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Three experirnents were conducted to determine whether language contri butes to the 

emergence of cognitive tlexibility in preschoolers. The Flexible Item Selection Task ( FIST), 

a measure of flexibility. was developed in Exp. 1 for use with preschoolers. On each trial. 

children were shown 3 items (e.g.. a big red shoe. a big blue shoe. a small blue shoe) and 

asked to select 2 itcms that matched on one dimension (Sel. 1: eg.. size). and then to select a 

second pair that matched on another dimension (Sel. 2: e.g.. colour). The results revealed that 

2-year-olds did not understand task instructions and 3-year-olds performed poorly on both 

selections. In contrast. 4-year-olds did well on Sel. 1. but they did significantly worse than 5- 

year-olds on Sel. 2, suggesting that they had specific problems with switching flexibly 

between dimensions. It was then hypothesized that changes in flexibility between 4 and 5 

years might be due to underlying changes in language. Exp. 2 was conducted to test this 

ciafin by trsmg Met maniputations on the FEST. The resutts revettled h t  Sel. 2 pertOcm811ee 

was not only correlated with receptive language development. but it was also influenced by 

labelling on Sel. 1. When 4-year-olds were asked to label the dimension on Sel. 1 that \vas 

relevant to that selection (the dimension on which items rnatched; e-g.. size). their Sel. 2 

performance improved significantiy compared to children who were not asked to label. or 

who were asked to label the irrelevant dimension (the dimension that did not vary across the 

3 items; e.g.. shape). Also, children in the relevant-label condition who tended to label 



correctly on Sel. 1 also did better on Sel. 2 than children in that condition who made rnany 

labelling errors. Exp. 3 was then conducted to determine which kinds of labels improve 4- 

year-olds' performance on Sel. 2. in Exp. 3. the experimenter selected items on Sel. 1 and 

labelled them in some predetemined way. Results showed that labels that refemd to the 

relevant dimension helped 4-year-olds on Sel. 2 whereas labels that referred to the irrelevant 

dimension did not. This pattern held whether the experimenter labelled the dimension (e.g.. 

"size") or the cue (e.g.. "big"). In general the results are consistent with the hypothesis that 

the emergence of flexible ihinking in the preschool years may be mediated by language 

developrnent. 
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CHAPTER 1 

INTRODUCTION 

LANGUAGE, ABSTRACTION, AND 

COGNITIVE FLEXIBILITY 

Thus. the same colour being obsewed to-dq in chalk 

or snow, which the mind yesterday receivedfiorn 

milk, it considers that uppearance alone, makes it a 

representative 4al l  of t h t  kind; and having given it 

the name whiteness, it by thut sound signifies the 

same quality wheresoever tu be imagined or met 

with; and thus titziversals, whether ideas or tems. are 

made. 

- John Locke (169011875; Book 11, Chnpter XI, Section IX) 



kt. Ebebpwat of &bsti.sctio~a~€ogaitWeFlexibiii~ 

Several researchers have argued that the preschool period is marked by fundamental 

changes in abstraction, the ability to consider part properties or features of objects without 

regard to their instantiation within particdar concrete stimuli (e.g., Smith. 198% Werner. 

1948). By definition. abstract representations are detached from the extemal representations 

on which they are based, and as a result the thought processes that depend upon such 

representations should be retativety flexible compared to processes that rely upon concrete 

representations. In other words. a direct consequence of forming abstract representations of 

objects and events is that such representations allow individuals tu distance themselves from 

the information available in the immediate concrete environrnent (i-e.. the "here and now"). 

thereby pemitting them to represent multiple altemate realities simultaneously and to 

manipulate information cognitively with relative ease. On this account. then. abstract 

representations should be a prerequisite for the development of cognitive flexibility. the 

ability to consider simultaneously multiple conflicting representations of one object or event. 

and to be able to act difierentially on the basis of each representation of the same object or 

event. In a related vein. Werner ( 1948) held that cognitive rigidity (i.e.. the opposite of 

cognitive flexibility) occurs in instances in which there is a faiIure to form abstract 

representations. In his words. 'ligidity and lack of plasticity in motive and goal are grounded 

in a comparative lack of polarity between the subject and the worid" (p. 2 1 1). 

Perhaps changes in cognitive flexibility. then, are due to an increase in abstraction 

that occurs at around the same point in development. in fact. it may not be a coincidence that 

the end of the preschool period is also marked by widespread changes in several domains on 

tasks that require children to entertain and manipulate multiple representations 



smmttaneousty. For example, at amun&+ or 5, ehikkm irnprwe- signifbntly on exeutive 

fhction tasks such as the Dimensional Change Card Sort (Frye. Zelazo. & Palfai. 1995). the 

day-night Stroop task (Gerstadt. Hong, & Diamond, 1994). and the windows task flussell. 

Mauthner. Sharpe. & Tidswell. 199 1 ); as well as on standard theory of mind tasks such as 

fdse belief (e.g.. Wimmer & Pemer. 1 983), appearance-reality (e.g.. Flavel 1. Flavell. & 

Green. 1983). and representational change (e-g.. Gopnik & Astington. 1988) tasks. In order to 

perform wel1 on ail of these executive function and theory of mind tasks. children m m  be 

able to switch flexibly between multiple perspectives; specifically. they must be able to 

withhold responding on the basis oFa more salient or a more direct representation of reality. 

and instead respond in a rnanner consistent with a less salient or less direct representation. 

Hence. they m u t  be flexible in how they represent reality and be able to govem their 

behaviour accordingly. even if it means acting in a way that contradicts how they might 

normally respond to a particular situation. 

1.2. Language, Abstraction, and Cognitive FIexibüity 

Undoubtedly. language has a significant impact on human cognition. Whorf ( 1956) 

went so far as to affirm that the way in which humans analyse and understand their 

environment and the way in which they act in relation to this environment are a direct 

consequence of the language they speak. More relevant to the develo~ment of cognition 

itself. Vygotsky ( l929.1934/ 1986,1978) proposed that human cognitive development occurs 

as a result of two independent lines of development-namely. the naniral line of development 

in which maturation of the nervous system Ieads to developmental changes in basic cognitive 

processes, such as memory or attention, on the one hand; and the cultural line of development 



kt whiehehildren ne& ody l e m  abeukîultudLy inuented ioolsf'brn their e l k  but  hy a 

process of intemalization. they also leam how to appropriate these tools for themselves to 

control their own thoughts and behaviours intemally . Language. on Vygotsky 's account is 

one of the most important of these cultural tools for the development of the human mind and 

it makes possible the development of unique cognitive processes that are mavailable to other 

animals. More recently. Katherine Nelson ( 1996) has elegantiy explicated her own views on 

the critical role that tanguage plays both in the development of eerly cognitive development. 

in general. and in the development of autobiographical memory. in particular. 

Although most researchers agree that language has some impact on cognition. it is not 

entirely clear how best to characterize the precise nature of this impact and the specific 

processes responsible for its invnlvement. Some, like Vygotsky ( 1934/ 1986) and Whorf 

( 19-6). argue that language has an instrumental role in the development of cognition. 

whereas others. like Piaget ( l96M 96f), argue that language can certainiy facilitate specific 

kinds of cognitive processes. but it is not essential for their ernergence. For instance. Piaget 

concluded that. 

language and thought are linked in a genetic cirde where each necessarily leans on the other in 

interdependent formation and continuous recipmcal action. In the last analysis, both depend 

on intelligence itself, which antedates language and is independent of it (p. 98). 

Irrespective of the position that one takes in regards to the relation between language 

and cognition. however. there is no doubt that language relates to abstraction. hdeed. 

language and abstraction are sometimes treated as the same. Although it is tnie thar 

language-by its very nature as  a symbolic medium-conveys information abstractly. it does 

not necessady follow that al1 abstract representations are lhguistic in nature (cf. Werner & 



K a p h  f%3), apoint f s M F  returrrtok€tmpmY. Ekrhaps. itien. changes in ianguagcor 

more precisely. in the use to which children put language (ir.. by using linguistic 

representations to represent information abstractly~account for the development of cognitive 

flexibility. Bruner (1  973), in fact. has suggested just that: 

In effect. language provides a means. not only for representing experience. but also for 

transforming it. . . . Once the chiid has succeeded in intemalizing language as a cognitive 

instrument, it becornes possible for him to represent and systematically transform the 

regularities of experience with far greater fiexibility and power than before (p. 330). 

Even Piaget (1964/1967) admitted a role for language in the expression of flexible thoupht. 

"language confines itself to profoundly transforming thought by helping it to attain its foms 

of equilibrium by means of a more advanced schematization and a more mobile abstractiong' 

(pp. 9 1-92). 

Sorne support-albeit only indirect-exists for the hypothesis that language may play a 

detennining role in the development of cognitive flexibility. First. Glucksberg and Weisberg 

( 1966) introduced a labelling manipulation with adults on Duncker's ( 1945) candle problem. 

a classic measure ofcognitive flexibility in adults. in the candle problem. adults are presented 

with rt m d l t .  matches. and a box eontaining tach, d asked te the candle verticdly 

against a wall. light it. and ensure that it not drip wax on the table or on floor. To succeed on 

the candle problem. adults mut first empty the box, affix it on its side to the wall using one 

of the tacks. and then place the candle on top of the box and light it. Adults ofien fail to solve 

the problem. or at least require a substaatiai amount of time to do so. because they fail to use 

the box as a platforni for the candle. The oversight in using the box is believed to result fiom 

a "functional fixedness" problem: Adults perceive the box only in terms of its current 



fZarctiom as a- cadc eonlaim, enb ~ ~ d i h e i ~ e v e ~ ~ h e ~ r n i n g  tendeney te h a t e  on t k  

box's current Function. they fail to entertain the possibility that it could serve another function 

(i.e.. serve as a pladorm for the candle). 

In each of three experiments. Glucksberg and Weisberg ( 1966) introduced the candle 

problem by showing adult participants a sheet of paper with pictures of the four objects 

involved in the task. For some participants, one of the objects (Le.. the tacks) or al1 four 

objects were identified by their respective written label (e-g.. the word "tacks" appeared by 

the picture of the tacks. the word "box" appeared by the picture of the box). Adults who were 

provided with the written label for the box (i-e.. the hctionally fixed object) round the 

correct solution more rapidly and were less variable in their performance than those who 

were shown either no written labels or only the label for the tacks. On the bais of their 

findings. GIucksberg and Weisberg interpreted the in flexibility experienced by adults on this 

task somewhat differently fkom the commonly held view. That is. they argued that because 

adults failed to label the box spontaneously. they also failed to notice it as an object in its 

own right. It is not that they were f ~ e d  on the box's current function. and as a result. they 

could not see any other use for it. Rather. because of the box's curent function. they failed to 

represent it a s  an object in its own right, and as a resuIt, they faied even to consider it when 

attempting to solve the problem. in their own words. Glucksberg and Weisberg state that "it 

is not a function that is unavailable to S, but rather the functionaily fixed object itself' (p. 

659). On their account the label for the box serveci simply to rnake it available to participants 

for them to use. 

Irrespective of the specific interpretation of the candle problem that one favours. 

GLucks berg and Weisberg's resuits nicely demonstrate how labelling can influence 
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pcutitipants' tendeney tedemwstmte cognitive kxibility Heweve~. inte~sting the ~ ~ u k s  rsof 

Glucksberg and Weisberg's (1 966) experiments are, their experiments were done with 

adults-not with children. Hence, it cemains to be determined not only whether labelling 

manipulations help induce flexibility in children as well, but also whether language might be 

responsible for the development of flexibility in children. more generally. 

There exists some correlational support in at least two domains for a link between 

language and the development of flexible thought in preschool children. First. B m e r  and 

Kenny ( 1966) conducted an experirnent in which they assessed children on their abiiity to 

reproduce nontmnsposed and transposed versions of a matrix of nine clear-plastic beakers 

that varied on three possible heights and on three possible diametea. The beakers were 

ananged in a 3 x 3 matrix so that the beakers in the fust row were d l  the same height. but 

were shorter than those in the middle row (which were al1 the sarne height), which in tum. 

were shorter than those in the last row. Similady. the beakers in the fim column were al1 the 

same diameter, but they were thinner than those in the middle mw. which were in turn 

thinner than those in the last row. As a result. the beaker in the northeast corner was the 

tallest and thickest beaker. while the beaker positioned in the southwest comer was the 

shortest and thinnest beaker. M e r  the beakers were scrambled, chikiren either had to repIace 

the M e r s  in their original position (Le., the nontransposed version) or the experimenter put 

one of the beakers (e.g., the shortest and thinnest beaker) in a new position on the array (e.g.. 

the northwest comer) and asked children to produce a transposed version of the original 

matrix. The transposed veaion was more difficult than the nontransposed version. This is 

perhaps not surprising given that the transposed version required that children determine the 

new correct positions of each of the individuat beakea relative to the one(s) dready in place 
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position. In other words. to perform correctly on the aansposed version. children needed to 

be flexible in how they represented the position of the beaken. Of particular interest were 

tindings that the authon reported relating children's performance on the transposed version 

with the labels that children used to refer to the beakea. That is. prior to performing the iask. 

the experimenter asked children to explain how beakers in different rows (and columns) 

differed from each other. Chiidren referred to differences between beakers using either (a) 

p ~ c i s e  dimensional terms that referred to specific dimensions (e.g.. "short" vs lail" for 

height or "skinny" vs. -fat'+ for width), (b) global. undiflerentiated terms like "big" and 

*œlittIe*g that did not ditferentidly apply to one dimension or the other. or (c) a confounded 

description of the beakers that combined dimensional and global tems (e.g.. "fat" vs "linIeg' 

or "bigg' vs. "shorf"). The way in which children referred to the beakers in this preliminary 

phase of the experiment predicted how they did on the transposed version of the task. Those 

who used dimensional terms performed well, and according to the authors. if they used 

dimensional tems to refer to both height and width at the same time. then they performed 

even better. In contrast. children who confounded global and dimensional terms by using 

them together perfonned worse overail. 

More recently. in the theory of mind literature, Astington and Jenkins ( 1999) found 

signîficant relations between language developrnent and perfomance on standard theory of 

mind tasks including fdse belief and appearance-reality tasks. tasks that arguably require 

children to ceason simultaneously h m  two points of view. More important however. they 

also found that language development-particularly syntax development-at 40 months of age 

predicted children's ability to m o n  on standard theory of mind tasks at 44 and 47 months 
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into account. However. the reverse was not tme: Performance on theory of mind tasks at 40 

months did not predict scores on later language measures. Although these results are 

interesting and are consistent with the hypothesis that language directly affects cognitive 

flexibility. there are several other reasons why measures of language development might 

predict later performance on false-belief tasks. For example. children with more developed 

language skills might also be more social than less language-proficient children. and as a 

result of their increased exposue to social experiences. these more language-proficient 

children might lem earlier to consider other people's mental states both in their everyday 

interactions and on tasks assessing this kind of understanding. Moreover. standard theory of 

mind tasks. such as the fdse belief task are not ideal measures of cognitive flexi bili ty. even 

if cognitive flexibility is required tu perfum well on these task. because several other 

processes may also be needed to perform successfully on these tasks (e.g.. good 

understanding of mental states). 

For al1 the reasons outlined above. the existing evidence for the role of language in 

the development of cognitive flexibility is open to question. Clearly. to determine more 

convincingly whether language plays a role in the development of fi exible thinking in 

preschoolea. experiments with preschoolers are needed in which language manipulations are 

introduced expenmentally-as Glucksberg and Weisberg ( 1966) did in their studies with 

adults-and children are assessed on relatively uncomplicated measures of cognitive 

flexibility. The overall aim of the current experiments was to do just that. F i m  however, a 

suitable task needed to be devised for use with preschoolea in which other cognitive 

demands were minimized- 
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In recent years, developmental neuropsychologists have adapted several traditional 

neuropsychological tests of abstraction and flexible thinking for use with school-aged 

children (e.g.. Chelune & Baer, 1986; Chelune & Thompson, 1987: Welsh, Pennington. & 

Graisser. 199 1). but there is a paucity of convenient and suitable tests of these abilities for 

use with preschoolers. A classic neumpsychological test of these abilities. the Wisconsin 

Card Sorting Task (WCST). was devetoped by Berg and Grant (Berg 1948; Grant & Berg. 

1948) for the specific purpose of assessing in normal adults "[tjhe phenornena of 'abstnct 

behavior' and 'shi ft of set' in thinking" (Berg, 1 948. p. 1 5). The WCST has been an 

important tool for differentiating between individuals with various types of brain dysfunction 

(e.g.. Milner & Petrides. 1 984). For example. in a well-known study, Milner ( 1 963) found 

that indkiduals with lesions to domlateral prehntal cortex were significantly impaired on 

the WCST relative to individuais with lesions to other cortical areas. Moreover. the WCST 

has been w d  to assess neumpsychological functioning in school-aged children with a varÏety 

of developmental psychopathologies (see Pennington & OzonoK 1996. for a review) and 

normative developmentd data on the WCST are also available (e-g.. Chelune & Baer. 1986: 

Chelune & ~ o m p s o n  1987; Welsh et ai.. 199 1). 

More recently, however. researchers have expressed some dissatisfaction with the 

WCST (e.g., Delis. Squire, Bihrle. & Massman, 1992; Levine. Stuss. & Milberg. 1995: 

Pennington & Ozonoff. 1996), in part because failures on the WCST are dificult to interpret 

given the large number of cognitive processes that need to be intact in order to perform well 

on this task. For example, in addition to assessing participants' ability to detect a correct 

dimension and their ability to switch flexibly between dimensions. successful performance on 
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tk W€ST depends uporrditabititptcrùedit from feedback kebiBtg.  to keep keoncc t  

dimension in mind over severai trials, and the ability to inhibit prepotent responses. 

Moreover. recent evidence indicates that difficulties on the WCST may not be specific to 

individuds with lesions to the fiontal lobes (see Stuss. Eskes. & Foster. 1994. for a review). 

Finally, the numerous cognitive and instructional demands of the WCST undermine its utility 

with preschoolers. 

1.3. 1. The VEuai- Verbai Tark 

A less well-known neuropsychological test of abstraction and cognitive flexibility is 

the Visual-Verbal Test developed by Feldman and Drasgow (1 95 1 : Drasgow & Feldman. 

1957). The original version of the task (Feldman & Drasgow. 195 1 ) involved 43 cards. each 

of which depicted four objects. On each card. three of the four objects could be grouped 

according to one dimension and either the same or a diffknt trio could k grouped 

according to a second dimension. For exarnple. on one stimulus card. objects consisted of a 

srnaIl white circle. a large white circle, a large black circle. and another large white circle. 

Participants were asked to group three objects that were alike in some way (e.g.. the three 

large circles) and then to group three objects that were alike in a different way (e-g., the t h e  

white circles). Objects couid be grouped according to 'rolor. tom. size. structurai 

similarities. narning, and function" (p. 56). The f i  grouping that participants made provided 

a direct measure of their ability to detect a single dimension (the abstraction component of 

the task). and the second grouping provided a measure of participants' ability to switch 

ff exibly between dimensions (the cognitive flexibility component). although it also required 

abstraction. Feldman and Drasgow fomd that, relative to a cornparison group consisting of 

normal adults, individuals with schizophrenia had particulin dificulty detecting a correct 
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s e c m d g ~ g .  m g g e s h g m a t t k y h z t v e ~ ~ f t e x i b k t t r i n k i n g .  Fhisfinctinghas 

been replicated several times (e.g.. Drasgow & Feldman. 1957: Siegel. 1957: Stuss et al.. 

1983). 

As a measure of abstraction and cognitive flexibility. the Visual-Verbal Test 

possesses several advantages over the WCST. Whereas the WCST requires that participants 

respond according to a specific dimension acmss severai trials before switching and 

responding according to another dimension, the Visuai-Verbal Test requires that participants 

select items according to one dimension and irnmediately switch and select items according 

to another dimension. For this reason. the Visual-Verbal Test places fewer demands on 

working memory. In addition. unlike the WCST. performance on the Visual-Verbal Test does 

not depend upon participants' ability to benefit from feedback. Because of the simplicity of 

the instructions and of the task poor performance on this task cm be more easily interpreted. 

Furthemore. because of its simplicity, a modified version of the Visual-Verbal Test can even 

be used with preschoolers. 

1.3.2. The FIeribIe Item Selectiun Task 

To assess abstraction and cognitive flexibility in preschoolers. I developed a new task. 

the Flexible Item Selenion Task (RST), based on the Visual-Verbal Test (Feldman & 

Drasgow. 195 1). On each trial of the FIST. children are s h o w  t h e  items.' This item trio 

constitutes a tr i i f  set (e-g.. one small yellow teapot. one small blue teapot. one medium blue 

teapot: see Figure 1). In each tnal set, one pair of items (e.g.. the small yellow teapot and the 

smdl blue teapot) match each other on a eue of one relevant dimension (e.g.. small for size). 

'Throughout the dissertation, on the first appearance of an important term. it appears in bold font, In 

addition. to assist the d e r ,  a glossary of these tenns aIso appears in Appendix A. 



Figure 1. ExampIe of a triai set presented m ihe Flexible Item Seledon Task. 

but differ h m  the third item on that dimension (e-g., medium for the medium blue teapot). A 

different pair of items (e-g., the smaU blue teapot and the medium blue teapot) match each 

other on a cue of a different relevant dimension (e-g., blue for colour), but differ h m  the 

remaining item on that dimension (e-g., yeiiow for the 4 yeilow trapot). The cue of a 

third (and a fourth in Experhent 1) imievant dimension, is constant m s s  the three items 

(e.g., teapot for shape; one for number). Thus, on each trial, one item (e.g-, the s m d  blw 

teapot) always matches a second item on one dimension (e-g, the small yeUow teapot), and at 

the seme time, matches the third item on another dimension (e.g*, the medium blue teepot). 

This particdar item can be r e f d  to as the pivot item because it needs to be sel& twice. 

On each trial7 participants are fkt asked to select two items that are aiÎke in some way 

 seld do^ 1; e.g-, the miall ones). Once they have made an unambiguous response, bey are 

then asked to select a second pair of items that are alüre in some other way (Seiection 2; e.g., 

the blue ones). Like the VM-Verbal Test, it is assumeci t .  Seiection 1 responses pmvide 

an index of childrea's abiIÏty to abstmct a &gie dimension, whagas Selection 2 responses 
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Consequently, although the FIST is equivalent to the Visual-Verbal Test in essential 

characteristics. it differs from its predecessor in several respects. For example. it uses child 

fiiendly stimuli. it has fewer trials than the Visual-Verbal Test it uses fewer and more clearly 

defined dimensions. and it was developed with more tightly controlled counterbalancing 

procedures (see Section 3.2.2. and 3.22). 

1.4. Purpose of Curnnt Shidy 

The overall aims of this series of experiments were to determine whether language 

plays a pivotai role in the development of cognitive Bexibility in children and if so. how it 

might corne to exert its influence. Experiment 1 was conducted to assess whether the FIST is 

an appropriate task for use with preschooters es a merüis of exploring the development of 

abstraction and cognitive flexibility and to detemine whether there are meaningful age- 

related differences in performance on this task within this particular age range. Expenment 2 

had two purposes. First. it was conducted to determine whether the findings from Expenment 

1 codd be replicated with a modified and improved computerized version of the FIST. 

Second and more important labelhg manipulations were also included to determine 

whether or not language affects performance on this task. Expenment 3 was conducted to 

M e r  specify the exact nature of the mle that labelling plays on this task by exarnining 

whether particdar types of labels differ in their effectiveness in impmving performance. 

'The validity of this assumption is tested empiridly in Experiment 3. 



CHAPTER 

EXPERMENT 1 

PRESCHOOLERS' PERFORMANCE ON AN 

MITIAL VERSION OF THE 

FLEXIBLE ITEM SELECTION TASK 

2.1. Introduction 

The primary purposes of Expenment 1 were to determine whether the FIST is 

appropriate for use with preschoolen as a test of abstraction and cognitive flexibility and 

whether meaningful age-related differences in performance exist on this task. Children at four 

ages (i.e.. 2-. 30.4. and 5-year-olds) participated in the experiment. To ensure that any 

differences between age groups were due to differential difficulties with abstraction. 

cognitive flexibility. or both. and not to possible age differences in understanding and 

following basic task instructions, criterial trials were also included. in order to succeed on 

these criterial triais. children only needed to understand the instructions themselves. which 

were identicai to the iosauctions used in the FIST; children were not required to abstract or 

represent flexibly dimensionai information on these trials because it was possible for them to 

use overall perceptuai similarïty information instead of dimensionai information to perform 
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we t l on these mitaial triats (Le.. thw cdctnse a simple percepmaf-matchhg ~traregy). ff 

children erred on these trials. they did not receive the task proper. 

