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Abstract are encoded and processed prior to relations among
_ _ _ _ N elements.
Previous studies using a categorical recognition task  Additional regularities in structure processing have
(Sloutsky & Yarlas, 2000a, 2000b; Yarlas & Sloutsky,  peen established in a series of studies by Sloutsky and
2000) elicted three reliable findings in feature —yaias (2000a, 2000b; Yarlas & Sloutsky, 2000). These
processing of arithmetic equations: 1) participants were . . ’ ! . ’
studies directly examined processing of elementary and

capable of representing both elementary and relational . - - . -
features of equations, 2) elements and relations were relational features in the domain of arithmetic. These

processed serially, with elements processed prior to €Xperiments introduced a categorical old/new
relations, and 3) participants exhibited an element- recognition procedure, in which mathematics novices

relation response-competition, such that responses took were initially presented in a study phase with arithmetic
longest to recognition items for which elements but not equations that were comprised of particular levels of
relations were similar to study items. The two reported elementary features (e.g., all numbers were between 1
experiments examined whether these findings would anqd 9, all equations had 5 or 6 addends) and relational
replicate for other types of informational structures (i.e., features (e.g., the associative and commutative
Sg:g?;'ité%nﬂe g;(é?nlgral?tgdof t?]%itelzapl)h ear:gi?gsz ents) to principles). In the recognition phase, subjects were
presented with a number of equations: some that were
Introduction Old targets that had been presented'earller in the study
) . phase, and some that were new foils. Some of these
The processing _of e_Iem_entary and relatlonal_ featuregyiis shared elementary features with the study
has important implications for understanding thegquations but not relational features (E+/R-), whereas
general cognitive mechanisms that determine howihers shared relational but not elementary features (E-
people represent the informational structure of th9R+)_ Additionally, some foils shared neither
environment. When we perceive, think, or act, Wegjementary nor relational features (E-/R-), while others
encounter a world consisting of entities that r&shared both types of features but were not actual
connected spatially, temporally, or conceptually intoggyations shown in the study phase (E+/R+). This last
larger arrangements. While individual entities oryoj| js particularly important in assessing a fundamental
separable features of these entities can be Co_”s'de_rﬁgsumption of this procedure, that subjects will have
elements of these arrangements, the manner in whictytegorical memory for the study items rather than a
elements are arranged can be con5|der§d relatlon%ecific_item memory. If this assumption is correct,
aspects of arrangements. These relations amongen there should be high confusability between E+/R+
?Iemerlts can take _many forms, such as SPat'f’" (€-Goils and OId targets. Indeed, across all of these studies,
“abov’fa or “below’), tempoEaI (e".g., E)efor:a O the proportion of subjects’ “Old” responses for these
after”), quantitative (e.g., *more” or less’), Or g types of items have been statistically equivalent.
conceptual (e.g., “giver” or “taker”). , These studies found that when given an ample
There are several _theoretlcal proposals arguing for gmount of time (i.e., 10 seconds) to view arithmetic
sepqrate psychological status for _ eIemen'tar_y "’}”@quations in the study phase, subjects accurately judged
relational features, based upon evidence indicatingginy E- foils and E+/R- foils to be “New”. Data also
differential processing of elements and relat|on§ amonghdicated that subjects were faster to reject E- foils than
elements (Goldstone, Medin, & Gentner, 1991; Mec.hnto reject E+/R- foils and to accept Old targets and
Goldstone, & Gentner, 1990; Goldstone & Medin, g /R+ foils. These findings suggest that subjects (a) are
1994; Ratcliff & McKoon, 1989). These proposals arécapaple of encoding both elementary and relational
based on findings indicating that elementary featuregatures. and (b) process features of arithmetic
equations in a serial manner, with elementary features
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being encoded prior to relational features (otherwiseTwo experiments using the categorical recognition
E+ and E- foils should have yielded comparableprocedure are described here, the first examining
latencies). Evidence from other studies supported thaepresentation of features for propositional logic, and
elements are encoded prior to relations. These studitise second for spatial arrangements among objects.
found that when the amount of encoding time in the

study phase was reduced dramatically (i.e., when Experiment 1

equations were presented for only 1 second each, rather

than for 10 seconds), accuracies for E- foils remaineqethod

near ceiling, while accuracies for E+/R- foils were i . .
severely attgenuated (Sloutsky & Yarlas, 2000b; Yarlagartmpants Participants included 24 undergraduates

