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Constructing Meaning: The Role of Affordances and Grammatical
Constructions in Sentence Comprehension

Michael P. Kaschak and Arthur M. Glenberg

University of Wisconsin—Madison

The Indexical Hypothesis describes how sentences become meaningful through grounding their
interpretation in action. We develop support for the hypothesis by examining how people understand
innovative denominal verbs, that is, verbs made from nouns and first encountered by participants
within the experiment (e.g., to crutch). Experiments 1 and 2 demonstrated that different syntactic
constructions provide scenes or goals that influence the meaning created for the innovative verbs.
Experiment 3 used reading time to demonstrate that people also consider possible interactions with
the objects underlying the verbs (i.e., the affordances of the objects) when creating meaning.
Experiment 4 used a property verification procedure to demonstrate that the affordances derived from
the objects depend on the situation-specific actions needed to complete the goal specified by the
syntactic construction. Thus the evidence supports a specific type of interaction between syntax and
semantics that leads to understanding: The syntax specifies a general scene, and the affordances of
objects are used to specify the scene in detail sufficient to take actiomoo Academic Press

Key Words:embodied cognition; construction grammar; sentence comprehension; denominal
verbs.

How sentences are understood is a centr@lenberg, 1997). In this article, we propose a
question. Theories of sentence comprehensionodel of sentence comprehension based o
can inform work on parsing (e.g., Frazier &Glenberg and Robertson’s (1999) Indexical Hy-
Clifton, 1996; MacDonald, Pearlmutter, & Sei-pothesis. This hypothesis asserts that compre
denberg, 1994; see Mitchell, 1994, for a rehending a sentence requires three processe
view), lexical access (e.g., Andrews, 1992indexingwords and phrases to referents, deriv-
Marlsen-Wilson, 1990), mental models (e.g.ing affordanceqGibson, 1979) from these ref-
Zwaan & Radvansky, 1998; van Dijk & erents, andneshing(Glenberg, 1997) these af-
Kintsch, 1983; Johnson-Laird, 1983; Glenbergpordances under the guidance of intrinsic
Meyer, & Lindem, 1987), and meaning (e.g.biological and physical constraints (see Glen-

berg, 1997; Glenberg & Robertson, in press) a
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TABLE 1

Syntactic Form—Meaning Pairs

Form Example Hypothesized meaning of form

Transitive

N-V-OBJ “Mike kicked the toy” “X acts on Y”
Double object:

N-V-OBJ1-0OBJ2 “Mike gave David a toy” “X transfers Y to Z”
Caused motion

N-V-OBJ-OBL “Mike pushed the book off the table” “X causes Y to go to Z”
Resultative

N-V-OBJ-Xcomp “Mike kissed the child unconscious” “X causes Y to become Z”
Way construction

N-V—[poss-way]-OBL “Mike made his way across the room.” “X creates and follows a path to OBL

® Adapted from Goldberg, 1995.

SYNTAX AND MEANING ings (Gleitman & Gillette, 1995; Naigles, Gleit-

The relationship between syntactic forms ang'an; & Gleitman, 1992; Pinker, 1989).
meaning has been explored in terms of verp Several theories have been proposed to ex

argument structures, or, roughly, the structurdd@in this form-meaning relationship. Pinker
of simple sentences. Several sentence forndd,989) suggests that it arises from the existenc
such as the double-object, transitive, cause@f rules that link verb semantics to argument
motion, and others (see Table 1) have beeffuctures. A sentence form will be associatec
associated with particular meanings. For exan¥ith @ particular meaning, on this account, be-
ple, the transitive sentence structure (N-V<ause a cluster of verbs with similar semantics
OBJ) is linked with a putative meaning of “X (€.g., “transfer” verbs) will commonly occur in
acts on Y,” whereas the double-object sentendBe same sentence form. A second theory (e.g
structure (N-V—OBJ1-OBJ2) is linked with alandau & Gleitman, 1985) suggests that there i
meaning of “X transfers Y to Z” (Pinker, 1989; @ relationship between sentence forms and th
Goldberg, 1992, 1995). Whereas these arg§cenes that they describe. The form—meanin
ment structures correspond to simple sentendgkage is thus created on the basis of this rela
forms, they are also found in more Comp|e)§ionship between scenes and sentences. Fish
sentences. For instance, the transitive structut®996) proposes a similar idea in which the
is found in the sentenceMike kicked the ball relationship between a particular type of even
that was laying in the yard,” even though thénd a particular sentence form is the basis of al
sentence structure is complex. analogical transfer process which allows knowl-
The relationship between form and meaningdge about the old event to be transferred an
has been explored in a number of experimengpplied to current events or sentences. A fina
involving children (e.g., Pinker, Lebeaux, &hypothesis about the form-meaning linkage
Frost, 1987; Gropen, Pinker, Hollander, &omes from Goldberg (1995).
Goldberg, 1991; Naigles, 1990; Fisher, 1996). Goldberg (1995) claims that certain syntactic
The results from a series of paradigms (e.gfprms exist as independent units in the languag
“acting out” tasks and preference looking tasksyith their own meaning (called “argument
suggests that particular syntactic forms are astructure constructions”; see Table 1).cAn-
sociated with particular meanings. In fact, chilstruction (cf., construction grammar, Fillmore,
dren’s sensitivity to these form—meaning pair1988; Fillmore, Kay, & O’Connor, 1988; see
ings has become a significant aspect of marlgay & Fillmore, 1999, for a discussion) is de-
theories of the child’s acquisition of verb meanfined as a pairing of a form and meaning suct
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that the meaning cannot be predicted on thequivalent to “X causes Y to go to Z by sneez-
basis of the form alone. Argument structuréng.” But, if we have a construction that pairs
constructions are believed to be lexically unthis syntactic form with this type of meaning,
filled syntactic forms that specify both syntactidhen such a sentence can be readily understoc
(e.g., nouns, verbs, and objects) and thematfsee work on syntactic bootstrapping for discus-
(e.g., agents, patients, and recipients) informa&ion of a similar idea; e.g., Gleitman & Gillette,
tion. For example, the transitive constructior1995).
specifies reference to the “agent” and “patient” Motivating Goldberg’s (1995) analysis of
thematic roles and links these roles to specificonstructions and their meanings is theene-
syntactic units (the “agent” is the subject, thencoding hypothesiéccording to this hypoth-
“patient” is the direct object). It is this hypoth- esis, argument structure constructions encod
esis about form—meaning linkages that we inthe basic scenes of human experience (e.g
corporate into the Indexical Hypothesis. transfer, acting on, and causing motion; sec
One strength of the constructional view isTable 1). Constructions thus aid in sentence
that it allows for a parsimonious account of theeomprehension by providing the comprehende
relationship between verbs and argument struesth a cue to the basic nature of the scene o
tures. Consider first an alternative approach tevent being described by the sentence. For ex
this relationship (e.g., Pinker, 1989). Accordingample, the double-object construction cues the
to Pinker, for a verb to appear in more than oneomprehender that the sentence is about a tran
argument structure, different senses of that verlr situation. For the remainder of the article, we
need to be created. That is, ftwssto appear refer to the sentence forms esnstructionsand
with both a transitive argument structure (e.gthe meanings paired with these forms cm-
“Mike tossed the ball’) and a double-objectstructional meanings.
argument structure (e.g., “Mike tossed David
the ball”) requires having two senses of the verb THE INDEXICAL HYPOTHESIS
toss.One sense is a transitive sense (“to X”) Glenberg and Robertson’s (1999) Indexical
while the other is a transfer sense (“to transfdflypothesis proposes that three processes a
by X”). However, if one accepts Goldberg’sused in understanding language. The first o
(1995) proposal about the existence of construthese is indexing (e.g., mapping) the words anc
tions that carry particular meanings, it is possiphrases in the sentence to (a) referents in th
ble to avoid positing these additional senses @nvironment or to (b) analog mental represen:
toss.On Goldberg’s viewtosscan have a sin- tations (e.g., Barsalou’'s, 1999, perceptual sym
gle, general meaning that takes on differerttols; see Barsalou, Solomon, & Wu, 1999, for
shades (e.g., the transfer component of the dosdpporting evidence). Thus, indexing estab-
ble-object construction) that are supplied by théshes the content of the language: who or wha

construction in which it is found. is being talked about. As evidence for this pro-
This latter point helps understand certain ineess, Glenberg and Robertson (1999) demor
novative uses of verbs, such as: strated that the opportunity to index instructions

to the appropriate actions was a critical factor in
determining how well participants acquired the
This sentence (adapted from Goldberg, 1995) lsnowledge needed to perform a task (e.g., learn
unusual in that is presents an intransitive verimg to use a compass; see also Roth, 1999, for
(sneezgin a syntactic form in which it must be discussion of this idea in an educational set:
interpreted transitively. As Goldberg (1995}ting).

notes, such cases are difficult to handle if one The second process proposed by the Indexi
relies on the creation of different verb senses tcal Hypothesis is the derivation of affordances
understand how verbs can be used in differeifafter Gibson, 1979) from the referents that
argument structures. It seems unlikely that wevere indexed. The termaffordancesrefers to
have in our lexicon a meaning for “to sneezethe ways in which individuals can interact with

