̂ Martha, somebody& is particular
to-indefinite. The examples in (6) have th
instantiated pairs as the first and third terms
the stimulus arguments, however, the ord
position of the instantiated pairs varied; so
was not possible for participants to anticip
their location in the sentence.

If different cognitive operations handle d
ferent types of instantiation, then we wo
expect two-type arguments to take participa
longer to affirm than one-type arguments. T
should be so even when the corresponding
guments share the same instantiation types
example, argument (6c), which employs univ
sal-to-indefinite and particular-to-indefin
types, should take longer than the averag
(6a) (universal-to-indefinite) and (6b) (partic
lar-to-indefinite). This prediction parallels t
one for (5a)–(5c), discussed earlier. The ad
tage of the more complex sentences in
experiment is that they control the overall le
of generality of the premises and conclusio
The premises of arguments (6a)–(6c) each
the same set of terms (two universal and
particular terms). Moreover, the conclusion
(6c) contains two indefinites (someone, som
e

-

-

n
l

s

r-
or
-

f

-
s
l
.
e

body), one universal (everyone), and one partic
ular term (Jane), the same as the average nu
ber of indefinites, universals, and particu
terms in the conclusions of (6a) and (6b). O
all the deductively correct arguments, the a
age frequency of the three kinds of terms is
same for the premises of the one-type probl
as for the premises of the two-type proble
and, likewise, the average frequency for
conclusions of the one-type items is the sam
that for the conclusions of the two-type item

The instructions told participants that
stimulus sentences all concerned people
were members of the same group and tha
named individuals were members of this gro
We can assume that in this context particip
will take the universal and indefinite terms
range over group members and will take
proper names to denote people in the s
domain. Under these conditions, then, par
pants are likely to represent the sentences
way that depends only on the variables
names. For example, the representation of
first sentence in (6a) might beu reminds Jill to
compare u9 to Cathyand the second sentence
i reminds Jill to compare i9 to Cathy,using the
conventions introduced earlier. In other wor
participants are likely to exclude from the re
resentation special conditions (e.g., ones
assure that the variables stand for human
that Jill and Cathy are humans) and to att
directly to the relations among the terms in
two sentences.

Method

The participants in this experiment viewe
series of arguments one at a time on a mon
and they judged each according to whether
second sentence MUST be true whenever
first sentence is true.” A participant began a t
by pressing the space bar of a keyboard with
or her thumb. This produced a ready signal
word READY) at the left of the screen and
little above center. The ready signal lasted
and was replaced automatically by an argum
such as (6a), (6b), or (6c). The two sentence
the argument were left-aligned, and the first
appeared at the same position on the screen
the ready signal had occupied. The particip
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27THE NATURE OF INSTANTIATION
evaluated the argument, pressing the “F” ke
the “J” key on the keyboard to indicate t
response. The key press erased the argum
and it initiated feedback to the participant (
ther Your response was corrector Your re-
sponse was NOT correct). The feedback me
sage lasted 2 s, after which the screen bec
blank. At this point, the participant could beg
the next trial by pressing the space bar.
computer recorded the participant’s respo
time from presentation of the argument to
key press; it also recorded the participant’s
curacy.

Instructions appeared on the monitor at
beginning of the session, and the participa
were able to ask questions about the proce
before the trials began. To give them a feel
the pacing of the experiment, the computer
sented eight practice trials before the main
als. The practice trials consisted of sim
propositional arguments (e.g.,Mary goes to th
store and Fred goes to the beach/Fred goe
the beach), half deductively correct and ha
deductively incorrect. Instructions caution
participants to make their responses as qui
as they could but without making any mistak
The practice trials appeared in random orde
new permutation for each participant), as
the experimental trials.

In this experiment, 12 participants pres
the “F” key with their left forefinger to indica
a “must be true” response and pressed the
key with their right forefinger to indicate th
the conclusion “need not be true.” A seco
group of 12 participants pressed the “J” key
“must be true” and pressed the “F” key
“need not be true.”

The arguments.There were 12 forms of d
ductively correct arguments in this experime
and Table 1 lists them in symbolic form. In t
table, i , i 9, i 0, . . . stand for indefinite noun
(someoneor somebody); n, n9, n0, . . . stand fo
particular nouns (common first names, suc
Janeor Bob), andu, u9, u0, . . . stand for uni
versal nouns (everyoneor everybody). Thus, the
4th argument in the table is the symbolic fo
of (6c). The first 6 of these argument for
share the same set of terms in their premise
last 6 share the same set of terms in their
r

nt,

e

e
e
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s
re
r
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o
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s

e
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clusion, and we can call them theconstan
premise and constant conclusiongroups, re
spectively. Within each group of 6 forms, t
first 3 are one-type arguments (i.e., depend
just one type of instantiation), whereas the la
are two-type. The very 1st argument form,
example, depends on (two instances of) uni
sal-to-indefinite instantiation, becauseu in the
premise becomesi in the conclusion andu9 in
the premise becomesi 9 in the conclusion. B
contrast, the 4th argument depends on both
versal-to-indefinite and particular-to-indefin
instantiation (u goes to i and n to i 9). The
Appendix lists examples for each of the
forms.

Within the constant-premise group, the f
quency of the different types of terms is
same for one-type as for two-type argume
Universals occur six times and particulars oc
six times overall in the premises of the one-t
arguments, and the same frequencies are m
tained in the premises of the two-type ar
ments. Universals occur twice, particulars
times, and indefinites four times in the conc
sions of the one-type arguments, and the s
frequencies again occur in the conclusions
the two-type arguments. Frequency of the
ferent types of terms is also equated in
premises and conclusions of the constant-
clusion group. Among the premises of the o
type arguments, universals occur four tim
particulars six times, and indefinites twice,
same as the frequencies for two-type ite
Among the conclusions, particulars occur
times and indefinites six times in both the o
type and two-type arguments. Thus, the ave
level of generality (defined in terms of the a
erage number of universals, particular, and
definite nouns) is equal for premises of
one-type and for the premises of the two-t
problems; the same is true for the conclusion
the one-type and the conclusions of the t
type problems.

The fourth column of Table 1 lists the kin
of instantiation that each argument requires
indicates that the number of examples of e
kind is the same for one-type as for two-ty
problems. In the constant-premise argume
for example, universal-to-indefinite instant
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28 LANCE J. RIPS
tion occurs twice in the one-type argume
(both times in argument 1) and twice in
two-type arguments (once in argument 4
once in argument 6). This means that one-
and two-type arguments differ, not in the to
number of times a particular sort of instantiat
applies, but in the way these sorts are assig
to the arguments. Differences in difficulty of t
individual kinds of instantiation, then, shou
not affect the contrast between one-type
two-type problems.

