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Abstract a particular type of chair, amdore precisely as the type that
is located in kitchens.

Slot-filling theories of conceptual combination assume that  Thys far, theories of cmeptual combination have
both _constituent concepts are acFivated befor_e_ they are generally assumed that the comprehension of a compound
combined. However, these theories have difficulty in o6 is dependent on both concepts being fully activated.
explaining why combined phrase features are sometimes more For example, the Concept Specialization model (Murph
available than the features tife constituent nouns. In this pI€, pt sp Py,
study, we investigate the time course of conceptual 1988) assumes a schema structure for concepts, C(_)nS|st|ng
knowledge activation. Using three verification tasks of Of @ series of slots. This theory proposes that during the
varying complexity we demmstrate that basic taxonomic ~ combination process the modifying concept fills one or
knowledge is retrieved more quickly than modal specific more of the slots in the headoun concept. First, the
conceptual features. Applyinghis finding to conceptual  appropriate slot is selectédsed on world knowledge about
combination, we demonstrate thadrticipants take longer to  the constituent concepts and subsequently this combined
reject combinations requiringhe activation of instance concept is elaborated (e.g. realizing thame magazine is
specific features (e.drog tail) than those that can be rejected likely to have a picture of a car on the front cover).

based on more generalizeéhxonomic knowledge (e.g. . - . . )
daffodil tail). These findings provialconvergent evidence that According to the slotilling view, an identical set of

conceptual knowledge is activated dynamically and featuresis activated wheneveparticular concept is used in
selectively rather than all at once. We discuss the implications combination, regardless of the noun it is paired with.
for existing theories. Clearly though, people cannot retrieve all associated
knowledge about a concept every time it is encountered.
Much of that information would be irrelevant and would
impair rather than aid comghension. A more economical
Introduction approach Would. be for coeptua_l .information to be
o ) ) activated selectively, theby avoiding the need for
The combination of two words is a technique commonly,qgitional processes to suppress irrelevant information.
adopted by speakers in order to refer to novel concepts apghever, current theories of conceptual combination offer
ideas (e.g-holiday tension, picnic bee). Although people o clue as to how a selective activation process might
have a well developed means of understanding these ”O\f%erate.
compounds, the associated comprehension process is Nofnhe jnadequacy of slot-filing theories is highlighted by
trivial, requiring many levels of understanding. thejr inability to explain key observations relating to
Accordingly, the study of conceptual combination ISknowledge availability. Springer and Murphy (1992)
important, both because it is intimately associated with th@ompared the time taken to verdyproperty that was true of
generativity and comprehension of natural language angie nead versus a property that was true of the phrase. For
because it is important founderstanding how people instance, the featurgreen applies to botteelery andboiled
represent conceptsin English, a language in which cdery (noun feature). In aurast, the featursoft is only
compounding is particularly productive, combinationsyajid for boiled celery (phrase feature). Based on the idea
consist of a modifier foIIoweq by a head noun. Usual_ly, th@hat concepts must be fully activated before being
head noun denotes the maiategory while the modifier compined, Springer and Murphy expected that the noun
implies a relevant subcategory or a modification of that set'sroperty would be verified more quickly than the phrase
typ|Ca| members. In this Wakl,tchen chair is interpreted as property. However, the Opposite findings emerged, with
participants being quicker to verify the phrase property (i.e.

Keywords: Conceptual combination; noun-noun compounds;
knowledge representatioknowledge activation.