(1) Art sneezed the foam off his beer.
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things in their environment. For instance, a perscene). This “scene” highlights certain affor-
son can interact with a crutch in particular waysdances and, importantly, the syntax of the sen
a crutch can be used to aid one’s walking whetence (in this case, the identification of the sub-
injured; to strike something; or to push someject, direct object, etc.) provides instructions for
thing through a long, narrow crevice. All ofthe meshing process such that all the objects an
these possibilities for interaction are the afforpeople are placed in the right relations to eact
dances that a crutch has for an adult human. Tlether. From the previous example, the synta
affordances that an individual derives from pareonstrains meshing such that Lyn is holding the
ticular objects reflect both the ways in which theerutch and pushing the apple rather than the
individual can interact with the object and thecrutch is manipulating Lyn in some manner.
goals that the individual has at that particular These three processes interact dynamically
moment (see Glenberg & Robertson, in presshot serially. Upon reading that “Lyn pushed the
If the person has an injured leg, for example, thapple through the crevice using a crutch,” ref-
“aid in walking” affordance will be more easily erents for Lyn, crutch, apple, and so on, are
derived, whereas if the person wants to pusindexed and used to establish a mental mode
something through a crevice, the “long and natte.g., Kintsch, 1988; Glenberg, Kruley, & Lang-
row” affordance will be more easily derived. ston, 1994; Zwaan & Radvansky, 1998). As
The third process proposed by the Indexicaffordances are derived from Lyn and the apple
Hypothesis is that the affordances are meshelde meshing process begins. As the sentenc
under the guidance of (a) intrinsic constraintsontinues, the affordances are meshed into whe
and (b) constraints provided by the syntax of themounts to a mental simulation (e.g., Barsalou
sentence. Meshing is a process that combin&899) of the event depicted in the sentence. Thi
affordances into coherent patterns of actionsyntax of the sentence will be used at all of
(Glenberg, 1997); that is, actions that can actuhese stages to both aid in the indexing proces
ally be completed to accomplish a goal. Thus, ge.g., forming noun phrases) and to provide
crutch affords poking or pushing because it cageneral constraints on how the mental simula
be held and jabbed. This sort of poking can bgon is to operate. Changes in any of these step:
combined (meshed) with other actions, such asich as a change in the syntactic analysis of th
placing an apple into a crevice and pushing thgentence, will result in the simulation being
apple through the crevice. Meshing the afforsystematically altered to accommodate thes
dances of a crutch, an apple, and a crevigghanges. Note, however, that in real discourse
allows for the understanding of, “Lyn pushedmuch of this work (with regard to the “Lyn”
the apple through the crevice using a crutch$entence) would have been done by the conte»
The meshing process is different from associair which the sentence is encountered. That is
ing, propositionalizing, or parsing in that meshhe representations for Lyn, the crutch, and sc
respects intrinsic biological and physical conen, would have been indexed in an earlier par
straints on combination. For example, it is dif-of the discourse, removing the need to do tha
ficult to understand, “Lyn pushed the appldor the example sentence presented here. Th
through the crevice using a thread” because tltiscourse would also establish Lyn’s goals sc
usual affordances of threads do not combinghat the proper affordances could be derivec
(mesh) with the action of pushing (Glenberg &rom the crutch. It is in this way that discourse
Robertson, in press). or context will operate to make the comprehen-
The syntax of the sentence provides corsion of sentences felicitous. However, if the
straints on meshing in two ways. First, after thaffordances cannot be combined as directed b
work on the syntactic form—meaning relationthe syntax (e.g., pushing an apple with a thread)
ship (Goldberg, 1995; see also Gleitman & Gilcomprehension suffers (as demonstrated in EX
lette, 1995), the form of the sentence is hypottperiment 3).
esized to provide cues to the general scene orThe experiments that follow test the Indexi-
event that is being described (e.g., a transfeal Hypothesis by examining how readers un-
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derstand innovative denominal verbs (e.g1998) that adults are also sensitive to this rela
Clark & Clark, 1979); that is, verbs createdtionship. Second, we demonstrate that the
from nouns (e.g., t@rutch) that have no stan- meaning conveyed by particular syntactic forms
dard meaning. Denominal verbs of this soris not due to previously learned lexical items
provide an interesting arena within which to tesfespecially verbs) that may occur in these sen
the Indexical Hypothesis, as their meaningences. Finally, this experiment assesses the di
seems to rely almost exclusively on the contexgree to which the meaning carried by syntactic
in which they are found. What it means toframes can be used to constrain the interprete
crutch something, for instance, depends on thgon of innovative denominal verbs.
manner in which crutch is being used as a verb: To assess these claims, we presented parti
to crutch can mean to strike with a crutch, tapants with one of two tasks. In the sentence-
walk with a crutch, to push with a crutch, and s@hoice task, participants saw pairs of sentence
on. Understanding what such a verb means, wgich as (1) and (2) or (3) and (4):
argue, will depend on the perceptual symbol to ,
which the noun (i.e.crutch) is indexed, the (1) Lyn crutched Tom her apple so he wouldn'
K . starve. (double-object form)
affordances that can be derived from that object, (2) Lyn crutched her apple so Tom wouldn't starve.
and the constraints that the scene being depictedtransitive form)
in the sentence provides on how the object can (3) Lindsay bought Sam a sweater to please him.
be used. (double-object form)
This article presents four experiments to test E:/L'}';dn?fy bought a sweater to please Sam. (transi-
the Indexical Hypothesis. In Experiments 1 and
2, we show that adults are sensitive to the meaithese sentence pairs were followed by one o
ings associated with particular sentence formsyo inference statements. One statement (e.g
that this sensitivity cannot be attributed to parTom got the apple”) was consistent with the
ticular lexical items, and these meanings prameaning of the double-object form, while the
vide constraints on the way that sentences amdher (e.g., “Lyn acted on the apple”) was con-
innovative denominal verbs are understoodsistent with the meaning of the transitive sen-
This finding is of particular interest, as it dem-+ence form. Participants were instructed to indi-
onstrates that a mechanism that is used in lanate which member of the sentence pair mos
guage acquisition (e.g., Fisher, 1996; Gleitmastrongly implied that the inference statement
& Gillette, 1995) continues to play an importantwas true. Half of the sentence pairs used con
role in the language comprehension of adultventional verbs [as in (3) and (4)], while the
Experiment 3 expands on the first two experiether half used innovative denominal verbs [as
ments to demonstrate how syntactic constrainis (1) and (2)]. Note that the sentences are
interact with affordances in language compreslightly more complex than simple double-ob-
hension. Finally, Experiment 4 provides eviject or transitive constructions need to be. The
dence for the idea that specific affordances (thatdditional phrase was included to control for the
is, actions within specific contexts) are requiredumber of participants mentioned in each sen
to understand sentences. tence. The double-object sentence form require
three participants (an agent, patient, and recip
EXPERIMENT 1 ient), whereas the transitive only requires two
Experiment 1 is designed to assess a numbggent and patient). The additional phrase adde
of questions. First, it has been shown using a motivation for the action described and al-
variety of tasks (e.g., Naigles, Gleitman, & Gleitiowed us to mention the same people and ob
man, 1992; Gropen, Pinker, Hollander, Goldjects in both sentences. Equating the number ¢
berg, & Wilson, 1989) that children are sensiparticipants helps to rule out the possibility that
tive to the meaning associated with particulasubjects’ choices in this task will be made solely
syntactic forms. We aim to demonstrate heren the basis of the number of participants men
(along with Fisher, 1994; Naigles and Terrazagioned in each sentence.
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If participants are sensitive to the meanin@n” meaning for the same verbs in the transitive
associated with these syntactic forms, theironstruction.
choices should be strongly influenced by the Note that the two tasks used in this experi-
inference statement. That is, when the inferenceent address different issues. In the sentence
statement is consistent with a transfer meaninghoice task, we probe participants’ interpreta-
participants should choose the double-objetion of sentences. These interpretations
member of the sentence pair; in contrast, whe@specially in the case of denominal verbs) may
the inference statement is consistent with abe orthogonal to the interpretation of the verbs
“act on” meaning, participants should choosé these sentences. For example, “Lyn crutche
the transitive member of the pair. As the innoTom her apple to prove her point” can be inter-
vative denominal verbs do not have a preexispreted as conveying a transfer meaning regarc
ing “transfer component” to their meaning, anyless of whetheto crutchmeans “to act on using
such meaning found in the sentence must arige crutch” or “to transfer using a crutch.” In
from the syntactic form. contrast, the verb-choice task addresses the d