To produce the stimulus arguments from
forms in Table 1, I constructed four versions
each form by rearranging the correspond
terms. In the first argument, for example,
corresponding terms are^u, i &, ^u9, i 9&, ^n, n&,

TAB

Argument Forms, Mean Correct Re

Number
of rule
types

Argument
number

Argument
form Typ

onstant-premise

1. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

2. F(u, u9, n, n9)£ Pa
F(u, u9, i, i9)

3. F(u, u9, n, n9)£ Un
F(n0, n-, n, n9)

4. F(u, u9, n, n9)£ Un
Two F(i, u9, i9, n9) Pa

5. F(u, u9, n, n9)£ Un
F(n0, u9, i, n9) Pa

6. F(u, u9, n, n9)£ Un
F(i, n0, n, n9) Un

Constant-conclusion

7. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

8. F(n0, n-, n, n9)£ Pa
F(i, i9, n, n9)

9. F(i, i9, u, u9)£ Un
F(i, i9, n, n9)

10. F(u, n0, n, n9)£ Un
Two F(i, i9, n, n9) Pa

11. F(n0, i9, u, n9)£ Pa
F(i, i9, n, n9) Un

12. F(u, i9, u9, n9)£ Un
F(i, i9, n, n9) Un

a n 5 96.
d
e
l

d

d

and^n9, n9&. A random Latin Square permut
these pairs in four different ways, so that e
pair appeared once in each ordinal posi
within an argument. If (7a) was one such v
sion of the first form, for example, (7b) might
another:

(7) a. u reminded u9 to compare n to n9
i reminded i9 to compare n to n9

b. n reminded u to compare n9 to u9
n reminded i to compare n9 to i9

Rearranging the order of corresponding p
does not alter the deductive correctness of
argument. A different random Latin Square p
duced four argument versions in this way fr

1

nse Time, and Error Rates, Experiment 1

of instantiation
Mean response time

(ms)
Error ratea

(%)

sal-indefinite 5271 8.3

lar-indefinite 6510 6.2

sal-particular 5902 11.4

sal-indefinite 6204 13.5
lar-indefinite
sal-particular 7343 17.7
lar-indefinite
sal-indefinite 6536 18.8
sal-particular

sal-indefinite 5675 10.4

lar-indefinite 6475 11.4

sal-particular 6985 14.6

sal-indefinite 6377 10.4
lar-indefinite
lar-indefinite 6634 15.6
sal-particular
sal-indefinite 6577 7.3
sal-particular
LE
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29THE NATURE OF INSTANTIATION
each of the Table 1 forms. However, we will
the form in the table stand for all four versio

Thus, there were 48 different deductiv
correct arguments in all (12 forms3 4 versions
per form). Within each version,everyonesub-
stituted for the first universal noun andevery-
body for the second (if there was more th
one);someonesubstituted for the first indefini
and somebodyfor the second. Common fir

ames were randomly assigned to the posit
or particular nouns, with different first nam
or each argument. The stimulus ensemble
ontained 48 deductively incorrect argume
ormed from the deductively correct ones
eversing the order of the premise and con
ion. Half the arguments in the ensemble w
herefore deductively correct and half ded
ively incorrect. Individual sentences in the
orrect arguments were the same as in the
ect ones.

Participants.The 24 participants in this e
eriment were introductory psychology s
ents, who received course credit for their
peration. None reported having taken
ollege-level course in logic.

esults and Discussion

The participants’ response times in this
eriment tend to confirm the idea that ar
ents requiring two different types of instan

ion are more difficult than those requiring o
ne. Table 1 shows the mean correct resp

imes for the individual argument forms a
uggests that one-type arguments are typic
hough not invariably, faster than two-ty
roblems. Times for some trials were very lo
elative to other trials for the same argum
orm, and for this reason Table 1 reports m
imes after removing these outliers. (For th
urposes, outliers are times longer thanQ3 1
.5(Q3 2 Q1) or shorter thanQ1 2 1.5(Q3 2

1), whereQ1 is the first quartile for a partic-
ular argument form andQ3 is the third quartile
ee Mosteller & Hoaglin, 1991.) This proced
liminated 3% of the data, but did not chan

he overall pattern of results.
Main predictions.Mean response time f

rguments requiring one type of instantiatio
130 ms, whereas mean time for the argum
s

o
,

-
e
-

r-

-

-
-

se

y,

t
n
e

ts

requiring two is 6615 ms,F(1,23) 5 16.56
Em 5 81 ms,p , .001.3 This confirms th

experiment’s basic prediction. Notice that
form of the arguments in this experiment wo
have allowed participants to make a cor
response on the basis of the first successf
unsuccessful instantiation. Within each ar
ment, both pairs of instantiated terms were
rectly instantiated or both were incorrectly
stantiated. In argument (6c), for example,
corresponding termŝeveryone, someone& and
^Martha, somebody& are correct. Thus, partic
pants could have saved some work by eva
ing just one of the mismatching pairs in ea
problem (e.g.,^everyone, someone&) and re
sponding on that basis. The obtained differe
between one-type and two-type argume
however, suggests that participants did not
advantage of this shortcut and, instead,
cessed the entire argument on most trials.

Table 1 shows some overlap in the distri
tion of times for one-type and two-type arg
ments. For example, the mean response tim
argument 2 (a one-type problem) is longer t
that for argument 4 (a two-type problem). T
may be due, however, to the specific kinds
instantiation that figure in these problems.
gument 4 depends on both universal-to-ind
nite and particular-to-indefinite instantiatio
whereas argument 2 depends only on partic
to-indefinite instantiation. If universal-to-inde
inite instantiation is especially easy, then
could decrease the times for argument 4, off
ting the advantage of one-type argument 2
check for violations of the predicted advant
for one-type arguments, we need to comp
times for individual two-type arguments to bo
those one-type arguments containing the s
kinds of instantiation. For example, we sho
compare times for argument 4 (universal

3 I calculated the standard error of the mean (SEm) in this
article as

SEm 5 ÎMSe

n
,

hereMSe is the mean square error term that appea
the denominator of the relevantF ratio, and n is the
number of observations in the means of the tested
parison.
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30 LANCE J. RIPS
indefinite and particular-to-indefinite instant
tions) to the mean times for argument 1 (u
versal-to-indefinite) and argument 2 (particu
to-indefinite). This is the test outlined earl
(seeA Method for Studying Instantiation).