& Sloutsky, 2000), which suggests that there is a timjgl an introductory psychology course at a large

threshold at which elements are encoded but relatio idwestern university who participated for partial
course credit. This sample had an average age of 22.0

are not. A third important finding from these studies pars (SD= 6.1 years), with 6 women and 18 men.

was that mathematics novices took a longer amount %Iaterials and Procedure All participants were run
time to correctly respond to E+/R- foils than for all . P p

other foils and Old targets. The significantly delayed'ndividually With sgmuIinBesleDnted Of? a peréogal
response to E+/R- foils may be indicative of ancomputer using superta ro software (Cedrus
Corporation, 1999).

element-relation response competition for novices, with Th periment d th teqorical recognition

the competition occurring between the tendency tor ed? pewhieh unsei " ef t%erleeeg hases: thg stud

accept a foil sharing elementary features with stud ocedure, which consists o P y
hase, the distraction phase, and the recognition phase.

items and the tendency to reject the foil that does n the study bh Hicipants were presented one at a
share a relational feature. This response competition 4 the study phase, participants were p

a by-product of serial processing: because elementa ”][va'tr ri? pmpr?j't'onaﬂCllcl’Jgs'i%r?rgvl:]r;ﬁn:secor?:ésﬂggn
features are accessed prior to relational features, t O prémises and a co ! y

initial tendency to ecept theattractive E+/R- foil is instructed to memorize. All 30 arguments incorporat'ed
prompted by fast detection of the presence of a he logical form of Modus Ponens, and posited that if a

elementary feature. However, as processing continuegpec!;!c numger 0?\ onlg E'de Oftﬁ ca:ﬁ was dfour;?hthenrg
the tendency to reject the foil is prompted by the slowe pecific humber should be on the otheér side of he ca
detection of the absence of a relational feature e.g.,If there ISa 7 on the front, then thereisa 1 on the
Therefore, to correctly reject the E+/R- foil, participants:b"’mkt'hTheé)re IS G}Aﬁ on thf) front. Tk:jergforter; there tIS da 1
might need to suppress the initial tendencyctept the on the ¢ ack d Pum grst ugseE ”;] res?n ‘Q;]:J V\)I/
foil, and this suppression would require additional time?rguments ranged irom © 1o ©. Each argume as
to elicit a correct response. centered and presented in black type on a white

While these studies have allowed for a tentativiaCkground for ten seconds, with a two-second interval

description of the nature of feature processing, there a etvl\</een egch argumen:[”(]:i urlng W?r:cc\/hc;nrl]y t?e xhlr:(:
still several issues that are left unresolved. One cruciehaC groun twgs seen. d e.order ch arguments
issue that is the focus of the current paper is th&/Er€ presented was randomized.

generalizability of these findings in explaining A distraction phase fo”.O\.Ned the study phase for the
processing and representation of elements and relatiorggip?ﬁg gifstci:(i%nng tgilr(tlc;)zarggpasgg rt\-:zrrrg g?gsrg?]?é' d
I icular, it i I hether th henomena o .

n particular, it s unclear whether these phenome with 90 letters, for which they had been instructed to

would also be found during feature processing in other.hd. te whether the lett vowel or nsonant
radically different, types of informational structures, !"dIcate Wnether the Ietler was a vowel or a consona

For example, would these regularities hold inby pressipg an apprqpriate key on the keyboard.
knowledge-lean domains (e.g., propositional logic) and Immediately following the distraction phase was the
knowledge-independent dor’nains (e. Sp‘,itia[ecognition phase. Participants were instructed that they

5 i ; | ; ogld be presented with a number of arguments, some
arrangements)? _If this is the case, it would proVld%hlch had been presented to them earlier and others

. - - arthmet imi :
evidence that the findings in arithmetic were not |m|tedthat had not been presented earlier. They were further

within that particular information structure, or just to . tructed 1o indicate wheth h ment had been
knowledge-rich structures, but that they are indicative > ucted to indicate whether each argume a" ee:‘
resented earlier or not (i.e., if the argument was "New!

of domain-general cognitive mechanisms underlyind) S ) 2
feature processing. or "OIld") by pressing an appropriate key on the
alfeyboard.