The second task is a meaning-choice tagiree to which the constructions will impose
which addresses the question of whether coseme structure on the meaning of the denomine
structional meanings can provide constraints overbs.
the interpretation of innovative denominal
verbs. Clark and Clark (1979) note that thd/ethod
meaning of these denominal verbs is unprinci- Participants. The 34 participants were stu-
pled (i.e., that it changes greatly depending odents enrolled by introductory psychology
the context in which it is used). As Pinkerclasses at the University of Wisconsin—Madi-
(1989) notes, however, this lack of principle inson. Seventeen participants were used in eac
meaning is detrimental to communication; idetask. They received extra credit in exchange fol
ally, a language system should provide enougdtheir participation.
constraints on meaning that comprehension is Materials. Twenty pairs of critical sentences
less a function of individual interpretation anddouble-object and transitive) using innovative
more a function of general principles. The Indenominal verbs and 20 pairs of sentences (dot
dexical Hypothesis describes some of thedde-object and transitive) using conventional
principles: the affordances of the noun that iserbs were written for this experiment. The
named in the denominal verb provide one set @onventional verbs were taken from Pinker’s
constraints on verb meaning (an issue to b@989) list of verbs that participate in the dou-
addressed in Experiments 3 and 4). Another sbte-object construction. Twenty additional pairs
of constraints may be provided by the construaf sentences in different constructions (the way
tion in which the verb appears (a point which izonstruction, the caused-motion construction
also made in Clark & Clark, 1979). and the resultative construction; see Table 1)

To explore this idea, we presented particisome of which contained denominal verbs, were
pants with the denominal verb sentences fromenerated as filler items. See Appendix 1 for &
the sentence-choice task. Each sentence wlat of all critical sentences for this experiment.
presented individually, and the participants For the sentence-choice task, two inference
were asked to indicate which of two meaningstatements were generated for each sentent
provided (e.g., “to act on using a crutch” or “topair. One statement was consistent with the
transfer using a crutch”) more closely matchedheaning of the double-object construction anc
the meaning of the verb in the sentence. If theas presented in the form “OBJ1 got the OBJ2”
argument structure helps to constrain the meafe.g., “Tom got the apple”). The other was con-
ing of these innovative denominal verbs, particsistent with the meaning of the transitive con-
ipants should be more likely to select the transstruction and was presented in the form “N
fer definition for verbs in the double-objectacted on the OBJ1” (e.g., “Lyn acted on the
construction and more likely to select the “actipple”). Four forms were created to counterbal-
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ance the order of the sentences in the pair (dou- TABLE 2

ble-object first or transitive first) and the type of Results of Experiment 1
inference statement (transfer or act-on). A sen=

tence pair appeared once on each form and over Inference type

the course of the experiment appeared equally
often in all combinations. Participants in this
task saw 20 pairs of sentences using denominal
verbs, 20 pairs of sentences using conventional sentence-choice task: Proportion of double-object
verbs, and 20 filler items. sentences chosén

_I_:or the meaning-choice task, two ver_b defi-Com/entiom1| 92 (17) 06 (.06)
nitions were generated for each of the innovagngyative denominal 80 (.19) 04 (.07)
tive denominal verbs used in the sentence-
choice task. One definition read “to transfer Sentence type Proportion
using an X” (consistent with the double object)
while the other read “to act on using an X" Meaning-choice task: Proportion of
(consistent with the transitive). Each participant defi transfer

. o efinitions choseh
saw 10 double-object sentences, 10 transitive
sentences, and 10 filler sentences selected from ~ Double object 61 (.23)
. . Transitive 42 (.18)

the fillers generated for the sentence-choice
task. Each of the 30 sentences was followed by= siandard deviations in parentheses. For this and al
two definitions of the verb. Four forms weretables, standard deviations were computed across subject
generated to counterbalance (a) whether a par-
ticular innovative denominal verb appeared in
the double-object or transitive construction andverwhelmingly chose the transitive construc-
(b) the order of the transfer and act-on definition for both verb types. Given that the innova-
tions. tive denominal verbs have no preestablishec

Procedure After signing consent forms, eachmeaning, these results demonstrate how th
participant was given one form. Participantgonstruction can determine the meaning of &
given the sentence-choice task were told thaentence.
they were going to read a series of pairs of Statistical support for these conclusions
sentences followed by an inference. They wereomes from a two-factor within-subjects
to choose (with a pencil mark) which membe ANOVA in which the independent variables are
of the pair of sentences most strongly implied¢onstruction type and verb type and the depen
that the inference was true. Participants givedent variable is the proportion of double-object
the meaning-choice task were informed thatentences chosémnalyses with subjects as a
they were going to read a series of sentencamndom factor will be denoted with the subscript
For each sentence, they were to determine what analyses using texts or sentences as a randa
the verb in the sentence meant by choosing offiector will be denoted with the subscript 2.
of the two definitions. Participants were much more likely to choose
the double-object sentence when the “transfer
statement was used than when the act-on stat

Sentence-choice taskhe data of interest are ment was usedH1(1,16) = 250.66,p < .001;
in Table 2. When participants were asked t62(1,19) = 504.85.p < .001]. Participants
choose a sentence consistent with the transfer
meaning, they overwhelmingly chose the dou- * Two participants left one of the items on the form blank
ble-object construction for both conventiona[a different item for each participant). Their data were

and innovative denominal verbs. In contra Included in this analysis after we calculated their proportion
: valiv ! VEros. S%f double-object sentences chosen of 9 (rather than of 10)

when participants were asked to choose a SeRsmoving these subjects from the data pool had no effect o
tence consistent with the act-on inference, thaye pattern of results observed.

Transfer Act-on
Verb type inference inference

Results



CONSTRUCTING MEANING 515

were also more likely to choose the doublde used to constrain the interpretation of inno-
object sentence when the sentences containedaive denominal verbs.
conventional verbF1(1,16)= 12.96,p < .01, There are two minor qualifications to our
F2(1,19) = 7.51, p < .025]. This effect is conclusions. The first arises from the significant
qualified by a significant verb type by inferencalifference between the verb types observed witl
statement interactionFfL(1,16) = 20.44,p < the “transfer” statements in the sentence-choici
.001; F2(1,19) = 4.61, p < .05]. When the task. One possible explanation for this effect is
inference statement was of the act-on fornthat the conventional verbs used in this experi-
participants did not differ in the percentage oment occurred fairly frequently with the double-
trials on which they chose the double-objecbbject construction (e.g., give, send, bring), anc
sentence (6% for the conventional verbs, 4% fanany of them have a transfer component tc
the denominal verbsF1l and F2 both <1). their meaning (e.g., give). The denominal verbs
When the statement was in the “got” formhowever, lacked both the frequency of use in
though, participants did differ in their choicesthe double-object construction and the transfe
[92% for conventional verbs, 80% for denomi-component of meaning.
nal verbs;F1(1,16)= 20.91;F2(1,19)= 6.92]. The second qualification arises from the low
Meaning-choice taskThe results from this proportion of construction-consistent defini-
task are presented in the bottom of Table 2ions selected in the meaning-choice task (e.g.
After reading the double-object sentence, pa61% for verbs in the double-object sentences)
ticipants preferred the transfer definition for théVhile this proportion is different from chance
verb. In contrast, after reading the transitivgt(16) = 2.14,p < .05], it is lower than one
sentence, participants preferred the act-amight expect given the hypothesized relation-
meaning of the verb. Statistically, participantship between sentence forms and meaning. W
were more likely to select the transfer definitiorbelieve that this low proportion is a function of
after having read the double-object sentendbe fact that neither definition presented to the
[F1(1,16) = 8.78,p < .01; F2(1,19) = 7.37, subjects was “wrong” in any sense. Acting on
p < .025]. something is one component of transfer, just a
transfer is one way of acting on something. This
ambiguity may have led to the proportion of
The data from these two tasks support theonstruction-consistent definitions being lower
hypothesis that particular syntactic forms ar¢éhan expected.
associated with particular meanings. When the
inference statement implied transfer, partici- EXPERIMENT 2
pants were far more likely to choose the double- Experiment 1 demonstrated that participants
object sentence than the transitive sentencare sensitive to the meaning of the double-
This was true for both conventional and deebject construction and that this meaning can
nominal verbs. These data demonstrate that thet be solely a product of verb semantics. It alsc
meaning of the construction is not purely tied ta@lemonstrated that syntactic forms constrain the
the semantics of the verb. First, the innovativeneaning ascribed to innovative denominal
denominal verbs (e.g., “to crutch”) have noverbs. Nonetheless, for both tasks the construc
meaning outside of the sentence frame. Secortthnal meaning was presented explicitly to the
the meaning of these verbs changes dependipgrticipants. In Experiment 2, we ask if the
on the sentence frame. When an innovative dgarticipants would come up with these mean-
nominal verb (e.g.crutch) is presented in the ings on their own.
double-object construction, 80% of the partici- We presented the denominal verb sentence
pants agree that it implies transfer; when th&om Experiment 1 with a context that sets up a
same verb is presented in the transitive corpotential transfer scene (see Table 3). Aftel
struction, however, 95% of the people agree thatading these contexts and the denominal ver
it implies “acted on.” Thus, syntactic forms cansentences, the participants were asked to pe

Discussion
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TABLE 3

Example Pair of Passages from Experiment 2

(1) Tom and Lyn competed on different baseball teams. After the game, Tom, who had been pitching, was kiddir
her about striking out three times. Lyn said, “It was an aberration! | was distracted by your ugly face. | can hit
anything to any field using anything!” To prove it, she took her apple over to manager who was recovering from a
twisted ankle, and she grabbed his crutch.