To carry out these tests, we can put toge
related problems in the constant-premise
constant-conclusion groups. For example, a
ments 4 and 10 in Table 1 each contain b
universal-to-indefinite and particular-to-inde
nite pairs, and so they can be compared to
means of arguments 1 and 7 (universal-to
definite) and 2 and 8 (particular-to-indefinit
This comparison shows a trend in the predic
direction of longer times for the former arg
ments (6290 ms) than for the latter (5983 m
though this difference is not significant by
planned contrast,F(1,182) 5 2.49, p . .10.
Arguments 5 and 11 each contain universa
particular and particular-to-indefinite instan
tions and can therefore be compared to a
ments 2 and 8 (particular-to-indefinite) and
and 9 (universal-to-particular). The means
6988 and 6468 ms, respectively, and are
time reliably different,F(1,182)5 7.13, p ,
.01. Finally, arguments 6 and 12 (universal-
indefinite and universal-to-particular) can
compared to arguments 1 and 7 (universa
indefinite) and 3 and 9 (universal-to-particula
This contrast is again significant, with the me
for the two-type arguments (6558 ms) lon
than the mean of the relevant one-type probl
(5958 ms),F(1,182) 5 9.42, p , .01. (The
contrasts are based on a pooled error
drawn from an analysis of variance of the Ta
1 data,SEm 5 225 ms. The pooled error has
advantage of using more of the data from
experiment. The same error term figures in
remaining contrasts in this section.) These c
parisons are, of course, not independent, so
tion is needed in interpreting them; howev
they lend some further support to the idea
verifying two different types of instantiation
more difficult than verifying a single repeat
type.

Some of the arguments in this experim
contain both a universal and an indefinite n
in the premise or conclusion. Participants m
have seen the conclusion of argument 5,
-

r
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example, asJoan reminded everybody to co
pare someone to Fran.The meaning of such
sentence is potentially ambiguous. On one
terpretation, it means that Joan reminded e
individual to compare someone or other (
necessarily the same person) to Fran. On
other, the sentence means that there’s a ce
individual (say, Fred) whom Joan reminded
eryone to compare to Fran.Someonehas narrow
scope with respect toeverybodyon the firs
interpretation and has wide scope on the sec
This ambiguity affects arguments 2, 4, 5, 9,
and 12 in Table 1. Inspection of these ar
ments shows that they remain deductively
rect no matter which reading a participant gi
to the sentence in question; thus, the ambig
does not change the correct response to t
items. (Figure 1 under General Discussion p
vides justification for this claim.) It may tak
the participant longer to comprehend amb
ous than unambiguous sentences, however
this could in turn increase response times for
arguments that contain them. In line with t
idea, the mean response time for unambigu
one-type arguments 1, 3, 7, and 8 is faster
that for ambiguous one-type arguments 2 a
(5831 vs. 6748 ms),F(1,182) 5 22.11, p ,
.01. Theresponse time for unambiguous tw
type arguments 6 and 10 is also faster than
for ambiguous two-type items 4, 5, 11, and
(6456 vs. 6690 ms), although the differenc
not significant in this case,F(1,182) 5 1.43,
p . .10. Theambiguous sentences may also
responsible for a significant effect of individu
argument within the constant-premise ver
constant-conclusion and the one-type ve
two-type groups,F(8,182) 5 5.96, SEm 5
225 ms,p , .001. (Weconsider other possib
explanations for this asymmetry under Gen
Discussion.)

But although scope ambiguity may ha
slowed responses in this experiment, it can
fully explain the difference between two-ty
and one-type arguments. Considering just
unambiguous arguments, we find that times
main faster for the one-type problems (5831
6456 ms),F(1,182)5 10.30,p , .01. As in
he case of the earlier comparisons, this
alances the specific types of instantiation
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31THE NATURE OF INSTANTIATION
appear in the two argument groups. The dif
ence can therefore not be blamed on eithe
ambiguity of the individual sentences or
degree of difficulty of the specific types of
stantiation. Still, it would be interesting to kno
the outcome for unambiguous versions of al
arguments. Experiment 3 addresses this iss

Error rates. Error rates for the deductive
correct arguments appear in the last colum
Table 1. For one-type arguments the ove
error rate was 10.4%, whereas for two-t
arguments the error rate is 13.9%. Although
difference in errors is not significa
(F(1,23)5 2.71,SEm 5 1.5%,p . .10), the
rend agrees with the response-time data in
esting that participants found two-type ar
ents more difficult than one-type argume
he positive correlation between response ti
nd errors indicates that the participants w
ot sacrificing accuracy for speed in mak

heir responses.
Summary. Participants in this experime

ook about 0.5 s longer to verify an argum
hat contained two types of instantiation than
erify an argument containing two tokens of
ame type. This difference obtained when
verall level of generality in the premise and

he conclusion was constant, when the
uency of the instantiation types was cons
cross arguments, and when any ambigu
entences were discarded. It is nevertheless
ible to object that other peculiarities of
ne-type arguments are responsible for t
esponse-time advantage. For example,
ype arguments contained more sentences
oth everyoneandeverybodythan two-type ar
uments, and, likewise, one-type argume
ontained more sentences with bothsomeon
nd somebodythan two-type arguments (s
ppendix). Perhaps mere repetition of th
imilar-sounding terms within the same s
ence makes it easier for participants to pro
hem. This is the possibility that Experimen
xamines.

EXPERIMENT 2: INSTANTIATION
WITHOUT REPEATED QUANTIFIERS

If separate cognitive operations handle dif
nt kinds of instantiation, then people sho
-
e
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e
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ake longer to verify arguments that depend
wo kinds than arguments that depend on
xperiment 1 provided support for this hypo
sis, but the prediction should hold no ma
ow the arguments express their critical univ
al and indefinite noun phrases. The pre
xperiment varies these phrases in order to
ide more general backing for the hypothe
niversals appear aseverybody(everyone) or as
ach personand indefinites assomeone(some
ody) or as a person. Varying the phrase
ithin a premise or a conclusion helps elimin

he possibility that the results of Experimen
re due simply to faster reading of repea
ords or morphemes.

ethod

In this experiment, participants again judg
hether each of a sequence of arguments
eductively correct. The procedure duplica

hat of Experiment 1. The arguments were a
he same as those of the previous experim
ith two exceptions. First, and most importa
hen the premise or conclusion of an argum
ontained two universals, the first of these
eared aseveryoneor everybodyand the secon

as each person.Similarly, when a premise o
conclusion contained two indefinites, the fi
appeared assomeoneor somebodyand the sec
ond as a person. Within a given argumen
however, universals (indefinites) that occu
corresponding positions in the premise and c
clusion always had identical wording. The
amples in (8) give one version each of ar
ments 1, 2, and 4 (see Table 1), correspon
to the examples in (6) for Experiment 1:

(8) a. Everyone reminded Jill to compare each
person to Cathy.
Someone reminded Jill to compare a per-
son to Cathy.

b. Ann reminded everyone to compare Beth
to each person.
Someone reminded everyone to compare a
person to each person.

c. Everyone reminded each person to com-
pare Marsha to Jane.
Someone reminded each person to com-
pare a person to Jane.

Two universals appear in the premise of (
(i.e., everyoneand each person); because th
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32 LANCE J. RIPS
second of these is in the same position a
universal in the conclusion, the same phr
occurs there. (Repetition of phrases in co
sponding positions of the premise and con
sion is not a factor in this experiment, sin
there are exactly two such repetitions in e
argument; see Table 1.) The second, and m
minor, difference between the stimulus ar
ments of Experiments 1 and 2 is that sepa
sets of proper names appeared in the de
tively correct and the deductively incorrect
guments of the latter study.