The current studies therefore apply the categoric .
recognition procedure to these new structures to allow There were a total of 60 arguments presented in the

for a better understanding of whether these previou[secogn'tt'zn. phballsel.( tEach argummt vl\)/askcenterded_r?]nd
findings point to general cognitive tendencies in thePresented in black type on a white background. -1he

processing and representation of elements and relation%r.der of arguments presented in this phase was
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randomized. These arguments fell into five categoriesarithmetic experiments, indicating that participants
with 12 exemplars for each category. The first categorgncoded both elementary and relational features of
contained “Old targets”, which consisted of argumentsarguments and used both of these features in their
that had been randomly selected from those that hagcognition judgments.

been presented earlier in the study phase. The
remaining four categories were foils, in that they
contained new arguments that had not been presented in 100
the study phase. One type of foil consisted of E+/R+ 9 0
arguments that used elementary features from the same2 g, |
categories as the study arguments (i.e., numbers8
between 0 and 9) and incorporated the relation of
Modus Ponens (e.glf there is a 5 on the front, then
there is a 3 on the back. There is a 5 on the front.
Therefore, there is a 3 on the back second type of
foil consisted of E+/R- arguments that used elementary © 30 -
features from the same category as the study argumentsg 20 -
but did not include the relation of Modus Ponens. These % 10 -
foils instead incorporated an invalid argument (dfg., o 0| .
there is a 9 on the front, then there is a 7 on the back.

There is a 7 on the front. Therefore, there is a 9 on the E/R ER+ EH/R E+H/R+ Od
back. A third type of foil consisted of E-/R+ arguments Foil Type

that used elementary features that violated the category
used in the study arguments (i.e., numbers greater than
9) but still incorporated the relation of Modus Ponens
(e.g, If there is an 18 on the front, then there is a 15 on
the back. There is an 18 on the front. Therefore, there is
a 15 on the bagk A fourth type of foil consisted of E-

/R- arguments that used elementary features thqt Figure 2 presents participants’ latencies across the

violated the category used in the study arguments anv(g A typr>es. szserrr]neasurres \Xﬁgsfo }Q,'tht?ehd?gc}f atoge-
did not incorporate the relational form of Modus ay repeate easures ’ ¢ cate

Ponens (e.glf there is a 16 on the front, then there is a SiNificant differences among the foils, (B, 76) =
14 on th(e g:jck. There is a 14 on the front. Therefore2o->/ P < .001. Paired-samples post-hoc t-tests with

there is a 16 on the balk Bonferroni adjl_Jstr_n_ents indicated that E+ fo_ils and Old
targets were significantly slower than E- foils, all>t
4.45, 1 < .01. At the same time, responses to E+/R-
_ i ) . foils were significantly slower than Old target$20) =
In this section, we will compare participants’ "Old" 3 52 p< .02. This pattern of latencies (E+ foils being
responses and latencies across the foil types. Note thgbyer than E- foils) indicate that, as in the arithmetic
for all foils except E+/R+, we compared Iate_znmes forstudies, participants processed elementary and
correct responses only. Because, as predicted, fal$gational features in a serial manner, with elementary
alarms were the dominant response for the E+/R+ foifegtyres being processed first.
(X* (1, N = 24) = 34.7, g .001), latencies for incorrect  Note that E+/R- foils elicited the slowest responses.
responses for this foil were used in the analyses. These increased latencies point to the fact that the
_Percentages of "Old" responses are presented @ement-relation response competition found in the
Figure 1. A one-way repeated measures ANOVA pointglementary arithmetic task (Sloutsky & Yarlas, 2000a,
to significant differences among foils,(# 92) = 89.1,  2000b; Yarlas & Sloutsky, 2000) might be a general
MSE = .04, p< .001. Paired-samples post-hoc t-testgshenomena, such that untrained participants experience
W|th Bonferr0n| adjustments |nd|Cated the f0||OWIng th|s response Competition across domains_
order of “Old” responses across foils: E-/R+ = E-/R- < |5 general, these data exhibit similarities with those
E+/R- < E+/R+ < Old targets, ab(23) > 3.2, < .05 found in the arithmetic studies. First, participants
for differences. Thus, participants gave the fewestlearly based their responses on the presence and
“Old” responses for foils in which elementary featuresapsence of both elementary and relational features.
were absent, and were Signiﬁcantly less I|ke|y to giVQ/\/hen e|ementary features were absent (E-/R_ and E-
“Old” responses when either elementary or relationajr+ foils), participants produced fast and accurate
features (or both) were absent than when bothnew" responses. However, when elementary features

elementary and relational features were present. Theggre present, participants did not always produce "Old"
findings are consistent with those found in the

t of "Old" Res
)

Figure 1. Percentage of “Old” responses across foil
types in the recognition phase of Experiment 1. Error
bars represent Standard Errors of the Mean.