Critical sentences
Lyn crutched Tom her apple to prove her point. (double object)
Lyn crutched her apple to prove her point to Tom (transitive)

Probes (used in Experiment 4)
The crutch is sturdy. (Most Important affordance)
The crutch is long. (Not Important affordance)
The crutch an help with injuries. (Most Frequent Associate)

(2) Tom and Lyn had made a bad miscalculation. Because they are U.S. citizens they thought they could protest
rights abuses in the dictatorship. But now they were being held incommunicado in a prison dungeon. Lyn was beat
so badly that she needed a crutch to help her to walk. Because the mortar between the bricks was crumbling, Tom
Lyn were able to create a long, narrow crevice in the three-foot wall separating the cells. Lyn learned that Tom wa:
being deprived of food in an effort to get him to reveal other members of their human rights group. Lyn tried shove
piece of apple through the crevice, but the wall was too wide, and her arm couldn’t reach through it. Then she got
idea.

Critical sentences
Lyn crutched Tom the apple so he wouldn't starve. (double object)
Lyn crutched the apple so Tom wouldn't starve. (transitive)

Probes (used in Experiment 4)
The crutch is sturdy. (Not Important affordance)
The crutch is long. (Most Important affordance)
The crutch can help with injuries. (Most Frequent Associate)

form one of two tasks, either to paraphrase theéenominal verb in a different way. As an exam-
critical sentence or to define the innovative deple, consider the passages in Table 3. In the firs

nominal verb. passage, the transfer is accomplished by usin
the crutch to hit the apple; in the second pas:
Method sage, the transfer is accomplished by pushint

Participants.The participants were 64 intro- the apple through a crack with the crutch.
ductory psychology students from the Univer- For both the sentence-paraphrase and vert
sity of Wisconsin—Madison. Thirty-two partic- definition tasks, eight forms were constructed tc
ipants were used in each task. The participant®unterbalance (a) version of the passage, (k
received extra credit in exchange for their pardouble-object and transitive concluding sen-
ticipation. tence, and (c) two random orders of the pas

Materials. A pair of contexts was generatedsages. Each form presented the participant wit
to introduce each of the 20 denominal verliO passages that ended with double-object ser
sentences used in Experiment 1 (see Appendixénces and 10 passages that ended with tran:
for critical sentences; passages available upoive sentences.
request from the authors). Pairs of contexts Procedure.Participants were told that they
were generated to fit the needs of Experiment dvere going to read a series of passages. The
Each member of the pair presented a potentialere informed that some of the concluding sen-
transfer situation, and each of these situationtences would contain unusual verbs and tha
proposed using the object that was named by thieey should try their best to understand what the
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passages and sentences mean. The participants TABLE 4

in the sentence-paraphrase task were then in- Results from Experiment 2

structed to write a paraphrase for each of the

concluding sentences. The participants in th&onstruction Transfer score Verb score

verb-definition task were instructed to write def-

initions that best matched their sense of what Sentence-paraphrase thsk

the verb meant in the context of the passage.Double object .65 (.14) 49 (.15)
Scoring.The paraphrases were scored twicéransitive 52 (.17) 43(.12)

using two criteria. The transfer score (0 or 1)

indicated whether the paraphrase conveyed Verb-definition task

transfer by explicitly indicating that the objectDouble object .50 (.24) .49 (.23)

to be transferred was received by the intendedansitive 35 (.21) 32(.21)

recipient. Thus, the paraphrase, “Lyn pushed
the apple through the crack” would be scored as
0 because it does not explicitly state that Tom
got the apple. ) )

The verb score (0 or 1) was based solely oRants were more likely to give a t'ransfer'para-
the verb used in the paraphrase. The verb scdp@r@se for the sentence when it was in the

was 1 if the verb appeared on Pinker's (1989§0uble-object form. This effect was also signif-

list of verbs that take the double-object conicant for the verb score in the subject analysis

struction. If two verbs were used in the paral” 1(1,24) = 4.40, p < .05], but not in the

phrase (e.g., “Lyn found a crutch and used it t8"alysis by itemsH2(1,19)= 3.39,p = .08].
give Tom the apple”), the verb score was 1 if Verb-definition taskThe transfer score was

either verb was on Pinker's list. assigned by M.P.K. One-third of the definitions

The definitions were also scored using twd?€r€ also scored by an independent ratoer. Th
criteria. The transfer score was 1 if the defini2dreement between the raters was 94%. Th
tion included both a transfer of an object andi&t@ are shown in Table 4. For the transfel

that the means of the transfer was the nouffOre: participants were more likely to give a
named in the denominal verb (e.g., “to crutclliranSfer definition for the innovative denominal

means to hit something to someone using verbs when they were presented in the double

crutch”). The second scoring was identical t@2€Ct constru_ction H1(1,24) = 18.36,p <
the verb score for the sentence-paraphrase tasf01:F2(1,19)=9.78,p <.01]. This result also
in defining the innovative denominal verbs, di1°Wed up in the analysis of the verb score

the participant use a verb from Pinker’s (19892:1(1’24): 13.38,p < .01;F2(1,19)= 6.18,
o < .025].

* Standard deviations in parentheses.

Results Discussion

Sentence-paraphrase tadihe transfer score  The data from both tasks complement the
was assigned by M.P.K. One-third of the pararesults of Experiment 1. Participants demon-
phrases were scored by an independent ratstrated sensitivity to constructional meanings in
The agreement between the two was 95%. their paraphrases, and they showed that thi

Table 4 presents the proportion of transfemeaning shapes the definition imposed on the
paraphrases (of 10) for double-object and tranAnovative denominal verbs. One might object
sitive sentences for each participant. Becausetd our interpretation on the grounds that the
had anF ratio of greater than 1, counterbalanc@assage, not the construction, was providing th
condition was included as a factor in this anal*transfer” meaning. On this view, the construc-
ysis. For the transfer score, there was a mation would not in fact be providing any con-
effect of construction typeH1(1,24) = 16.43, straints on the interpretation of these sentence
p < .001;F2(1,19)= 26.2,p < .001]. Partici- and verbs. This hypothesis is supported by the
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TABLE 5

Example Passage from Experiment 3

Rachel worked for a scientist in a research firm. As part of her duties, she was required to bring the scientist's mai
his office so he could open it after lunch. On this particular day, Rachel encountered three large boxes among th
mail addressed to the scientist. The boxes were way too big for her to carry.

Affordance manipulating sentence:
In the corner of the room, though, Rachel noticed an office chair with dood/missingvheels

Critical sentence
Rachelbrought/chairedthe scientist his mail.

presence of the large number of transfer parawot rule out transfer altogether (thenafforded
phrases for the transitive sentences. Nonetheersion). This manipulation was achieved by
less, this objection cannot explain why thechanging a property of the object that is to be
double-object sentences and verbs were panased in the transfer. In the example in Table 5
phrased as meaning “transfer” more often thawhen the chair has four good wheels, it affords
the transitive sentences and verbs. Thus, a@ransferring the mail by means of the chair.
explanation of these data on the basis of thdowever, when the chair has four missing
passage alone is not justified. wheels, transfer via the chair is no longer easily
afforded, although it is still possible that Rachel
EXPERIMENT 3 could somehow get the mail to the scientist. The
Experiments 1 and 2 demonstrated how corpassage ended with a critical sentence in th
structions can provide constraints on the inteldouble-object form containing a conventional
pretation of sentences and innovative denomwerb or an innovative denominal verb. Predic-
nal verbs. In Experiments 3 and 4, weions focus on the reading time for these critical
demonstrate how the constraints provided bgentences.
constructions (again, the double-object con- According to the Indexical Hypothesis,
struction) interact with the embodied conimeaning arises from the mesh of affordance:
straints on meshing. We do this by demonstraguided by intrinsic biological and physical con-
ing that the constraints provided by thestraints and the scene or goal specified by th
constructional scene (i.e., the general scem®nstruction. Thus, when the affordances of ¢
specified by the meaning of the constructionghair with wheels (it can easily be pushed ever
are not enough to ensure comprehension (i.evhen stacked with items) can be meshed witt
successful meshing) of sentences. Rather, ittise affordances of large boxes (they can be
these constraints in combination with the emstacked on a chair) to accomplish transfer (a
bodied constraints that determine whether a sespecified by the construction), comprehensior
tence will be understood. As we demonstrateshould be easy and fast. However, when the
when the affordances of a situation do not su@ffordances cannot be easily meshed to accon
port the scene provided by the constructiorplish transfer (a chair without wheels does not
comprehension suffers. easily afford pushing), comprehension shoulc
Table 5 presents an example of the texts usdx difficult and slow. This prediction parallels
in this experiment. As in the passages fronthe data reported in Glenberg and Robertson (i
previous experiments, these texts are designpdess) that shows that lack of proper affordance
to set up a potential transfer situation. Each texor the action described by a sentence will pro-
has two versions: one that easily affords thduce comprehension difficulties.
transfer by means of some object (ikorded The Indexical Hypothesis also predicts an
version) and one that does not easily affordffordance by verb-type interaction. When the
transfer by means of that same object, but doesitical sentence contains a conventional verb
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we expect the difference between the afforded TABLE 6

and non:_slffprded conditions to _be relatively Reading Time (in Seconds) for Critical
small. This is because the meaning of the con- Sentences in Experiment 3

struction and the semantics of the conventional

verb should allow the reader to infer that the Passage type (Nonafforded

— afforded)
transfer took plage even though he or She mayVerb type Afforded  Nonafforded difference
not be sure how it occurred (e.g., by bringing)