2.2. Method 

2.2.1. PurticIpants 

The sample consisted o f  60 two-year-olds (M = 30.6 months. = 1.6 months. range 

= 27.4 to 35.8 months). 53 three-year-olds (M = 43.0 months. = 1.9 months. range = 38.7 

to 46.6 months). 49 four-year-olds (M = 54.7 months, a = 2.0 months. range = 5 1.1 to 58.5 

months) and 35 five-year-olds (M = 66.3 months = 2.5 months. range = 60.7 to 69.6 

months). including 97 girls and 100 boys. The gir1:boy ratios were 3228 for 2-yearslds. 

2924 for 3-year-olds. 24% For 4-yea~lds ,  and 12:23 for 5-year-olds. Eight children (6 two- 

ycar-olds md 3 the-yex-olds) rvere excluded h m  the malyses because they refused to 

perforrn the task in its entirety. Children were recruited fiom several local daycare centres or 

From a database of children whose parents had expressed an interest in participating in 

research. Informed consent was obtained fiom the parents of ail children who participated in 

the experiment. Children with suspected or known developmental or medical disorders that 

might affect their performance did not participate in the expenment ( 1 child in a daycare 

centre was not tested because he was suspected of having a developmental delay. whereas 

another was not tested because he was suspected of having a hearing impairment). Likewise. 

children in daycare centres with a poor grasp of the English language were also not tested (a 

= 3). 

2.2.2. Ter& Design 
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Forty-eight2l.f x f .5 CM t ~ w t r i a c a r d s w e r e n s e c ) .  Esekcad depietedaset 

of objects that were denved fkom the combination of four dimensions (colour. shape. size. 

and nurnber). Each dimension was represented by one of three cues. The colour dimension 

was represented by the colours pink. purple, and orange: the shape dimension was 

represented by a phone, a pair of socks, and a fish: the size dimension was represented by 

small (the mean rectangular area of each object was approximately 7 cm'). medium 

(approximately 13 cm?. and large (approximately 23 cm') objects; and the number 

dimension was represented by one, two. or three objects. Thus. a specific card might depict 

one large pi& phone. whereas another card might depict three small purple fish. When only 

one object was depicted on a card. it was positioned in the centre of the card. When two 

O bjects were depicted. one was positioned at the extreme le A of the card and the other at the 

extrerne right. Findly. when three cbjects were depicted. one was Lucated at the extreme left 

end, another at the centre. and the other at the extreme right end of the card. 

2.2.2 a. Demonstr~tion and criteriai triais. The demonstration trial and the two 

criterial mais always consisted of sets of four cards. Two of these cards were identical on al1 

four dimensions (i.e.. colour, shape, size. and nurnber). whereas the other two cards. which 

were also identical to each other on al1 four dimensions. differed frorn the fint pair on al1 

dimensions (see Figure 2). For example. for the demonstration trial. two cards depicted one 

smdl pink pair of socks and two cards depicted two medium orange fish. 

These three prelimùüuy triais (demonstration trial and criterial trials) were always 

%ote that in Experiment 1. the term "card" is used instead of 'item" consistently to refer to one of  the 

three items in a trial set because of the conhion Ùiat may result h m  the tàct that number was included as a 

possible relevant dimension in Experiment IT but in subsequent expeciments, the term -item" is adopted again- 



Fiaure 2. Example of cards p r c s d  in the demonstration and criterid triais m Experiment 1. 

pmsented in the sime order mss ail children, Frirthermore, the placement of matchhg pairs 

was comtdanced  a m s s  the three trials. That is, on the demonstration trial, the nrst card 

matr?hed the fointh card (and therefore, the midde two cards &ch& each other), whereas 

on Criterid Triai 1, the nrst card matched the second carci, and on Criteriai Trial 2, the nrst 

card matched the thud d Additionally, each cue of each dimension (e.g., orange for colour 

or small for Sue) was used twice across these tbree preIimmary triais. 

2.2-2.6. Flexible Item Steiection TaPk Trial sets presented in the FlST each consisted 



o f s e t s o f ~ c a r d s t h a t ~ i d e n t i d a a ~ ~ ~ ~ a r z t ~ ~ o m  (e.g.,sizeand 

number) but differed on two relevant dimeasions (e.g., colour and shape). Two of the tbree 

car& matched on one of the relevant dimensions (e.g., colour) and a different pair of cards 

maîched on the other relevant dimension (e.g., shape). For example, in a given trial set, one 

card might depict one medium purple phone, the second card depict one medium pink 

phone, and the third might depict one medium pi& fi& (see Figure 3). Thus, in all tnal sets, 

a pivot cerd (e.g., the pink phone) matched one ofthe other cards on one relevant dimension 

(e-g., color, the other gink one) and matched the remainllig c d  on the other relevant 

dimension (e.g., shape; the other phone)). 

Fimm 3. Example of cards ptesented m tbe FIexiiIe Item Selection Task m Expehent 1. 
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consisted of two blocks of six trial sets. Within each trial block, each of the six possible 

relevan t-dimension pairs (Le.. colour and shape. colour and size, colour and number. shape 

and size. shape and number. and size and nurnber) was presented once in a random order (see 

Table 1 in Appendix B for more detailed counterbalancing information). Each dimension on 

its own was thus relevant on 6 of the 12 triai sets (2 trial sets with each of the other possible 

dimensions). but the same dimension was never presented on more than two consecutive 

trials. The cue of the relevant dimension by which cards matched can be referred to as the 

dominant cue (e.g.. pink for colour and phone for shape in the example in Figure 3). whereas 

the cue of the nonmatching third c d  cm be referred to as the nondominant cue of the 

relevant dimension (e.g.. purple for colour and fish for shape in that example). Within each 

trial bioçk. each cue ï i ihin each dinxnsion appeared once as  thc dominant cuc of thc 

relevant dimension, once as the nondominant cue of the relevant dimension. and once as the 

irrelevant cue of an irrelevant dimension (i.e.. one of the dimensions that did not Vary across 

the three cards; e.g.. medium for size and one for number in that example). 

Pivoterd placement was aiso counterbalanced. The pivot card could appear as Card 

1. Card 2, or Card 3. For example. in Figure 3, the placement of the pivot card is Card 2 (the 

middle card in the figure). Each of the three possible pivot-card placements was used on four 

trials (two triais within each trial block) but the same placement was not used on more than 

two consecutive trials. 

2-2.3. Procedure 

Children were tested individually in one testing session at their respective daycare 

centres or at the univers@. They were given 1 demonstration trial, 2 criterial trials. and 12 



some cards with pictures on them. On the demonstration trial. the expenmenter then placed 

four cards side by side and told children. 

Look! Hem's a carci. here's another card, here's another c d  and here's another card. I'm 

going to pick two car& that are the same in one wav. So l'Il pick these two car& 

[simultaneously pointing to two identical cards: Le.. Card 1 and Card 41. These two car& are 

the same because they both have one linle pink pair o f  socks. So they're the same. Now I'm 

coing to pick nvo cards that are the same but in a different way. So 1'11 pick these two car& - 
[simultaneously pointing to the other pair o f  identical car&; Le., Card 2 and Card 31. Thesc 

two cards are the same because they both have two medium orange fish on each c d .  That's 

why they're the same. So these two cards here are the same [pointing to the first pair] and 

these two cards here are the sarne [pointing tc, the second pair], but see. these hvo car& here 

are difietent fiom those nvo cards. You know what? Now itbs your tum to show me some 

cards. 

Chiidren were subsequently given two criterid Lncils. On each criterial trial. t h g  atm 

instnicted to. "Show me (put your fingers on) two car& that are the same in one way." 

(Selection 1). Once children responded they were then asked to. "Show me two cards that are 

the same but in a difierent way." (Selection 2). Children were not given Feedback on their 

responses because these criteriai trials served to ensure that children understood the basic task 

instructions. including the requirernent of selecting two cards. the concept of same. and the 

concept of same but in a different wav. Ifchildren erred on even one selection on either OF the 

two criterial triais. they did not receive the task proper. 

ChiIdren who succeeded on both cnteBal trials were then given 1 2 trials of the FIST, 

on each of which they were also required to make two selections. ïhe instructions on the 

FIST were identical to those given on the criterial trials, except that FIST trials invoived only 

three cards instead of four. KchiIdren failed to select two cards on either selection within a 
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occurred (Le.. "1s there another one that's the same as that one?"). Similarly. if children 

seemed to hesitate d e r  selecting two cards. then the experimenter prompted them on the tint 

instance in which this occurred by asking, "Are you done?" 

2.3. Results 

f3.I. Performance on CriteriaI Triah 

The percentages of 2.. 3-. 4. and 5-year-olds who failed at Ieast one of the two 

criterial trials were 85%. 22%. 12%. and 3%. respectively. A chi-square test confimed that 

successful performance on the criterial triais varied as a fimction of age group. X' (3. N = 

189) = 92.30. p < .O0 1 (assuming an alpha level of -05: see Table 1 ). Separate Fisher's Exact 

tests were conducted on e3ch pair of age gmups to determine which groups differed h m  

each other. Two-year-olds di ffered from al1 other age groups (es < -00 1 ) and 3-year-olds 

differed only fiom 5-year-olds. (p < -05). Three-year-olds did not differ fiom 4-year-olds and 

4-yearslds did not di ffer fiom 5-year-olds (es > .IO). 

Table I 

Number o f  Children Who Failed or Passed the Criterial Trials in Exwriment 1 as a Function 

o f  Age G m u ~  

Performance 

Age Gmup Fai ted Passed 
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2.3.2.u. 'Main analyses. Given that only 8 two-year-olds succeeded on the criterial 

trials-and a s  a result. completed the task proper-they were excluded from further analyses 

because they constituted a nonrepresentative sample of 2-year-olds. Thus. only 3-. 4. and 5- 

year-old children who succeeded on the criteriai trials were included in the analyses on the 

FIST. Although the basic design of the experiment was a 3 x 2 x 2 (Age x Sex x Selection) 

design with repeated measures on selection. using seIection as a repeated measure was 

problematic because Selection 2 necessarily followed From and. in fact. depended upon 

Selection 1 . Consequentiy. this violated the assumption underlying repeated-measures 

designs of no cany-over effects between treatments (Neter. Wasserman. & Kutner. 1990). 

Therefore. separate analyses were conducted for each selection. 

Inçpfction of the rarv data indicated thit the disaibutions of scores on Selection I 

were negatively skewed, presumably because of ceiling effects on performance. However. as 

Kirk ( 1982) noted. "[slkewed populations have very liale effect on either the level of 

significance or the power of the test for the fixed-effect model" (p. 75). Thus. a 3 x 2 (Age 

Group x Sex) analysis of v&ance (ANOVA) on Selection 1 performance was conducted and 

a significant main effect of age group was detected, T: (2. 1 1 1 ) = 6.81. MSE = 2.58. e < .O 1 

(see Figure 4). Post hoc pairwise compouisons using Tukey's HSD tests revealed that 3-year- 

olds (MJ = 9.65. = 1.53) did significantly worse than both 4- and 5-year-olds (M = 10.86. 

SD = 1.5 1. e c .O 1. and M = 1 0.74, = 1 -75, g < -05. respectively ). and that 4 and 5-year- - 
olds did not differ h m  each other @ > -10). Pairwise effect-size cornparisons (Cohen. 1988) 

frnther reveaied that the difference between means was large for 3- and 4yeari)lds (4 = 0.80) 

and moderate for 3- and 5-year-olds (o = 0.66). In contrast, as predicted nom the ANOVA. 



1 . Selection 1 

1 O Selection 2 

3-yea r-okls 4-yea r-oids 5-yea r-olds 
(n = 40) (n = 43) (n = 34) 

Age Group 

Ficture 4. Mean numbers (and standard errors) of correct hials in Expriment 1 as a function of 

age group and selecrion (N = 1 17). (Note that the mean and standard emr of 3-year-olds' 

Selection 2 responses are also presented despite the fàct that 3-year-olds were not included in 

the analysis on Selection 2 petformance because of their relatively poor Selection I 

performance.) 

the difference between means for 4- and 5-year-olds was negligible (4 = 0.08). 

Given that Selection 2 performance was rneaningN as a measure of  flexibility only in 

the context of relatively good performance on Selection 1, data h m  3-year-olds were 

omitted fiom the analyses of Selection 2 performance because these chiidren did significantly 

worse on Selection 1 than both 4- and 5-year-olds. A 2 x 2 (Age Group x Sex) ANOVA on 4- 

and 5-year-ofds' Selection 2 performance revealed a significant difference between age 
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groups, ECt, t3)= 6.08. MSE = M6t p< .Of (rdirtcr FigarirSagain). FoWy-otds fM = 

3.79. = 3.49) perfomed significantiy worse than 5 - y e a ~ l d s  (M = 5.94, = 4.20) on 

Selection 2 despite equivalent performance on Selection 1. This difference was moderate in 

terms of effect size, 4 = 0.56. 

2.3.2. b. Response-pattern analyses. Selection 1 responses were classi fied into five 

mutually exclusive (and exhaustive) categones. Responses were classified as correct pair if 

c hildren selected a correct pair of cards (no te that two correct pairs were possible on 

Selection 1). Incorrect responses were classifiai as wrong pair if children çelected the (only) 

wmng pair of cards (e.g.. the purple phone and the pink fish in the example in Figure 3). The 

other three response categories occuned when children selected either more or tewer than 

two cards, inciuding selecting (a) al1 cards, (b) one card. or (c) no cards. 

Tablé 2 illustrates the percentages of Sclcction I (and Selection 2) responses that were 

of each type summed across al1 trial sets and across al1 children within each age group. 

Although no inferential statistics could be conducted on these data because observations were 

not independent of each other. it is worth noting that 3-year-olds selected the wrong pair on 

Selection I almost three tirnes more often than older chiidren. This finding is consistent with 

the resuits of the ANOVA. which revealed that 3-year-olds had more difficulty on Selection 1 

than the older children. Also of interest is the finding that on Selection 1. the percentages of 

other erron (i.e.. al1 cards, one card and no cards) were reiatively low (les than 5% 

combined for each age group) and were similar across al1 age gmups. 

Selection 2 responses were also classifiecf into separate categories. In addition to the 

five categories used for Selection 1 responses, two other Rsponse categories were added. On 

Selection 2, it was also possible for children to err by selecting the same pair of cards that 



Overail Percentaees for Each Possible Res~onse Cateeorv Across Children in Eweriment I as 

a Function o f  Selection and Age Grou~ 

Response Categories 

- -- 

Age Group C o m t  Wrong Same AU One Rem. No 

Pair Pair Pair Cards Card Card Cards 

Selection I 

3-year-otds 80.4 16.9 - 0 2  3.5 - O 

4-year-olds 90.5 6.0 - OU 3.1 - 0.2 

5-year-olds 89.5 5.9 - OH 2.7 - 1.7 

Selection 2 

3-year-olds 4 1.5 30.8 12.9 0 3  1.7 22.7 0.2 

4-year-olds 31.6 17.4 6.8 0 2  1.9 40.5 1.6 

5-year-olds 49.5 15.4 1 0.5 O 2.9 16.9 4.7 

Note. The "Same Pair" and -Rem. [Remainingj Card" response categories appiied oniy to - 
Selection 2 responses. and "One Gard" responses for Selection 2 consisted of "other one-card 

responses (see Section 2.3 3.b. for definitions on each response category). Each child within 

each age group contributed 12 responses for each selection, 

they selected on Selection 1 . Furthemore. one-card responses were classi fied into two 

separate categories: These included remaining-card responses. which occurred when 

children selected only the card that they had not selected on Selection 1. and other one-card 

responses. which included al1 other instances of one-card Rsponses. Hence. response 

categories for Selection 2 included the foI1owing seven mutuaily exclusive and exhaustive 

categones: (a) correct pair, (b) wrong pair. (c) same pair. (d) al1 car& (e) remaining card. (f) 

other one c d  and (g) no cards. 

The Selection 2 data were different h m  Selection 1 data in several respects. As 



pair. the most common type of error on Selection 2 was remaining-card responses, 

particulariy for the 4-year-olds who erred in this manner approximately twice as often as 

either the 3- or 5-year-olds. The next most fkquent types of incorrect responses for al1 age 

groups were wrong-pair and same-pair responses, whereas the other types of incorrect 

responses occurred infkquently. Morever. unlike Selection 1. it was the 4-year-olds who 

erred on a p a t e r  proponion of trials than the other age gmups, not the 3-yeatslds. 

73.2. c Tmk malyses. A series of analyses were also conducted to determine whether 

the age-related differences noted above were influenced by certain task variables. For the 

purpose of these analyses (except for the analysis on dimension preferences: see below). 

performance on each tnal was summed across both selections so that an accurate estimate of 

the tnie dificulty of 3ny given aial set could be obtained. 

Fia t  to determine whether or not children's performance improved (or worsened) 

over trials. performance across both selections on the first triai block was compared to 

performance on the second trial block.' A 3 x 2 x 2 (Age Group x Sex x Trial Block) 

ANOVA with repeated measures on trial block revealed only a main effect of age group. F 

(2. 1 1 1 ) = 3.52. MSE = 7.10. g < .OS. PaVwise cornparisons revealed that both 3- (M = 14.63. 

SD = 2.71) and 4-year-olds (M = 14.65, = 3.52) differed from 5-year-olds (M = 16.68. - 
= 4.93: es < .O 1 ). but that they did not differ h m  each other (e > .1 O).' 

'Recall that trial sets were presented in two trial blocks, each ofwhich contained six trials that included 

one trial set with each of the six possible relevant-diinsion pairs (refer io Table I in Appendix B) and two trial 

sers with each of the three possible pivot-cd placements. 

'Note that this pattern of  age-group differences is different h m  the pattern observed on Selection 1 

performance. This mults h m  the faet that performance on both selections was corn bined in this analysis- 
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rn addition. to derexmine if age-groug ciiffererrcesiir perfOrmmce were ataibntabte in 

part to age-related differences in children's tendencies to select cards according to specific 

dimensions (i.e.. dimensional preferences), Selection 1 responses were examined more 

closely. As mentioned previously. car& matched on one of four dimensions (i.e.. colour. 

shape. size. and number) and a particular dimension was relevant on 6 of the 12 trial sets (2 

trial sets with each of the other three possible dimensions). If children exhibited no bias Wr 

selecting cards according to specific dimensions, then on SeIection 1. they ought to have 

selected cards according to each dimension on approximately half of the trials in which each 

was relevant. Therefore. a 3 x 2 x 4 (Age Group x Sex x Selection 1 Dimension) ANOVA 

with repeated measures on Selection 1 dimension was conducted. The analysis revealed a 

significant main effect ofage group, (2, 1 1 1 ) = 6.8 1. MSE = 0.65. Q < .O 1. and a significant 

main cRcct of Sclection 1 dimension. (3.333) = 89.60. MSE = 1.97. Q .O00 1. Painvise 

cornparisons revealed that al1 dimensions were differentially selected on Selection 1 (al1 es < 

.O 1 ): shape (M = 4.1 5. = 1.40) was selected most oflen. then colour (M = 3.03. = 

1 S4). then number (M = 1.94, SD = 1.1 3). and then. size (M = 1 -28. = 1 -05). 

Similady. to assess whether it was more dificult to detect certain dimensions within 

specific païrings. a 3 x 2 x 6 (Age Group x Sex x Relevant-Dimension Pair) ANOVA was 

conducted on both selections with repeated measures on relevant-dimension pair. In addition 

to the expected main effect of age group, (2.1 1 1) = 3.52, MSE = 2.37. p < .OS. the analysis 

reveaied a main effect of relevant-dimension pair. E (5,555) = 1 1.7 1. MSE = 0.3 7. p < -000 1 . 

Table 3 presents the means and standard deviations for each relevant-dimension pair and the 

results of Tukey's HSD p s t  hoc tests that were conducted to determine which relevant- 

dimension pain differed h m  each other. 



TaMe 3 

Means, Standard Deviations. and Results of Pairwise Corn~arisons Between Relevmt- 

Dimension Pairs in Exwriment 1 

Relevant-Dimension - M y SD 

Pairs 

colour / size 

colour / shape 

size / number 

shape / number 

colour number 

shape 1 size 

Note. Relevant-dimension pain are ordered in tems o f  relative ease (fiom - 
easiest to most difficult). 

"b%teans with the same letten did not differ ftom each other (the minimum 

difference needed between means for an alpha of  -05 was 0.23). 

Finally. to determine whether the placement of the pivot card (Le.. Card 1. Card 2. or 

Card 3) infiuenced children's tendency to detect both pairings. a 3 x 2 x 3 (Age Group x Sex 

x Pivot-Card Placement) M O V A  on both selections with repeated measures on pivot-card 

placement was conducted. Main effects of age group. (2. 1 1 1) = 3.52. MSE = 4.73. c .OS. 

and pivot-card placement, F (2.222) = 51.89. MSE = 0.93. g < -000 1. in addition to a two- 

way interaction between age goup and pivot-card placement. F (4.222) = 4.92. g < .O0 1. and 

a di Ecuit-to-interpret three-way interaction between age group, sex. and pivot-card 

placement. (4.222) = 3 -8 1. < .O 1. were al1 significant. Painvise cornparisons between 

each pivot-card placement reveakd that children did better on trials in which the pivot card 

appeared in the centre (Card 2; M = 5.88, = 1 -74) than when it appeared on the lefi ( Card 
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t h a t ~ p r f o m i a m e ~ r n t d i f f e r m ~ ~ w ~ k ~ ~ o t d  wasonche kfi ororrtk 

right (g > .IO). Figure 5 presents the means and standard emrs for each age group as a 

function of pivot-card placement. Simple main effects test for the interaction revealed that for 

each of the age groups. the pivotîard placements main effect was significant. F (2.228) = 

39.90.MSE=0.97.p~.01.~(2,~8)=16.23.~~.01,~(2.228)=10.16.~<.01.for3-..)-. 

and 5-year-olds. respectively, but that for each of the pivot-card placements. the age-group 

main effect was significant only when the pivot card was ptaced on the right-hand side (i.e.. 

Card 3), F (2.209) = 7.82. MSE = 2.22, g < .01. 

5yea r-olds 
(n = 34) 

Age Group 

Fimm 5. Mean numbers (and standard errors) of correct selections in Expriment 1 as a 

hction o f  age group and pivot-card placement (N = 1 17). 



2,5. Dhcussion 

Several aspects of problem solving have been well-studied in preschoolers (e.g.. rule 

use. inhibitory response control. working memory. planning, and error evaiuation: see 

Dempster. 1 992. 1993: Harnishfeger & Bjorkiund, 1 993; Zelazo. Carter. Remick. & Frye. 

1997: Zelazo & Jacques. 1 996. for reviews), but tests assessing abstraction and cognitive 

flexibility have been lacking. In the current experiment. 2-.3-. 4. and 5-year-olds were tested 

on a new task. the FIST. which provides a relativeiy stnightforward measure ofthese aspects 

of problem solving in preschoolea. Important and meaninghil age-related differences 

emerged in this study across the entire age range tested. Fint. the majority of 2-year-olds 

showed no evidence of understanding basic task instructions. as reveded by their poor 

performance on criterid trials. On the criterial trials. children were given instructions that 

were idcntical to those given on the FIST; hoivever. children did not hme to detecect a specific 

dimension by which to match a pair of cards (i.e.. no abstraction component) because 

matching cards were identicai on al1 dimensions. Furthemore. they did not have to select a 

particular card in multiple ways (i.e.. no flexibility component) because there were four cards 

instead of three. and therefore. each card needed to be selected only once. Hence. 2-year-olds' 

dificulties on these criteriai trials cannot be attributed to limitations in abstraction or 

cognitive flexibility per se. 

in contras& findings fiom the FIST itself converge to provide a clear picture of 

changes in abstraction and flexible thinkllig over the 3 to 5 year penod. Most 3-year-olds 

succeeded on cn'teriai triais, but perfomed worse than the older age groups on Selection 1. 