Thirty undergraduates participated in this
periment in exchange for course credit. N
had been in Experiment 1, and none had tak
college logic course.

Results and Discussion

We can assume that people take less tim
perform two examples of the same opera
than two different cognitive operations. T
implies that if different cognitive operation
handle different forms of instantiation, then
sponse times should be faster for argum
with two examples of the same type of inst
tiation than for arguments with two differe
types. Response times for this study support
prediction. Mean correct time for the one-ty
arguments is 5469 ms, compared to 6257 m
two-type arguments,F(1,28)5 35.59,SEm 5
97 ms, p , .0001. In this experiment, th
premises (conclusions) of the arguments
pressed repeated universals with distinct w
ing (eachvs. every) and, similarly, for repeate
indefinites (somevs. a). Thus, the difference
between argument forms that Experiment 1
covered are not due to the more similar word
that experiment employed.

Table 2 reports the response times for
individual arguments, trimmed according to
same procedure as that in Experiment 1. (T
ming eliminated 5% of the data in this study
did not change the pattern of differences
cussed here.) Comparisons between indivi
arguments that share the same kinds of ins
tiation again support the one-type versus t
type difference. Arguments 4 and 10 invo
both universal-to-indefinite and particular-to-
definite instantiations and took longer for p
a
e
-
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ts
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ticipants to confirm than the mean of argume
1, 2, 7, and 8, which contain two tokens
universal-to-indefinite or two tokens of partic
lar-to-indefinite instantiation (6090 vs. 54
ms). This comparison was not significant in
previous experiment, but does achieve sig
cance here. Likewise, arguments 5 and 11
use both universal-to-particular and particu
to-indefinite types and took significantly long
for participants than arguments 2, 3, 8, an
which contain just the component inferen
(6670 vs. 5692 ms). Finally, arguments 6
12, with both universal-to-indefinite and univ
sal-to-particular instantiation, also took lon
than arguments 1, 3, 7, and 9, with the relev
component instantiations (6028 vs. 5278 ms
each case,F(1,214) . 10, SEm 5 241 ms
p , .01, byplanned comparisons.

Response times in this study are somew
faster than those of Experiment 1, but there
strong correlation between times for compa
ble arguments in the two experiments,r (10) 5
86, p , .001. This suggests that argume

difficulty is robust over different ways of e
pressing the universal and the indefinite ter

Error rates.By contrast with the respon
times, error rates are slightly larger in Expe
ment 2 than Experiment 1. The errors, howe
are consistent with the times in showing
one-type arguments (13.5% errors) significa
easier than the two-type problems (18.6
F(1,29) 5 12.56, SEm 5 1.0%, p , .01.

Two additional explanations.We noticed ear
ier that the premises of one- and two-type
uments contain the same number of univer

he same number of indefinites, and the s
umber of particular nouns. The argume
onclusions are also balanced for the freque
f the different kinds of terms.Pairs of univer-
als andpairs of indefinites, however, are mo
ommon within the premises or conclusions
ne-type than of two-type problems. Th
airs had similar wording in Experiment 1 a
ould have led to the advantage that the o
ype arguments exhibited; however, the pre
tudy found no evidence that this was so.
ifference between argument forms did not
rease when the members of the pair had
inct phrasing. It remains possible that unive
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or indefinite pairs speed processing no ma
how the sentences express them, but even
more abstract possibility seems inconsis
with the data. One-type arguments 3 and 8 e
contain a single pair, as do two-type ar
ments 5, 6, 10, and 11. Mean time for
former (5262 ms), however, is significan
faster than mean time for the latter argume
(6293 ms),F(1,214) 5 24.52, SEm 5 241
ms, p , .01.

Yet another possibility is that the respo
time difference is due to the total number
different kindsof terms within a sentence. T
premise of argument 7, for example, has te
of two different kinds (universal and particula
whereas the premise of 11 has all three k

TAB

Argument Forms, Mean Correct Re

Number
of rule
types

Argument
number

Argument
form Typ

Constant-premise

1. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

2. F(u, u9, n, n9)£ Pa
F(u, u9, i, i9)

3. F(u, u9, n, n9)£ Un
F(n0, n-, n, n9)

4. F(u, u9, n, n9)£ Un
Two F(i, u9, i9, n9) Pa

5. F(u, u9, n, n9)£ Un
F(n0, u9, i, n9) Pa

6. F(u, u9, n, n9)£ Un
F(i, n0, n, n9) Un

Constant-conclusion

7. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

8. F(n0, n-, n, n9)£ Pa
F(i, i9, n, n9)

9. F(i, i9, u, u9)£ Un
F(i, i9, n, n9)

10. F(u, n0, n, n9)£ Un
Two F(i, i9, n, n9) Pa

11. F(n0, i9, u, n9)£ Pa
F(i, i9, n, n9) Un

12. F(u, i9, u9, n9)£ Un
F(i, i9, n, n9) Un

a n 5 120.
r
is
t
h

-

s

s

s

(universal, particular, and indefinite). In ge
eral, one-type arguments have fewer kinds
terms per sentence (M 5 1.8) than do two-typ
arguments (M 5 2.3), and it ispossible to
argue that participants have more difficu
comprehending sentences with a greater va
of kinds. To check the possibility that this d
ference explains the one-type versus two-
response times, we can compare one-type a
ments 1, 2, 7, and 9 to two-type argumen
and 10, since each of these arguments co
exactly two kinds of terms in both premise a
conclusion. Mean times for the one-type ar
ments, however, is 5557 ms versus 5916 m
the two-type items. This difference is marg
ally significant (F(1,214)5 2.87, .05, p ,

2

nse Time, and Error Rates, Experiment 2

of instantiation
Mean response time

(ms)
Error ratea

(%)

sal-indefinite 4518 10.0

lar-indefinite 6041 10.8

sal-particular 4923 18.3

sal-indefinite 6348 15.8
lar-indefinite
sal-particular 6742 25.0
lar-indefinite
sal-indefinite 5999 18.3
sal-particular

sal-indefinite 5465 14.2

lar-indefinite 5600 12.5

sal-particular 6204 15.0

sal-indefinite 5833 18.3
lar-indefinite
lar-indefinite 6599 14.1
sal-particular
sal-indefinite 6056 20.0
sal-particular
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.10) andechoes the results from the full d
set.

We can conclude that neither the freque
of individual terms nor the frequency of pairs
terms nor the frequency of kinds of terms in
sentences accounts for the one-type/two-
difference.

EXPERIMENT 3: INSTANTIATION
WITHOUT SCOPE AMBIGUITIES

Sentences containing both universal and
definite terms are semantically ambiguo
since the indefinite term can refer to just o
entity or several different ones. TheResults
section of Experiment 1 shows that these sc
ambiguities cannot explain the differences
tween arguments containing just one type
instantiation and arguments containing two.
it would nevertheless be useful to know w
the times for individual arguments are like wh
the sentences clearly favor one interpreta
over the other. The ambiguities in the ar
ments of Experiments 1 and 2 may be resp
sible for some of the variation within one-ty
and two-type arguments.