When the critical sentence co_ntai_ns adenomingbnyentional  2.37(.90)  2.83(.85) 46

verb, however, we expect this difference to beenominal 3.21(1.09) 4.31(1.33) 1.10

much larger. In this case, the noun underlying
the denominal verb either can or cannot easily ~ Standard deviations in parentheses.
effect the transfer, and the reader will experi-

ence greater difficulty in determining a meaning

for the sentence. through a practice text, each participant read 1:
passages [3 passages in each of 4 conditior
Method formed by crossing the two types of texts (af-

Participants. The participants were 36 stu-forded and nonafforded) with the two types of
dents from the University of Wisconsin—Mad-Verbs (conventional and innovative denomi-
ison. The students received extra credit in exdal)]. The passages were presented in randot
change for their participation. order with the constraint that in each block of 4

Materials. Twelve passages were generatefials, 1 passage from each condition would be
for this experiment. The passages were writteresented. Following each passage, participan
to suggest a potential transfer scene using @swered a “yes/no” question about details from
particular object as a potential means of trangarious points in the text.
fer. The penultimate sentence of each passage
was manipulated to produce afforded and nor%esults
afforded versions of the text. Afforded versions Reading times greater than 3 standard devis
described the object as having affordances thébns from their respective mean were removec
supported use of the object in the transfer; norfrom the dataset as outliers. This involved the
afforded versions presented affordances that didss of less than 1% of the responses. In addi
not support the use of the object in the transfetion, we checked for accuracy on the yes/nc
For each passage, two critical sentences (oggestions that followed each text. Performance
with a conventional verb and one with a dewas quite good on these questions (averag
nominal verb) were written (see Appendix 2 foperformance across participants was 96.8%)
a list of critical sentences). Four counterbalancand no participants missed more than two ques
conditions were created to ensure that the afions, indicating that they were following our
forded and nonafforded version of each passagestructions.
was presented equally often with critical sen- The dependent variable of interest was the
tences containing conventional and innovativéme to read the critical sentence as measured b
denominal verbs. the time between key presses. These data a

Procedure. Participants were randomly as-presented in Table 6. The data are in agreemel
signed to one of the four counterbalance condwith the predictions of the Indexical Hypothe-
tions. The participants were told that they wouldis. Participants read the afforded sentence
read each paragraph sentence by sentence ontinere quickly than the nonafforded sentences. Ir
screen of a computer and that they should try taddition, this difference was more than twice as
understand each sentence fully. To advance karge for the innovative denominal verb sen-
the next sentence, the participant needed tences as for the conventional verb sentences
press the space bar on the computer keyboard.A within-subjects ANOVA demonstrated

After reading the instructions and goingmain effects of both verb type and affordances
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Participants read critical sentences with convempassages were generated in pairs such that bo
tional verbs faster than sentences with denomimembers of the pair involved the use of the
nal verbs F1(1,35) = 120.04, p < .001; same object to transfer something to someon
F2(1,11)= 28.30,p < .001]. Participants also else (see Table 3), and each passage portray
read the critical sentences faster following théhe object as being used in a unique manner. W
afforded version of the passages than when thkgked the participants to read the passages, aft
sentences followed the nonafforded passagghich we presented a probe for verification.
[F1(1,35)= 24.74,p < .001;F2(1,11)= 20.61, The participants answered “yes” or “no” to
p < .001]. Finally, there was an interaction ofthese probes (see Table 3).
affordance and verb typ&](1,35)= 4.63,p < The probes were of three types. For eact
.05; F2(1,35)= 3.80,p = .077]* passage, there was a probe that described tt
affordance of the noun underlying the denomi-
nal verb that was Most Important to the com-
When the context does not provide afforprehension of the critical sentence. For exam
dances needed to understand how the transfgé, in the first passage in Table 3, the fact tha
implied by the critical sentence was carried oUtthe crutch is sturdy” is important to under-
participants had a much more difficult time Unstanding how Tom got the apple. There was alst
derstanding the sentences (as evidenced by tgeprobe that named an affordance of the nout
longer reading times). Thus, we have showghat was Not Important to the comprehension of
that affordances are important to the comprgpe critical sentence. For the first passage it
hension of sentences and particularly importafigpe 3, the fact that the “crutch is long” is not
to the manner in which innovative denom'”abarticularly important to understanding how
verbs are understood. _ _ Tom got the apple. Note that the materials are
The effect of verb type is only of minor ¢,nqircted so that the Most Important affor-

interest. The slower reading times of sentenceg, -« from version 1 was a Not Important af-
with denominal verbs may be attributed to fac1‘ordance in version 2 and vice versa. The third

tors such as their novelty, the relatively Iowprobe type was named the Most Frequent As

f_requency with t\a/h'ch thleyfar? use_lt_jhas Verbﬁociate to the noun. It was determined by &
(i.e., zero), or other similar factors. The crucia orming study.

finding in these data is that affordances are According to the Indexical Hypothesis, par-

considered in understanding the crmcal S’er}icipants should be faster to verify the Important
tences. When affordances are proportionate

. : . € Xfordance than the Not Important affordance
important for understanding (i.e., when readm% . . "

ecause, in understanding the critical sentence
fhe Most Important affordance will have been
derived. The Most Frequent Associate probe i
EXPERIMENT 4 intended as a control to provide a standarc
K| ainst which to compare the reaction time tc
are important to the comprehension of sent- N othgr probes.- I th? M.OSt Important affor-

pnce is truly being highlighted, responses tc

tences. In this experiment, we demonstrate th
P Lﬁwese probes should be as fast or faster tha

particular affordances are derived to carry o 0 the Most F ¢ A ot
the action specified by the constructional scen%izgzzses 0 the Most Frequent Associat

Participants were presented with the passag
and critical sentences from Experiment 2. These
Method
% The data were also analyzed including outliers. The data Participants.The participants were 50 intro-
produced the same pattern of results as reported in the teétUCtor svcholo students from the Univer-
save for the fact that the interaction of verb and affordance, y p y . ay . .
was significant in the analysis by items in this case<(  Sity Of Wisconsin—Madison. They received ex-

.05). tra credit in exchange for their participation.

Discussion

manipulation is proportionately large.

Experiment 3 demonstrated that affordanc
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Materials. Eighteen pairs of passages froomominal verbs were presented (out of context
Experiment 2 were used in this experiment. Fao 46 participants who were asked to write down
each passage, there were three probe typesthe first three words that came to mind after
Most Frequent Associate probe, a Most Imporreading each noun. For each noun, the mos
tant affordance probe, and a Not Important affrequent response was used to generate the Mo
fordance probe (see Appendix 3 for a list oFrequent Associate probe. In no cases did th
probe items). Probes were generally of the forrviost Frequent Associate overlap with either the
“the [noun] is/can [affordance]” (see Table 3)Most Important or Not Important affordances.
Of the 54 probes used in this study (3 probes In the second norming phase, we presente
each for 18 denominal verbs), 33 were of théhe passages to 40 participants, along with bot
“can” form, 16 of the “is” form, and 5 used the Most Important and Not Important affor-
another form (e.g., “the [noun] has [affor-dance probes. We asked the participants to ra
dance]”). All three probe types were of approx{on a scale from 1 to 7) how important each
imately the same length; the mean number @fffordance was to understanding the action o
characters in each probe type ranged from 25 the critical sentence. Passages that did not den
26.4. In addition, 20 distractor passages thainstrate a mean difference of at least 2 rating
were similar to the original passages were corpoints between each probe type were exclude
structed. For each passage, a probe that was fimm the experiment. Two pairs of passages
true was generated (e.g., “crayons can fly”). were excluded by this criterion, which is why

To increase the number of observations owe used only 18 of the 20 pairs from Experi-
each probe type, the type of probe contrastedent 2.
with the Most Important affordance probe was Note that in this experiment, the Most Impor-
manipulated between subjects. In one conditioiant affordance probe is determined by the pre
(i.e., the Most Important affordance vs Mosteding context. Thus, there is a possibility that
Frequent Associate condition), four counterbaldifferences in reaction times to the probe is due
anced sets of items were generated to presentdirect associations between words in the con
both versions of each passage equally often witext and words in the probe rather than affor-
the Most Frequent Associate and Most Impordances. The final phase of norming was in-
tant affordance probes. Here, the “affordance’tended to counter this association alternative
based probes (i.e., the probes based on the @he passages and probes were submitted f
fordances of the object used to effect théhree analyses using Latent Semantic Analysi:
transfer) were presented equally often as th&SA; see Landauer, 1999, Landauer & Du-
“Most Important” probes, and the “associate”mais, 1997, and Landauer, Foltz, & Laham,
based probes (i.e., the probes based on the m@808, for a discussion). LSA is a computer
frequent associate to the object used to effeprogram that computes an index of the related
the transfer) were presented as the “Most Frexess between sets of words on the basis ¢
guent Associate” probes. In the other conditiomccurrences in similar contexts. Words are re:
(i.e., the Most Important affordance vs Not Im-ated, on this view, to the degree that they occul
portant affordance conditions), four counterbalin similar texts (see Landauer, Foltz, & Laham,
anced sets of items were created to present batB98). We used LSA to compare the probe
versions of each passage equally often with th@ncepts to (a) the whole passage that precede
Most Important affordance and the Not Imporit, (b) the noun named by the denominal verb,
tant affordance probes. Each “affordance”and (c) the last sentence of the passage. The:
based probe was presented equally often as tbemparisons yield a metric of the relatedness o
Most Important and the Not Important probethe two concepts: the cosine between the vec
Any one participant saw only two of the threetors representing the stimuli being compared. If
probe types in the experiment. the cosine is low (i.e., close to zero), the two

Three phases of norming were used in thisoncepts appear in nearly orthogonal context
experiment. First, the nouns named by the deind hence are not likely to be associatively
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related. A cosine of 1.0 indicates that the twdor the passage. The participants were told tc
stimuli appear in identical contexts. respond as to whether the probe statement we

In the first analysis, we calculated the cosingue by pressing a “yes” or “no” key. They were
between the main concept from each probmld to answer as quickly and accurately as
(e.g., “sturdy”) and the accompanying passageossible.