that boiled celery is soft). According to Springer andbefore they realize that it is an animal? Do they realize it is
Murphy, these findings areparadoxical because they an animal before they know what it looks like?
suggest that emergefdatures of the cobined concept are  We required a set of verification tasks that would test the
activated before the features of the constituent concepts. availability of different conceptual features. Three tasks
One possible explanation for this result is that peoplevere selected, one requiring word-level information (does it
become aware of a compourghrase structure before name a thing?), a second requiring the activation of basic
activating the constituent nouns and are therefore in eonceptual knowledge (is this thing alive?) and a third
position to activate only the noeptual knowledge that is requiring the activation of a epific perceptual feature (is
relevant to the combination. The idea that word meaningthis organism hairy?). In the latter task, the hairiness
emerge gradually rather thatl at once is well supported. attribute was selected because this information is not
For example, Till, Mross & Kintsch (1988) identified clear accurately reflected by the conceptual hierarchy (e.g.
stages in word comprehension, with sense selectioalthough many mammals have hair, hippos and rhinos do
occurring around 400ms and further semantic inferencesot). Importantly, for all three tasks, the concepts did not
following around 1,000msEye-tracking measures show need to be situated within a context in order to verify the
that eye fixations last on avare 200ms during the reading relevant property. Given our hypothesis that the activation
of linguistic text (Rayner, 1988), suggesting that people wilbf conceptual knowledge preeds from the basic to the
be able to retrieve preferentially those features that ammore detailed, we predicted the following trend in response
relevant to the combination. In this case, the instantiation dfmes: Object < Animate < Feature.
the concepboiled celery should proceed in much the same
way as if it was referenced by a single label, in that thélethod

properties of ordinary celeryahare not pertinent to boiled participants Twenty-seven first year undergraduate

celery should not be activated. o students from University College Dublin participated in the
The enabling condition for smitive activation is that experiment for partial course credit.

knowledge retrieval is a graduacremental process rather

than an all at once phenemon. The existence of a pesign The experiment used a within-participants design,
distinction between different levels of conceptual detail isyith three conditions correspaind to the three verification
well supported by neurologal evidence. For example, tasks, namely Object, Aninetand Feature. In order to
Warrington (1975) described a patient with a dementingacilitate a within-participantdesign it was necessary to use
iliness who had lost subordinate attribute information (€.ga separate list of words for each condition. Had the same list
knowing that a cabbage was green) yet retainefleen used for all three tasks, then the equal partitioning of
superordinate classification information (e.g. knowing that grye and false responses would not have been possible. Each
cabbage was a plant). Also, several distinct event-relatgshrticipant saw the same set of 180 stimuli, comprising the
brain potentials have been identified that occur at differerthree conditions of 60 items each.
time intervals during concept activation (Kumar & Thjs design improves on that of previous verification tasks
Debruille, 2004). These have been linked to variouge g. McElree & Murphy, 2006) involving the introduction
different stages of the kmwledge activation process, of an additional concept (e.boiled celery is soff). In our
specifically phonological matching, activation of syntacticexperiment, the words underrmideration are presented on
word category information, semantic processing, evaluatiotheir own. Participants are alidy aware of theeature to be
and finally representation construction. verified so they are not required to activate information
In light of this, we propose that knowledge activation is &apout other concepts in order to respond. In addition,
dynamic process and that this phenomenon can successfuliyrticipants apply the same verification task to a broad

explain how phrase featurder conceptual combinations vyariety of words, therefore providing a more reliable
can be more available than nofeatures. In this paper we measure of feature availability.

present two experiments which investigate this possibility.

In the first we compare response times for three verificatiopaterials We compiled separate lists of 60 different nouns
tasks of differing complexity. In the second we apply thesgor each of the three conditiantn each we included 30
findings to conceptual combination and investigate the timgems which were representative of the feature being
taken to reject phrases requiring the activation of differenferified and 30 items which were not. In the Object

levels of conceptual detail. condition, half of the items were nouns (evgse, couch)
] while the other half were connectives and other parts of
Experiment 1 speech (e.goecause, when). In the Animate condition, half

The aim of this experiment was to present participants witlef the items were organisms (ergouse, tulip) while half

a series of words and to ayeé the time taken to verify were artifacts (e.gshed, pebble). In the Feature condition,
different conceptual featureswe wished to ascertain half of the items were haired creatures (kegpard, panda)
whether the more general taxonomic knowledge about while the other half were hairless (ewhale, rhinoceros).
concept becomes available prior to the retrieval of detailedll sets of words were controlled for length and familiarity.
features. For example, do people realize thdtigais a thing  Analysis revealed no significadifferences in average word



length between the three conditions (5.2, 5.1 and 5.5 for thgresented in a random order to each participant.
Object, Animate and Feature conditions respective(2, = Furthermore, the three conditions were randomized so that
177) = 1.5,p =.22). There were also no significant participants performed the tasks in a different order.
differences between average word lengths for the