One way to reduce the ambiguity of the
items is to reword the indefinitesomeoneas
someone or other,since the latter phrase sele
narrow scope. As mentioned earlier,Joan re-
minded everybody to compare someone to F
is ambiguous between the reading in wh
there is just one (unnamed) person wh
everyone is to compare to Fran and a sec
reading in which everyone compares some
(but not necessarily the same person) to F
Joan reminded everybody to compare some
or other to Fran,however, seems to favor t
second interpretation over the first. A pi
study, similar to that of Experiment 2, sugge
that this rephrasing does not eliminate the o
type versus two-type difference. In this stu
the phrasesome person or otherreplaceda
person,andsomeone or otherreplacedsomeon
in the arguments of Experiment 2. This cha
in wording increased response times overall,
the mean time for one-type arguments (7
ms) was significantly faster than that for tw
type arguments (7817 ms),F(1,29) 5 5.79,
SE 5 162 ms,p , .05. Error rates in thi
m
y
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experiment were consistent with the respo
times. Participants made fewer errors (14.
when dealing with one-type problems than t
did for two-type problems (21.0%),F(1,29) 5

.77, SEm 5 1.6%, p , .01. This replicate
the pattern found in Experiments 1 and 2.

Unfortunately, however, the use ofsomeon
or other does not completely eliminate t
scope ambiguities in these problems.
premise of argument 9 (see Appendix), for
ample, appeared to participants in the p
study asSomeone or other reminded some p
son or other to compare everyone to everyb
Each of the two indefinite phrases could h
narrow scope with respect to both of the u
versals or with respect to only one of them. T
differences in these interpretations are easi
comprehend if we draw the terms in the s
tence from different domains. For examp
compare (9a), in which the indefinite phra
have narrow scope with respect toeach actress
to (9b), in which these phrases have nar
scope with respect toevery actor.

(9) a. Each actress reminded one of her directors
to compare one of her make-up artists to
every actor.

b. Each actress reminded one of his directors
to compare one of his make-up artists to
every actor.

It is uncertain how many interpretations peo
discriminate in sentences with indefinites
multiple universals, but the possibility of the
alternative readings suggests that we sh
take a different path to disambiguating th
arguments.

The tack we take in the present experimen
to divide each of the original sentences into
conjuncts. Each argument form appeared in
experiment in six different versions, at least t
of which were unambiguous. Example (1
shows one of the unambiguous versions
arguments 1, 2, and 4, and these examples
be compared to those in (6) and (8) for
comparable arguments in Experiments 1 an

(10) a. Everyone admired each person, and Jan
interviewed Pam.
Someone admired a person, and Jan inter-
viewed Pam.
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35THE NATURE OF INSTANTIATION
b. Jan admired Pam, and everyone inter-
viewed each person.
Someone admired a person, and everyone
interviewed each person.

c. Everyone admired Jan, and each person
interviewed Pam.
Someone admired a person, and each per-
son interviewed Pam.

In (10) universal and indefinite terms alwa
appear in separate conjuncts. Because the s
of these terms doesn’t extend across the
junction, the sentences are unambiguous:
indefinite is within the scope of a universal, a
no universal within the scope of an indefin
Some of the other versions of the argume
remained ambiguous in this experiment; t
were retained to prevent participants from p
dicting where in the sentences the instanti
terms would appear. However, because tw
more versions of each argument form were
ambiguous, we can test the difference betw
one-type and two-type arguments in a con
free of ambiguities by confining ourselves
these versions. The different sentence type
this experiment also provide an opportunity
generalize the results beyond those of Exp
ments 1 and 2.

Method

The arguments in this experiment had
same abstract form as those in 1–12 of Tabl
and 2. However, all premises and conclus
appeared in the sentence frameX admired Y,
and Z interviewed W, as in (10).

As we observed earlier, two of the terms
each argument are instantiated, and the o
two terms are constant. I created six differ
versions for each of the arguments 1–12
assigning the instantiated and the constant t
to different positions in the sentence frame
version 1 the two instantiated terms appeare
the first conjunct of the frame, as in (10), and
version 2 the two instantiated terms appeare
the second conjunct. These two versions alw
produced unambiguous sentences becaus
individual conjunct never contained both a u
versal and an indefinite term. In the remain
versions, one instantiated term and one con
term appeared in each conjunct. There are
pe
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possible assignments of this sort, creating
sions 3–6. For some of the arguments, all
of these remaining versions are ambiguou
that at least one conjunct contains both a
versal and an indefinite. Arguments 2, 4, 9,
12 conform to this pattern. For arguments 5
11, two of the remaining versions are ambi
ous and the other two unambiguous. For
remaining arguments 1, 3, 6, 7, 8, and 10
versions are unambiguous (as were the com
rable arguments in Experiments 1 and 2)
sum, all 12 argument forms had two unamb
uous versions—versions 1 and 2. Some a
ments had four additional unambiguous v
sions, others two, and still others none.

The terms in each argument version co
appear in one of four different orders (e
either of the corresponding termŝeveryone
someone& or ^each person, a person& could ap
pear first in the first conjunct of (10a), and eit
^Jan, Jan& or ^Pam, Pam& could appear first i
the second conjunct). One of these four ord
was chosen at random to represent each ver
Four one-syllable, three-letter proper names
peared in the arguments—Kim, Jan, Pam,
Flo—and these were randomly assigned to
positions of the particular terms in the ar
ments.Someoneor a personappeared as th
indefinite terms andeveryoneandeach perso
as the universal terms, as in Experiment 2.

The entire set of stimulus arguments c
sisted of 72 deductively correct items (12 ar
ment forms by 6 versions) and 72 incorr
items (formed by reversing the position of
premise and conclusion in the correct item
Participants received these 144 argument
random order—a different random sequence
each participant.

The procedure in this experiment follow
that of Experiments 1 and 2, but with one sm
addition: Participants saw a summary of
instructions for the main experiment repea
after the practice trials. The entire session t
50 min or less to complete. The 30 participa
were from the same population as those of
periments 1 and 2 but had not taken part in
earlier studies. Two participants were app
ently unable to understand the instructions,
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36 LANCE J. RIPS
two additional participants from the same p
ulation replaced them.