The average cosine for the Most Important af- Participants were randomly assigned to &
fordance probes (.06) and the Not Importantondition that presented two of the three probe
affordance probes (.05) did not differ from eachypes. All participants received Most Important
other & < 1), but they did differ from the affordance probes. Approximately half of the
average cosine of the Most Frequent Associatgrticipants also saw the Not Important affor-
(.14) [F(1,53)= 12.33,p < .01; andF(1,53)= dance probes (24 participants), whereas th
17.08,p < .01, respectively]. This indicates thatother half saw the Most Frequent Associate
the Most Frequent Associate is more closelprobes (26 participants). In all, each participant
related to the passage (in the sense that teaw 18 critical probes (9 Most Important Affor-
associate and words in the passage tend to agance probes and either 9 Not Important Affor-
pear in similar texts) than were either of thelance or 9 Most Frequent Associate probes) an
affordance probes. 18 distractor probes to which the appropriate

In the second LSA analysis, the probe conanswer was “no.” The dependent variable of
cepts (e.g., “sturdy” and “long”) were comparednterest was the response time to the prob
to the noun named by their accompanying detems.
nominal verb (e.g., “crutch”). The mean cosine
for the Most Frequent Associate (.36) was morBesults
related to the noun named by the denominal Analysis of response times for all texihe
verb than were the mean of the cosines for thesponse times greater than 3 standard devic
two affordances (.16),H(1,33) = 38.70,p < tions from the mean in each condition were
.001]. These analyses do not differentiate beemoved from the data as outliers. This resultec
tween Most Important and Not Important afforin a loss of less than 2% of the responses
dances because importance is determined reksdditionally, participants who made greater
tive to the context presented by the passage. Then 22% errors across all of the trials were
third LSA analysis compared the probe conexcluded from the analysis. This resulted in the
cepts to the last sentence of their accompanyingss of one participant from the Most Important
passage (i.e., the sentence containing the innaffordance vs Not Important affordance condi-
vative denominal verb). The mean cosine fotions. Finally, all trials on which an error was
the Most Frequent Associate (.01) did not diffemade was excluded from the analysis of re-
from the mean cosine for the affordances (.03ponse times. The data of interest are presente
[F(1,35)= 1.57,p = .22]. in Table 7.

The LSA analyses demonstrate either no dif- In the Most Important affordance vs Not Im-
ference between probe types or an advantage foortant affordance conditions, participants were
the Most Frequent Associate probes. faster to verify the Important Affordance than

Procedure.Participants were told that theythe Not Important affordancé-[(1,23)= 6.25,
were to read passages line by line, advancing < .025; F2(1,35) = 8.69,p < .01]. In the
from one sentence to the next by pressing thdost Important affordance vs Most Frequent
space bar. At the end of each passage, thréssociate conditions, participants were alsc
asterisks were presented on the screen for 1faster to verify the Most Important affordance
and this was followed by one of the three probeg=1(1,25)= 14.03,p < .001;F2(1,35)= 7.14

< .025].
®The analyses were conducted using the LSE Furth ] lvsis d trated sianifi t dif
TASA-WK space. In this space, the corpus of language used urther analysis demonstrated significant dit-

by LSA in computing relatedness come from novels, newd€rences in the number of errors made in eacl
papers, and other types of texts. condition. Participants made more errors on the
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TABLE 7

Response Times in Seconds and Error Proportions (with Standard Deviations in Parentheses) for Experiment -

Probe Type Most Important affordance Not Important affordance Most Frequent Associc
All texts
Condition

MIA vs NIA®
Response time 2.37 (.53) 2.74 (.92) —
Error rate .08 (.10) .31 (.19) —

MIA vs MFA®
Response time 2.38(.61) — 2.96 (1.05)
Error rate 14 (.12) — .28 (.19)

Excluding texts

Condition
MIA vs NIA
Response time 2.26 (.56) 2.85 (1.26) —
Error rate .03 (.08) .25 (.22) —
MIA vs MFA
Response time 2.35(.63) — 2.76 (1.15)
Error rate .06 (.10) — .13 (.18)

#1A, Most Important affordance; NIA, Not Important affordance; MFA, Most Frequent Associate.

Not Important affordance (31%) and Most Frewhich the mouse was a toy. In the latter case
guent Associate (28%) probes than on the Moshte correct response (i.e, “no”) would have beer
Important affordance probes (8 and 14%, rescored as an error. Of the 36 texts used in thi
spectively). This difference was significant inexperiment, 18 showed this type of asymmetry
both the Most Importance affordance vs Noand displayed error rates in excess of 25%. Thi
Important affordance conditionF[L(1,25) = passages that did not show these types of prot
31.50,p < .001;F2(1,35)= 18.78,p < .001] lems had much smaller error rates. To ensur
and the Most Important affordance vs Mosthat our conclusions are not affected by odc
Frequent Associate conditionF1(1,25) = passages, we performed analyses on texts wit
17.41,p < .001;F2(1,35)= 5.55,p < .025]. low error rates. We examined the error rates fol
The direction of the difference in error rateseach passage across all participants and e
precludes a speed accuracy trade-off becauskided from analysis those pairs of passage
the higher error rates were associated witthat produced an error rate of greater than 25%
longer response times. This resulted in the loss of 9 pairs of passage:
. ) (of 18). After this step, all participants with an
Analysis of Response Times for LOW-EITOr  grror rate of greater than 22% were also elimi-
Rate Texts nated. This resulted in the loss of one partici-
It appeared as if the difference in error ratepant from the Most Important affordance vs Not
was due to difficulties with specific passagedmportant affordance condition (the same par-
For example, the Most Frequent Associatécipant who was excluded from the analysis for
probe for a passage involving the denominalll texts). Finally, all incorrect responses and
verb “to mouse” was “the mouse can eabutliers were excluded from the analysis (outli-
cheese.” This was true for one version of thers defined as above).
passage, in which the mouse was a live animal; In the Most Important affordance vs Not Im-
however, it was false of the other version, irportant affordance conditions see Table 7), par



524 KASCHAK AND GLENBERG

ticipants were faster to verify the Importantresponse times to the Most Important and the
Affordance than the Not Important affordance®Not Important affordances, as both were relatec
[F1(1,23)= 8.20,p < .01; F2(1,17) = 7.86, (in the LSA analyses) equally to the preceding
p < .025]. In the Most Important affordance vscontext.
Most Frequent Associate condition, participants
were faster to verify the Most Important affor- GENERAL DISCUSSION
dances, although the difference was only mar- The experiments reported here have accorr
ginally significant F1(1,25)= 3.81,p = .06; plished several goals. First, Experiments 1 and :
F2(1,17)= 3.17,p = .09]. demonstrate that adult participants are sensitiv
to the meanings associated with particular syn
tactic forms and that these meanings are not du
The data are in accord with the predictionso previously established meanings of verbs
derived from the Indexical Hypothesis. Partici-Second, these same experiments demonstra
pants were faster to verify the affordance imthat constructional meanings can be used t
portant for the understanding of the critical seneonstrain the meaning of innovative denominal
tence than to verify either the Not Importantverbs. Finally, Experiments 3 and 4 show that
affordance or the Most Frequent Associate. Thisonstructional meanings are not enough to en
result held across both analyses that we pesure felicitous understanding of sentences an
formed (the weaker effects in the second anattenominal verbs. Rather, affordances play &
ysis were likely due to the dramatic loss irrole in sentence comprehension as well. Each ©
power that resulted from excluding so manyhese is discussed in turn.
observations). In Experiments 1 and 2, we replicated the
One might object to our characterization ofinding (Fisher, 1994; Naigles & Terrazas,
these data as a demonstration of the role dB98) that adults are sensitive to the meaning
affordances in sentence comprehension on tlassociated with particular sentence forms an
grounds that our task was simply a propertyexpanded on the existing literature in two ways.
verification task. There are a number of reasoriarst, we demonstrated that constructional
why we believe this objection to be misguidedmeanings are not tied to the semantics of par
First, the faster response times for the Modicular verbs. Participants were sensitive to dif-
Important affordance probes is context deperierences in constructional meanings even whel
dent. That is, the affordance that was respondefifferential cues to this meaning could not have
to more quickly was determined by the nature ofome from the verbs and nouns in the sentence:
the transfer action that needed to be taken ar@kcond, we have shown that constructiona
by the goals of the characters in the passagesganings provide constraints on the interpreta
not by a simple association between the passatien of innovative denominal verbs.
and the property named in the probe. Also, a The relationship between syntactic form and
simple associative account of this context specneaning discussed here and elsewhere (Golc
ificity is ruled out by the LSA analyses con-berg, 1995; Pinker, 1989; Fisher, 1996) appear
ducted on the probes and passages. In two of thee be an important aspect of language acquisi
three LSA analyses, the Most Frequent Assoction, language comprehension, and, ostensibly
ate was more strongly related to the precedingnguage production (see Goldberg, 1999, an
context than were either of the two affordanc&omasello & Brooks, 1999, for more specific
types. If the reaction time data were only reeonstructional approaches to language develoy
flecting associative priming by the context, wament). A large body of work on verb acquisition
should have seen the fastest response times(&g., Pinker, 1989, 1984; Landau & Gleitman,
the Most Frequent Associate probes, but we diti985) has demonstrated that the cues provide
not. Further, if associative priming was theéby such form—meaning links (i.e., construc-
source of this observed pattern of data, thet#ons) may be vital to learning the meaning of
should have been no difference between theew verbs. As the work of Fisher (1994; see