representative and non-represgive items in the Object Results and Discussion

condition (5.3 and 5.0 respectivet{58) = .83,p = .41), the A total of 6.5% of the data were omitted from the analysis.
Animate condition (5.1 and 5.%58) = -.22,p = .83) and 3,79 of responses were incorrect and hence these trials
the Feature condition (5.4 and 5t68) = -.57,p = .84).  were not considered. Additionally, response times deemed
The familiarity of the nouns in the various conditions wasynreasonably fast (< 400ms, 0.1%) or unreasonably slow (>
compared by taking the log of their BNC frequency. This4o00, 0.6%) were also excluded. After this initial
revealed no significant di#fences in frequency for the glimination process, any remaining response times which
representative items (3.0, 2.8 and 2.9 for the Objeclyere more than three standard deviations outside each
Animate and Feature conditions respectivéi{2, 87) =  participant's mean for that condition were also excluded.
.69, p = .50). Furthermore, ther@as also no significant This eliminated a further 2.0% of trials.

difference in the log of the frequency for the representative The mean response times were 738, 802 and 884 ms for
and non-representative items in the Animate (2.8 and 3.@he Object, Animate and Feature conditions respectively.
t(58) = -1.01p = .32) and the Feature conditions (2.9 andryrther analysis revealed that the mean response times for
2.8,1(58) = .87,p = .39). We did not include the frequenciesthe representative items in the three conditions were 727,
of the non-nouns in our analyses, as a comparison of thigsg and 873 ms while the mean response times for the non-

nature would have been misleading. The relationshipepresentative items were 749, 837 and 897 ms respectively.
between familiarity and frequep®f use is not consistent These data are illustrated below.

when comparing nouns with othgarts of speech. All of the
nouns included in our experimie were associated with
tangible manifestations (e.g. artifacts and plants), meaning 950
that even those with a relatively low frequency were

900

recognizable (e.gvalrus occurs only 64 times in the BNC).
In contrast, non-nouns can occur more frequently yet be 850
unfamiliar due to thir abstractness (e.¢renchant has a 800
BNC frequency of 74). In order that all of the words in our
PEl |

=]

Object condition be comparatively familiar, the frequency ”
of our non-nouns was necessarily higher (4.5). 700

Object Object  Animate Animate Feature  Feature
TRUE FALSE TRUE FALSE TRUE FALSE

ProcedureParticipants sat in front of a computer screen and
placed the index finger of thdift hand on the F key of the
computer keyboard and the index finger of their right hand Figyre 1. Mean positive and negative response times (ms)
on the J key. They were infoed that a series of words
would be displayed on the screen and that the objective wasye conducted a series of ANOVAs in order to examine
to decide whether the wordsere representative of the the differences between the various conditions. For the by-
feature in question, pl‘eSSing J for ‘yeS’ and F for ‘no’. Forparticipants ana'ysis we n‘[puted a two_Way repeated
the Object condition, the task presented to participants Waieasures ANOVA, with thretevels corresponding to the
to verify whether the word in question referred to a thing ogjifferent tasks and two levels corresponding to the
not. For the Animate Cond|t|0n, the task was to decide if thgppropriate response type' all Within_participants_ For the
item in queStion was alive or not. For the Feature ConditiOI’b -items ana|ysis we Compld: a non_repeated measures
the task was to decide if the animal in question was coverefiNOVA with two fixed factors. There was no significant
in hair. Prior to the start of the experiment, participants wergteraction between task and resporfse(2, 52) = 2.48p
provided with several worked examples in order to= 09, MSE = 3652.76%, (2, 174) = 1.28p = .28, MSE =
demonstrate the nature of the verification task. During th681640 However, there Wass@nificant main effect of
experiment, words appeared in the middle of the screen apgsk F, (2, 52) = 21.89p < .001, MSE = 16321.4F, (2,
participants had to make a decision by pressing the74) = 54.32p < .001, MSE = 370306.12. A Page's L
appropriate key. Trials were separated by a blank scregfend analysis revealed agsificant increasing trend in
lasting for one second. response times according to j@dt < Animate < Feature,
Each condition began with 10 practice trials which did no{ (2) = 364,p < 0.01. In other words, participants were able
form part of the experiment. The purpose of these trials wag verify that a word was a thing before they were able to
to allow participants to adjust to the task, although theyerify that it was alive or that it had hair. This pattern of
were not aware that the trials in question would not beesylts supports our view of knowledge activation as

included. Subsequently, the 60 experimental Stimulbonstituting a dynamic1 incremental process.
followed seamlessly. In eactondition, the words were