Results and Discussion

Response times.Interest in this experime
centers on those versions of the arguments
are free of scope ambiguities. For all unamb
uous items, mean correct response time
faster for arguments containing just one typ
instantiation (5117 ms) than for arguments c
taining two (5442 ms),F(1,29) 5 14.69
SEm 5 61 ms,p , .001. Therelevant mean
for the individual arguments appear in Table
(Table 3 reports trimmed response times,
lowing the procedure of Experiments 1 and
The same result holds if we restrict the anal

TAB

Argument Forms, Mean Correct Response Time, a

Number
of rule
types

Argument
number

Argument
form Typ

Constant-premise

1. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

2. F(u, u9, n, n9)£ Pa
F(u, u9, i, i9)

3. F(u, u9, n, n9)£ Un
F(n0, n-, n, n9)

4. F(u, u9, n, n9)£ Un
Two F(i, u9, i9, n9) Pa

5. F(u, u9, n, n9)£ Un
F(n0, u9, i, n9) Pa

6. F(u, u9, n, n9)£ Un
F(i, n0, n, n9) Un

Constant-conclusion

7. F(u, u9, n, n9)£ Un
One F(i, i9, n, n9)

8. F(n0, n-, n, n9)£ Pa
F(i, i9, n, n9)

9. F(i, i9, u, u9)£ Un
F(i, i9, n, n9)

10. F(u, n0, n, n9)£ Un
Two F(i, i9, n, n9) Pa

11. F(n0, i9, u, n9)£ Pa
F(i, i9, n, n9) Un

12. F(u, i9, u9, n9)£ Un
F(i, i9, n, n9) Un
-

at
-
s
f
-

.
-
)
s

to just versions 1 and 2, which were unamb
uous for each of the 12 arguments in Tabl
For these versions, mean times were 5105
for arguments involving one type of instant
tion and 5299 for arguments involving tw
F(1,29)5 4.51,SEm 5 88 ms,p , .05. This
finding strengthens the idea that the one-
versus two-type difference does not depend
confounding with premise or conclusion am
guity. We found in Experiment 1 that this d
ference remained if we discarded those a
ment forms in Table 1 that contain both
universal and an indefinite term in their prem
or conclusion. The present findings show
the difference also remains for unambigu
versions of all 12 argument forms.

3

Error Rates, Experiment 3 (Unambiguous Arguments

of instantiation
Mean response time

(ms)
Error rate

(%)

rsal-indefinite 4833 3.3

ular-indefinite 5928 1.7

rsal-particular 5071 2.8

rsal-indefinite 5318 6.7
ular-indefinite
rsal-particular 6275 17.5
ular-indefinite
rsal-indefinite 5395 5.5
rsal-particular

rsal-indefinite 5083 2.7

ular-indefinite 4605 9.4

rsal-particular 5184 0.0

rsal-indefinite 4875 7.8
ular-indefinite
ular-indefinite 5851 15.0
rsal-particular
rsal-indefinite 4944 6.7
rsal-particular
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37THE NATURE OF INSTANTIATION
The results also align with those of Expe
ment 1 in showing that participants are faste
dealing with unambiguous than ambiguous s
tences. Looking at those argument forms
had both unambiguous and ambiguous vers
(arguments 2, 4, 5, 9, 11, and 12 in Table 3),
find mean times of 5653 ms for the former a
5949 ms for the latter. This difference is sign
icant by a planned comparison,F(1,430) 5
7.13, SEm 5 234 ms,p , .01.

A more fine-grained analysis of the unamb
ous items also shows that participants w

ypically slower to confirm two-type argumen
han those one-type arguments that depende
he same forms of instantiation. One excep
o this trend occurred for two-type argumen
nd 10 (each requiring universal-to-indefin
nd particular-to-indefinite instantiation). Tim

or these arguments were approximately
ame as those of one-type arguments 1 a
universal-to-indefinite) and 2 and 8 (particu
o-indefinite). Mean response time for ar
ents 4 and 10 was 5096 ms versus 5112 m
rguments 1, 2, 7, and 8. The remaining c
arisons, however, follow the more usual p

ern.
Error rates.As in the previous experimen

rror rates correlated positively with the
ponse times. Considering all unambiguous
uments, we find fewer errors (3.3%) for
ne-type than the two-type items (9.9%
(1,29)5 20.66,SEm 5 1.02%,p , .0001.

Likewise, for versions 1 and 2 only, participa
made fewer errors for one-type argume
(3.0%) than for two-type arguments (10.8%
F(1,29) 5 16.52, SEm 5 1.4%, p , .001.
These differences for errors in Table 3 are
anything, more clear-cut than those of the
sponse times, so there is no hint that particip
were sacrificing accuracy for speed.

GENERAL DISCUSSION

Natural language provides us with terms
different inherent generality: Universal term
such aseverything, apply to all individuals
within a domain; particular terms, such
names and definite descriptions, denote indi
ual instances; and indefinite terms, such
something,apply to unspecified individual
-
t
s

e

e

on
n

e
7

or
-
-

r-

s
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f
-
ts

f

-
s

Deductive inference allows us to descend
same ladder of generality. For once we kn
that a property or relation is true of everyo
we can conclude that it is true of Margaret, a
once we know it is true of Margaret, we c
conclude it is true of someone. The experime
in this paper suggest that people carry out th
inferences by means of separate cognitive
erations. Separate operations imply that pe
should find it more difficult to judge the dedu
tive correctness of an argument if that argum
depends on two different types of instantiat
(e.g., universal-to-particular and particular-
indefinite) than if it depends on two examples
the same type (e.g., two examples of univer
to-particular instantiation). This is because
harder to switch between different cognit
operations than to perform the same opera
twice over. In fact, all three experiments in t
paper support this prediction: Response ti
are longer and errors more numerous whe
argument contains two types of instantiat
than when it contains one repeated type.

Of course, the idea that different types
instantiation correspond to different cognit
processes does not imply that there are no
tions among them. The findings here are c
sistent with the possibilities that the types
instantiation employ some of the same subc
ponents, that they can be used jointly in m
complex cognitive activities, and that they
subject to some of the same restrictions f
higher order processes. Interrelations like th
are what we would expect from operations
have the common purpose of dealing with g
erality and abstraction. What the results s
gest, however, is that the operations are
identical, so that completing one and beginn
another requires effort.

These experiments also rule out several a
native explanations of the difference betw
one-type and two-type arguments. By equa
the frequency with which universal, particul
and indefinite terms appear in the premises
conclusions, Experiments 1–3 demonstrate
the difference between one-type and two-t
arguments is not the result of special strate
based on the overall generality of the senten
Nor can it be due to the total number of tim
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38 LANCE J. RIPS
each type of instantiation appears in the o
type versus two-type items. In the same v
Experiment 2 varied the wording of repea
universal and indefinite terms in order to sh
that the one-type/two-type difference is not s
ply a matter of faster comprehension of repe
phrases. Experiment 3 modified the synta
form of the premises and conclusions in a w
that eliminated scope ambiguities. The diff
ence between one-type and two-type argum
persisted in these unambiguous contexts. T
findings increase the likelihood that switch
between types of instantiation poses difficul
in reasoning, but of course they don’t elimin
all conceivable alternative explanations. The
mainder of the paper considers two additio
possibilities, one based on the notion of in
ential distance between the premise and con
sion and the other a modification of the gen
ality idea.