Discussion
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also Naigles & Terrazas, 1998) and the experguish among these alternatives, although Gold
ments reported here demonstrate, this link mayerg (1995) presents a series of arguments i
be important for adults’ understanding of novefavor of adopting a constructional approach.
utterances as well. These findings are of partic- The experiments reported here also shov
ular interest, for they suggest that a mechanishow the Indexical Hypothesis provides an ac-
that is used in the acquisition of language corcount of the comprehension of innovative de-
tinues to play an important role in the languageominal verbs. The syntactic form in which
processing of adults. This idea has strong inthese verbs were encountered was shown t
plications for the study of language in bothplay a large role in determining the meaning
adults and children (see MacDonald, 1999, for that was ascribed to them. In addition, it was
discussion of some ways to relate adult anshown that particular affordances (e.g., the spe
child language research). cific actions required to use the object to effect
While we consider our experiments a successtransfer) were necessary for the participants t
in providing basic support for Goldberg’'sunderstand sentences with these verbs. Suc
(1995) approach to the relationship betweeoonstraints are important to the comprehensiol
sentence forms and meaning, this success mighft denominal verbs, as, on the whole, their
be qualified by two limitations. First, the meaning cannot be well predicted outside of the
present experiments examined only two coreontext in which they appear (Clark & Clark,
structions: the double object and the transitivel979; but see Kelly, 1998). Note that our appea
Second, our data do not, in and of themselve®) the concept of affordances does not amour
rule out alternative approaches to form—mearne saying that in using an innovative denominal
ing links (e.g., Fisher, 1996; Landau & Gleit-verb, we employ the object named by the nour
man, 1985; Pinker, 1989). These limitationsn a stereotypic manner. Clark and Clark (1979)
lead to the criticism that our experiments havargue that this characterization is wrong. In
not demonstrated sensitivity to constructionaaddition, the results from Experiment 4 demon-
meanings, but, rather, that they demonstratgrate that unusual uses of the objects named k
sensitivity to the presence or absence of partithe denominal verbs were more important to
ular thematic roles. Participants may have deinderstanding sentences than were stereotypic
cided that the double-object sentences meanses. We believe that the computation of affor-
transfer when the denominal verbs were presedances for the noun is perhaps the only way tc
because they detected the “recipient” role in thidetermine the use of an object in context.
sentence form and not in the transitive form. We Experiments 3 and 4 build on the work of
would argue, however, that this alternative exGlenberg and Robertson (in press), and help u
planation is not much different from the oneto answer the question that we started with: how
offered by the constructional approach. Recalire sentences understood? Our basic claim |
that constructions carry both syntactic informathat meaning is not achieved solely through the
tion and information about the thematic rolegombination of words and other abstract sym-
linked to each syntactic category. Part of what ibols (e.g., nodes) by syntactic and probabilistic
is to recognize these constructions and accesmnipulations. Instead, the symbols must be
their meaning may well be the recognition ofgrounded, and we propose that the meaning ©
the pattern of thematic roles that they specifysituations and of sentences is grounded in ac
This criticism does raise an issue regardingon.
the linguistic knowledge to which an individual But just as language is not a concatenation o
has access. The type of linguistic knowledge avords, meaning is not a concatenation of affor-
work in these experiments is knowledge of condances. The affordances must be combined (o
structions, or knowledge of some other princimeshed) into a coherent pattern, that is, one the
ple, such as that specified by the Universaupports action. Experiments 3 and 4 provide
Theta Assignment Hypothesis (UTAH; Bakerthe first evidence for how this is done: construc-
1988). Unfortunately, our data do not distintional meanings provide a framework for the



526 KASCHAK AND GLENBERG

selection (Experiment 4) and combination of The final approach to understanding abstrac
(Experiment 3) affordances. That is, the basitleas within an embodied system is illustrated
scene specified by the construction constrairis the previous paragraphs: we understand ak
the mesh of affordances so that the goals spestract ideas from concrete examples. Thus, ou
ified by the scene are achieved. If the afforunderstanding of containment may well arise
dances cannot be meshed, comprehensionfism experience with specific examples of con-
slow and unsuccessful (Experiment 3). tainers, just as our understanding of a theory

Work on the combination of lexical and con-(e.g., about how language works) may well
textual information in the comprehension ofyrise from specific examples (e.g., sentence
sentences (e.g., Swinney, 1979) has dealt wifhout crutches). Importantly, the individual ex-
similar issues, as has work in linguistics (€.9amples use language about concrete situatior
Fauconnier's, 1999, “mental spaces” analysisjrom which affordances can be derived. It may
The novel qontribution of this work is to specify ye that abstract symbols emerge from the mul
that a particular type of knowledge about th‘ﬁple examples, but it is by no means necessary
world (i.e., affordances) interacts with aspecifi@Or instance, an understanding of the abstrac
type of linguistic knowl_edge (i.e., construc-Concept of democracy may well be based or
tions) to produce meaning. There are clearly,qific experiences and actions such as obser
many questions that need to be answered abgyl, 5 parent casting a ballot. A sophisticated

our approach. One important question Iﬁnderstanding of the notion of democracy is

mechanisms for doing so. First, Lakoff (1987)ﬁlllars, just as a sophisticated understanding ¢

discusses how image schemas can be metaphor-

. . e notion of a chair must include dining chairs,
ically extended to abstract domains. For exam- : .
stuffed chairs, beanbag chairs, and balan

ple, Lakoff suggests that human understandmgnairs_ This approach to understanding abstrac

of a container is a structured image SChem%eas is consonant with the use of concrete
based on direct experience. The schema in-

cludes the information that a container has a%xample_s atall levels of pedagogy to explicate
inside and an outside and that another object Cgpstrac_tlons._

be inside or outside, but not both, This concrete " this article we have demonstrated sup-
understanding of containers forms the basi@O't both for the hypothesis that particular
Lakoff asserts, for our understanding of an ab2yntactic forms (i.e., constructions) carry par-
stract logical principle that has a related strudicular meanings and for the Indexical Hy-
ture, namely “p or not-p, but not both.” Bar_pothes_ls that affordances.are meshed unde
salou (1999) offers another approach wdhe gwdance of constructions. Whereas the
understanding abstract ideas. As an exampi@cus of this work has been on deriving mean-
consider Barsalou’s analysis of the concept dfig from sentences, the broad scope of lan
truth. He suggests that truth arises from a muguage use indicates that the communicatiol
tistep comparison process. First, one forms @ meaning is opportunistic. In addition to the
simulation of a situation. This simulation isdevices discussed here, language takes adva
often prompted by language, such as the asséage of gesture (MacNeill, 1998), common
tion, “The airplane is in the sky.” Second, beground (Clark, 1996), and the real people anc
cause the simulation makes use of perceptu@bjects in the environment (see Roth, 1999)
(i.e., analogical) symbols, it can be comparedVe believe that these components of meanin
with an actual situation that is being perceivednaking can be interpreted within the Indexi-
Third, the language is judged as “true” when theal framework. At the very least, the success
simulation substantially matches the perceiveaf this project demonstrates how a focus or
situation. Fourth, the concept of truth emergeseaning can profitably constrain our theoriz-
as a conscious application of this procedure. ing about language processing.
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APPENDIX 1 (19) Erik fanned his cat the ball to satisfy him. Erik
fanned the ball to satisfy his cat.
Critical Sentences from Experiments 1 and 2 (20) Art moused Jim a greeting to make him laugh. Art
moused a greeting to make Jim laugh. (Alternative: Art
Denominal verb sentences used in Experiments 1 and @oused Jim a joke to make him laugh. Art moused a joke tc
Alternative versions of the sentences refer to changes madeke Jim laugh.)