Results and Discussion
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answers. Rather, participants’ responses were mediatéal-b-a” arrangement, such that the same shape appeared
by the presence or absence of relational features. lon the left and right sides, with a different shape
particular, when both elementary and relational featurebetween them (e.g., a graphical representation of
were present (Old targets and E+/R+ foils) participantScircle-triangle-circle”). All 30 arrangements in the
generally responded "Old", but when elementarystudy phase incorporated simple shapes and colors from
features were present but relational features were abserinong a set of six shapes and colors. The shapes used
(E+/R- foils), participants more often respondedin the study phase were circles, triangles, crosses, ovals,
“New.” Second, responses for E+ foils and Old targetsrapezoids, and parallelograms, while the colors
were slower than those for E- foils, which points to aincluded beige, light blue, gray, red, pink, and yellow.
longer processing time needed for relational featureShapes and colors varied independently. The color of
than for elements. Finally, when elementary featuregach shape for each object arrangement was randomly
were present but relations were absent (E+/R- foils)assigned, with the constraint that no color was repeated
responses for correct rejections were significantlywithin each object arrangement. Each shape was
slower than responses to Old targets. These findinggpproximately 1" by 1” in size, with approximately a
indicate that, as for the elementary arithmetic task,5” space between each shape, and all arrangements
when elementary features are present in a logic taskyere centered on top of a white background. The
participants might experience an element-relatiorordering of the 30 arrangements in the study phase was
response competition. randomized.

Experiment 2 again used the categorical recognition In the recognition phase, there were again 60 items,
task to examine feature processing, this time fowith 12 exemplars from 5 categories of arrangements.
elements and relations in spatial structure. The first category consisted of Old targets, which were

arrangements randomly selected from among the study
3000 items. The remaining four categories were foils,
consisting of novel arrangements. The first type of foil
consisted of E+/R+ arrangements that used elementary
features from the same categories as the study
arrangements (i.e., colors and shapes taken from the
same set) and incorporated the relation of a-b-a. The

second type of foil consisted of E+/R- arrangements
1 that used elementary features from the same category as
the study arrangements, but instead of following the a-
| b-a relation, these foils used the spatial relation of a-b-b
(e.g., “yellow oval - beige cross - light blue cross”). The
third type of foil consisted of E-/R+ arrangements that
I I I I

followed the a-b-a relation, but used shapes and colors
E/R- E/R+ EHR EHR+ Od from a different set. The shapes and colors for these
. foils, which again varied independently, were taken
Foil Type from different sets of six shapes and colors, with the set
of shapes including pentagons, stars, rectangles,
Figure 2. Latencies (in milliseconds) across foil typessquares, diamonds, and hexagons, and the colors being
in the recognition phase of Experiment 1. Error bars orange, black, dark blue, brown, purple, and green.

:

8 8

Response Time (ms)
g

e

represent Standard Errors of the Mean. Colors and shapes for these items were assigned in the
same manner as for the study items. An example of an
Experiment 2 E-/R+ foil is “orange hexagon — green star — black
hexagon”. The fourth type of foil consisted of E-/R-
Method arrangements that used colors and shapes from the same

Participants Participants included 29 undergraduatesSEt as the previous foils, and also incorporated the

. . spatial relation of a-b-b (e.g., “black diamond — dark
in an introductory psychology course at a Iargeblue pentagon — brown pentagon”)
Midwesterr:j'tur_:_i;]/garsity vx;hoh pdarticipated for par]tcizil8p ocedures The procedures in the.current experiment
course credit. This sample had an average age of 18, . : . X

years (SD= 0.8 years), with 24 women and 5 men. ere identical to those in Experiment 1.