There was also a significant main effect of respoRgs€l,  apply them all. According to the CARIN theory then, there
26) = 23.20p < .001, MSE = 3987.8%3, (1, 174) =13.78, should be no difference in the time taken to reject
p < .001, MSE = 93960.26. Thus, across all threecombinations from either condition. Slot-filling theories
conditions, participants were quicker at verifying wordsuggest that the modifier fills a slot in the head noun and
features than they were at discounting them. This pattern ¢fiat this process is guided by general knowledge about the
results suggests that property verification involves soméwo concepts. These theories assume that both concepts are
kind of active search procesgich terminates as soon as completely activated prior to their combination (e.g.
confirming information is identified but which otherwise Murphy, 1988). If people have retrieved the concdyig
continues until a certain threshold of certainty is reachedandtail before attempting to combine them, then they will
This challenges the notion ah people store information be aware thatail cannot fill the <has as body part> slot in
about concepts in propositional format, as assumed by thefrog since frogs do not have tails. On the other hand, the
schema-structures used in slot-filling models. For exampldink betweendaffodil with tail is less obvious, suggesting
if the knowledge as to whethan animal is hairy or not is that a more extensive search for plausible relationships will
explicitly stored with that concephen there should be no be required before this combination can be ruled out. Thus,
difference between the time needed to confirm or discourthe slot-filling view predicts thdtog tail should be easier to
the feature. The fact that we observed a difference suggestsmiss as the appropriate slot and filler are clear yet
that the verification process involves more than simplyobviously incompatible.
accessing propositional knowledge. According to our dynamic activation view, the

The idea of a gradual knovdge activation process may combination process will beghefore both nouns have been
explain some features ofolceptual combination which fully activated.Daffodil tail can be rejected as soon as the
could not be accounted for by schema-based theories, sushsic semantic categories of the constituent concepts
as the fact that phrase features can be verified more quickbecomes available since therpay <plant-body part> does
than noun features. If the most basic knowledge aboutot match a productive pattern. On the other hénod,tail
concepts is activated first, then this provides a means byatches a very productive pattern and can only be rejected
which more detailed information can be activatedwhen the precise knowledge that frogs do not have tails
selectively (i.e. only the combined concept itself need béecomes available. We propose that this detailed knowledge
simulated). In the following experiment we investigateabout frogs will only be activated when people attempt to
whether dynamic knowledge activation can contribute to theisualize the combined condepnd fail. Accordingly, we
understanding of how concepts are combined. propose that combinations in the Detailed condition will

take longer to reject than those in the Basic condition.
Experiment 2

The aim of this experiment was to investigate WhetheMethOd
dynamic knowledge activation can explain some of theParticipants Twenty-six first year undergraduate students
counterintuitive effects observed involving conceptualfrom University College Dublin participated in the
combination (e.g. Springer and Murphy, 1992). Specificallyexperiment for partial course credit.
we wished to ascertain whether the combination process
begins before the constituent concepts have been fulpesign A within-participants design was used for the
activated. In order to do this, we created two conditions ogxperimental manipulation of condition. Each participant
implausible combinations, onavhere explicit featural saw the same set of 80 stimuli, comprising the two
knowledge was required in order to reject the combinatiogonditions of 20 itss each and the 40 sensible fillers.
(e.g. frog tail), and another where more basic taxonomic
knowledge was sufficient (e.daffodil tail). Our hypothesis Materials Twenty combinations were generated for each of
was that participants would reject combinations from théhe conditions. For the Detailed condition, this set
Basic condition more quickly than those from the Detailedconstituted a series of combinations that were exemplars of
condition, based on the differences in time taken to activat@ productive pattern of combination (e.g. <animal-body
the requisite knowledge. part>). However, all happened to be implausible by virtue of
Existing theories of conceptual combination havesome instance-specific detail of one of the constituents. For
difficulties in explaining how combinations can be rejectedexamplefrog tail is an implausible combination since frogs
as implausible. The Corsfition Among Relations in do not have tails, yet many other reptiles and animals do.
Nominals (CARIN) theory (Gagné & Shoben, 1997)Raspberry peel is implausible sinceaspberries cannot be
proposes that combinations are interpreted by applying orgeeled, yet many other fruits can. Alsoain tyres are
of a small set of possible relations to the constituent nounénplausible because trains do not have tyres, yet many other
The theory therefore impliesahcombinations can only be vehicles have tyres. In the Basic condition we created a
rejected when every single possible relation has beematching set of combinations which substituted the concept
applied and none result in a satisfactory interpretatiorfor which detailed knowledge was required. This substituted
People cannot know if a rélan will be successful or not concept was too far removed in the conceptual hierarchy to
until they apply it, meaning that they have to option but toyield a sensible combination. For example, both daffodil