Instantiation and Inferential Distance

The response times in these experiments
gest that some forms of instantiation are ea
than others. The data from Tables 1–3 show
arguments 1 and 7, which embody universa
indefinite instantiation, are faster on aver
than either arguments 2 and 8 (particular
indefinite) or arguments 3 and 9 (universal
particular instantiation). The unweighted me
across experiments are 5141 ms for the un
sal-to-indefinite arguments, 5860 ms for par
ular-to-indefinite arguments, and 5712 ms
universal-to-particular arguments. The same
lationship—faster times for the universal-to-
definite arguments—also holds within each
the three experiments. This inequality wo
presumably not obtain if participants had
instantiate a universal to a particular term
then the particular term to an indefinite e
time they judged the universal-to-indefin
problems. The finding that inferencing is fas
when the terms are at the extreme ends o
scale of generality accords with results fr
experiments on linearly ordered relations (e
larger than). In these studies, response times

sually faster and errors less frequent w
articipants judge which of two distant items

arger (e.g., a horse or a rabbit) than which
-
,

-
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ts
se

-
l
-
-

-

g-
r
t

-
e
-
-
s
r-
-
r
-

f

r
e

.,
e
n

f

two close items is larger (e.g., a dog or a r
bit)—see Banks (1977) for a review of the
findings.

Can a similar concept of “inferential d
tance” explain the remaining results of
present experiments? We have seen that ov
generality of the premises and conclusions
not account for the data, since the experim
equated this variable across argument fo
Still, it is possible to look at differences
generality in another way, by ordering the in
vidual premises and conclusions in terms
which ones entail others. Figure 1 shows
entailment relations that hold among the ar
ments of Tables 1–3. Figure 1a depicts
premise of the constant-premise argumen
the top of the diagram with the conclusions
arguments 1–6 arrayed beneath it. The do
ward arrows represent the entailment relat
among these sentences. Numbers at the nod
the diagram correspond to the argument num
of the corresponding conclusion in the tab
The notation for the premise and the con
sions is also the same as in the tables; howe
the figure distinguishes narrow-scope and w
scope readings of the ambiguous conclusi
Narrow-scope interpretations have subsc
on the indefinite terms (e.g.,i u) to indicate tha
these terms are within the scope of the uni
sals in the subscript (e.g.,i u is within the scop
of u). Wide-scope interpretations have no s
scripts. Figure 1b shows in a similar manner
conclusion of the constant-conclusion ar
ments at the bottom and the premises of a
ments 7–12 above it. Note that narrow-sc
sentences are always beneath the correspo
wide-scope sentence, since the wide-sc
reading entails the narrow-scope reading.4

If response time depends on inferential
tance, then the mean time for an argum
should decrease with the number of links

4 Figure 1 also shows that the premise of the cons
remise arguments entails both the wide- and narrow-s

nterpretations of the conclusions and that the conclusio
he constant-conclusion arguments is entailed by bot
ide- and narrow-scope readings of the premises.

ustifies the earlier claim that scope ambiguities do
ffect the validity of these arguments.
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tween its premise and conclusion in Fig. 1. T
relation gives rise to four independent pred
tions that we can check against the result
Experiments 1–3: (a) argument 4 should
faster than argument 5; (b) argument 1 sho
be faster than 6 should be faster than 3;
argument 7 should be faster than 10 shoul
faster than 8; and (d) argument 12 should
faster than 11. (Inspection of Fig. 1 shows
these inequalities do not depend on whe
participants adopt the wide- or narrow-sc
interpretation of the indefinite terms.) A co
parison with Tables 1–3 shows that altho
predictions (a) and (d) hold in all three expe
ments, (b) holds in none, and (c) in only o

FIG. 1. Entailment relations among (a) consta
indicate that sentence at the top entail the senten
particular terms, andu universals. Subscripted inde
sals.
-
f

d
)
e
e
t
r

(Experiment 1). Notice that inequalities (a) a
(d) are both comparisons within the set of tw
type arguments, whereas (b) and (c) relate
type and two-type items. In particular, (b) p
dicts faster times for argument 6 (a two-ty
argument) than 3 (a one-type argument), an
predicts faster times for 10 (a two-type ar
ment) than 8 (a one-type argument). These
dictions are the opposite of what we wo
expect on the view that arguments employ
different types of instantiation should ta
longer than arguments employing just one. A
contrary to the inferential-distance idea, th
predictions fail in five of six instances in Tab
1–3. We can conclude that although inferen

premise and (b) constant-conclusion sentences. Arro
at the bottom. In the formulas,i denotes indefinite terms,n
tes have scope narrower than the corresponding univ
nt-
ce
fini
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40 LANCE J. RIPS
distance may play a role in the decision tim
we need some further factor to explain the o
type/two-type difference that turns up in th
experiments.

Generality, Revisited

By design, the total number of univer
terms in the premise is independent of the o
type/two-type difference in these experime
Nevertheless, it is clear that if both theinstan-
tiated terms of the premise are universal, th
he argument must be deductively correct.
ame is true if both the instantiated terms of
onclusion are indefinite. We considered a s
le strategy based on these facts in discus

he results of the preliminary experiment,
hich premises and conclusions each conta

ust two terms (seeA Method for Studying In
stantiation). In the present experiments,
analogous strategy would be more diffic
since it would require participants first to isol
the instantiated terms—perhaps by noting m
matching phrases in the premise and con
sion. Thus, participants would at least have
consider the corresponding terms of the a
ment, but they could then stop with a qu
“valid” response if both instantiated terms of
premise or of the conclusion met the ab
requirements. (Participants would still have
engage in more elaborate processing if ins
tiated particular terms appeared in both
premise and conclusion.)

This strategy possess both advantages
disadvantages in accounting for the data
these experiments. On the positive side, a
at the arguments in Tables 1–3 shows that
strategy would produce the correct decision
all but arguments 5 and 11. The strategy th
fore predicts that average time for these
arguments should be longer than that for
remaining items, and this relation holds in
three experiments (7004 vs. 6251 ms in Ex
iment 1, 6670 vs. 5699 ms in Experiment 2,
6062 vs. 5123 ms in Experiment 3). On
negative side, the strategy is powerless in
counting for the differences among the rem
ing arguments. This includes the differen
among the one-type arguments that we
served earlier under General Discussion, as
,
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as the one-type/two-type difference involv
arguments 6 and 12 and their component a
ments (1, 3, 7, and 9) in Experiments 1 an
Notice that the relatively fast instantiation
universal to indefinite terms, which we d
cussed in the last subsection, can also exp
why arguments 5 and 11 are slow. These are
only two-type arguments that donot depend o
universal-to-indefinite instantiation (see Tab
1–3); thus, participants are forced to rely
slower processes in verifying them. This diff
ence in instantiation speed is also consis
with the relatively fast response times for ar
ments 1 and 7; thus it appears to provide a b
overall account than the generality-based s
egy.