Materials The materials in the current experiment Results and Discussion

consisted of object arrangements, with three objects in o ) ) )
each arrangement. All objects were colored shapes. fS in the description of Experiment 1, we will again

the study phase, all object arrangements followed afompare participants’ "Old" responses and latencies
across the foil types. Also, as for the previous
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experiment, we compared latencies for dominantgain significantly slower than OIld targets(26) =
responses only. This corresponded to the corre@.69, p< .05. The finding that responses for E+ foils
response for all foils except for E+/R+, for which, aswere slower than E- foils once again point to serial
expected, false alarms were the dominant response (3pBocessing, indicating that participants processed
out of 348 total judgments for this foil were incorrect elementary features prior to relational features.

“Old” responses).

m,

100 -
g o guo)
2™ £
&) 60 - 1000
: %
:O 40’ §' 500 -
s o x
o 204
o
S? 10 0 - T T T T

0 1 E/'R- E/R+ EHR- E+#R+ Od
ER E/R+ E+/R E+R+ Od Foil Type

Fall Type
Figure 4. Latencies (in milliseconds) across foil types
Figure 3. Percentage of “Old” responses across foil in the recognition phase of Experiment 2. Error bars
types in the recognition phase of Experiment 2. Error represent Standard Errors of the Mean.
bars represent Standard Errors of the Mean.
Once again, participants were slowest to respond to
Percentages of "Old" responses are presented iB+/R- foils, which replicates the data found in both
Figure 3. A one-way repeated measures ANOVA pointsirithmetic and propositional logic structures. The
to significant differences among foils, @, 112) = finding of this element-relation response-competition in
258.01, MSE= .27, p< .001. Paired-samples post-hoc this knowledge-independent informational structure
t-tests with Bonferroni adjustments indicated theprovides stronger evidence that the element-relation
following order of “Old” responses across foils: E-/R+response competition might be a function of general
= E-/R- < E+/R- < E+/R+ = Old targets, afl (28) > cognitive mechanisms that underlay feature processing.
3.7, g5 < .02, for differences. Thus, as in the previous
experiment, participants gave the fewest “Old” General Discussion

responses for foils in which elementary features Wergne gata from both experiments replicated several
absent, and were significantly less likely to give “Old” hhenomena found in the processing and representation
responses when either elementary or relational featuregg elementary and relational features for arithmetic
were absent than when both types of features WelSroblems (Sloutsky & Yarlas, 2000a, 2000b; Yarlas &
present. These fingiings are thus consist_gnt with th_°5§loutsky, 2000). First, participants are capable of
found for the arithmetic and propositional 10giC ancoding both elementary and relational features. In
structures, indicating that participants encoded botlyi, experiments presented here, participants were
elementary and relational featur(_-:-s of arguments _anggniﬁcantly less like to accept recdtjon items as
used both of these features in their recognitiong|g» when either elementary or relational features (or
judgments. . , _ both) were absent than when both types of features
Figure 4 presents participants’ latencies across there present. Given that participants’ recognition was
foil types. These measures were again subjected t0sed on categorical matches rather than matches due to
one-way repeated measures ANOVA, which indicatedpecific item memory (as indicated by the fact the false
significant differences among the foils, (8, 104) = 5j3rms were the dominant response to E+/R+ foils in
13.77, p < .001. Paired-samples post-hoc t-tests WitBoihy experiments), participants should only reject foils
Bonferroni adjustments indicated that E+ foils and Old, 5t violate an encoded feature category. Thus, the fact

targets were significantly slower than E- foils, &l nat participants in both studies rejected E+/R- items
3.85, 13 < .02. Also, responses to E+/R- foils were
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more often than E+/R+ items provides strong evidence The findings of the reported experiments replicate a
that subjects did encode and represent these relationsnumber of phenomena that had had been previously
Second, patterns of latencies provided indirecfound, linking all these findings together. The
evidence that the two types are features are processegplication of these effects across a number of
serially, with elements processed prior to relationsinformational structures, particularly those vary greatly
Both of the reported studies replicated the result founth the degree to which prior knowledge is a factor,
in arithmetic that E- foils were responded to moreprovides evidence that the processing and
quickly than E+ foils and Old targets. This pattern ofrepresentation of elements and relations may be at least
responses is consistent with a decision model in whicpartially based on general cognitive mechanisms.
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decisions, they do not account as well for latencies.
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