To perform well on Selection 1 on the FIST, children needed to detect or abstract 

dimensionai hEonnahon because matching cards were nonidentical. In contrast, the matching 
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abstract dimensional information or match cards on the basis ofa particular dimension. More 

specifically, in the criterial trials, it was possible for children to rely on a simpler perceptual- 

matching strategy in that they could match cards according to overall similarity without 

necessady detecting a specific dimension. Ample evidence exists in the literature to support 

the notion that young children do indeed use this kind of simpler strategy (see Gentner & 

Ratterman. 199 1 : Smith, 1989a; Zelazo & Jacques, 1996. for reviews). The relatively poor 

performance of 3-year-olds on Selection 1 compared to their own good performance on the 

criterial trials (and to the performance of the older age groups on Selection 1 ) suggests that 

they had dificulty correctly detecting a dimension that was comrnon to two cards when these 

two car& were not identical to each other. Thus. their dificulty on the FIST appears to be 

due primvily tc diffculties in abstracting out a televant dhensimb 

In contrast. 4-yemlds perfonned as well as 5-year-olds on Selection 1 of the FIST. 

suggesting that they correctly detected how two nonidentical cards were identical along one 

dimension. In other words. they appeared to do welI on the abstraction component of the iask. 

However. their relatively poor performance on Selection 2 of the FIST compared to 5-year- 

olds is consistent with the suggestion that it was the requirement that they flexibly select one 

of the cards (e.g. the pink phone in Figure 3) according to &Q dimensions that rendered the 

task difficdt for them. Indeed when they erred on Selection 2, they tended to do so by 

"Or altematively, it may be due to a di f fdty  in abstracting out a relevant dimension but oniy when 

conhnted with conflicting information. That is, it may not have been ttie requirernent that they detect a 

common dimension h m  nonidentical items pet se that was difficuft Rather, it may have been a dificulty in 

doing u, when there were two conflicring matches possible (e-g, setecting the two phones on shape. or selecting 

the two pink ones on colour). 1 will rem to this point again in Section 5.4. 
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sektbgtk remaming d dont@eebetow forfurthercti-iom of remaining-md 

responses). On Selection 1 most erroa occurred because children selected the wrong pair 

demonstrating that they at least understood to some degree that they were expected to select 

two cards. However. despite understanding that they needed to select two cards-as evidenced 

by their good performance on the criterial trials and on Selection 1 of the FIST-J-year-olds 

tended to select only one c d  on Selection 2. Selecting the remaining card alone mises the 

possibiIity that children f ~ I e d  to see how the pivot card (i.e.. the card that needed to be 

selected twice: eg.,  the pink phone in Figure 3) matched the remaining card on a different 

dimension. They may have peneverated in thinking of the pivot card in only one way (Le.. 

according to the fim dimension by which they selected it), and consequently refused to select 

it with the only card that was left d e r  they had selected car& on Selection 1. 

It should be noted however. that the failure to select the pivot catd twice could also 

be due to a misunderstanding of the task requirements. The criterial triais required children to 

understand the basic task instructions but did not require them to abstmct or represent 

flexibly dimensional information. Although inclusion of these trials was necessary to 

determine at which age children understood task instructions. the design of the criterial trials 

may have inadvertently led children to believe that each card ought to have been selected 

only once. given that correct responses in the criteriai trials never required selecting any 

given c d  more than once. Of course- a combination of both of these explanations of 

remaining-card responses is aiso possible. For example. in the FIST. children may have failed 

to see how the pivot card matched the remainhg card on a second dimension (Le.. cognitive 

inflexibility) and because of the lack of a founh car& they may have opted to use the strategy 

of seiecting the remaining card aione. On this account. their dificulty stemmed h m  
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cognitive infiexibiiirp, but how ihtdiffMibmsmfestd ttsdf- on task vaRables 

(e.g.. the inclusion of the criterial trials). To differentiate between these accounts. it was 

important to conduct another experiment with the FIST in which no criterial trials were 

included. thereby avoiding these potential arnbiguities in interpretation. Moreover. given the 

results of Experiment 1. it seemed no longer necessaq to include such trials. because it is 

clear that the large majority of 3.. 4. and 5-year-olds understand basic task instructions. 

In addition. the analyses on task variables suggest that the counterbalancing 

procedures and the stimuli that were used in the paper version of the FIST could be 

improved. For example. re levant-dimension pairs had a signi ficant effect on performance as 

did pivot-card placements. Despite the fact that both relevant-dimension pain and pivot-card 

placements were counterbdanced across trial sets. these two variables were not crossed and 

counterbalanced with e x h  other. -4s a result, it is dificult to interpret the findings with 

respect to each of these variables. given that they may have been confounded with each other. 

Hence. in subsequent experiments, these two variables were crossed with each other so that 

their separate-as well as their joint-contributions to performance could be established.' 

'Despite the fact that the results of the analyses on task-related variables are reported in this and in each 

of the subsequent experiments. the actual discussion of most of  these results will be postponed until Section 

5-12. in the General Discussion. This is donc in part because no specific predictions were made with respect to 

these variables and they are somewhat tangentid to the main hypotheses, Moreover. effècts of task-related 

variables are interesting insofàr as they are replicab te across al1 experiments. As a result the effects of specific 

task-related variables will be compared and contrastai acmss al1 experhents only afier al1 pertinent results have 

been repoited. 



CHAPTER III 

EXPERIMZNT 2 

AGE AND LABELLING EFFECTS ON 

PRESCHOOLERS' PERFORMANCE ON THE 

FLEXIBLE ITEM SELECTION TASK 

3.1.1 ntroduction 

Experiment 2 was conducted in an attempt to replicate the findings of Experiment 1 

with 3-. 4; and 5-year-olds using a slightly different and in many ways. a more refined. 

computenzed version of the FIST. and also to begin to explore expenmentally whether 

language plays an instrumental rote in successf'ui performance on this task. To do so. children 

were tested in one of three conditions thai differed in terms of whether children were asked to 

label the stimuli. and if so, which aspects of the stimdi they were asked to label. Thus. aside 

from assessing children in a standard, no-label conditioa two other labelling conditions 

were included: a relevant-label condition, in which chiIbn were asked to Iabel the 

dimensions by which they selected items, and an irrelevant-hbel condition, in which they 

were asked to label the irretevant dimension on each selection. Performance in the relevant- 



36 

labetcorrctitim wasofparticnttnmteRsZ akkmghttnirreieVant-taM mndition was &O 

important in that it served as a control condition for possible nonspecif'c effects of 

verbalization because it required that children taik about the items (as in the relevant-label 

condition). but it did not require that children taik about their selection per se. In past studies. 

improvements in task performance attributable to labelling effects appear to be limited to 

labelling relevant aspects of stimuli; labelling irrelevant aspects of stimuli has failed to help 

performance (eg.  Cantor & Spiker. 1976; Dickeaon, 1970: Kendler & Kendter. 196 t : 

Kobayaski & Cantor. 1974). 

On the basis of the findings of Experiment 1. it was predicted that 3-year-olds would 

make more incorrect selections on Selection 1 than either 4- or 5-year-olds. who were not 

expected to differ fkom each other on that selection. in tum. 4-year-olds were expected to 

pcrfum worse tiui 5-yex-olds on Selection 2-at lem those in the no-label and irrelevant- 

label conditions. In con- 4-year-olds in the relevant-label condition were expected. not 

only to outperform the 4-year-olds in the other conditions on Selection 2. but their Selection 

2 performance was also expected to be Uidistinguishable nom that of 5-year-olds in a11 

conditions. In fact, only 4-yearslds in the relevant-label condition were expected to benetit 

h m  the labelling manipulations. in both kinds of labelling conditions. children were asked 

to label after each of their selections (see Section 3.2.2. for procedural details). and as a 

result. because labels followed each selection, it was dificult to assess pet?ormance on 

Selection 1 with respect to the labeiling manipulations. Consequently, given the design of the 

experiment, it was only possible to assess performance on Selection 2 in relation to labels 
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correctly even on Selection 1, they were not expected to benefit on Selection 2 from labelling 

on Selection 1. On the other ham& expiicit instructions to label the relevant dimension on 

Selection 1 was also not expected to help the performance of 5-year-olds. whose performance 

on Selection 2 should be already high. uideed it was hypothesized that the good performance 

of 5-year-olds on Selection 2 relative to that of 4-yearslds in Expenment 1 was due to their 

spontaneous (overt or covert) use of relevant labels. Therefore. 5-year-o lds in the relevant- 

label condition were not expected to benefit M e r  fiom explicit instructions to label 

compared to 5-yearslds in the other conditions (cf. Kendler & Kendler. 196 1 ). 

Four-year-olds. then. were predicted to be *'transitionai" children in a sense. in that it 

was hypothesized that their poor performance on Selection 2 in Experiment 1 was due to 

their filure to identi@ the relevant dimension smntaneouslv when îelecting items on each 

selection. However. with expiicit instructions to do so. not only were they expected to be able 

to identiQ the relevant dimension correctly on Selection 1. but they were also expected to 

reap the benefits of doing so on their Selection 2 performance. This idea of transitional 

phases in development in which children are able to pmduce specific strategies. but fail to do 

so spontaneously, is simiiar to Vygotsky's ( 1929; l934/1986) notion of the zone of proximal 

development and to Fiavell's ( IWO)  notion of production deficiencies. 

This apparent limitation in the design did have iis advantages: By examining performance on one 

selection in terms of labeiling on another entirely separate selection, it was possible to prevent labels h m  acting 

only as attention-getting devices. and it was therefore possible to exclude simple attention-getting expianations 

as possible explanaîions for the IabeHing-relaîed e e t s  obtained on this task (see Section 5.2. for fitrther 

discussion on this topic). 



S2 MethOtt 

3.2. l. Participonts 

A total of 40 three-yearslàs (M = 4 1 .O rnonths, = 3 -3 months. range = 36.1 to 

46.5 months). 38 four-yearslds (M = 53.1 months, a = 3.4 months. range = 47.9 to 59.2 

months), and 36 five-year-olds (M = 65.0 months. = 3.2 months. range = 59.8 to 69.7 

months) participated in Experiment 2 (57 girls and 57 boys). However. 6 children were 

dropped fiom the final sample: 4 three-year-olds and 1 four-year-old were dropped because 

they refused to complete the experiment, and 1 four-yearsld girl was excluded because she 

had been previously diagnosed with an expressive speech disorder (unbeknownst to the 

experimenter until after the child had been tested). Thus. the final sample consisted of 36 

children at each of the three ages; half of the children at each age (and in each condition) 

were girls and half were boys. Children were recniiied in the m e  rnanner as in Expenrnent 

1. None of. the children who participated in Experiment 2 had participated in Experiment 1 or 

in any other pilot expenments with the FIST. Intoned consent was obtained fiom al1 parents 

of children who participated in the experirnent. 

3.2.2. Task Design 

The computenzed version of the FIST included 18 trials. On each tria[. participants 

were shown three items. each of which appeared in a dfierent window. For example, 

participants might be presented with a trial set that included a mal1 yellow teapot, a small 

blue teapot, and a medium blue teapot (see Figure 6 for an example). The items were devised 

from the combination of three dimensions: colour, shape. and size. Each dimension was in 

tum represented by three cues. Colour was represented by blue. red and yeliow; shape was 

represented by boat, shoe, and teapot; and sùe was represented by small, medium (which was 



three tima the area of the smaU items), and large (which was three times the area of the 

medium items). For each dimension, cues were selected so that they would be easily 

distinguishabie h m  each other v i d y  and phonetically. Moreover, the shapes were 

seleçted so that they would have simiIar heigtitwidth ratios.' 

In each trial set, two dimensions were relevant (e.g., size and folour in the example in 

-- - -- 

%n Experiment 1. although the difkmtiy s h a p d  stimuli had simüar erra9 for imy given size (sec 

Section 2.2.24, they did not have similar heigkwiûîh ratios (eg., the 6sh had longer wi& relative to their 

hei& whereas the s d s  had longer heighrP relative to ttieir wiifths). As a result, it may have been difncult for 

chiidren to selm cards on the basis of size w h e ~  shape was the o t h a  relevant chmension (Le, when equal-sized 

st imul iweredî tkmî~) .  hdeed,theresultoofExpaiman1 suggestthattrislseisinwhichshapeandsize 

were re l~d imens iou  pairs were the most dÎEcdt fk chilch (see Table 3). 
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Figure 6) and one ~ e n s i o r r  was irretePimt(cg., shapeh E;iek*on wrrr relevant on 12 

of the 18 triais and irrelevant on the remaining 6 trials. Additionally. relevant-dimensions 

pairs (i e., size and colour, colour and shape, or shape and size) eac h occurred six times. 

The placement of items that matched each other on a relevant dimension was also 

fully counterbalanced. That is. a given pair of items that matched each other could be located 

in Windows 1 and 2.2 and 3. or 1 and 3 (nom Iefl to right). Each possible placement of 

matching items (e-g.. Windows 1 and 2) occurred on 12 of the 18 trials. Moreover. each 

possible placement of the two pairs of rnatching items (Le.. Windows 1 and 2. and 2 and 3: 

Windows 1 and 3. and 1 and 2; or Windows 2 and 3. and 1 and 3). or equivalently. of the 

pivot item, occurred six times. In addition, relevant-dimension pain were fully crossed and 

counterbalanced with window placements. S peci fically. there were 1 8 possible corn bina t ions 

of relevant-dimcnsion pairs and windcw placements; each combination was presented only 

once. 

As in Expenment 1, the number of tirnes each cue (e.g.. small. yellow. or teapot) was 

used as a dominant cue (i.e., the cue of a relevant dimension according to which two items 

matched: e.g.. small for size or blue for colour in the example presented in Figure 6). a 

nondominant cue (i.e., the eue of a relevant dimension according to which the remaining item 

differed fiom the matching p&, e-g., medium for size or yellow for colour in that example). 

or an irrelevant cue (Le.. the cue of the irreievant dimension that remained constant across ail 

three items; e.g., teapot for shape in that example) was also controlled. More precisely. each 

cue (within each dimension) appeared four times as a dominant cue, four times as a 

nondominant cue, and twice as an irrelevant cue. Further. each possible p a i ~ g  of dominant 

and nondominant cues within a given dimension (e-g., combining mal1 as a dominant cue 
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with one of the other dimensions as relevant (e.g., colour) and once with the remaining 

dimension as relevant (e.g., shape). 

Also. because three items were presented on each trial, a total of 54 items were 

presented across the 18 trials. Therefore. the final choice of the 54 items that were used 

across the 18 trials. given al1 of the above-mentioned consaaints. was determined such that 

each of the 27 unique items occurred at least once and no more than three times across the 18 

trials. As a result. 6 items appeared only once: 15 appeared twice: and 6 appeared three times. 

In addition. unlike Expenment 1, more than one trial-set presentation order was used. 

Six quasi-randorn ordea of the 18 triai sets were devised with several restrictions pertaining 

to relevant-dimension pain and pivot-item placement. First, in terms of relevant-dimension 

pairs. the quasi-random orders werc devised with the restriction that (a) the tirst three trials 

include one (and only one) trial set h m  each of the three possible relevant-dimension paia 

(Le.. size and colour. colour and shape, and shape and size) because these three trials served 

as dernonstration and practice trials; (b) identical relevant-dimension paia not appear on two 

or more consecutive test trials; and (c) a paaicular dimension not appear as a relevant 

dimension (as opposed to a relevant-dimension pair) on more than three consecutive test 

trials. in addition. for the demonstration and practice trials. each possible order of relevant- 

dimension paia occurred only once across the six quasi-random ordea (e.g.. in Order 1, the 

order of the relevant-dimension pairs was size and colour. shape and size. and colour and 

shape; whereas for Order 2. the order was size and colour, colour and shape. and shape and 

size). Likewise. each triai set (e.g.. Trial-set C) was used only once across the six quasi- 

randorn orders for the demonstration and practice trials (e-g., Trial-set C was used for the 



dimension pair in Order 2). Finally, in t e m  of the pivot-item placement. the restrictions 

were that for each quasi-mndom order, the pivot item appeared only once in each window 

(Le.. Window 1. Window 2. or Widow 3) across the demonstration and practice trials and 

that it appeared in the sarne window on no more than two consecutive trials on the test trials 

(see Tables 2 to 5 in Appendk B for more detailed counterbalancing information). 

3.2.3. Erperimental Design and Procedure 

Al1 children were given four tasks that were always presented in the same order: an 

Item Identification Task, a Favourite Items Task the FIST, and the Peabody Picture 

Vocabulary Test-Revised (PPVT-R Dunn & Dunn, 198 1 ). All children received identical 

versions of the Item Identification Task, the FavouRte Items Tsk. and the PPVT-R. but they 

teceived one of three versions of the FIST (see below}. Before administering the tasks. the 

experimenter put a small sticker on one of the children's fingemails (i.e.. the index finger of 

their dominant hand). This device served as an extemd reminder for children to use only that 

finger to select items. and it was designed to reduce the risk that they would inadvertently 

touch an unintended window. More precisely, the experimenter said 

You and 1 are going to play some pick-some-picnires garnes togethet. But before we start. l'm 

going to put a IittIe sticker on my rnagic pointing finger, so 1 can rernember which finger is my 

rnagic pointing finger. And you know what? When I point to pictures in my games, t can only 

use my magic pointing finger. Now, I'm going to put a sticker on yout magic pointing finger. 

and that's so you rernember which finger is your magic pointing finget. And when you point to 

pictures in my games, you cm only use your magic pointing finger. Do you think you can do 

t h ?  1 think you cm too! 

3.2.3. a. Item Idenrifation Tizsk The Item Identification Task was included to 
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ckemhe  niktherctritdmr coakkcorreedp. identify &Feues ofeafh dimension us& in the 

FIST (Le., blue. mi, and yellow for color, boat, shoe, and teapot for shape; and small, 

medium, and large for size) and to provide them with appropriate labels for each cue and For 

each dimension in the event that they could not identiQ any one of these correctly. More 

specifically. the task consisted of three trials. On each trial. chiidren were presented with a 2 1 

x 28 cm sheet depicting dl cues of one dimension (Le., colour. shape. or size). For example. 

for CO Iour identification. chndren were shown a b tue, a red. and a yeilow rectangle (see 

Figure 7). Encouraging children to use their magic pointing finger. the experimenter then 

asked children to identiQ each cue (e-g.. "Show me red.") and provided positive (or negative) 

feedback to children depending on whether or not their choice was correct (e.g.. "Good job! 

That's nght that's the red one.". or, "Good try but t think that this one here is the red one. 

ti'h3t do sou think?"). In the few cases in which children misideniified a cue. the 

experimenter asked them to re-identiQ the cue after they had identified the other remaining 

ones. M e r  al1 cues of a given dimension had been identi fied correctly . the experimenter 

mentioned the actual dimension term (e.g.. T o u  really know your colours!"). The 

experimenter then presented a second and a third sheet displaying cues of the other 

dimensions (see Figures 8 and 9, which depict the cues of the shape and size dimensions. 

respectively) and repeated the procedure for each. 

Six possible orders of dimension presentation existed (Le., colour-shape-size; colour- 

size-shape; shape-colour-size; shape-size-colo w, size-colour-shape; size-shape-colour) and 

children were randomly assigned to one of these orders with the restriction that each order 

occurred equally often within each age group. in addition independently for each dimension. 

childRn were randomly assigned to one of the six possible orders in which the experimenter 



Fi- 7. Items presented m the Item Identifidon Task to assess knowledge of colour ternis. 

Fi- 8. items presented in the Item Idsitif;#tioa Task to mess knowledge ofshftne temis. 



Figtrre o. Items presented in the Item Identification Task to assess knowledge of size terms. 

could ask them to identi@ the cues themselves (again with the restriction that each order 

occurred equally otten within each dimension for each age group). 

3.2.3.6. Fawurite I t e m  TaFk The Favourite Items Task. like the FIST. was presented 

on a Pentiuma 166 laptop computer with a 3 1 cm computer screen equipped with a 

removable EZTouch@ 30.5 cm custom-made touch screen. The Favourite Items Task 

consisted of one demonstration trial and thRe practice trials, and on each trial. children were 

shown three unrelated items (e.g., a heart, a train, and blocks; see Figure 10. for an example). 

The purpose of this task was to teach children how to select items on the touch screen and to 

teach them how to select items. 

The experimenter told childrea 



Fi- 10. Exampie of items presented in the Favourite Items Task. 

You and 1 are gohg to pick some of our fi ivohe piciures together. I'm gohg to pick my 

favourite pictures tkt, just to show you how we pi& our hvornite pictures, and then it will ôe 

your tum. OK? See, hm's a pi- h a ' s  another pi- and here's another picture. I'm 

gomg to pi& my favourite pictures. So I'rn going to put my magic pomtiag h g a  on this 

p i c t r n e h e r e ~ t W s o n c a f m y f a ~ ~ e i c a a t s , a a d L ' m g ~ ~ p u t m y ~  

pohting hger on this pictuce hem because that's my otber fivoimte picture, Pictuff one and 

picture two. So these two pichires hae  are my two fiivotrritc pichws, I'm not going to touch 

that picture over there because t h ' s  not one of my favoltrite pictuns, I'm only going to touch 

these two pi- here because these two pictures are my two favolaite picairts. 

The two items that th+ experimenter selected on the demonstration trial (and the order 

in which they ww selected) were randody detennined for each child with the restriction that 

each combination (six possible combinations) ocamed @y often within errh age 



group. On each o f  the fRree practice ni& drat f o t f m &  drreeneftr items were pmenmf oir 

the computer screen. Children were asked to touch their two favowite items with their magic 

pointing finger. The experimenter intervened (a) if children selected one item by prompting 

them to select another picture. or (b) if they selected al1 three by requesting and providing 

more explicit prompts that they select only two items. Children were given positive feedback 

when they finally made a comct response (e.g., "So these two pictures are your two favowite 

pictures? Good job! You didn't touch that picture over there becaw that's not one of your 

favornite pictures, is it? No! So you only touched your two favourite pictures. and you only 

used your magic pointing finger. Good for you!'). 

3.2.3.c. Flexible Item Selection Tmk Children in al1 three conditions were then given 

the FIST itself. The experimenter introduced the FIST as a new computer garne and began by 

prcxnting a dernonsrration tnal to show children how to play the game. Thût is. the 

experimenter said 

Now, you and 1 are going to play a different computer garne. We're going to pick some more 

pictures together with Our magic pointing finger. But we are going to play a different pick- 

sornepictures garne. I'm going to pick some pictures fia just to show you how we pick 

pictures in this new game, and then it wilt be your tum. OK? I'm going to pick &g pictures 

that go toeether in one wav.I0 SU ï'm going to put my magic pointing finger on this picture 

here and on this picture here because these two pictures here go together in one way. That 

picture over there doesn't go with these two picnrres here. does it? No! So these two pictures 

here go together in one way. 

%ote that in Evperiment 1. children were asked to select items that "were the sarne in one way-. The 

wotd "same- used in Expriment 1, may have inadvertently lecl children ro believe that they had to select 

identical items. Coupled with the inclusion of criterial trials in Expenment 1. this specific wording may have 

also contributed to children's dificulties in selecting the pivot item twice. Therefote, even though criterial trials 

were not inctuded in Experiment 2, the wording was changed as  well to the less ambiguous wording of "go 

togethe?', 



Now, y w h w w h a ~  Fm going t&d& L'mgoing~piclc~picnrres Wpo-ther, butin 

another way. So I'm going to put my magic poinn'ng finger on this picture here and on this 

picture here, because these two pictures here go together, but in another way. That picture 

over there doesn't go with these two pictures, does it? No! So these two pictures here go 

together, but in another way. 

The experimenter concluded the demonstration trial by sumrnarizing both selections 

(i.e., "So see, these two pictures here go together in one way and these two pictures here go 

together, but in another way."}. For half of the childrem within each age group. condition. and 

trial order. the expenmenter selected items from one of the relevant dimensions on Selection 

1 and for the other haif. the experimenter selected items fiom the other relevant dimension. 

Children then received two practice trials. These trials were presented in a similar 

fashion as the demonstration trial except that children were asked to make each selection 

themselves (e.g., Wow. it's your tum to pick some pictures. i want you to put your magic 

pointing finger on two pictures that go together in one way".). If children selected a correct 

pair. the experimenter stated, 

You know what? I think you're right! That's right. these two pictures here go together in one 

way. That picture over there doesn't go with these two picnires here. does it? No! Good job! 