A related shortcutting strategy might rest
the fact that any stimulus argument wh
premise contains no indefinite terms and wh
conclusion contains no universal terms is
ways valid (see Table 1). The converse of
relationship is not true—arguments 2, 4, 5
11, and 12 all contain either an indefinite in
premise or a universal in the conclusion—
participants who use this decision rule wo
have to supplement it by some further proc
ing for the latter arguments. Nevertheless,
sponse times for the arguments to which
decision rule applies are consistently faster
those to which it doesn’t (6039 vs. 6709 ms
Experiment 1, 5390 vs. 6332 ms in Experim
2, and 4977 vs. 5583 ms in Experiment
Moreover, this strategy has the potential to
plain some puzzling asymmetries in the d
For example, argument 9 is consistently
most difficult of the one-type constant-conc
sion arguments; however, argument 3, wh
relies on exactly the same type of instantia
is never the most difficult one-type consta
premise argument (see Tables 1–3). The d
sion rule just described predicts this differen
since argument 3 meets the rule’s provisio
whereas argument 9 does not. In general,
cause the rule depends on all the terms in
argument, uninstantiated as well as instantia
the strategy can explain differences between
constant-premise arguments and the co
sponding constant-conclusion items.

Participants in these experiments could
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41THE NATURE OF INSTANTIATION
have used this second strategy as their
method, even for those arguments for whic
yields a correct “valid” decision. For examp
although arguments 1, 3, and 6 all meet
requirements of this decision rule for a f
“valid” response, argument 6 (a two-type ar
ment requiring universal-to-indefinite and u
versal-to-particular instantiation) has respo
times significantly slower than the mean tim
for arguments 1 (universal-to-indefinite) an
(universal-to-particular). The difference ran
from 443 ms in Experiment 3 to 1278 ms
Experiment 1,F . 4.55, p , .05 in all
experiments. It is possible, of course, that so
participants were applying the strategy, whe
others were not (or that participants were ap
ing the strategy on some trials but not othe
Such a mixture of processes, however, sh
reduce the one-type versus two-type differe
for those arguments to which the decision
applies, and this is not the case for the data f
these experiments. In addition, a cluster an
sis of individual response profiles in Expe
ment 1 failed to reveal a group of participa
who consistently applied this strategy. Spec
purpose strategies like the two we have
considered may well have played some rol
these results, but the evidence for them is
clear.

Implications

These experiments support the notion
different types of instantiation require differe
cognitive mechanisms and that switch
among these mechanisms takes time. If we m
sure switching time by the difference betwe
two-type and one-type arguments, then
present results suggest a figure in the neigh
hood of 0.5 s. As already noted, the evidence
different mechanisms does not necess
mean that universal-to-particular, universal
indefinite, and particular-to-indefinite instant
tion are entirely independent processes. Bu
results do suggest that instantiation is no
homogeneous process that operates in the
way whenever we infer a more specific sta
ment from a more general one.
le
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The results are consistent with a theory (R
1994, 1999) in which distinct rules govern
different forms of instantiation. The restrictio
we noticed at the beginning of the article (
Three Kinds of Instantiation) suggest that the
forms have different requirements, making
natural to formulate them as separate rules.
consistently faster response times for one-
than two-type arguments further reinforces
idea that separate mental rules oversee the
instantiation forms. It is possible, of course, t
cognitive theories could handle instantiat
and account for the present data without
course to mental rules. At present, howe
there are no alternative explanations for
kinds of inferences studied here.

The details of these instantiation proces
are important, not only because of the part
stantiation plays in reasoning, but also beca
of its more general role in symbol manipulati
Instantiation is what binds mental procedure
information in memory, and it is therefore
sponsible for all forms of retrieval in symbo
cognitive theories. The present results sug
by analogy that methods of retrieval might v
as a function of both the kind of information
be retrieved and the kind of process that
trieves it. It may prove useful, for example,
view retrieval of information about particul
individuals as differing from retrieval of info
mation about arbitrary ones: Remembe
whether Calvin has climbed Mt. Formidab
may differ from remember whether anyone h
Issues like these indicate potential benefits
taking inference as a base-level cognitive p
cess rather than a specialized form of prob
solving.

APPENDIX: SAMPLE ARGUMENTS FOR
EXPERIMENT 1

Each of the 12 argument forms below appeared in
periment 1 in four versions, generated by permuting
ordinal positions of the corresponding pairs of terms in
premise and conclusion (seeMethod,Experiment 1). In on
version, for example, argument 1 might have appeare
Jill reminded everyone to compare Cathy to everybody
reminded someone to compare Cathy to somebodyAll
examples are shown before permutation.
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Number
of rule
types

Argument
number

Argument
form Example

Constant-premise arguments

One 1. F(u, u9, n, n9)£ Everyone reminded everybody to compare Jill to Cathy
F(i, i9, n, n9) Someone reminded somebody to compare Jill to Cathy

2. F(u, u9, n, n9)£ Everyone reminded everybody to compare Beth to Ann
F(u, u9, i, i9) Everyone reminded everybody to compare someone to some

3. F(u, u9, n, n9)£ Everyone reminded everybody to compare Martha to Jane
F(n0, n-, n, n9) Sarah reminded June to compare Martha to Jane

Two 4. F(u, u9, n, n9)£ Everyone reminded everybody to compare Lisa to Emily
F(i, u9, i9, n9) Someone reminded everybody to compare somebody to Em

5. F(u, u9, n, n9)£ Everyone reminded everybody to compare Hope to Fran
F(n0, u9, i, n9) Joan reminded everybody to compare someone to Fran

6. F(u, u9, n, n9)£ Everyone reminded everybody to compare Miriam to Kristin
F(i, n0, n, n9) Someone reminded Erin to compare Miriam to Kristin

Constant-conclusion arguments

One 7. F(u, u9, n, n9)£ Everyone reminded everybody to compare Christie to Mary
F(i, i9, n, n9) Someone reminded somebody to compare Christie to Mary

8. F(n0, n-, n, n9)£ Jane reminded Ellen to compare Paula to Jean
F(i, i9, n, n9) Someone reminded somebody to compare Paula to Jean

9. F(i, i9, u, u9)£ Someone reminded somebody to compare everyone to ever
F(i, i9, n, n9) Someone reminded somebody to compare Betty to Marge

Two 10. F(u, n0, n, n9)£ Everyone reminded Trish to compare Julie to Nicole
F(i, i9, n, n9) Someone reminded somebody to compare Julie to Nicole

11. F(n0, i9, u, n9)£ Rachel reminded somebody to compare everyone to Melissa
F(i, i9, n, n9) Someone reminded somebody to compare Pam to Melissa

12. F(u, i9, u9, n9)£ Everyone reminded somebody to compare everybody to Sus
F(i, i9, n, n9) Somebody reminded somebody to compare Rochel to Susan
n-
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