and frog are organisms. Howevdaffodil is a plant and the  The average response time for the Detailed condition was
lowest common abstraction of entities that tend to have tails,503ms while that for the Basic condition was 1,333ms.
is animal. Our hypothesis was thagffodil tail would be Repeated measures ANOVAs ealed that this difference
rejected beforefrog tail because the rlowledge that was significant both by-items and by-participarmig/1,25)
daffodils are not animals would be activated before the 27.89,p < .001, MSE = 12360.0F,(1,19) = 9.53p <
knowledge that frogs do not have tails. In other examples01, MSE = 48560.09. The ftérence in accuracy for the
raspberry ped was paired withdoughnut peel and train Detailed and Basic conditions (93% and 78% respectively)
tyres was paired witlvase tyres. was also significant both by-items and by participants,
The combinations were controlled for length and also foF(1,25) = 17.47p < .001, MSE = 6.36F,(1,19) = 15.80,
familiarity. The average number of letters in the Detailedp < .001, MSE = 9.14. Only two of the stimuli were
and Basic conditions was not significantly different (bothincorrectly judged by the maijty of participants (both
10.75). The average number of syllables between thedgetailed), namelyliquid ice (13 correct responses) and
conditions was not significantly different (both 3.25). Theevening sunrise (9 correct responses).
log of the average BNC frequency of the words used in the These results demonstrate that participants were quicker
Detailed and Basic conditions was not significantly differenand more accurate in dismissing the Basic combinations
(6.1 and 6.3 respectively19) = -.99,p = .33). Finally, the than the Detailed combinations. This finding provides
log of the Google frequency of the combinations used ironverging evidence that kntadge activation is not an all
both conditions was not significantly different (2.7 and 2.3at once phenomenon, therefore providing a means by which
respectively,t(19) = 1.81,p = .09), which was to be conceptual information might be activated selectively in
expected given that none of the combinations were intendesbmbination. Importantly, the difference in response times
to be sensible. between both conditions irgdites that the combination
As well as the 40 implausible stimuli we also included 4Qprocess beginsbefore all knowledge relevant to the
sensible filler items in order to balance the sample (e.gonstituent nouns has been activated. Had the participants in
tomato sandwich). We avoided including overtly lexicalized our experiment activated bothraepts first, then the items
items, in order that participants would be required tdn the Detailed condition would certainly have been rejected
actively combine the constituent concepts. first: a full representation ofrog and tail would have
permitted the speedy realization that the concepts were
Procedure Participants sat in front of a computer screen anéhcompatible.
placed the index finger of thd&ft hand on the F key of the  This experiment has demonstrated that implausible
computer keyboard and the index finger of their right handombinations can be quickly and reliably rejected without
on the J key. They were infoed that a seriesf noun-noun the need for a long search for potential interpretations. Yet,
compounds would be displayed on the screen for which thedyow could participants be confident that a combination was
would have to make plaudlity judgments, pressing J for not sensible before trying every single possibility? Clearly,
plausible and F for implausible. Each trial was separated biyey must have been relying on some kind of heuristic in
a blank screen lasting for osecond. The combination then order to guide the combinatigorocess, or else the more
appeared in the middle of the screen and participants had ambiguous items in the Basic condition would have taken
make a decision by presgithe appropriate key. longer to reject. Given the finding of Experiment 1 that
Participants were initially given a short practice sessiofasic taxonomic knowledge isetHirst to be activated, we
where feedback was given regarding their judgments. Theropose that people rely on this information in order to
aim of this practice session was to familiarize them with theonstrain the interpretation process, and that more detailed
process of making quick plausibility judgments and also tanformation is applied selectively, thereby ‘homing in’ on
set a reliable threshold for plausibility. After completing thethe precise meaning of theombination. For example,
practice session, participants were instructed that they wekmowing thatfrog is an animal and thaail is a body part is
now beginning the experiment. The stimuli were therenough to strongly suggest the <has> relation, thereby