So these two pictures here go together in one way. So you're right! 

If they made an incorrect selection the experimenter simply said. That's a good try. 

But you know what? 1 think that these two pictures here go together in one way [pointing to 

the correct pictures]. What do you think? That's right! These two picnves here go together in 

one way . . .". and continued with the same feedback as when children responded correctly. 

Note that the experimenter did not label any items, but if childRn spontaneously said 

somethhg about an item or about their selection (or simply spoke), the experimenter 



about the utterance's accuracy or relevance to the task. As in the demonstration trial. the 

experimenter summarized both selections before proceeding to the next inal. 

The three conditions included a no-label condition, a relevant-label condition, and an 

irrelevant-label condition. Although the demonstration and practice n i d s  instructions were 

identical for the three conditions, the conditions differed in the instructions presented in the 

test trials (see Table 4 for a summary of these instructions). At the beginning of each triai. 

children in al1 conditions were asked to make a first selection (i.e., "Show me two pictures 

that go together in one way."). The conditions differed in ternis of whether or not the 

expenmenter requested verbal responses h m  children after they made their selection. In the 

no-label condition. the experimenter simply proceeded to the next selection (or to the next 

trial). In the retevarst-label condition. children were îsked to justi@ each of their selections. 

More specifically. the experimenter asked, "Why do these pictures go together?" Children in 

the irrelevant-label condition were asked about the irrelevant dimension. For example. if' 

shape was the irrelevant dimension, they were asked. "What thing are these pictures?"" 

Analogous instructions were devised for Selection 2. 

Thus. the design included three age groups (3 years. 4 years, and 5 years) and three 

conditions (no label. relevant label. and irrelevant label), and children at each age were 

assigned randornly to one of the conditions with the restriction that there be equal numbea of 

girls and boys in each condition (6 girls and 6 boys in each condition at each age). 

"The word Ihing" was used for the shape dimension instead of the word "shape" because the shapes 

were in tact d-wor ld  objects, and as a result, the in te~pre~on fot the term "shape" was ambiguous (Le., shape 

could refer to the outline of the object, as wetl as to the object itself), 



TabR 4 

Instructions Used in the Test Trials of the Flexible ltem Selection Task in E~wriment 2 for Each Seiection as a 

Function of Condition 

Condition Selection 1 nstructions 

No Label 

Selection 1 : "Show me two pictutes that go together in one way." 

Selection 2: "Now show me NO pictures that go together but in another way,- 

Relevant Label 

Selection 1 : "Show me two pictures thac go rogether in one way.- 

[after selection] " W hy do these pictures go togethet?- 

Selection 2: -New show me two pictufes that go together but in another way." 

[after selection] "Why do these pictures go together?" 

lrrelevant Label' 

Selection 1 : "Show me two pictures that go together in one way." 

[after sefectionl "What colour 1 thing / size are these pictures?" 

Selection 2: -New show me two pictures that go together but in another way." 

[aftet selection] "What colour 1 thing / size are these pictures?" 

'Although the instructions for this condition varied h m  trial to mal depending on the dimension that was 

irrelevant on each mal. they were identical for each selection within a particuiar trial. 

Furthemore. as described in the Task Design section (Section 3-22.), six quasi-random 

presentation orders of ûial-sets in the FIST were devised. One skth or 2 children ( l girl and 

1 boy) in each age and condition were randomly assigned to each of the quasi-random orden. 

3.L3.d Peabody Picture Vocah1.y Test-Rrvised Finally. the experimenter gave 

children the Peabody Picture Vocabulary Test-Revised (PPVT-R). a standardized test that 

provides a rough estimate of receptive language skills, and administered it in the standardized 

manner (see Dunn & DUM, 198 1). Briefly, children were shown a picture book. Four items 

appeaffd on each page (e-g., a rope, a zipper, a d e ,  and a wheel), and children were asked to 
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- ibentify a predetemrirreb item m eachpge(e.g., - 5 b  rmroperope"). The task was 

administered until children failed six out of eight consecutive items. and a raw score was then 

calcuiated on the basis of the number of items that they identified correctly (see Dunn & 

DUM. for more information on how raw scores are caiculated). 

3.3. Resule 

23.1. Performance on the Item Identtji"uti'n TTask 

The Item Identification Task was adrninistered to determine whether children could 

correctly identifi each cue of each dimension on the basis of its respective label. and to 

provide them with labels in cases in which they failed to identie them correctly. The majority 

of chiidren at al 1 ages (22 of 36 three-year-olds. 33 of 36 four-year-olds. and 3 5 of 36 tive- 

ycarslds; or 61?& 9206, and 9706, respectively) selected al1 cues comctly for dl dime~sions. 

whereas 14 children made one error. 3 made two errors, and 1 made four errors, In other 

words. 24 cues were misidrntified out of a total of 972 possible identifications (9 

identifications per child). The most cornmon e m r  was to misidentifi the "medium" cue for 

size: 1 1 out of the 24 enon were of this type. Of the remaining 13 enors. 6 were erron in 

identifjhg "little". 2 in identifjkg "big". 1 in identieing "boat", I in identi&ing "teapot". 2 

in identimng %lue". and 1 in identifjhg yellow". It is clear h m  these findings that 

children-particularly the 3-year-olkwere somewhat prone to misidentiQ the cues of the size 

dimension, but had vimially no difficdty in identifjbg the cues of the colour or shape 

dimensions. 

3.3.2. Performaicce on the Firvourite Items Task 

The Favourite Items Task was administered to provide children with practice at 



setectmg two (ofttiree) items on a iaptopeomputcr monitor equipped with a touth sereen. 

The Favourite Items Task included one demonstration trial and three practice trials on which 

children were asked to select their two favolnite p i c m  and were given feedback on their 

selections. To be correct on any nial, then, children needed to select any two (but only two) 

items. Table 5 depicts the number of children at each age who obrained O. 1.2. or 3 trials 

correct. A Fisher's exact test revealed that there was a significant association between age 

group and the number of correct trials that chiIdren obtained (g c .O00 1 ): 3-year-olds made 

significantly more incorrect responses than both 4- or 5-year-olds (es < .O001 ). who did not 

differ fiom each other (Q > .IO). Of the 9 children who failed to select two items on every 

trial. 4 children always selected al1 three items. 3 children always selected only one item. and 

the remaining 2 children sw*tched between selecting d l  items to selecting only one item. 

Furthemore. of the 11 chitdren who seiected two items on two of the three trials, 9 emd on 

the first practice trials (5 selected ail items and 4 selected only one). suggesting that they 

benefited on subsequent trials from the feedback that they received on this fint practice trial. 

Tab te 5 

Number o f  Children Who Obtained O, 1.2. or 3 Correct Trials on the Favourîte Items Task in 

Exwriment 2 as a Function of Age Group 

Number o f  Correct Trials 

Age Gmup O I - i 3 

3-year-olds 8 i 1 O 17 

4-year-o lds t I I 33 

5-year-olds O O O 36 



(i.e., those who selected two items on al1 trials) suggested that there were also differences 

between the age groups in the strategies that children used to select the items that they 

considered to be their favourite items. Table 6 shows that the youngest children were more 

likely than older children to select their favourite items h m  the sarne pair of windows on 

each trial. In fact, a Fisher's exact test revealed that the number of different window paia 

fiorn which children selected their favourite items was dependent on age (e < .O0 1 ). Again. 3- 

year-olds differed ftom both the 4- and 5-year-olds @ < .OS and p < -00 1. respectively). who 

in tum. did not differ h m  each other (g > -10). 

Table 6 

Number o f  Children Who Selected Two Items on Ail Trials o f  the Favourite Items Task in 

Experiment Z as a Function o f  Age gr ou^ and o f  the Number o f  Different Window Pairs That 

Thev Selected 

Number of Window Pairs Selected 

Age Group One Two Three 

3 -year-o Ids 

&yeawlds 

5-year-o Ids 

Assuming that each item pair had an equal probability of king selected on any given 

trial." then on the basis of chance alone, the probability of randomly selecting item pairs 

''This is somewhaî o f  a tenuous assumption because there may have been certain items on any given 

t h t  children strongty tàvoured over others. However, let us adopt this assumption for the sole purpose o f  

descrt'bing differences between che age groups in selection patterns and not for the purpose o f  making claims 



rocated in tne same two windows [e-g., WirrctrrW t an& W h b w  2) acn>ss ait triakorrght to 

occur only 1 1% of the time (3 possibilities out of 27 possible combinations of window pairs). 

Moreover, the probability of selecting item pairs h m  the same two windows on two of the 

three trials ought to occur 67% of the tirne. whereas selecting item pairs fiom three different 

window pairs ought to occur 22% of the time. Goodness-of-fit chi-square statistics were then 

calculated for each age group to detemine whether children's selection tendencies differed 

fiom these expected values. The number of different window pain fiom which children 

selected their favourite items differed significantly h m  these expected values for 3-year- 

olds, X' (2. N = 1 7) = 40.26, p < .O0 1, it was dmost statisticdly signi ficant for 4-year-olds. 

~'(2.N=33)=5.64.p<.iO, butnotfor5-year-olds.~'(2.~=36)=0.17.p~.10. 

RR3. Performance on the FkibIe Item Sefectlon Tmk 

3.3. Ra. heliminmy mciIyses. Children in =ch 3ge goup were randomf y assigned to 

each condition, but to ensure that any existing differences between conditions were not due to 

differences in the age of the participants (within each age group) or to differences in language 

comprehension, two separate 3 x 3 x 2 (Age Group x Condition x Sex) ANOVAs were 

conducted using age and PPVT-R raw scores as Rsponse measures. As expected. age-group 

differences were detected for both age, (2.90) = 487.30. MSE = 10.45. p < .O00 1. and 

PPVT-R raw scores, E (2.89) = 34.42, MSE = 246.5 1. g < .O00 1 .13 but more important. no 

main effects of condition or sex. nor any i n t e d o n s  were found. 

3.3-3.6. Main analyses. The assumption of homogeneity of variance was violated for 

about preferences for specific items. 

'%te mean PPVï-R raw score for 3-yeat-olds in the no-label condition is based on 1 1 chiidren. 

because 1 girl tefiised to finish this task 
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Sektion 1 responses, as ~ ~ b y t k  B m - S c h e f f i d .  Ttmt is. arrafgses on v* 

for Selection 1 scores revealed a significant main efkct of age group. F (2.26) = 13.92. MSE 

= 0.94. < .01, but no main effect of condition, (2,26) = 0.23. p > .IO. or interaction 

between age group and condition, F (4,26) = 0.95, E > -10. Pairwise cornparisons using 

Tukey's HSD tests revealed that the variances for Selection 1 scores of 3-year-olds were 

significantly greater than those of 4- and 5-yearslds. but that the variances for Selection 1 

scores of 4- and 5-year-olds did not diRer from each other. However. this violation is of little 

concem when the number of observations in each ce11 are equal because in this situation. the 

F test is fairly robust to violations of the homogeneity of variance assumption (see Kirk. - 
1982). Thus. a 3 x 3 x 2 (Age x Condition x Sex) ANOVA on Selection 1 was conducted and 

it detected a significant main effect of age group, E (2.90) = 17.70. MSE = 9.99. p < .O00 1. 

and an uncxpccted condition by sex interaction, F (2,901 = 3.13, Q -05. but no main ef'fect 

of condition or sex. or other interactions were detected (es > -10). Pairwise compankons 

between age groups ushg Tukey's HSD tests revealed that 3-yearslds (M = 9.89. = 4.56) 

differed significantly h m  4- and 5-year-olds. (E < -05) who did not differ fiom each other 

(M = 12.86, = 1.64. and M = 14.22. SJ = 1.51, respectively; g > -10: see Figure II ) .  

Similarly. the differences between means for 3- and 4-yeat-olds and 3- and 5-year-olds were 

large (o = 0.80 and = 1.28, respectively), whereas the difference between means b r  4- and 

5-year-olds was medium (d = 0.63).14 Analyses of simple main effects were also conducted to 

determine the exact nature of the interaction between condition and sex. A significant main 

effect of sex was detected within the no-label condition, 1 (1.90) = 4.67, g < -05, indicating 

that boys performed more poorly than girls in that condition (see Figure 12). 

This difference between the means of 4- and 5-year-olds is somewhat larger than anticipated on the 

b i s  of the fmdings in Experiment I in which Cohen's was 0-08 for the analogous cornparison. 



4-year-olds 
(n = 36) 

Age Group 

.Relevant Gbel 

UN0 Label 

0 lrreievant Label 

Fieure I 1 .  Mean numbers (and standard emn) of correct Selection I responses in Experiment 

2 a s  a function of age group and condition (N = 108). 

T 

Boys (n = 54) 

Sex 

Figure 12. Mean numbets (and standard ermrs) of correct Selection I responses in hperiment 

2 as a îùnction of condition and sex = 108). 



As in Experiment Y, the data of 3-year4ds were om&& fmnr the a n a m  orr 

Selection 2 performance because of their poor performance on Selection 1 relative to 4- and 

5-yearslds. A 2 x 3 x 2 (Age Group x Condition x Sex) ANOVA on the number of correct 

Selection 2 responses revealed a significant main effect of age E ( 1.60) = 10.44. MSE = 

12.26, Q < .O 1, a significant age by condition interaction, F (2,60) = 3.94. e < .OS. and a 

significant age by condition by sex interaction, F (2,60) = 3.50, c -05. Overail. 4-year-olds 

did worse than 5-year-olds (M = 9.97, = 4.27 and M = 12.64, = 3.36. respectively) 

and the difference between the two age groups was moderate. = 0.69 (see Figure 13). 

4-yea r-o lds 
(n = 36) 

Age Group 

w 

r 

.Relevant Label 
ENo Label 
Ulrreievacd Label . 

Figure 13, Mean numbers (and standard erron) of cortect Selection 2 responses in Experiment 

2 as a tùnction of age group and condition @ = IO%). (Note that the means and standard emrs 

of 3-year-olds are also presented despite the fàct that 3-year-olds were not included in th2 

analyses on Selection 2 performance because o f  their relatively poor Selection 1 

petformance.) 
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Simpk main e-fRcts were dm-fmthertheprectict& age by conditim 

interaction to determine i t  as pmlicted. Cyearslds in the relevant-label condition performed 

better than 4-yearslds in the other conditions and performed as well as 5-year-olds. As 

predicted. there was a significant main effect of condition for 4-year-olds. F (2.60) = 4.14. g 

< -05. but not for 5-yearslds. F (2.60) = 0.93. E > .IO. Conversely, as predicted. there was a 

significant main effect of age for children in the no-label condition, E (1.60) = 13 -0% g < .O 1. 

and for children in the irrelevant-label condition, F (1.60) = 5.17. < .OS. but no main effect 

of age for children in the relevant-label condition. F (1.60) = 0.09. e > .10 (refer to Figure 13 

again). In addition. painvise effect-size estimates were also calculated to detemine which 

differences between pairs of means were substantial: These estimates are presented in Table 

7. The results of the simple main effects tests and of the pairwise effect-size estimates 

together support the prcdiction that children in the relevant-label condition perfomed as well 

as 5-yearslds. and that they performed better overall than the 4-year-olds in the other 

conditions. 

Simple main effects were dso used to analyse the unexpected age by condition by sex 

interaction (see Figure 14). In s h o ~  the interaction between age and condition was 

significant for both girls. F (2,60) = 420, p < .OS, and boys, (2,60) = 3.23. e < -05. 

However, the significant main effect of age held ody for girls in the irrelevant-label 

condition ( 1,60) = 8.8 1 .  p < .O 1, whereas it held ody for boys in the no-label condition. 

(1.60) = 12.58, p < .01. Thus, although performance of4-year-olds in the no-label and 

irrelevant-label conditions were quivalent ovedl (and worse than that of 4-year-olds in the 

relevant-label condition), boys did more pooriy w i t b  the no-label condition, whereas girls 

did more poorly within the irrelevant-label condition. Note, however that there were only 6 



Tabte 7 

Results of Painvise Effect-Size Analvses on Selection 2 Performance in Exteriment 2 as a Function of Agg 

gr ou^ and Condition 

Gmup Rei. Lab. No Lab. trr. Lab. Rel. Lab. No Lab. In. Lab. 

- - 

4-Y ear-o lds 

Relevant Label - - d=0.91** 4=0.90** 4=0.10 - d = 0.49 4 = 0.03 

(M = 12.33. SD = 3.47) 

No Label - - d=0.10 d=O.f2* - d=I .U**  d=0.96** 

(M = 8.58, SD = 4.64) 

Irrelevant Label - - d = 0.68* 4 = L X * *  = 0.96** 

(M= 9.00,== 3.91) 

5-vear-olds 

Relevant Label 

(M = 1 1.92. SD4.64) 

No Label 

(M = 13.75 = 2.09) 

Irrelevant Label 

(M = 1235. 3.80) 

* medium effect sizes. ** large effect sizes 

children of each sex within each of these conditions, so the interpretation of this three-way 

interaction mut be tempered by the smdl ce11 sizes on which it is based. 

3.3.3.c Respome-pattern mafyses. As in Experùnent 1. Selection I and Selection 2 

responses were classifieci accordîng to how children responded (five categories for Selection 

1 and seven for Setection 3; see Section 2.32.b. for dekitions on each category). Overall 

percentages for each response category were calculated separately for children in each age 



Figure 14. Mean numbers (and standard errors) o f  correct Selection 2 responses o f  4- and 5- 

year-olds in Experiment 2 as a fùnction of condition and sex = 72). 

group and in each condition. Table 8 presents the percentages of each type of responses for 3- 

year-olds as a function of selection and condition. As can be seen from this table. 3-year-olds 

in al1 conditions responded correctly on the majority of their tirst selections. although they 

made a substantial number of incorrect responses (i.e.. 3 1 to 40% incorrect responses across 

al1 conditions). Moreover, in ail conditions, their most common type of incorrect responses 

were dl-items responses, Followed by one-item responses, and then by wrong-pair responses. 

In con- 4- and 5-year-olds did well on a greater percentage of their fim selections (i.e.. 

between 8 1 to 97% correct Selection I responses), and when they ened they tended to do so 

by selecting the wrong pair (also see Table 8 for the percentages of 4- and 5-year-old children 

in each condition). 

Three-year-olds performed conectly on approximately one third of their second 

selections (refer to Table 8 again). The two most muent types of incorrect responses for 



Table8 

Overall Percentaees for &ch Possible Resmnse Cateeorv Across 3-, 4. and 5-vear-otds in Exwriment 1 as a 

Function of Age gr ou^. Selection. and Condition 

Group and Selection Correct Wrong Sarne AI1 One Rem. No 

Pair Pair Pair Items Item l tem 1 tems 

Selection I 

Relevant Label 69.4 

No Label 60.0 

Irrelevant Label 6 8 3  

Selection 2 

Relevant Label 36.7 

No Label 31.1 

Irrelevant Label 273 

Selection 1 

Relevant Label 94.4 

No Label 82.2 

Irrelevant Label 80.6 

Selection 2 

Relevant Label 822 

No Label 5 7 2  

Irrelevant Label 60.0 

(table continues) 



Response Categories 

-- 

Group and Selection C o m t  Wmng Sarne Al l  One Rem, No 

Pair Pair Pair Items Item l tem Items 

Syea r-olds 

Selection 1 

Relevant Label 90.6 6. 1 - 33 O - O 

No L a k t  973 2.7 - O O - O 

Inelevant Label 96.7 3.3 - O O - O 

Selection 2 

Relevant Label 79.4 8.3 5.0 3.3 O 3.9 O 

No Label 91.7 7.8 0.6 O O O O 

lrrelevant Label 8 1.7 13.9 3.9 O O 0.6 O 

- -- -- 

Note. The "Same Pair" and "Rem. (Rernaining] Item" response categories applied only to Sefection 2 responses. - 
and "One Item" responses for Selection 2 include "other one item" responses (see Section 2-33.b. for 

definitions on each response category). Each child within each age group and condition contributed 15 

responses (comsponding to the 15 test trials) for each selection. 

year-olds erred more frequentiy than 5-yearslds on Selection 2-except for 4-year-olds in the 

relevant-label condition-children in these age groups erred in a similar way (see Table 8 

again). That is. as was the case with Selection 1 responses, wrong-pair Rsponses were by far 

the most common type of incorrect responses exhiited by children in both age groups. 

3.3.3. d Tmk unuf'yses. As in Euperiment 1, analyses were also conducted on specific 

task-related variables to ennire that age- and condition-relateci diflerences noted above were 
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rrotmitigatectbytheirrftrrenceof~taskdb F& tomess whe(hcrspeeifetriak 

orden affected performance differentiaily across age groups and conditions, a 3 x 3 x 6 (Age 

Group x Condition x Triai Order) ANOVA was conducted on both selections summed 

together. l 5  Only a signi ficant main effect of age was found, E (2.54) = 35.86. MSE = 3 8.94. p 

< .O001 ; no main effect or interactions involving trial order were found (es > .IO). Pairwise 

comparisons using Tukey's HSD tests ~vealed  that ail age groups differed from each other 

(M - = 14.64. - SD =7.01. M = 22.83. -= 6.10, andM= 26.86. =4.25, for 30.4; and 5- 

year-olds. respectively; al1 es < .01). 

Second. to detemine if perfomance between groups improved or worsened 

differentially over trials. the 15 test trials were divided into three equal trial blocks (i.e.. the 

fint 5. the middle 5. and the last 5 trials). A 3 x 3 x 2 x 3 (Age Group x Condition x Sex x 

Trial Block) AVIOVA rvith repted me3sures on trial blofk was conducted. -4 main effect of 

age group. (2,90) = 42.62, MSE = 10.92. Q < .O00 1. a main effect of trial block. F (2. 180) 

= 1 O . S .  MSE = 1.48. Q c .O00 1. and an interaction between age group and trial block. F (4. 

1 80) = 3.23, e < .OS. were found. Pairwise comparisons between the three trial blocks 

reveaied that children performed better during the first trial block (M = 7.57. = 2.54) than 

they did during the second (M = 7.03. = 2.80: g c -01) or third (M = 6.84. = 2.94: g < 

.O 1) blocks. but that their performance during these latter two trial blocks did not differ (g > 

-10). Figure 15 depicts performance on each of the thme triai blocks as a function of each age 

group. As one might predict, the analysis of simple main effects reveded that the age-group 

'wote that sex was not inchded in this anabsis because there were not suficient degrees of fieedom 

availabie to include it. 



Trial Biock 1 
. eiTriai Bbck 2 
II Trial Bbck 3 

4-year-olds 5-year-olds 
(n = 36) (n = 36) 

Age Group 

Figure 15. Mean numbers (and standard erron) of correct selections in Experiment 2 as a 

function of age group and trial biock a = t O8 j. 

main effect was significant for each block, F (2.155) = 2 1.74. MSE = 4.78. Q < -0 1. F (2. 

155) = 34.10, g < .O 1. E (2. i 55) = 43.56, g < .O 1. for the first, second. and third blocks. 

respectively. However. the block main effect was significant only for the 3-. and 4-yearslds. 

F (Z 210) = 14.42, MSE = 1.37, g< .Oi, Fe, 210) = 3.84. e < .OS. respectively. suggesting - 

that their performance deteriorated somewhat over trials but not that of the 5-year-olds. 

Third as in Experiment 1, to determine whether or not children had a preference for 

selecting items according to certain dimensions more than according to other dimensions on 

SeIection 1. a 3 x 3 x 2 x 3 (Age Group x Condition x Sex x Selection 1 Dimensions) 

ANOVA with repeated measrnes on Selection 1 dimensions was conducted. in addition to the 

expected main effect of age group, F (2,90) = 17.70, MSE = 3.33. g < .0001. and the 
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condition by sex interaction, F (Z, 5Q = X. 13- g -05, a maheffect of Setection t chensim. 

F (2, 180) = 26.39, MSE = 7.62, p < .0001, a Selection 1 dimension by sex interaction. F (2. - 

180) = 3.54, E < .05, and an uninterpretable four-way interaction between age group. 

condition. sex. and Selection 1 dimension. E (8.180) = 2.15. g < .OS. were found. Pairwise 

cornparisons were conducted to determine the overall order of dimensional preferences. 

Children were less likely to select items by size (M = 2.54, = 2-14) than they were to 

select items by colour (M = 5.00, = 2.82; g < .O 1) or shape (M = 4.79. a = 2.73: g < .01) 

on Selection 1. but they were equally likely to select items by colour or shape fint (e > .IO). 