in the sentences so they would fit better with the passages . ) . .
gonventlonal Verb sentence pairs used in Experiment 1:

used in Experiment 2. The sentence on top is the double- ) - - ;
object sentence; the sentence on bottom is the transitive(21) Vince cooked Frankameal for his retirement. Vince
sentence. cooked a meal for Frank’s retirement.
(22) Peter baked John a cake to surprise him. Peter bake
(1) Mike ballooned David the toy to help him out. Mike a cake to surprise John.
ballooned the toy to help David out. (Alternative: Mike (23) Josh faxed his boss a letter to satisfy him. Josh faxe
ballooned David the toy to continue the game. Mike bala letter to satisfy his boss.
looned the toy to continue the game with David.) (24) Wendy sent Kyle a card to apologize. Wendy sent a
(2) Pauline spatulaed Mary the cookie dough to meet heard to apologize to Kyle.
request. Pauline spatulaed the cookie dough to meet Mary’s(25) Thomas flung his girlfriend his coat to keep her
request. warm. Thomas flung his coat to keep his girlfriend warm.
(3) The old man cupped the boy some popcorn to calm (26) Mark painted Sally a portrait for her birthday. Mark
him down. The old man cupped the popcorn to calm the bogainted a portrait for Sally’s birthday.
down. (27) Bruce bought Seline a present during his visit.
(4) Lois blanketed the neighbors her baby to save hinBruce bought a present during his visit to Seline.
Lois blanketed her baby so the neighbors could save him. (28) Jack won his little sister a stuffed animal to make
(5) Maureen postcarded her sister the news to keep heer smile. Jack won a stuffed animal to make his little sister
informed. Maureen postcarded the news to keep her sistemile.

informed. (29) Lindsay purchased Sam a sweater to make hin
(6) Paul rocked Bill the lure to give him luck. Paul happy. Lindsay purchased a sweater to make Sam happy
rocked the lure to give Bill luck. (30) Kevin blasted Simon the rocket ship to impress him.

(7) Adam booked Jareb his request to stop the guitdfevin blasted the rocket ship to impress Simon.
playing. Adam booked his request that Jareb stop the guitar(31) Max poured Luke a drink to please him. Max
playing. poured a drink to please Luke.
(8) George bindered Lydia the note so he could ask for a (32) Julie fixed Ivor a dinner to surprise him. Julie fixed
date. George bindered the note so he could ask Lydia foraadinner to surprise Ivor.
date. (33) Fred tossed Bob a rotten egg to get back at him
(9) Blind Willie saxophoned John a happy story to cheefred tossed a rotten egg to get back at Bob.
him up. Blind Willie saxophoned a happy story to cheer (34) Paul recorded Marge a song to show his love. Pau

John up. recorded a song to show Marge his love.
(10) Jeb tractored Gwenda a message to reassure her. Je(85) The scout radioed Mandy a message to save her life
tractored a message to reassure Gwenda. The scout radioed a message to save Mandy'’s life.

(11) Doug bottled the rescuers a message so they could(36) Bertha mailed Betty a letter to make amends. Berthe
find him. Doug bottled a message to the rescuers could findailed a letter to make amends to Betty.

him. (37) The woman gave the fire victims ten dollars to aid
(12) Sally pursed Pete the fish to keep him companyhem. The woman gave ten dollars to aid the fire victims.

Sally pursed the fish to keep Pete company. (38) Liz tossed Brain a salad so he wouldn't be hungry.
(13) Duncan Tonkaed mom his laundry to appease hekiz tossed a salad so Brian wouldn't be hungry.

Duncan Tonkaed his laundry to appease his mom. (39) Tony shipped his wife a souvenir to placate her.
(14) Todd branched Rick a scratch to get back at himfony shipped a souvenir to placate his wife.

Todd branched a scratch to get back at Rick. (40) The mother made her daughter a dress for the prom

(15) Rachel chaired the scientist the mail so he couldhe mother made a dress for her daughter’s prom.
open his packages. Rachel chaired the mail so the scientist

could open his packages. APPENDIX 2
(16) Lyn crutched Tom her apple so he wouldn't starve.

ITyn crutched the apple so Tom wouldn't starve. (Alterna- Critical Sentences from Experiment 3
tive: Lyn crutched Tom her apple to prove her point. Lyn
crutched her apple to prove her point to Tom.) (1) David gave/flasked John some juice.

(17) Mina enveloped Larry some chocolate to make him (2) Art dropped/ballooned Mina the paper.
smile. Mina enveloped some chocolate to make Larry smile. (3) Joan sent/belled the hikers a warning.

(18) The operator craned the mason the cement to help(4) Jeb brought/minivanned Gwenda the sculpture.
him. The operator craned the cement to help the mason. (5) Patty played/guitarred the judges her song.
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(6) Rachel brought/chaired the scientist his mail. Baker, M. C. (1988)Incorporation: A theory of grammat-

(7) Kate got/dumb waitered June some water. ical function changing.Chicago: Univ. of Chicago

(8) Keith brought/glassed his mother-in-law the flowers. Press.

(9) Lindsay and Sam sent/flashlighted the farmhands Barsalou, L. W. (1999). Perceptual symbol systeBehav-

message. ioral and Brain Sciences22, 577—660.

(10) Fred sent/moused Bob a message. Barsalou, L. W., Solomon, K. O., & Wu, L. L. (in press).

(11) Brian presented/Appled Jen his marriage proposal.  perceptual simulation in cognitive tasks. In M. K.

(12) Tom gave/oranged his grandmother her medicine. Hiraga, C. Sinha, & W. Wilcox (Eds.Gultural, typo-
logical, and psychological perspectives in cognitive

APPENDIX 3 linguistics: The Proceedings of the 4th Conference of
. the International Cognitive Linguistics Association
Probe Statements from Experiment 4 (Vol. 3). Amsterdam: John Benjamins.

The top two probes in each set of three are the “afforClark, H. H. (1996). Communities, commonalities, and
dance-based” probes. The third probe is the “Most Frequent ~communication. In J. J. Gumperz & S. C. Levinson
Associate” probe. (Eds.),Rethinking linguistic relativityCambridge, En-

gland: Cambridge Univ. Press.

(1) The mouse can be heard. The mouse can be seen. T(ﬂ%rk, E. V., & Clark, H. H. (1979). When nouns surface as
mouse can eat che_ese. ) verbs.Language 55, 767—811.

(2) The blgnket is long and sturdy. The blanket is SOftFauconnier, G. (1999). Mental spaces, language modalities
The blanket is warm. ) and conceptual integration. In M. Tomasello (Edhe

(3) The book can be thrown. The book can slide. The new psychology of languaghlahwah, NJ: Erlbaum.

book can be read. ) ) Fillmore, C. J. (1988). The mechanisms of “construction
(4) The saxophone is tube-like. The saxophone can be y . L
grammar.” Proceedings of the Berkeley Linguistics

heard. The saxophone can play music. .
) . . Society,14, 35-55.
5) The crutch is sturdy. The crutch is long. The crutch is_. o
©) y 9 %:Hlmore, C. J.,, Kay, P., & O’Connor, M. C. (1988). Reg-

used for an injury. . L L . .
(6) The bottle can reflect light. The bottle can float. The ularity and idiomaticity in grammatical constructions:
The case ofet alone. Language4, 501-538.

bottle can hold beer. . o N
(7) The spatula can carry things. The spatula can be usEner: C. (1996). Structural limits on verb mapping: The

as a catapult. The spatula can be used for cooking. role of analogy in children’s interpretation of sen-
(8) The binder can open. The binder can hold things in  tencesCognitive Psychology31, 41-81.
place. The binder holds paper. Fisher, C. (1994). Structure and meaning in the verb lexi-
(9) The postcard is flat. The postcard can be mailed. The  con: Input for a syntax-aided verb learning procedure.
postcard depicts vacations. Language and Cognitive Process8s473-518.
(10) The purse can carry things. The purse can concelrazier, L., & Clifton, C. (1996).Construal. Cambridge,
things. The purse can hold money. MA: MIT Press.
(11) The cup can float. The cup can contain things. Th&ibson, J. J. (1979)The ecological approach to visual
cup is used for drinking. perception.New York: Houghton Mifflin.

(12) The branch has whippy ends. The branch is long arf@dleitman, L. R., & Gillette, J. (1995). The role of syntax in
firm. The branch is from a tree. verb learning. In P. Fletcher & B. MacWhinney (Eds.),
(13) The tractor can hold things. The tractor can overturn ~ The handbook of child languag&€ambridge, MA:

earth. The tractor is used for farming. Basil Blackwell.
(14) The chair can roll. The chair can hold things. TheGlenberg, A. M. (1997). What memory is faBehavioral
chair is used for sitting. and Brain Science<0, 1-19.
(15) The balloon is buoyant. The balloon is hollow. TheGlenberg, A. M., Kruley, P., & Langston, W. E. (1994).
balloon holds air. Analogical processes in comprehension: Simulation of
(16) The envelope is firm. The envelope can hold things. 3 mental model. In M. A. Gernsbacher (Ecd)and-
The envelope can hold letters. book of psycholinguisticsSan Diego, CA: Academic
(17) The Tonka can carry things. The Tonka can drive  pyggs.
over things. The Tonka is a truck. Glenberg, A. M., Meyer, M., & Lindem, K. (1987). Mental
(18) The fan can rotate. The fan can blow things. The fan

models contribute to foregrounding during text com-
prehension.Journal of Memory and Language6,
69-83.
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