presented in a random order to each participant. greatly reducing the range of possible interpretations which
_ _ must be considered. Similarly, the knowledge that daffodil
Results and Discussion is a plant is sufficient for dismissirgpffodil tail since the

A total of 14.5% of the data were omitted from the analysisPattern <plant-body part> is highly irregular. In sum, we

We eliminated any positive responses to the implausiblropose that people are sensitive to how different types of
stimuli (12.5%). Additionally, response times deemedconcept tend to interact in combination and that they use
unreasonably fast (< 400ms, 0.1%) or unreasonably slow ¢his heuristic in order to activate conceptual detail

4000, 1.6%) were also excluded. After this initial Selectively. This guided selective activation process might
elimination process, any remaining response times whic@xplain how people can interpret potentially ambiguous
were more than three standard deviations outside ea@@mbinations so quickly and so reliably, an issue which
participant's mean for that condition were also excludedPrevious theories have failed to explain satisfactorily.

This eliminated a further 0.3% of trials.



General Discussion that thing is an artefact oan organism). However, for
We have provided evidence that conceptual knowledge [gasons of economy, t_he numberfedtures stored in th|§
Way is likely to be relatively small. More obscure properties

activated dynamically, with detailed features being les . " L o
available than more basic taxonomic knowledge. oné'® Ilke_Iy to be Ve”f'eq byscruﬂmzmg a_modal-speCIflc_
mulation. However, if basic taxonomic knowledge is

reason for this effect might be that the latter is represented .. . P .
amodally while the verification agpecific features requires sufﬂqent.for indicating how thg constituent nouns of a
the manipulation of a representation. Most interpretations Oqor_nbmaﬂon are related, then this can _be used to inform the
property verification tasks have assumed that participan ctivation process so that grthe combined concept need
make use of amodal representations, accessing d § simulated.
structures such as semantic networks, feature lists or .
schemas in order to find the required information. In Conclusion
contrast, our results have suggested that conceptud/e have shown that conceptual knowledge is activated
knowledge is not stored in this way. dynamically, with generalized taxonomic information being
Much evidence has been garnered supporting the idea tHapre available than spedfifeatures. Our findings are
a significant part of conceptual knowledge is modality-compatible with previous findings in neuroscience (e.g.
specific. Barsalou (2005) maains that during property Kumar & Debruille, 2004; Warrington, 1975) and
verification, people scan mental simulations in order tdsycholinguistics (e.g. Solomon & Barsalou, 2004) and
evaluate whether test properties can be perceived. This viet4ggest a distinction in how people represent different types
is supported by numerous studies showing that variable® information. We have shown that the phenomenon of
such as occlusion, size, age and orientation affect dynamic knowledge activation may be crucial to the
conceptual processing. For example, Solomon and Barsaleiderstanding of how concepse combined. The idea of a
(2004) analyzed response times for a property verificatiogelective activation proces=mn successfully explain how
task and found that as features became larger, they togleople avoid accessing conceptugbrmation that is not
longer to verify, suggesting that people must attend téelevant to a combination. Future work should investigate in
particular regions of a simulation in order to perceive anore detail how conceptual knowledge is represented in
feature. Supporting this stance, many of our participantgilemory and further analysis of the processes involved in
reported using visual imagery in order to discriminateconceptual combination may prove revealing in this regard.
between hairy and non-hairy ardtg, particularly in cases
where this information could not be deduced from the References
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