The interaction between Selection 1 dimension and sex was analysed with the use of simple 

main effects. Both girls. F (2,2 12) = 23.99. MSE = 7.62. < .O 1. and boys. (2.2 12) = 5.96. 

p < .O 1, selected items according to the three dimensions differentidly on Selection 1 (see 

Figure 16). However. girls were l e s  likely than boys tu sclcct itcms by size on Selection I .  F 

(1.301) = 4.43. MSE = 6.55. g < .Os. despite not differing significantly from boys in their 

tendency to select items by colour or shape. 

Fourth, in contrast to Experiment 1. because the thRe relevant-dimension pairs and 

the three pivot-item placement were crossed with each other, it was possible not only to 

assess the independeni contribution or each of these variables to performance, but also to 

assess their joint contributions. Thus, a 3 x 3 x 2 x 3 x 3 (Age Group x Condition x Sex x 

Relevant-Dimension Pair x Pivot-Item Placement) ANOVA with repeated meastues on both 

relevant-dimension pair and pivot-item placement was performed. Significant main effects of 

age group, F (2,90) = 42.62, MSE = 3.64, g < .O00 1, relevantdimension pair F (2. 180) = 

5.45, MSE = 0.33, e < .O 1, and pivot-item placement, F (2, 180) = lt.33. MSE = 0.5 1. Q c 

.0001. were found in addition to an interaction between sex and pivot-item placement. F (2 



a Shape 
O Size 

Girls (n = 54) Boys (n = 54) 

Sex 

Figure 16. Mean numbers (and standard emrs) o f  Selection 1 responses in Experiment 2 as a 

hnction o f  sex and the relevant-dimension pair accoding to which children selected items (& 

= 108). 

180) = 3.83. e < .OS. Pairwise cornparisons using Tukey's HSD tests were conducted for the 

relevant-dimension pair and pivot-item placement main effects to determine which means 

differed from each other. The significant main effect of relevant-dimension pair was due to 

the fact that trials in which size and shape (M = 6.89, = 2.89) were relevant were more 

difficult than trials in which either colour and size were relevant (M = 7.30. = 2.67; g < 

.O 1 ) or colour and shape were relevant (M = 726, = 2.56, g < -01). These latter two 

pairings did not differ h m  each other @ > -10). Furthemore, as mticipated from the resuits 

of Experirnent 1, the main effect of  pivot-item placement resulted from the fact that children 



2; M = 7.6 1. = 2.74) than on trials in which it was located in the left window (Window 1 ; 

M = 6.8 1. = 2.78; p < .O 1) and on triais in which it was located in the right window - 
(Window 3: M = 7.03. Se = 2.85: g c .O1). Despite the fact that the main effect of pivot-item 

placement was significant for both girls, E (2,2 12) = 9.18, MSE = 1.59. g < .O 1. and boys. 

(2.2 12) = 6.26. e < .O 1, the sex by pivot-item placement interaction resulted fiom the fact 

that girls were less likely than boys to select items from the left window (i.e.. Window 1). 

although the difference was not very diable. F (1. 140) = 2.86. MSE = 7.76. p c .10 (see 

Figure 17). 

Girls (n = 54) Boys (n = 54) 

Sex 

Figure 17. Mean nurnbers (and standard emrs) of correct selections in Experiment 2 as a 

hc t ion  of sex and pivot-item placement a = 1 OS). 
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3 . 3 3 . ~  tabetImgm&ws hanathmpttvbmcrtmktad how tabek rnight m m  

to influence performance on the FIST, specific labels that children provided were coded and 

analysed. Two broad label categories could be differentiated: spontaneous and induced 

labels. Spontaneous labels consisted of unprompted utterances that cliildren made about the 

items (cg., "It's a red boat!") or about their selection (e.g., "They match because they 're both 

red."). Exploratory analyses on these spontaneous labels are presented in the Spontaneous 

Label section. In contrast, induced IakIs were utterances that chiIdren in the relevant- and 

irrelevant-label conditions made in responses to the experirnentefs queries in the test trials. 

Exploratory analyses on these induced labels are presented in the Induced Labels section 

separately for children in the relevant- and irrelevant-label conditions. 

Spontaneous and induced labels were coded in the same way for the purposes of this 

exploratory investigation. That is, each label \vas coded inta one of four rnutually exclusive 

and exhaustive categones: relevant labels. irrelevant Iabels. wrong labels. and other 

labels. Relevant labels included any and al1 labels that referred to the relevant dimension of 

selected items (e-g.. selecting Windows 1 and 2 in Figure 6 and refemng to size in some 

way). Thus, by definition relevant labels only occurred when the selection itself was comct. 

In contmt. irrelevant labels included any label that referred to the irrelevant dimension (e.g.. 

selecting Windows 1 and 2 or Windows 1,2, and 3, and refemng to shape in some way). 

irrespective of whether the selection was correct or not, and irrespective of whether zero. one. 

two. or three windows were selected Any label that referred to a dimension other than a 

relevant or irrelevant dimension was categorized as  a wrong label (e.g.. selecting Windows 1 

and 2 and referring to colour, se1ecting a w n g  pair such as Windows 1 and 3 and refemng 

to colour or size; or selecting ail three windows and referring to colour or size), again 
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irrespective ofwlieflier the selection was c o m o r n o t  mctmespective of wtmherzem. one. 

two, or three windows were selected. Findly, other labels encornpassed dl other task- 

relevant utterances that did not make specific reference to any of the t h e  possible 

dimensions (e-g.. "they 're the sarne": ''1 don't know": "'one. two"). 

T h e  points should be noted about these categories. First, labels thernselves were not 

scored for accuracy. For example. children who selected Windows 1 and 2 in Figure 6 were 

categorized as having provided a relevant label if they referred to size in some way. 

regardless as to whether they stated that, "ihey're the sarne size", 'rhey're both small / Iittle': 

"they're not big Iike the other one", "they're the same height'z and even. "they're both 

medium". Children often mislabeled cues especially cues of the size dimension because size 

can be constmed not only as an absolute dimension in which cues are assigned specific 

iabeis. but dso as a relational dimension in *ch cues are defined in relation to other present 

cues. And indeed because only one or two cues of the size dimension were present on any 

given trial. some children used only dichotomized labels (*bigv and "linle") to refer to size. 

For this reason. al1 mislabeled cues were coded as though they had been correct. Second. 

idiosyncratic labels were categorized in accordance with what children intended to mean 

rather than what they actually said if it was clear that children used the labels consistently to 

refer to a specific dimension or cue. For example, 2 children referred consistently to size 

using the label "age" as in. %eyk  both the sarne age". Some chiidren referred to yellow 

(and only yellow) with terms nich as "green". -greyW. or 'pale". Thid.. on any given 

selection, some children provided more than one codable label. In these cases, only the fim 

label was coded and d y s e d .  The decision to analyse oniy the £ïrst label-as opposed to (say) 

considering al1 labels and ordering them in order of importancewas based on the fact that. in 
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the case O€ Uiduceb rabek, some cRirdren who pr&&& mattipk bkk qpead tu not 

understand the questions that the expenmenter asked. Instead, they seemed to be simply 

describing or listing the characteristics of each items. For example. upon king asked. "Why 

do these pictures go together?" &er selecting Windows 1 and 2 in Figure 6, a child might 

say, * ~ s  one is yellow and linle and it's a teapot and this one is a blue teapot and it's littlë. 

By only coding the fi rst label (in this case, colour), children who were tnily answenng the 

experimenter's question (and therefore consistently identifjing the relevant dimension first or 

alone) would have most of their labels categorized as relevant, whereas children who were 

simply denoting specific aspects of each item without necessarily answering the 

experimenter's question would have only a few labels categorized as relevant (i.e.. only those 

trials in which they happened to mention the relevant dimension fint). 

Smntruieous labels. As mentioned piously,  pntYieous  labels were unsolicitecl. 

task-relevant utterances that children made. irrespective of the condition in which they took 

part. Further, children in al1 conditions received identical versions of the demonstration and 

pnictice trials. the conditions themselves differed oniy in the instructions presented in the 

actuai test trials. As a result, it was possible to assess whether spontaneous IabeIling during 

these preliminary trials might relate to Selection 1 and Selection 2 performance on the test 

trials. above and beyond the condition in which chi lhn took part. To assess whether 

children's propensity to label spontaneously the relevant dimension in these p~liminary trials 

was related to their subsequent performance on the actual test trials. children who mentioned 

a relevant label at least once on any selection dirring any of these preliminary trials were 

classîfied as spontaneous labellem (o = 57), whereas those who did not mention a relevant 



nurnber of children classified as  labellers or nonlabellers was related to age group. x-' (2. N = 

108) = 6.24, e c .O5 (see Table 9). The 3- and 4-year-olds did not ciiffer fiom each other in 

tems of their propensity to label spontaneously, f (1. N = 72) = 0.23. > . 1 O . but 3-year- 

olds did differ fiom 5-year-olds. X' ( 1, N = 72) = 5.63. g < .OS. and the difference between 4- 

and 5-yearslds was close to statistical significance. X' ( 1, N = 71) = 3.66. e < .06. 

Table 9 

Nurnber of  Children in All Conditions in Exwriment 2 Who Did (Labellers) or Did Not 

ponlabeliers) S~ontaneousiv Produce a Relevant Label in the Preliminaw Trials o f  the 

Flexible item Selection Task as a Function of  Age G~OUD 

Status 

Age Group Nonlabellers Labellers 

A 3 x 2 x 2 (Condition x Labeller Status x Sex) ANOVA was then conducted on 

Selection 1 responses. A significant main effect of labeller statu, E (1.96) =11.05. MSE = 

1 1.28. e < .Oi. and significant interactions b e ~ n  condition and sex. F (2.96) = 5.72. E < 

.O 1,  and between labeller status, condition. and sex. F (296)  = 5-37. g < .O 1. were detected. 

-- 

"Note that nonlabellers also included childten who Iabelled a cue of  an irrelevant dimension, a cue o f  a 

wrong dimension, or made other task-relevant comments but produced no relevant labels- These children were 

not incfuded with children who produced a devant tabel for the same reason discussed previously for 

considering only children's first labels. 
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Overatl, hbetters perfomrect betterom Sekcàarr k &f = t3.03. = LW) tfmrr nonlabet tm 

= 1 1.49. = 4.14) and the difference between these p u p s  was moderate (cJ = 0.44). As 

in the analyses on Selection 1 performance presented in the Main Analyses section, simple 

main eKects revealed that the condition by sex interaction was due to the fact that boys in the 

no-label condition did more poorly overall than girls in the same conditio~ ( 1.96) = 4.14. 

g c .O5 (refer again to Main Analyses section 3.3 -3 .b.. and to Figure 12). 

Analyses of simple main eflects showed that the the-way interaction between 

labeller statw. condition, and sex resulted in part From the fact that there was a significant 

main efliect of labeller status for girls in the irrelevant-label condition. F ( 1.96) = 4.14. Q < 

.OS. and a comparable effect for boys in the no-label condition. F ( 1.96) = 14.22. p < .O 1 (see 

Figure 18). In addition. boys who did not label in the irrelevant-label condition did better than 

girls who did not label in the same condition. F (1.96) = 5.37. p < -05. whereas the oppsite 

was me for boys and girls who did not label in the no-label condition. ( 1.96) = 12.1 0. g < 

.01. Finally. there was a significant effect of condition for boys who did not spontaneously 

label, f (2.96) = 9.01. g < .01. 

Similar results were obtained for Seiection 2. That is. the main effect of labeller statu 

was also significant. F (1.96) = 8.29, MSE = 22.86, g < -01, as was the interaction between 

labeller statu, condition, and sex. F (2.96) = 5.3 1. p < .O 1. although the interaction between 

condition and sex did not quite reach statistical significance, F (2.96) = 2.68. e < .08. As was 

the case with Selection 1. Iabellen (M = 10.16, = 4.87) did better on Selection 2 than 

nonlabeIIers (M = 7.96, = 5.07) and this difference was also moderate (d = 0.44). 

Moreover, adyses  of simpie main effects also reveaied that the three-way interaction 

between Iabeller status. condition, and sex was due in part to the fact that there was a 



Fieure 18. Mean numbers (and standard errors) of correct Selection 1 responses o f  

spontaneous labellets and nonlabellers in Experiment 2 as a tiinction of condition and sex (N 
= 108). 

significant main effect of labeller status for boys in the no-label condition, F ( 1.96) = 10.85. 

< .O 1. but unlike Selection 1. the main effect of IabeIler statu for girls in the i~~elevant- 

label condition was not signiticant (refer to Figure 19). As was the case for Selection 1. boys 

who did not label in the irrelevant-label condition did better than girls who did not label in 

the same condition, F ( 1.96) = 4 . 2 9 , ~  < -05, and the opposite pattern was again found for 

boys and @ris who did mt label in the M-label canditiort P ( 1-96) = 6.87. p < .O5. 

Moreover. as with Selection 1, a significant effect of condition for boys who did not 

spontaneously label was also found, (2,96) = 4.82. c -05. 

Induced labels. Results of these analyses are presented separately for children in the 

relevant-label condition and those in the irrelevant-label condition. Moreover, only Selection 

I labels were examùied: Selection 2 labels were not analysed because they followed7 and in 

fact, depended upon Selection 2  performance, and therefm, they provided little in ternis of 



Girls (n = 28) Boys (n =23) 

Nonbbeliers 

Fipure 19. Mean numben (and standard errors) of correct Selection 2 responses of 

spontaneous labellers and nonlabellers in Experiment 1 as a function of condition and sex (N 
= 108). 

predictive utility for either selection. 

As mention& previously, relevant labels were ddincd as diose labels that referred to 

the dimension by which a pair of items were selected. Consequently, for a label to be defined 

as relevant, then the selection itself had to h t  be correct- For this reason. assessing the 

influence of Selection 1 relevant labels on Selection 1 performance was not done because the 

resdts wouid have been uninterpretable. However, it was possible to classi@ children on the 

basis of the number of relevant labels that they provided on Selection 1, and then to compare 

them on their Selection 2 performance. Accordingly, a median split was done to classifi 

chiIdren as providing few or many relevant labels on Selection 1. Children with 7 or fewer 

relevant labels on Selection 1 were classifïed as "low" in relevant labels (a = 19). whereas 

those with 8 or more! were classified as "high" in relevant Iabels (n = 17). A chi-square test 

indicated that the likeiihood of king classitied as hi& or Iow in relevant labels depended on 

children's age p u p ,  X' (2, N = 36) = 825, g < .O5 (see Table 10). More precisely, pairwise 



C o m p m i s ~ b e t o m n e ; z ~ : ) r e g e g r o a p ~ ~ ~ 3 -  ~ 5 . y e m - 0 k k ~ h m c a c t r  

other in their tendency to be classified as high or low in relevant labels. X' (1. N = 24) = 8.22. 

p < .O 1 ; and that the difference approached significance for 3- and 4-year-olds, Fischer's 

exact test, < -10, but not for 4- and 5-year-olds. 

Table 10 

Number of Children in the Relevant-Label Condition in Ex~eriment 2 Who Were Classified as 

Hieh or Low in Relevant Labels as a Function of Age Gmu~ 

Category 

Age Group Low High 

A 2 x 2 (Label Category x Sex) ANOVA was conducted to determine whether 

children who were classified as low in relevant labels on Selection 1 differed fiom those 

classified as hi& on their Selection 2 performance. As predicted children who were 

elassified as low in  levant labels on Selection 1 did wre p r l y  on Selection 2 fM = 7.74. 

SD = 5.71) than those who were classified as high (M = 12.35, = 3.35). (1.32) = 6.58. - 
?,BE = 23.52. g < .O5 and effectnze analyses indicated that the difference between these - 
groups was large (d = 0.98). 

Hence, children who were classified as high in relevant labels did better overall on 

Selection 2 than those who were classified as low. Likewise, as mentioned in the previous 

section on spontaneous labels, children who spontaneously labelled the relevant dimension at 



irrespective of the condition in which they participated. Perhaps children who provided many 

relevant labels when pmmpted by the experimenter in the relevant-label condition were also 

more likely to label the relevant dimension spontaneously on the preliminary trials than 

children who provided few induced relevant labels. Thus, to determine whether children who 

were classified as high in relevant labels were the same children within the relevant-label 

condition who spontaneously labelleci the relevant dimension in the preliminary ûials. 

children in the relevant-label condition were simultaneously classified on whether they were 

classified as spontaneous labellea or not. and on whether they were classified as hi& or low 

in relevant labels. AS show in Table 1 1, children who were classified as hi& in relevant 

labels seemed equdly likely to be classified as labellers and nonlabellen, but those who were 

classified as low in relevant label appeared ta be hvice as likely ta be classified as 

nonlabellers than as labellers. Despite this apparent difference. however. no significant 

Table 1 I 

Number of Children in the Relevant-tabel Condition in Exwriment 2 Who Were Classified as 

Hieh or Low in Relevant Labels as a Function of Whether Thev Did (Labellersl or Did Not 

fNonlabelters) Smntaneously Produce Relevant Labels in the Preliminarv Trials of the 

Ftexib te hm Se tecrion Task 

Category 

- -  - 

Status Low High 

Nonlabellers 13 9 

Labelles 6 8 
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retatiorrwas&ect~bawrmthesç~tp.pepofe~o~sc~. ffl. &=36)= 

0.91, p .IO. 

The spontaneous and induced meanires of labels, then, appear to provide somewhat 

independent measures of labelling effects. Perhaps children who were classified as both high 

in relevant labels and as spontaneous labellers on the preliminary trials did better overall than 

children classified favourably into only one of these categones. In turn, perhaps those 

classified favourably into one of these categories did better on Selection 2 than those 

classified neither as high in relevant labels nor as spontaneous labellers on the preliminary 

triais. To determine whether or not this was in fact the case, children were classified into one 

of four groups (labellers hi& in relevant labels, nonlabellers hi& in relevant labels. lakllers 

low in relevant labels, and nonlabellers low in relevant labels), and a one-way ANOVA was 

conducted on the Selection 2 responses of these four groups. The analysis revealed a 

significant main effect of gmup. F (3.32) = 3.68, MSE = 22.55. p < .05. Pairwise 

cornparisons using Tukey's HSD tests revealed that only the children in the two extreme 

groups differed significantly nom each other: that is, only those children who were classified 

as Iabellers and as high in relevant labels diRered h m  children who were classified as 

nonlabeilea and as low in relevant labels (see Table 12 for the means and standard deviations 

of each group). However. given the apparent differences in the standard deviations between 

groups and given the low numbers of children within each group, such an analysis may not be 

entirely appropriate. It is worth noting, however, that being classified as a spontaneous 

labeller on the spontaneous-Iabeiling measure as high in relevant labels on the induced- 

labelling measure ahost guaranteed near-perfect performance: no child in this group 

obtained less than 13 trials correct, 



Table 12 

Means and Standard Deviations o f  Correct Selection 2 Resmnses o f  Children in the Relevant- 

L a h l  Condition in Exwriment 2 as a Function o f  Their Simultaneous Classification on 

Relevant Labels and on Whether Thev Spontaneously Produce Relevant Labels in the 

Preliminarv Trials o f  the Flexible item Selection Task 

Groups - M - SD 

High on Relevant Labels 

Labellen @ = 8) 14.13' 0.99 

Nonlabellers @ = 9) 1 0 . 7 8 ~  3 -96 

Low on Relevant Labels 

Labellem (n = 6) 8.83* 6.97 

Nonlabellers (11 = 13) 7.23b 5.37 

- - -- - -- 

abMeans with the same leaen did not differ h m  each other (the minimum 

difference between means for an alpha of -05 was 3.68). 

A general pmblem exists in interpreting the &ta on relevant labels. however. It is 

possible that the existing difference on Selection 2 performance between children classifed 

as high and low in relevant labels were not be due to the relevant labels themselves. Instead 

performance on Selection I itself may have caused these apparent relevant-labels effects on 

Selection 2 performance. That is. by definition, a label codd be classified as reIevant onty if 

the selection that preceded was correct. Therefore. children who did better on Selection 1 

pro bably also provided a greater number of relevant labels than those who did worse on 

Selection 1 nmply because they had more opportunities to do so then those who did not do as 

well on Selection 1. As a resulf classifying children only in temis of Selection 1 labels (and 

disregardhg Selection 1 performance itself) is problematic because any differences on 

Selection 2 peâormance could be attributed not only to group differences in relevant labels. 
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in each group obtahed. 

However. it is not immediately obvious how best to analyse relevant label while 

taking into consideration Selection 1 performance. For exarnple, one could examine the 

performance of only those children who did well on Selection 1. However. it is unclear how 

best to determine good Selection I performance. Differences on Selection 1 performance 

continue to exist if the &erion for good performance is too lenient. but if it is too strict. too 

many children might be excluded. Altematively, one could analyse the &ta of al1 children. 

but only using data fiom trials on which children responded correctly on Selection 1. 

However. this kind of analysis would require the use of proportions of trials instead of 

numbers of trials because children differ on the number of Selection 1 trials on which they 

rcspond cormtly. nie use of pmportions bitead of numbers is pmblematic because the 

overall weight given to a particular relevant label for any particular child will Vary greatly 

depending on the number of trials on which the child responded correctly on Selection 1 

initiaily. For example. a child who selected items correctly on Selection 1 on only two trials. 

labelled the relevant dimension correctly on only one of these trials, and then selected items 

correctly on Selection 2 of the one trial in which he or she labelled the items correctly would 

be scored as correct on 100% of trials in which he or she labelled the relevant dimension, and 

on 0% of those trials in which he or she did not label the relevant dimension. In con- 

another child who selected items correcîiy on al1 15 trials on Selection 1. labelled the relevant 

dimension on six trials conectly. and succeeded on two of these correctly labelled trials 

would be scored as correct on only 33% of trials in which he or she labelled the relevant 

dimension. With the use of pmportÏon, then, the fiRt chiid would obtain a proportion of 1.00 
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Selection 2 on only one triai whereas the other child would obtain a proportion of .33 for 

having done the same on two ûials. Clearly, the conclusions that could be drawn fiom 

analyses based on proportion would be tenuous at best. 

A means of considering Selection 1 performance without having to use proportion 

data is to examine the effects of relevant labels on Selection 2 performance by pooling the 

data of al1 children in the relevant-label condition together and considering only those trials 

on which children selected items correctly on Selection 1. However, the disadvantage of such 

an approach is that no formai analyses could be conducted on these data because trials are not 

al1 independent of each other. Nonetheless, the resuits are interesting, and more important. 

they corroborate well the analyses pmented above in which Selection 1 performance was not 

considercd. Uf 540 triais admhistered to ckldren in the relevant-label condition, children 

selected items correctly on Selection I on 458 of these trials. Furthemore. children identifed 

the relevant dimension comctly on about half of these trials (i.e.. on 234 of the 458 trials). 

and misidentified it on the other half (Le., 224 trials). As predicted. on triais in which the 

relevant dimension was identified correctly on Selection 1 (i.e., on 234 trials). children 

selected items correctiy on Selection 2 on 81% of those trials. In conhast children seiected 

items correctly on Selection 2 on only 58% of those triais in which they had failed to identifjr 

the relevant dimension correctiy. 

Children in the irrelevant-label condition were not asked about their selection per se. 

Lnstead. they were asked to identi@ the irrelevant dimension on each selection (e-g.. -What 

colour are these pictures?", "What thing are these pictures?", or "What size are these 

pictures?"). For them, then, a correct anmer to the experimenter's question consisted of an 
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ïrrerevant ïabeï, nof a relevant one. fnbeecl; to t'uniislr a rekvant Lakf in this concfitim m t c k  

be incorrect. Consequently, as was done for children in the relevant-label condition. a median 

split was done between children who provide few or many conect irrelevant labels on 

Selection 1. Children who identified the irretevant dimension correctly on 10 or fewer test 

trials were considered "low" in irrelevant labels (n = 18) whereas those who identified it 

correctly on I 1 or more test triais were considered high (Q = 18). As was the case for children 

in the relevant-label condition, a chi-square test revealed that the likelihood of being 

classified as high or low in irrelevant labels was associated with age group. X' (2. & = 36) = 

8.00, Q < -05 (see Table 13). The 3-year-olds differed from both the 4- and 5-year-olds (x' [ 1. 

N = 241 = 6.17. p < .OS. for each cornparison) in their likelihood of being classified as low or - 

hi&. but 4- and 5-yearslds did not differ from each other @ > .IO). 

Table 13 

Number o f  Children in the Irrelevant-Label Condition in Ex~eriment 2 Who Were Classified 

as Hi& or Low in lrrelevant Labels as a Function of Age gr ou^ 

Age Gmup Low High 

Two 2 x 2 (Label Category x Sex) ANOVAs were then conducted one using 
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S e M m  k as the fesponse mecrsurcd** ushg Seleetion 2." The d y s k  reuealed 

that there were no differences on Selection 1 between chilcken who were classified as low in 

irrelevant labels = 1 1.72. Sq = 3 -92) and those who were classified as high (M = 1 2.83. 

S D  = 2.90), F (1.32) = 0.54, MSE = 1 1.74, a > .l O. There was also no significant main effect - 
or interaction involving sex, p > .IO. in contrast, children who were classified as low in 

irrelevant labels on Selection 1 did significantly worse on Selection 2 (M = 6.06. a = 4.19) 

than those who were cIassified as high (M = 10.83. = 3.79). F ( 1.32) = 1 O.&. MSE = 

16.25. < .O 1 . Effect-size analyses corroborate the resdts of both ANOVAs. That is. the 

effect size was small on Selection 1 (d = 0.32) but large on Selection 2 (cJ = 1.19). 

Furthermore. to determine if spontaneous and induced measures of labels were 

independent of each other for children in the irrelevant-label condition-as was found for 

chikiren in the refeymt-label condition-children in the irrelevant-label condition were also 

concurrently classified on whether they were high or low in irrelevant labels and on whether 

they were spontaneous labellen or noniabeilers on the preliminary trials. Table 14 clearly 

shows that there is no correspondence between each type of labelling status and a chi-square 

test confirmed it. X' ( 1. N = 36) = 0.44. g > .IO. To detennine whether king classifieci 

favourably on both labelling measures resulted in better performance on each setection than 

b e i q  classified favourably on only one measure or on neither. separate one-way ANOVAs 

were conducted on the Selection 1 and Selection 2 performance of the resulting four groups 

(labellers high in irrelevant labels, nonlabellers high in &levant labels. Iabellers low in 

- - 

"Unlike relevant labels. irrelevant labels were coded independent ly of the se lections that chi k e n  

made. Thus, it was possible to categorize children in the inlevant-label condition according to the number of 

correct irreievant labels ~ I C  îhey provideci on Selection 1, compare them on that selection and obtain 

interpretable results. 
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Number of Children in the Irrelevant-Labei Condition in Exwriment 2 Who Were Ctassified 

as Hieh or Low in Irrelevant Labels as a Function o f  Whether Thev Did (Labellers) or Did 

Not PJonlabellers) S~ontaneouslv Produce Relevant Labels in the Preliminarv Trials o f  the 

Flexible Item Selection Task 

Category 

Status Low High 

Nonlabellers 10 8 

Label Iers 8 10 

irrelevant labels. and nonlabellers low in irrelevant labels). There was no effect of group 

status on Selection 1 performance, F (3.32) = 0.87. MSE = 1 1.99. g > .IO. but there was a 

significant main effect of group statu on Selection 2 performance, F (3.32) = 4.76. MSE = 

16.19. e < .O 1 (see Table 15). Tukey's HSD tests for pairwise cornparisons on the means 

revealed that those children who were classified favourably in at least one way (Le.. either on 

the spontaneous or induced measures of labelling, or on both) did not differ fiom each other. 

and that the groups who were classified favourably on the induced measure of labelling 

differed h m  those classified unfavounibly on both types of tabe t h g  measmes (Le.. 

nonIabeIlers low in irreievant IabeIs). 

3.3.4. Performance on the Peabody Picture VocabuIa~ Test-Revûed 

Several correlations were calcdated to determine whether or not performance on the 

FIST relates to overall receptive language development Fîrst, ovedl  correlations with 

PPVT-R raw scores were calculated separately for Selection 1 and Selection 2. and they were 

cdculated with and without age p h d e d  out: Table 16 presents the actual values of these 
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Means and Standard Deviaiions of Correct Selection 2 Remonses of Children in the 

Irrelevant-Label Condition in Exwriment 2 as a Function of Their Simultaneous Classification 

on Irrelevant Labels and on Wheîher ïhev S~ontaneouslv Produce Relevant Labels in the 

Preiiminarv Trials of  the Flexible item Selection Task 

Groups - M - SD 

Hi& on Irrelevant Labels 

Labellets Q = IO) 10.70' 4.37 

Nonlabellen Q = 8) ll.00' 3.2 1 

Low on lrrelevant Labels 

abMeans with the same Ietters did not differ h m  each other (the minimum 

difference between means for an alpha of .O5 was 5.17). 

correlations, al1 of which were statisticaily significant. in addition. Table 16 ais0 presents the 

correlations between PPVT-R raw scores and Selection 1 performance and between PPVT-R 

raw scores and Seiection 2 penormance for each condition, separately-again with and 

without age partialled out. For al1 conditions, PPVT-R raw scores correlated significantly 

with both Selection 1 and Selection 2. However. when age was partialled out. ovedl 

receptive ianguage development related only to Selection f performance for children in the 

no-label condition and to both selections for children in the relevant-label condition. 

3.4. Discussion 

The purpose of Experiment 2 was to begin to explore experimentally the role of 

language on the development of cognitive flexibility in preschoolen. To do so. labelling 



Table td 

Correlations ( With and Without Aae Partiallecl Out) Beween PPW-R Raw Scores and 

Performance on Selection I and Seiection 2 Across All Children and as a Function o f  

Condition in Experiment 2 

Condition Type o f  Relation Selection 1 Selection 2 

- - - - - 

AI1 (N= 107) - 
Comlation 

Age Partialled 

Relevant Label (11 = 36) 

Correlation 

Age Partialled 

No Label @ = 35) 

Correlation 

Age Partialled 

lrreievant Label @ = 36) 

Correlation 

Age Partialled 

- -- 

Note. The values for children in the nelabel condition are based on 35 children (as opposed - 
to 36) because one 3-year-old in that condition refiised to finish the PPVT-R. For this reason, 

the total N is 107 instead of  108. 

* e< -05, **e< .O1 

manipulations were used on a modified and impmved computerized version of the FIST. In 

terms of the basic age-related differences on the task itself, the results of Experiment 2 

replicated those of Experiment 1. with one notable exception. That is. as in Experiment 1.3- 

yearslds did worse than both 4- and 5-year-olds on Selection 1 and 4-year-olds did worse 

than 5-year-olds on Selection 2. Therefore, the overd pattern of age-related differences was 
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ibenticd to the one fovrrd in Expemnent t if- the mamier in whidr c h i k  tend& tv 

err on the task differed across the two experiments. Children in Experiment 2 tended to err by 

selecting either the wrong pair or the same pair twïce on Selection 2, whereas children in 

Experhent 1 tended to err by selecting the remaining item aione on Selection 2. 

This difference in response tendencies rnay be due to the fact that criterial trials were 

not given in Experiment 2. Instead. children were given a demonstration trial and two 

practice trials with eiai sets that were identicai in fom to the triai sets presented in the test 

trials. As a result, childcen in Experiment 2 were explicitly shown in the demonstration 

trial-and given feedback in the practice triais on-how to select two items on each selection 

(and therefore. how to select one of the items twice). Thus, unlike Experiment 1. because of 

this explicit training in selecting two items on each selection. children who did not know how 

a particular spccific pair of items match& on s &en selection, rnay nonetheles have known 

to restrict their responses on each selection to selecting only pairs of items (see also Section 

5.1.1 ., Age Effects. for M e r  discussion on this topic). This difference in procedure rnay 

account for why children in Experiment 2 erred on Selection 2 by selecting either wrong or 

same pairs. whereas those in Experiment 1 (who did not receive such explicit training) erred 

by selecting the remaining item alone. More important, however, these results taken together 

suggest that despite the fact that such procedural differences (e-g., including criterial vs. 

p d c e  trials) may have aEected how childten manifested their underlying difficulty with 

nvitching fiexibly between dimensions, these procedural differences did not affect children's 

overall tendency to experience difnculty. In other words, the fïndings perraining to the overall 

age-relateci changes in &orniance on this task appear to be relatively robust 

interesting results ais0 emerged with respect to the labelling manipulations. As 
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pre&cte& 3- arrd 9-yemc~tds irr t h m e t e v a m - t a b e t ~ & & m t  bcndit from cfit fabelhg 

manipulation when they were compared to children of the same age in the no-label and 

inelevant-label conditions. Presumably, this lack of an effect occurred for different reasons 

across these age groups: On the one hami, it appears as though 3-year-olds did not benefit 

because they were doing too poorly on the task in the first place. Given that 3-year-olds had 

difficulty VUMI the abstraction component of the task (as assessed by their Selection 1 

performance) and that they did not benefit from the IabeIIing manipulation, perhûps 

abstraction may be a necessary prerequisite for the emergence of Iinguistically mediated 

symbolic thought, and that there is such a thing as abstraction without language (Werner. 

1948). These ideas will explored in depth in Section 5.3. in Chapter V. 

On the other hand, it seems as though 5-year-olds in the relevant-label condition did 

not benefit h m  the labctling manipulation because they were already doing tm well on the 

task. Perhaps the near-ceiling Selection 2 performance of 5-yearslds in dl conditions was 

due to the fact that they were already spontaneously labelling the relevant dimension to solve 

the task. Indeed. older children-namely, 5-yearslds-were more likely to identify a relevant 

dimension spontaneously in the prelirninary trials than younger children, and in turn. children 

who made such identifications spontaneously did significantly better on Selection 2 than 

those who did not. Adrnittedly, however, it is also possible that developments in other areas 

of cognitive development may actually underlie the emergence of both spontaneous labelling 

and cognitive flexibility in 5-year-olds; labellhg and flexibility may simply CO-exist together 

rather than exist in a causal relation with each other. 

On the contrary, 4-year-olds in the relevant-label condition did benefit substantially 

h m  the labelhg manipulation in that they did significantly better on Selection 2 than 4- 



year-o t i  in the no-rabel and irrelevm- takFconctiticms hr ilfact, th& perfommnce was 

indistinguishable fiom that of the 5-year-OMS. The finding that Cyear-olds in the reievant- 

label condition benefited h m  the labelling manipulation. but not those in the irrelevant- 

labelling condition. suggests that the act of labelling itself or the act of labelling the stimuli 

themselves were not sufficient in affecting performance. It appears that it was the 

requirement that children talk about the relevant dimension, the dimension by which they 

selected items, that was important. Analyses on the induced labels that children provided in 

the relevant-label condition M e r  suggests that neither was it suficient for children to be in 

the relevant-label condition nor was it suflicient for them to be asked about the relevant 

dimension for their performance to improve. Actuaily. children needed to identi@ the 

relevant dimension correctly most of the tirne on Selection 1 in order for them to do better on 

Seiection 2. This mi@ dso explain in part why 3-yearslds in the relevant-condition did not 

do better than 3-year-olds in the other conditions. mat is. 3-yearslds were more likely than 

the other age groups to be classified as low in relevant labels. Perhaps because they failed to 

identiQ the relevant dimension on most trials on Selection 1. they consequently failed to reap 

the benefits of participting in such a condition. 

The labelling manipulation presented in the irrelevant-label condition was different. 

In that condition, the expenmenter asked children to label the dimension that did not Vary 

across the three items (e.g., "What size are these P~CNR?") and children were only expected 

to label the cue of that dimension, Therefore, if children were familiar with each dimensional 

terni (ir., "colour", %ingW, and "size"), and with how each cue related to each of these 

dimensions (e.g., Rd is a COIOUT, boat is a Uiing, linle is a size), then they ought to have been 

able to provide accurate labels on aU trials, irrespective of how they did on each of their 
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classified as high in the number of correct irrelevant labels that they provided did 

significantly better on Selection 2 than those classified as low, despite equivalent 

performance on Selection 1. This fmding together with the finding that participating in the 

irrelevant-label condition per se did not help improve children's overall performance at any 

age suggests that those chiidren in the irrelevant-label condition who did well on Selection 2 

already had dimensionai information relativety well organized. Perhaps a weii organized 

representational structure relating dimensions and cues is a prerequisite for allowing children 

to switch flexibly between such dimensions (cf. Kendler. 1963: Smith. 1 989a: Werner. 1 948; 

Zelazo & Frye, 1997). I will retum to this issue again in the next chapter and in Chapter V. 

One unexpected labelling effect was aiso found. That is. children who spontaneously 

labeffcd e relevant dimension in the prelimuiary trials not only did hetter on Selection 2. as 

one might predict but they also did better on Selection 1. No specific predictions were made 

with respect to the role of labelling on Selection 1 for several rasons. At the outset. the task 

itself was not designed to permit an adequate examination of the role of labelling on the 

abstraction component of the task. That is, Selection 1 labels were elicited by the 

experimenter d e r  children made their Selection 1 responses. Therefore. in a tirne-reiated 

manner at least, Selection 1 labels were dependent upon children's seelections. even though it 

is still conceivable that Selection 1 respooses could be dependent on appropriate labels being 

covertly generated first. Furthemore, the underlying assumption driving the present series of 

studies was that it is possible to perfomi well on Selection 1 (Le., the abstraction component) 

without generating relevant labels for the items, but that it is impossible to do well on 

Selection 2 (Le.. the cognitive fiexi'biIity component) without such labels. If relevant labels 
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produce such labels ought to perfonn poorly on both selections whereas those who do 

produce these labels ought to autornatically succeed on both selections. Obviously. given the 

presence of a dissociation between the performance of 4-year-olds on Selection I and on 

Selection 2 in Experiment I .  it is clear that labelling cannot have the same effect on both 

abstraction and cognitive flexibility. For this reason, no specific predictions were made in 

regards to labelling effects on Selection t other than to assume that relevant labels were not 

necessarv for successful performance on that selection. Note that this assumption. however. 

does not preclude the possibility that labels can still facilitate or be associated with Selection 

1 performance. even if they are not an essential prerequisite for good performance on that 

part of the task. The finding that children who spontaneously provided relevant labels in the 

prelirninq- trials subsequently did better on Selection 1 is consistent with this view. In 

general, the finding that spontaneous labellea improved on both selections suggests that 

iabelling relevant information does relate with performance on both selection. but this finding 

on its own does not permit one to determine the precise nature of the relation that exists 

between spontaneous relevant labels and abstraction, and between these labels and cognitive 

flexibility. The same problem applies to interpreting the finding that general receptive 

language development relates to performance on both Selection 1 and Selection 2. More will 

be said in Sections 5.2. and 5.3. about possible relations that rnay exist between language. 

abstraction, and cognitive fl exibility. 

Acrou severai analyses an unanticipated condition by sex interaction was found: 

ûverall, the results suggest that 4-year-old boys did somewhat more poorly in the no-label 

condition than girls in the same condition, and a similar pattern was found for 4-year-old girls 
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conditions (and across both sexes). However, given that no differences were anticipated, that 

no other obvious sex-related ciiffierences were found in the other expenments. and that there 

were only 6 children of each sex at each age in each condition, it is quite possible that this 

significant interaction occurred as a result of some slight pre-existing differences behveen the 

boys who were randomly assigned to the no-label condition and those assigned to the 

irrelevant-IabeI condition, and between girls randomly assigned to the sarne conditions (but in 

the opposite direction). Consistent with this interpretation, if one looks at the mean PPVT-R 

raw scores of 4-year-olds as a function of sex and condition. the mean PPVT-R raw scores for 

boys and girls in the no-label and irrelevant-label conditions followed a similar pattern of 

higher and lower scores as the Selection 2 responses (see Figure 20). Although the 

differences in PPVT-R m v  scores behveen groups were not statisticdly sigllficmt. PPVT-R 

raw scores did relate to Selection 2 performance in al1 conditions. Perhaps scores on 

Selection 2 may simply have been more sensitive for detecting these pre-existing differences 

between the groups (Le., this slight pre-existing difference may have become exaggerated on 

Selection 2). 

The results of the labellùig manipulations and of the actual labels that children 

provided are in line with the generai theoreticai fnunework underlying the present work. 

However, there are cemainhg difficulties in interpreting these findings. For example. within 

the relevant-label condition, children not only differed in tenns of the actual number of 

correct selections that they obtained on Seledon 1. but aiso in tems of the actuai number of 

relevant labels that they provided. On any given trial then, the accuracy of children's 

Selection 2 responses may have been uifluenced by how they did on Selection 1, how they 



Girls (n = 18) 

1 Dimievant Label 

8oys (n = 18) 

Sex 

Fiaute 20. Mean PPVI-R raw scores (and standard ermrs) of llyear-vlds in Expriment 2 as a 

function of condition and sex &i = 36). 

labelled that selection. or a combination of both of these variables. To properly assess the role 

of relevant labels on Selection 2 performance, it would be important to ensure that al1 

children were exposed to the same number of correct Selection 1 responses and to the same 

number of correct relevant labels on Selection 1. One way of doing so is to have an 

experimenter always select items on Selection 1 (accordhg to a predetermined order). and to 

have the experimenter provide specific labels depending on the labelling manipulation for 

each condition. 

This kind of change in the procedure would also help address an additional limitation 

in interpreting Selection 2 responses in the preceding experiments. in both experiments. the 

interpretation of data rests on the assumption that Selection 1 Rsponses masure abstraction. 



whereas Sektim 2 rrsponses m + m m e ~ f t e x i ~ ~ i ~ .  OFeowse, as rnencioned 

previously, abstraction is also necessary for selecting matching pairs on Selection 2. 

However, one might reasonably expect that if children were to have difficulty with the 

abstraction component of the iask then they would have difficulty with abstraction on both 

selections. Therefore, if ctiildren succeed on Selection 1, but not on Selection 2, one can 

conclude that the5 difficulty with Selection 2 is due to a difficulty with flexibility. not 

abstraction. However, if chi IdRn were to aîways setect the dimension that they found easier 

to abstract on Selection 1, then it is possible that poor performance on Selection 2 might also 

arise fiom difficulty with abstraction, one pertaining to difficulty abstracting more 

di fficult-or less prefemddimensions instead of arising From di fficulty with switching 

between dimensions per se (i.e., cognitive flexibility component). In other words. it is 

possible th3t both Selection 1 and 1 responses instead provide measures of' the relative ew 

of (OC preference for) abstracting certain dimensions. Further, &en that in Experiments 1 and 

2. children showed biases for selecting certain dimensions on Selection 1. this interpretation 

remains a plausible. and problematic, one. 

Changhg the procedure by having the experimenter instead of children make al1 

Selection 1 responses provides a way of differentiating between these two possible 

interpretations of Selection 2 responses. That is, if the experimenter always selected i tem on 

Selection 1, then presiunably, on half of trials, the experimenter would select items consistent 

with children7s preferred dimension, whereas on the other halfof the trials, the experimenter 

would likely select items h m  children's n o n p r e f d  dimension. Consequently, if Selection 

2 ~sponses simply provide a second measure of abstraction abüities. instead of a measure of 

cognitive Bexibility per se, then on triais in which the experimenter selected items consistent 
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similar to how they might have cespondecl had they selected the items themselves on 

Selection 1. However. on trials in which the experimenter selected items on the bais of 

children's nonpreferred dimension, children ought to perform better on Selection 2 because 

selecting items according to their preferred dimension would still be a viable option. Thus. if 

Selection 2 responses measure only the relative ease of abstracting dimensions, then children 

ought to perform better oveniU with this type of administration procedure than if the task 

were to be presented in the standard rnanner (Le., children select items on both selections). In 

contnist. if Selection 2 responses provide a measure of cognitive flexibility (i.e.. children's 

ability to switch between dimensions), then they ought to perform on Selection 2 like 

children who select items themselves on Selection 1. Even though children may have a bias 

for selecting certain dimensions fm it does not necessarily follow that they a h  have more 

difficdty abstracting l e s  preferred dimensions. Indeed, the fïnding that children in this 

experiment performed equivalently on trial sets in which colour and shape were relevant (i.e.. 

two preferred dimensions) as on trials in which colour and size were relevant (i.e.. one 

preferred and one nonpreferred dimension) supports ihis claim. 



CHAPTER IV 

EXPERIMENT 3 

DIFFERENTIAL EFFECTS OF EXPERIMENTER LABELS ON 

FOUR-YEAR-OLD'S PERFORMANCE ON THE 

FLEXIBLE ITEM SELECTION TASK 

4.1. Introduction 

Only 4-yearslds partici pated in Experiment 3. Unlike previous experiments. in this 

experiment, it was the experimenter who always selected items on Selection 1 and who 

aiways labelled these items in particular ways. The purpose of assessing children only on 

their Selection 2 performance was twofold: Fim. as discussed in Expriment 2. it provides a 

means of assessing whether Selection 2 performance is indicative of difficulties in switching 

flexibly between dimensions or of difficulties in abstracting l e s  preferred dimensions. 

Second and more important, because of the added control gained h m  exposing al1 children 

only to correct Selection 1 ~sponses and only to correct relevant or irrelevant labels (or no 

labels at dl), the role of labelhg on Selection 2 performance could be better evaiuaied. That 

i s  the finding in the previous eXpenment that showed that children in the relevant-label 
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c o i r C t i g m w h o ~ t o ~ û e ~ ~ ~ e ~ c t i m e n s r o m ~ m S d e c t i m  t didbmeron 

Selection 2 then those who did not suggests that for childm to benefit h m  participating in 

the relevant-label condition, they may actuaily have to identi@ the relevant dimension 

correctly on Selection 1. However, the causal nature of the relation between Selection 1 

relevant labels and Selection 2 perfiormance cannot be determined precisely on the basis of 

the data from Experirnent 2 alone because it may be that more advanced children both 

labelled more accurateIy and did better on the task without there being a precise causal 

connection between the two. However, in Experiment 3. by having the experimenter select 

items on Selection 1 and then label these items (differently depending on the condition) in 

some systematic way. the causal nature of the relation between Selection 1 labels and 

Selection 2 performance-if one existsrcould be fimily established. 

Momuer. an additioncd 3im of Experiment 3 was to detemine whether or nat 

presenting children with relevant or irrelevant labels at different dimensional levels would 

influence their performance. That is. would refemng to the dimension (e.g.. *colour") or to 

the cue (e.g.. *%xi') on Selection 1 affect children's performance on Selection 2 differently? 

In the previous experiment, children in the irrelevant-label condition who provided more 

correct irrelevant labels perfonned better on Selection 2 than those who provided few such 

labels. On the basis of that fuiding, it was suggested that a good understanding of the 

relational structure between dimensions and cues was an important precursor for children to 

switch flexibly between dimensions. Moreover, as alluded to in the previous experiment. 

severai resemhers emphasize the importance of differentiating between representing 

information at the level of the dimension and representing it at the level of the cues 

themselves (CF. Kender, t 963; Smith, 1 9 8 9 ~  Werner, 1948; Zelazo & Frye, 1997), the 
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former type of representatim bemgkhtifkf asthe ~ s o p t i i s t i ~ d .  On these aeeounts. 

one might expect that children who are pmvide with the more abstract dimensional terms 

might benefit more on Selection 2 than children provided with the terms for the cues 

themselves. 

Hence, children were tested in one of five conditions, In one condition, the 

experiment did not provide any labels after selecting items on Selection 1. In two of the other 

conditions, the experimenter referred to the relevant dimension. although in one condition. 

the experimenter refened to the actual dimensional term (e.g.. "colour") and in the other. the 

experimenter referred to the cue (e.g., "red"). The two remaining conditions were analogous 

to the two conditions in which the experimenter refemd to the relevant dimension. except 

that the experimenter referred to the irrelevant dimension instead. On the basis of the 

previous experimnit, it ~ l s  predicted that only relevant labels provided by the experirnenter 

on Selection 1 wouid affect children's Selection 2 performance, and children provided with 

relevant dimensional terms were expected to outperform those provided with relevant cue 

terms. 

4.2. Method 

4.2. I. Participants 

A total of 94 four-year-olds = 53.7 months, = 3.4 months. range 48.1 to 59.7 

months) participateci in the experiment (45 girls and 49 boys), dthough 4 boys were 

subsequently excluded h m  the analyses. One boy was excluded because he refused to 

complete the experiment, 2 boys were excluded because their parents provided information 

durhg the experiment, and 1 boy was excluded because of experimenter error (the 



expeRmenter madtrertently sdectdrtwmngpairott SektiOh 4 Chilthen wwe reeniited in 

the sarne manner as those who participated in the previous experiments. None of the children 

who participated in Experiment 3 had participated in Experiments 1 or 2 or in any other pilot 

experiments with the FIST. 

4.2.2. Ejrperimontai Design and Procedure 

The design of the task was identicai to that of Experiment 2 (see Section 3.2.2). In 

addition. children were tested on the same four tasks that were used in Experiment 2 (Le.. the 

Item Identification Task. the Favourite Items Task. the FIST. and the PPVT OR). which were 

presented in the same order as in Experiment 2. The procedures for administering the Item 

Identification Task. the Favourite Items Task, and the PPVT-R" were identical to those of 

Experiment 2. although the procedure for administering the FIST was somewhat different. 

Children were randomly assigned to one of €ive conditions with the restriction that 

there be equal nurnbea of girls and boys in each condition (9 girls and 9 boys in each 

condition). The conditions differed in terms of the version of the FIST that was administered. 

As in Experiment 2, al1 children received 1 demonstration trial. 2 practice trials. and then 15 

test trials on the FIST. However. unlike Experiment 2, it was the experimenter who always 

selected items on Selection 1, and therefore, children in al1 conditions seIected items on 

Selection 2 only. The £ive conditions included a no-eue condition. a relevant-dimension 

"Due to an experimenter error, PPVT-R raw scores were not obtained for 8 of the children in the 

experiment (3 in the imlevant-cue condition. 2 in the imlevant-dimension condition. and 1 Ri each of the other 

conditions). The experimenter had mistakenly assumed that if no M score (Le., obtaining 8 consecutive trials 

correct) couid be obtained when administering the task backwards. then it was unnecessary to continue 

adminiuenng the task until a ceiling score had k e n  reached, and therefore, she stopped testing these children 

without obtaining a ceiling score (see D m  & D m  198 1, for more information on basal scores). 



condifi'on, a relle~an~cue condlti"on, an h e t e v a n f ~ e n s f o n  conditfon. and an 

irrelevant-cue condition. In al1 conditions, the experimenter began by saying,I9 T m  going 

to pick two pictures that go together in one way, so I'm going to pick this picture here and 

this picture here [the experimenter selects two items correctty on Selection 1 1." However. the 

conditions di ffered in how the experimenter subsequently characterized each of her Selection 

1 response. I n the no-cue condition, the ex perimenter characterized her selection by providing 

children with nonspecific information. That i s  in addition to saying, T m  going to pick two 

pictures that go together in one way, so I'm going to pick this picture here and this picture 

here," the experimenter then added, 'These two pictues here go together because they are 

both the sarne in one wav." in contrast, in both the relevant-dimension and relevant-cue 

conditions. the experimenter characterized her selection by providing children with a relevant 

labd More specifiçdly, for rhildren in the retevant-ciimension condition. the experimenter 

instead added. "These two pictures here go together because they are both the same e.': 
whereas for children in the relevant-cue condition. the experimenter added. "These two 

pictures here go together because they are bo th little." The relevant-dimension and relevant- 

cue conditions differed only in tenns of the level at which the experimenter Iabelled the 

relevant dimension (Le., in terms of the dimension itselfor in terms of the cue). The 

irrelevant-dimension and irrelevant-cue conditions were analogous to the relevant-dimension 

and relevant-cue conditions, respectively, in how items were Iabelled. However, instead of 

providing a relevant label, the experimenter provided an irreIevant one. That is. in the 

irreievantdimension condition, the experimenter said, "These two pictures here go together. 

"For illustration purposes, the examples presented for each type of instruction are based on the 

experimenter seiecting Windows I and 2 in Figure 6. 



Tabk t7 

Instructions Used in the Test Trials of the Flexible Item Setection Task in Exwriment 3 as a Function of 

Selection and Condition 

Selection Condition Instructions 

Setection I 

All Conditions 

I'm going to pick two pictures that go together in one way, so I'm going to 

pick this picture here and this picture here [Experimenter rnakes Selection 

Il. These two pictures here go together . . . [insert appropriate 

instructions fo r  each condition; see below 1 

No Cue 

because they are both the same in  one way. 

Relevant Dimension 

because ttiey are both the same li.e., the relevant dimensionl. 

Relevant Cue 

because they are both little !Le., the retevant cuel. 

Irrelevant Dimension 

O h  look, they are both the same thing lie, the irrelevant dimensionl. 

Irrelevant Cue 

O h  look, they are both teapots [Le., the irrelevant cuel. 

Selection 2 

All Conditions 

Now can you show me two pictures that go together. but in another way? 

[Child makes Selection 21 

Note. The examples are based on the experimenter selecting Windows I and 2 in the Example presented in - 
Figure 6. 

Oh look, they are both the same thing.", and in the irrelevantsue condition. the experimenter 

said, These two pictures here go together. Oh look, they are both teatmts." (see Table I 7 for 

a summary of the ~ c t i o n s  presented in each condition). FolIowing the labelling 
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- - xmnipdahri; the heexpehentff therresked=c~bdkeondIÉi~~s te s e k t  itemson 

Selection 2 (i.e.. "Now can you show me two pichues that go together, but in another way?"). 

Irrespective of the condition, children were never asked to provide any kind of label on either 

selection. 

For the sake of cornparison, an attempt was made to maintain as  much sirnilarity 

between Experiment 2 and Experîment 3 in adrninistering the task except for the fact that the 

experimenter made the fiat selection and iabetied i t  Recail that children in the relevant-label 

condition in Experiment 2 were asked "Why do these pictures go together?". which required. 

at l e s t  implicitly. a bbbecauseœ' response. In contrast. children in the irrelevant-label condition 

in Experiment 2 were asked, "What colour I thing / size are these pictures?". which did not 

require a "because" response. As a result, the instructions presented in the relevant-dimension 

and relevant-cue conditions and those presented in the irrelevant-dimension and inelevant- 

cue conditions were worded differentiy to paralle1 the instructions provided in Expenment 2. 

in sum, the design of the experiment included five conditions (no cue. relevant 

dimension, relevant cue. inelevant dimension. and irrelevant cue) and half of the children in 

each conditions were girls and half were boys (9 girls and 9 boys in each condition). Further. 

3 children within each condition received one of the six possible quasi-random presentation 

orders. In addition. because the experimenter always made the £ïrst selection. the items that 

the experimenter selected needed to be predetemzined in a counterbalanced manner to avoid 

possible selection biases. To achieve this, relevant-dunension pairs and pivot-item 

placements were both considered in detennining which items the experimenter would select 

on each trial. That is, relevant-dimension pairs (Le., coIour and sùe, colour and shape, and 

shape and size) were each relevant on one third of the trials, and pivot-item placement (Le.. 
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Winciow t, W k k t w  2, ~ W ~ 3 ~ w a s ~ r 0 ~ ~ e t t w i ~ ~ k m ~ m e n s i o ~  paie resulting in 

two trials of  each combination of relevantaimension pair and pivot-item placement. For 

exarnple. there were two trial sets in which colour and size were relevant and in which the 

pivot item was located in Window 1. On the basis of this counterbalancing. then. the 

experimenter selected one dimension (e-g., colour) on Selection 1 for one of the two trials 

and selected the altemated dimension for the other trial (e.g.. size). Further. two versions 

were created in such a way that the experimenter's choices on Selection 1 in one version were 

the opposite of her choices in the other version (i.e., if colour was selected on one trial and 

size was selected on the other in Version t , size wouid be selected on the former trial and 

colour on the latter in Version 2). Half on the children received one version. whereas the 

0 t h  half received the other version. 

4.3. Results 

4.3.1. Perjiormance on the Item ldentifcation Tm& 

As in Experiment 2. the majonty of 4-yearslds (66 out of 90) made no emrs in 

identiQing dl cues of the dimensions w d  h the experiment, although the percentage of 4- 

year-olds in Expedent  3 (27%) who did make enors was higher than in Expenment 2 (8%). 

Twenty children made one error. 3 made two errors, and 1 made three errors. As in 

Experiment 1. the most common e m r  was to misidentie the *mediumo- cue for size with 10 

of the 29 erroa king of this kind. The remaining errors resulted nom the fact that 6 children 

misidentified the "little" cue, 3 misidentineci the "big" cue, 4 misidentified the "blue" cue. I 

misidentifid the k d "  cue? 2 misidentified the ÿellow" cue, and 3 misidentified the -boat0' 

cue. 



4 J L  Pufotmnrtce on tùe Fm~utite Items Tàsk 

The vast majonty (80%) of children performed at ceiling on the Favourite Items Task. 

and there were no differences between conditions (Fischer's exact test, > .IO; see Table 18). 

Six of the 8 children who failed to select two items on al1 trials always selected only one 

item. and of the remaining 2 chiken+ 1 child switched between selecting al1 items to 

selecting oniy one and the other child did the opposite. in addition. 6 of the 8 children who 

selected two items on two of the thRe trials erred on the fint practice trials (5 selected only 

one item and 1 selected al1 items). Further, there were no differences between conditions in 

children's tendencies to select their favourite items h m  the same windows (Fischer's exact 

test. Q > -10; see Table 1 9). However, 4-yearslds w ho performed correct1 y on al1 trials were 

more pmne to select their items fiom the saine windows across al1 trials than one might 

expect on the basis of chance aloney X' (2, N = 72) = 24.02. g < .O 1 (disregarding 

condition). 

Table t 8 

Number of Children Who Obtained O, 1. 3 or 3 Correct Trials on the Favourite Items Task in 

Emeriment 3 as a Function of Condition 

Num ber of Correct Trials 

Condit ion O 1 - 9 3 

Relevant Dimension O 

Relevant Cue 1 

No Cue 2 

Inelevant Dimension 2 

Irrelevant Cue 3 

Total 8 

?oRefer to Section 3 3 2 ,  again for an expianaîïon of how expected values were calculated for this test, 
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Nurnber o f  Children Who Seiected Two Items on Ali Trials of  the Favourite items Task in 

Exwriment 3 as a Function o f  Condition and o f  the Number of  Different Window Pairs That 

Thev Selected 

Numbet of  Window Pairs Sefected 

Condition One Two Threc 

Relevant Dimension 5 

Relevant Cue 7 

No Cue 4 

lrrelevant Dimension 3 

lrrelevant Cue 2 

Total 2 1 

4.3.3. Perfomunce on the Flexible Item SeIection T i k  

4.3.3.a. Prelimhary analyses. As in Expenment 2. to ensure that differences between 

conditions were not due to possible pre-existing age- or language-related differences between 

conditions. separate 5 x 2 (Condition x Sex) ANOVAs were conducted using children's age 

and PPVT-R raw scores as response measures. No condition or sex main effects. or 

intemetion between these were statistieédly significant fa either age or PPVT-R raw scores 

13.3. b. Muin anai'yses. To determine whether Selection 2 performance di ffered 

between conditions, a 5 x 2 (Condition x Sex) ANOVA on the mean nurnber of correct 

Selection 2 responses was carried ou t  As predicted, a main effect of condition was detected. 

F (9.80) = 5.17. MSE = 19.47. p < .O01 (see Figure 21), but no main effect or interaction - 

involving sex was detected. Pairwise cornparisons using Tukey's HSD tests were then 

conducted: Children in the relevant-dimension condition did better than those in the no-cue 
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Figure 2 1. Mean numben (and standard errors) of correct Selection 2 responses in Experiment 

3 as a titnction of condition (N = 90). 

and irrelevant-dimension conditions, @s < .OS), but they did not differ h m  children in the 

relevantîue condition @ > -10). The difference between children in the relevant-dimension 

condition and children in the irrelevantçue condition did not quite reach statistical 

significance (e < .07). despite a large effect size (d = 0.85). Similarly, the difference between 

children in the relevant-cue condition and those in the n w u e  condition did not quite reach 

statistical significant (p < .06), despite a large effect size (a = 1.04). Children in the relevant- 

cue condition did do significandy better than those in the irrelevant-dimension condition (g < 

-06 and g < .05, respectively). However, they did not differ statistically h m  children in the 



L.- TabkB 

Results of Pairwise Com~misons (including Tukev's HSD Tests and Effect-Size Analyses) on Selection 2 

Performance Between Each Condition in Exwn'ment 3 

Rel. Dim. ReI, Cue No Cue Irr. Dim. Irr. Cue 

Relevant Dimension 

(M= 11.50, ==4+37) 

HSD - 
Effect Size 

Relevant Cue 

(M = 10.67, = 4.56) 

HSD - 
Effect Size 

No Cue 

(M = 6.67. = 2.99) 

HSD - 
Effect Size 

lrrelevant Dimension 

(M = 6.39, SD = 4-59) 

HSD - 
Eff'ect Size 

lrrelevant Cue 

(M = 7.56. SD = 4.94) 

HSD - 
Effect Size 

irrelevant-cue condition @ > .IO). as had k e n  predicted. despite a moderate effect size (d = 

0.65). Table 20 summarizes the findings of these HSD pairwise cornparisons and also 

includes the corresponding eKect size value @) of each cornparison. 

4.3.3.c. Covariate analyses. in an attempt to mlliimize the vaxiability in the data in 

order to determine whether al1 pRdicted differences between conditions codd be detected, an 
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PPVT-R raw scores as a concomitant variable. The use of PPVT-R raw scores as a 

concomitant variable seemed appropriate given that the overall correlation between Selection 

1 performance and PPVT-R raw scores was hi&, 1 = -55, g < .O001 ." The analysis revealed 

that the covariate did account for a substantiai proportion of the variability in performance. 

(1.76) = 43.36. e < .O00 1. in addition, the anaiysis also reveaied a significant main effect of 

condition, E (4.76) = 6.94. MSE = 12.94, g < .O00 1 ." Painvise cornparisons using Tukey 

HSD tests on the adjusted rneans revealed that children in the relevant-dimension and 

relevant-cue conditions. w ho did not differ fiom eac h other @ > .1 O), performed signi ficant ly 

better than c hildren in the no-cue, irrelevant-dimension. and irrelevant-cue conditions (es < 

.OS), who in turn. did not differ fiom each other @s > -10: see Figure 22). 

4.3.3.d Respomc-pattern anabses. As in tht previous experirnents. Selection I 

responses were categorized into one of seven possible response categories. As shown in 

Table 2 1 the way in which children erred differed h m  the way in which 4-year-olds erred in 

previous experiments. That is, the predominant pattern of incorrect response for children in 

ail conditions except for children in the irrelevant-dimension condition were sarne-pair 

responses which were followed by wrong-pair responses. in c o n t a  children in the 

irrelevant-dimension condition erred most often by selecting ail items and then by selecting 

the same pair and the wrong pair (in that order). 

- 

"PPVT-R raw scores could not be used as  a covariate on Selection 2 analyses in Euperirnent 2 because. 

as one might predicî. PPVT-R raw scores interacteci with age group. 

?Vote that preliminary analyses were done to ensure that assumptions underlying the ANCOVA were 

met (e.g.+ no differences in the slopes of the tegression lines of each condition; Le, no interaction between 

condition and PPW-R raw scores). No problems were detected 
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Fieure 22. Adjusted means (and standard emrs )  of  correct Selmion 1 responses in 

Experiment 3 as a funnion of  condition (N = 82: adjusteci for PPW-R raw scons). 

4.3.3. e. T d  anafyses. As in Experiment 2, analyses were conducted to determine 

whether or not specific task variables (i.e., trial orden, trial blocks. dimensional preferences. 

relevantdimension pairs, and pivot-item piacements) affected performance. and more 

important. whether potential effects of these task variables differed for children in different 

conditions. A 5 x 2 x 6 (Condition x Sex x Triai Oder) ANOVA detected ody a condition 

main effect F (4.30) = 4.75, MSE = 20.23, p < .01. but no other main effect or interaction 
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Overall Percentages for Each Possible Selection 2 Response Cataor~ Across Children in 

ExDeriment 3 as a Function of Condition 

Response Categories 

Condition Correct Wmng Sarne All One Rem. No 

Pair Pair Pair Items Item Item Items 

Relevant Dimension 

Selection 2 76.7 5.9 11.9 O 5.6 O O 

Relevant Cue 

Selection2 71.1 10.0 18.9 O O O O 

No Cue 

Selection 2 44.4 19.6 28.5 5.9 0.4 1.1 O 

ltreievant Dimension 

Selection 2 42.6 10.7 14.1 22.6 5.6 4.4 O 

I rrelevant Cue 

Selection 2 50.4 19.3 23 .O 0 3.7 3.7 O 

- 

Note. "One Item" responses included "other one item" responses (see Section 2.3.2.b. for - 
definitions of  each response category). Each child within each condition contributed 15 

Selection 2 responses. 

were detected (ps > .IO).= Likewise (but unlike Experiment 2). a 5 x 2 x 3 (Condition x Sex 

x Triai Block) ANOVA with repeated masures on triai block revealed a significant main 

effect of condition. F (4.80) = 5.17, MSE = 6.49, e < .O0 1. but no main effect of sex or trial 

block, nor any interactions were evident @s > .IO). 

To detemiine whether on not children were more likely to succeed on Selection 2 

when they had the opportunity to select items accordhg to specific dimensions. a 5 x 2 x 3 

sThe result o f  the paipaicwise cornparisons for the condition main eff't are identical to those presented in 

Section 433.6. given that only Selection 2 respoc~ses were used for these analyses as well. 
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Dimension (i.e., the number of correct selections on the basis of colour. shape. and size) was 

carried out. Aside h m  the expected condition main effect, F (4.80) = 5.17. MSE = 6.49. e < 

.001, no other main e k t  or interactions were found, es > .IO. 

Finally. a 5 x 2 x 3 x 3 (Condition x Sex x Relevant-Dimension Pair x Pivot-Item 

Placement) ANOVA with repeated measures on both relevant-dimension pair and pivot-item 

placement was conducted. The condition main effect was again detected. F (4.80) = 5.17. 

MSE = 2.16. p < .O0 1. Unlike previous experiments. there was no main effect of relevant- - 

dimension pair. F (2. 160) = 1 .O 1, MSE = 0.2 1. g > .IO. and the main effect of pivot-item 

placement was only a trend toward statisticai significance. F (2, 160) = 2.99, MSE = 0.3 1. p < 

.06. No interactions between any of these variables were detected (es > .IO). Pairwise 

cornphsons for the main effect of pivot-item placement revealed that children perfomed 

better when the pivot-item appeared in the centre window (Window 2. M = 3.03. = 1.73). 

than when it appeared in the left window (Window 1. M = 2.83. = 1.78; e < -05) or in the 

right window (Window 3, M = 2.69, = 1.77. p < .O1 ), and these latter two placements did 

not differ h m  each other (p > -10). 

4.4. Discussion 

In Experiment 3. it was the experhenter who always selected items on Selection 1 in 

a predetemiined and counterbalanced manner, and 4yearslds were assessed on the FIST on 

'Wote that Selection 2 dimension as opposed to Selmion 1 dimension was used as a response measure 

in this expriment becaux the experimenter always (correcily) xlected items on Selection 1 in a 

counte~lanced fashion. Thecefore, chiidren's preferences for dimensions had to be assessecl using what was 

their first setection, 
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tfreirSekaiorr Z p e r f i h  o m o f f n r e m .  Exratt&om. bwever. the 

experimenter selected items on Selection 1 in a predetemiined manner. and characterized 

each of these selections in a particultir way depending on the condition in which children 

participated. Children who participated in the conditions in which the experimenter 

characterized her Selection 1 responses in t e m  of the relevant dimension (ic., the relevant- 

dimension and relevant-cue conditions) performed better on Selection 2 than children in the 

conditions in which the experimenter either provided no labels (Le.. the no-cue condition) or 

characterized her Selection 1 responses in ternis of the irrelevant dimension (Le.. the 

irrelevant-dimension and irrelevantcue conditions). These fmdings strengthen and extend the 

conclusions drawn fiom the previous experirnents in at least two ways. 

First. as described previously. by having the experimenter select items on Selection 1 

in a predetennined manner. it \cas possible to detemine whether Selection 3 responses 

provide a rneasure of abstraction dificulties for less prekmd dimensions or whether they 

provide a rneasure of cognitive flexibility. That is. because the experimenter selected items in 

a counterbalanced manner. the experimenter ought to have selected items on the basis of 

children's preferred dimension on about half of the trials and on the basis of children's less 

preferred dimension on the other haü: Oa the one hanci, if Selection 2 responses provide a 

measure of abstraction difficulties, then children ought to have been more likely to select 

items correctly on Selection 2 on those trials in which the experimenter selected items on the 

basis of their less preferred dimension on Selection 1 (because selecting items according to 

theu preferred dimension was still possible). Thus, their overail performance on Selection 2 

ought to have been better in Experiment 3 than that of the 4-year-olds in Experirnent 2. On 

the other hanci, if Selection 2 responses provide a meastue of cognitive flexibility (ir.. the 
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Experiment 3 ought to have been similar to the perfomance of4-yearsld who selected items 

themselves on Selection 1. Indeed, as predicted, the performance of 4-year-olds in 

Expenment 3 was very much like that of the 4-yemlds in the previous experiments. That is. 

even when the relative abstraction difliculty of each selection was controlled. 4yearslds in 

the no-cue, irrelevant-dimension. and irrelevant-cue conditions continued to exhi bit di ffïcul ty 

on Selection 2, supporthg the notion ihat Selection 2 responses do in fact provide an index of 

chiidren's ability to switch between dimensions and not their ability to detect Iess preferred 

dimensions. 

Second as predicted on the basis of previous labelling midies and fiom those of 

Experiment 2.4-year-olds who participated in the conditions in which they were told about 

rele~mt dimension performed better than those who were tuld nothhg or told about the 

irrelevant dimension. The effect of relevant labels on Selection 2 performance is more 

convincing in Experirnent 3 than in ExpeMient 2. In Experiment 3 the expenmenter selected 

items on Selection 1 and labelled the items in a systematic way and therefore. the labelling 

efFects cannot be attributed to differential Selection 1 performance arnong the groups. or to 

differential exposure to certain labels. 

Another aim of Experiment 3 was to determine whether or not the level at which 

dimensional information was labelled (Le., in terms of the dimensional term or in ternis of 

the cue) significantly af£ècted performance. It is clear h m  comparing the performance OF 

children in the reievant-dimension and relevant-cue conditions that this variable did not have 

any observable impact on the performance of children in either of these conditions. Yet. 

many theories posit in one way or another that representing specific exemplars within the 
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(Kendler, 1963; Smith, 1 9 8 9 ~  Vygotsky, 1934/1986; Werner, 1948; Zelazo & Frye. 1997). It 

stands to reason, then. that proponents of these theories should also predict performance 

differences on cognitive tasks that relate to the specific level at whicb items are labelled. That 

is, labelling items by using their dimensional terms instead of the componding cue terms 

should lead to better overall performance. On these accounts, the tinding in this experiment 

that the level at which the experimenter labetted items dimension did not affect performance 

is somewhat surprising, although Whitehill(1969) did obtain comparable results using 

labelling manipulations on the discrimination-shifl pmdigm (Le.. better performance in 

relevant-label conditions than in irrelevant-label conditions. but no differences with respect to 

whether general or specific labels were used within the two types of labelling conditions). 

md appem to go aggainst these accounts. 

However. the act of labelling may iw l f  prompt the usage of relevant existing 

concepnial structure. irrespective of the specific terms that are used. That is. if labels act by 

providing children with a means reprrsenting information abstractly (i.e.. representing 

information in relation to information contained within existing conceptual structures). then 

labelling a cue (or a dimension) should necessarily invoke the appropriate dimension itself. 

Within this theoreticai approach, using the cue or the dimensional term should not matter at 

this age because both should be suficiently linked that referring to one automatically 

conjures up the other (cf. Waxman & Gelman, 1986). Viewed in this way, then. it is l e s  

nuprising that the= were no were effects pertalliùlg to the level at which items were labelled. 

Moreover, the fmding in Experiment 2 that children in the irrelevant-label condition who 

produced the appropriate cue terms for each dimension on most of the triais also performed 
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Yet, there was one finding with respect to how children erred that suggested that 

labelling at the level of the dimension may have had somewhat of an impact on performance. 

That is. despite the lack of differences in overail performance between children in the 

irrelevant-eue and irrelevant-dimension conditions, those in the latter condition tended to err 

by selecting al1 three items, whereas those in the irrelevant-cue condition tended to err by 

selecting the wrong or the sarne pair (as did chiIdren in the other t h e  conditions). Perhaps 

labelling at the level of the dimension made it especidly diffcult to ignore the irrelevant 

dimension. leading some children to experience some dificulty in resisting the tendency to 

select al1 three items. Clearly. more work needs to be conduct to explore further the impact of 

dimensional and cue terms on performance on cognitive tasks. 



CHAPTER V 

GENERAL DISCUSSION 

LANGUAGE, ABSTRACTION, AND 

COGNITIVE FLEXIBILITY 

Several interesting findings emerged across the three experiments. In an attempt to 

make sense of them. the plan of the cunent chapter is fim to provide an overview of the 

findings. and then to consider them in light of existing explmations that have k e n  proposed 

to account for labelhg effects. I thea use an existing theoretical account proposed by Werner 

to explain the age- and labelling-rdated changes observed on the Fm. Tn a subsequent 

section. I discuss some of the limitations of the current study and propose some avenues for 

fiinire research. Finally, 1 conclude the chapter by briefly discussing how the resul ts relate to 

other existing data 

5-1, Fmdings 

In this section- the hdings of the three experiments are rwiewed. Age-related 
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chrmges hperkmme found ir, Experiments- C &2 are ~ v i e w e d  fia, fdbweé by a 

review of the results of the response-pattern analyses. I then discuss the findings of the tas k- 

related analyses to detemine if any task-related variables mitigated any of the age- or 

labelling-related e ffects. Once these more mundane aspects O l the data are discussed. the 

labelling effects are then reviewed in some detail immediately before 1 undertake the task of 

attempting to explain them. 

S. 1 l. Age-Relateâ Changes 

Expenrnents 1 and 2 assessed performance on slightiy different versions of the FIST 

in diflerent age groups. In Experiment 1, children between the ages of 2 and 5 years were 

tested and in Experiment 2. the sample was restricted to children between 3 to 5 years of age. 

The findings across the two expenments with respect to age-related change were sirnilar in 

some respects. but diKered in others. 

More speci fically, although 3-yearslds in both experiments performed consistently 

poorly on Selection I relative to their older counterparts. the 3-year-olds in Experiment 2 did 

somewhat more poorly on Selection 1 (correct responses ranged fiom 60% to 69% across 

conditions: see Table 8) than those in Experiment 1 (80% correct responses: see Table 2). 

This difference in overall success rate likely resuited fiom the fact that aII 3-year-olds were 

included in the analyses in Experiment 2, whereas about one fifth of 3-yearslds in 

Experiment 1 did not even receive the RST because of their poor performance on the criterial 

trials. Had these children aiso received the FIST in Experiment 1, then they presumably 

would have performed more poorly on Selection 1 than those who did weil on the criterial 

triais. Indeed, the most common error on Selection I for 3-yearsIds in Experiment 2 

consisted of ~sponses in which children selected more or fewer than two items. suggesting 
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contrast? the most common error on Selection 1 for 3-year-olds in Experiment 1 was to select 

the wrong pair; few emn on Selection 1 in that expriment resulted fiom selecting more or 

fewer than two items. These findings, then, indicate that the inclusion of cntenal &rials in 

Experiment 1 was useful in differentiating between 3-yeat-olds who understood instructions 

and those who did not. Because criterial trials were not administered in Experiment 2. some 

3-year-olds who did not understand the instructions were likely included in the analyses. This 

may have Ied to the overall decrease in 3-year-olds' Selection 1 performance in Experiment 2 

compared to those in Expenment 1. 

On the contrary, the exclusion of the criterial triais appears to have been instrumental 

in clariQing the interpretation of Seiection 2 performance of 4- and 5-year-olds. Unlike 3- 

yearolds. the Selection I perfomce of 4- and 5-yeati>lds in dl conditions in Evperiment 2 

was similar to that of 4- and 5-yearslds in Expenment 1. However. 4- and 5-year-olds in 

Expenment 2 did better overall on Selection 2 than their respective counterparts in 

Experiment 1, despite the fact that 5-year-olds in Experiment 3 still outperfonned 4-year-olds 

in the no-label and irrelevant-label conditions. The improved performance of 4- and 5-year- 

olds in Experiment 2 on Selection 2 likely occurred because of differences in the strategies 

that children used in the two experirnents to select items when they did not know how items 

ought to match. That is. if children who are unable to determine precisely which items go 

together on Selection 2 simply limited their responses to selecting only two items. then they 

should be more likely to select items correctly on the b a i s  of chance alone than children who 

do not use this kind of blind strategy to restrict theu manner of reqmnding. As a r e s u l t  

children who use a two-item-ody sûategy for responding should perfom bener overall than 
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The evidence indicates that the use of such a strategy may explain why the 4- and 5-year-olds 

in Experiment 2 performed somewhat better overall on Selection 2 than the 4- and 5-year- 

olds in the previous experiment. That is. when 4- and 5-year-olds in Experiment 2 emd on 

Selection 2. they usually selected two items; whereas when 4- and 5-year-olds in Experiment 

1 emd on Selection 2, they tended to do so by selecting the remaining item alone. although 

children occasionaily erred by seIecting the wrong or sarne pair. 

Why would children in Experiment 2 have been more likely to limit their responses to 

selecting only two items than those in Experirnent I?  One important difference between the 

two experiments concerns the fact that in Experiment 2. before the presentation of the test 

trials. a demonstration and practice trials (with feedback) were presented that included trial 

sets that were identical to the trial sets w d  in the task p p e r  (i.c.. ttvee items consisting of 

two pairs of nonidentical matching items), and therefore, they were specifically trained to 

limit their responses to two items only. As a cesult. children in Experiment 2 who were 

unable to detect a second dimension dong which two items matched on Selection 2 may have 

at least understood from these prelirninary trials that they were always expected to select 

pairs of items on each selection in contrast, in Experiment 1. the demonstration trial was 

identicai in form to the criterial trials (i.e.. four items consisting of two pain of identical 

matching items). Moreover, children never received practice trials, and as a resdt, they never 

ceceiveci feedback on any of their responses. Consequently, because children in Experiment 1 

never received any direct training on the FIST in how to lirnît the possible ways in which they 

couid respood, children who did not know how to respond correctly on Selecrion 2 had a 

wider range of possible response options at their disposal (i.e., selecting zero. one. two, or 
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three items). Iiidee& the fact that the major@ oferrors tliat chiTdren made in ExperLment ï 

were rernaining-card responses instead of two-item responses supports this claim. 

It is not surpnsing, then, that the overall nurnber of correct Selection 2 responses was 

higher in Expriment 2 than it was in Experiment 1. However, this impmvement does not 

appear to have been accompanied by an actual increase in 4-yearslds' tendency to be 

flexible. In fact, in Experiment 1, the mean number of correct Selection 2 responses that 4- 

year-olds obtained was approximately 64% of that of 5-year-olds (the means of 4- and 5-year- 

olds in Expenment I on Selection 2 were 3.79 and 5.94, respectively). Likewise. the mean 

number of correct Selection 2 responses that 4-year-olds in the no-label condition in 

Experiment 2-the condition ihat best matched the one presented in Experiment hbtained 

was only 62% (the rneans of 4- and 5-yea~lds  in the no-label condition on Selection 2 were 

8.58 and 13.75, respectiveiy). 

Se 1-2. Response Patlerns 

Although the overall age-related findings were similar across expenments. the way in 

which children-specifically. 4-year-olds-tended to err on Selection 2 varied widely across 

experiments. For example. in Experirnent 1.4-year-olds tended to e n  by selecting the item 

that they had not selected on Selection 1; in Expenment 2, they tended to err by selecting the 

wrong paÏr; in Experiment 3, they tended to err by selecting the same pair that the 

experimenter selected on Selection 1 (although wrong-pair errors were also fiequent ).> 

As discussed in earlier sections, 4-year-olds' tendency to err by selecting the 

rernaining item in Experiment 1 and to err by selecting the wrong pair in Experiment 2 may 

"Children in the irrelevant-dimension condition are a notable exception: they behaved differently in 

thar they tended to seleci al1 three items when they e d .  See Section 4.4. for a discussion of this fnding. 
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have b e n  chre tu the hchtsimr ofcr i te r ia ) t rhkhche-€onnet~d  the inelusionof 

practice trials in the latter case. That is, on the one han& the inclusion of criterial trials at the 

beginning of the testing session in Experhent 1 rnay have inadvertently led children to 

assume that each item (card) ought to be selected ody once. On the other hand, as discussed 

in the previous sectioh the inclusion of practice trials in Expriment 2 might also have 

increased 4-year-olds' tendency to Iirnit their responses to selecting two (and only) items. In 

con- the tendency of 4-year-olds in Experiment 3 to err by selecting the m e  pair almost 

as often as the wrong pair may have been due to the tendency of some children to repeat the 

experimenter's choices in the face of uncertainty. 

The bottom line. though, is that the modifications intmduced in the administering of 

the FIST across the different experiments (e.g., inclusion of criterial trials vs. practice trials. 

child vs. cxperiment selected items on Selection 1) appear to have had some effect on hnw 

children manifested their tendency to experience dificulty on Selection 2 (e.g.. selecting the 

remaining item sarne pair, vs. wrong pair). More important, however. is that these 

modifications did not seem to affect whether children experienced dificulty per se. It 

appears, then, that the finding regardhg 4-year-olds' dificulty with the cognitive flexibility 

component of the FiST is not only relatively robust, but also not simply the result of the 

specific way in which the task was administered. 

5.1.3. Effects cf Tm&-Related Viables 

Several task-related variables were examined in each experirnent to determine 

whether any of these contributed signiscantly to c h i l h ' s  performance on the FIST. More 

important, the analyses were conducted to ensure that the age- and condition-related 

Merences were not mitigated by differentid effects of specific task-related variables across 
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that involved task-related variables. Several points are worth noting about these effects. First. 

as one might hope. no effects related to the order in which the trial sets were presented were 

detected. In addition no efTects of trial blocks were detected except for Experiment 2. The 

trial-block effect in Experiment 2 was due to the fact that 3- and 4-year-olds did woae on 

later trials than on earlier trials. However, even though fatigue appears to have played a small 

rote in influencing the performance of the younger children. fatigue on its own cannot 

account for al1 age-related changes in performance seen on the task because age-related 

difference were detected on al1 blocks (Le., if fatigue alone accounted for the age-reiated 

changes in performance, differences between age groups would have been detected only on 

later blocks; refer to Figure 15 again). Furthermore, the finding that performance deteriorated 

instead of improuing over nids suggests that practice and leaming did not contribute 

significantly to performance on this task or to the age- and condition-related differences that 

were found. 

Second. relevant dimensions and the paVings of these relevant dimensions appear to 

have had an influence on children's performance in Experiments I and 2. but not in 

Expriment 3. For example. in both Experiments 1 and 2. children selected items more ofien 

on the basis of colour and shape first than on the basis of size (and number in Experiment 1) 

on Selection 1. Likewise, in both of these exgmiments, children did betier on trials in which 

colour and size or colour and shape were relevant than on trials in which shape and size were 

devant  (pairings involving number in Experiment 1 were intemiediate in dificulty: see 

Table 3). 
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Com~a~son Across Ex~riments o f  Significant Main Effects and interactions Involvine Task-Related Variables 

on Performance on the Flexible Item Seiection Task 

Task-Related Variab les 

- 

Experiment Trial Order9 Trial BloekP Dimensional Relevant Pivot-Item 

Preferencesc Dimension Pairs Placementsd 

Experiment I 

Main Effects - 

tnteractions' - 

Exwn'rnent 2 

Main Effects 

Interactions 

Exmriment 3 

Main Effécts 

Interactions 

n-S. shp > col > see Table 3 CardZ>(I = 3 )  

num > s i 2  for ordering 

ns. Blk 1 > (2 = 3) 

ns. Age Group x 

BIock 

ns. n.s. 

ns. ns. 

n-S. Age Group x 

Placement 

Age Group x 

Sex x Placement 

(col = shp) > siz (col-shp = col-siz) Win. 2 > ( I = 3) 

> shp-siz 

Sex x Dimension n.s. Sex x Placement 

Age Group x Condition 

x Sex x Dimension 

n.s. ns. Win. 2 >  ( 1  = 3 )  

ns. ns. ns. 

The mals were presented in the same order for al1 participano in the version o f  the FlST used in Experiment 1. 

and therefore, no analyses were çunducted on a trial-order variable in that experiment (in contrast. there were six 

possible presentation orders o f  trial sets in the cornputeriad version wd in subsequent experiments). 

bIn the version of  the FIST used in Experiment 1, there were two trial blocks of  six trials each, whereas in the 
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3 and on 'Dimensional preferences were a d  on Selection 1 nsponses for children in Experiments I and -. 
Seleetion 2 rrsponses for children in Experiment 3 because the experimenter seiected items for Selection 1 in 

this last experiment (and thercfore. in Experiment 3. dimensional preference was synonymous with overall 

dificulty of each type of trial set). 

dCards (Cards 1,2, or 3) instead of windows (Windows 1,2, and 3) were used to denote the possible placements 

of the pivot item in Experiment 1. 

*Four dimensions (colour. shape. size. and number) were varieci in the version of the FlST w d  in Experiment 1. 

whereas only t h m  of thae (colour, shape, and ske)  were varied in the computerized version used in subsequent 

experiments. 

'Sec text in relevant sections for a description of each ofthe two-way interactions; no attempt was made in the 

text to interprct the t h m  and four-way interactions noted in the table. 

Two notable difierences exist between Experiments 1 and 2, and Experiment 3 that 

might explain the presence of these relevant-dimension effects in the first set of expenments 

but not in the latter ones. First, Experiments 1 and 2 differed h m  the other expenments in 

terms of who selected items on Selection 1 : in Experiments 1 and 2. chiidren seiected items 

themselves on both selections; whereas in Experiment 3, the expenmenter selected items on 

Selection 1 in a counterbalanced manner and children only selected items on Selection 2. 

Because it was the experimenter who selected items on Selection 1 in Experiment 3. it was 

only possible to detect children's preferences for specific dimensions in these experiments if 

these preferences translated into an hcrease in difficulty in selecting items according to l e s  

preferred dimensions. That is, because the experimenter selected items on Selection 1 in 

Experiment 3 in predetecmined manner, on Selection 2 children had no other options but to 

select items on the basis of the remaining relevant dimension or to err. As discussed in 

Experiment 3. there is no evidence that children have more difficulty abstracting less 

p r e f e d  dimensions. Therefore, it is not surprishg then that no dimensional preferences 

were detected for children in these experiments. 



InExpe&nent 3. d i k e  thepr&viousexperimen& childrendid mt have more 

difficuity on trials in which shape and size were relevant dimensions than on trials in which 

relevant dimensional pairings were used(e.g., colour and size). However, it is not 

b e d i a t e l y  O bvious how the fact that it was the experimenter. and not children. who 

selected items on Selection 1 in Experiment 3 might explain this failure to find significant 

differences between relevant dimension pairs in Experiment 3. Perhaps it is the other 

difference that exists between the tnst two experirnents and the last experiment that explains 

this difference. In Experiments 1 and 2,3-, 4, and 5-year-olds were assessed on the FIST. but 

only 4-year-olds were tested in the third experiment. Perhaps it is the youngest children who 

contributed most to these dimension-related effects and because the means of older children 

were in the same directions. interactions were not evident by conventional statistical 

significance levels. Consistent with this account the means for both Selection 1 dimensions 

and for relevant-dimension pairings of the 4-year-olds in Experiment 3 are in the sarne 

direction as  that of children in previous experiments despite not reaching statistical 

signi ficance. 

Finally. in al1 experiments, children were significantly more likely to succeed on trials 

in which the pivot item was located h the centre position than when it was tocated in the heeR 

or rîght position, and this was especially tnie for younger children in Expriment 1 (but not 

for younger children in Experiment 2). Perhaps it was easier for children to notice similarities 

between two items when these matching items were adjacent to each other than when they 

were separated by another item. This exphnation might account for chilcirenos improved 

performance on bals in which the pivot item appeared in the centre position, because only on 

such trials did the pivot item happen to be adjacent to boui of the other items with which it 
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neede&t&% rnatehed. WkeR the p h €  item \uas~ocitted-kL either: the le& or ngbt position, it 

necessarily was adjacent to only one of its matching items. 

5.1.4. Labeing Effects 

The pnrnary motivation for the latter two experiments in this series was to attempt to 

determine the kinds of cognitive processes that might be critical for successful performance 

on this task and how these processes might relate to each other. In patticular, the 

experiments were designed to assess whether or not language contributes to the expression of 

flexible thought. As predicted in al1 experiments, language development (as assessed with 

the PPVT-R a standardized measure of meptive language development) related signiticantly 

and consistently with Selection 2 performance. Admittedly. however, despite the fact that this 

relation is at Ieast consistent with the hypothesis that language development plays a role in 

the natural development of cognitive flexibility in preschoolers. the causal nature of this 

relation cannot be adhssed with correlational techniques. Instead. to do so. labelling 

manipulations were also introduced in these experiments to examine whether language can be 

causally linked to the emergence of flexible thought in preschoolers. The findings with 

respect to these manipulations demonstrate clearly that language can contribute markedly to 

children's tendency to demonstrate flexible tiCnkriig, aithough the contexts in which rhese 

labelling manipulations actually assisted performance were somewhat consuained. 

In other words, there appeared to be relatively well-defined lirnits in the extent to 

which labels were capable of inducing better Selection 2 performance on the FET. First. as 

mentioned previously, labels only had a noticeable impact on the performance of éyearslds: 

3- and 5-year-olds seemed unaffected on theu Selection 2 performance by king asked to 

label items on Seledon 1. The failme to h d  dernonstrable efTects of labelling on the 



at the outset, and to the h a d y  near-ceilhg performance of the latter. Second. compared to 

the performance of children in the various no-label conditions, 4-year-olds exposed to 

irrelevant labels or asked about the inelevant dimension did not show any observable 

improvement in their Selection 2 performance. It was not sufficienf then. for 4-year-olds 

simply to be exposed to labels for their performance to improve. they had to be exposed to 

particular kinds of labels (see Table 23). 

Table 23 

Cornriarison o f  Selection 2 Means and Standard Deviations of 4-year-olds in Ex~eriments 2 

and 3 as a Function of Exileriment and Condition 

Experiment and Condition - M - SD 

-- - 

Exwriment 2 

Relevant Label Q= 12) 

No Label @ = 12) 

lrrelevant Label (n = 12) 

Exwriment 3 

Relevant Dimension @ = 18) 

Relevant Cue (g = 18) 

No C u e b  = 18) 

Irrelevant Dimension (n = 1 8) 

IrreIevant Cue @ = 18) 

Note that the mean Selection 2 responses of  4-year-olds' in Experiment I 

are not included because the version of task presented in Experiment 1 was 

different h m  the version presented in Experiments 2 and 3. 

Specifically, in Experiment 2,4-yearolds who were asked to label the dimension by 

which they selected items on Selection 1 did significantly better on Selection 2 than children 
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dimension). Moreover, 4-year-olds improved on Selection 2 whether they generated these 

devant labels themselves (Experiment 2)- or whether these relevant labels were provided by 

the experimenter (Experiment 3). and relevant labels on Selection 1 helped Selection 2 

performance irrespective of whether the experimenter labelled the relevant dimension by its 

dimensional term (e.g.. g - ~ ~ l ~ U r " ) ,  or by its cue (Experiment 3). Furthemore. detailed 

analyses of the actuai labels that childrea pmvided in Experiment 2 indicated that the 

children who were most accunite in identifjhg the relevant dimension on Selection I also 

did better on Selection 2 than those who were Iess accurate. Therefore, it did not seem to 

suffice for children to sirnply be in the relevant-label condition for them to do well. Rather. it 

appears that they actually needed to produce (or be exposed to) accurate relevant labels in 

crder to benefit h m  participahg in this type of condition. 

Despite the fact that children in the various irrelevant-label conditions did not profit 

fkom paticipating in these conditions like children in the relevant-label conditions. children 

who tended to label the irrelevant dimension accurately on Selection 1 did better overail on 

Selection 2 (but not on Selection 1) than those who were incorrect more often. This finding 

suggests that children who have well-formed notions of how cues exist within specific 

dimensions are more flexible in their thinking than those who have poorly organized 

dimensionai knowledge. 

In a related vein. children who labelled spontaneously in the preliminary triais also 

outperformed those who did not on Selection 2 (and on Selection 1). Moreover. 5-year-olds 

were more likely to Iabei spontawously in these preümuiary triais than either 3- and 4-year- 

olds who did not differ h m  each 0 t h  (see Table 9 again). This hding is consistent with 
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spontaneously label the relevant dimension when selecting items on Selection 1 (and 

presumably. on Selection 2). The additional hding that both 4- and 5-yearslds were 

somewhat more likely to label the relevant and irrelevant dimensions accurately than 3-year- 

olds also supports the hypothesis that despite not doing so spontaneously, 4-yearslds could 

be induced to produce accurate labels (refer to Tables 10 and 13 again). 

53. Existing Explanations of Labeiling-Related Effects 

On the basis of the specific pattern of success and failure that 4-year-olds exhibited in 

the different labelling conditions in this series of experiments. some possible explanations of 

labelling efTects can be easily rejected as explanations for 4-year-olds' Selection 2 

impravements on the FIST. Fw several authors have argued that labelhg eKects on 

different tasks occur because they serve only to help direct children's attention toward 

important information about stimuli, helping them both to notice relevant information and to 

disregard irrelevant information (cf. Gibson 1969; House, 1989). Perhaps a simple selective- 

attention explanation of labelling effects rnight account for findings on other tasks (e.g.. 

Roberts & Jacob, 1991)- but this kind of explanation cannot adequately account for the 

labelling effects seen on the RST, in part because labelling effects were not measured on 

same selections on which labels were provided or elicited In other words. if oniy attention- 

directing properties of labels were operating on the FIST, then one rnight expect that they 

would function oniy in directing children's attention to dimensions that were relevant on 

given selections, and not by having their effects extend to performance on other selections. 

cequiring attention to different dimensions. hprovements on Selection 2 were m e a s u d  as a 
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manipulations on Selection 2.26 

in a related vein, Luria (1 96 1 ; see aiso Tikhomirov, 1978) argued that in some 

instances, IabeIs might only indirecdy help performance on certain tasks such as Gc-no-Go 

tasks by affecting children's response rate. Specifically, labels may exeri their influence by 

simply forcing children to slow d o m  their response rate, thereby reducing their overall 

tendency to e n  on tasks on which they may be apt to respond too quickly. However. on this 

account. any labels should be equally effective in slowing d o m  responses. Obviously. the 

fact that the specific labels that children were asked to produce or that the experimenter 

provided on the FIST were differentially effective in helping 4-year-olds' performance argues 

strongly against this kind of nonspecific explanat ion of labelling effects. 

A difEierent group of explmations for labelhg eEects focus on the linguistic code that 

is actually generated as a result of labelling, rather than focussing on nonspecific or indirect 

effects of labelling. These kinds of verbal-mediation accounts share in cornmon the 

assurnptions (a) that to mediate verbally means to represent information abstnictly using a 

linguistic (or verbal) reprexntation, and (b) that the result of using this kind of linguistic 

representation to control behaviour (ùistead of, or in addition to, using a perceptually denved 

representation) can Iead to qualitative changes in behaviour, in general, and in performance 

on select cognitive tas& in particular (e-g., Cantor & Spiker, 1976; Dusek. 1978; Furth & 

Milgram, 1973; Kendler, 1963; Ekmack. 1 984; Vygotsky, 19341 1986,1978; Werner. 1 948: 

-- -- 

"In Experîrnent 2. children were asked to iabet on Selection 2 as wetl but they were asked to do so only 

after they had selected items on that seleetion, and furthemore, their Selection 2 performance was not assessed 

in terms of these particular labels. 
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Whorf, 1956). Gmerdly, p r o p o n e n ( ~ o f v ~ ~ ~ ~ a c e ~ t t n t s  agree ihat experimencalky 

invoked or spontaneously generated labels should in some way permit or facilitate the 

generation of linguistic representations. However, specific verbal-mediation accounts difier 

widely in how they explain the precise nature of the link between linguistically derived 

representations and behaviour. Yet, despite large differences in interpretations, specific 

verbal-mediation accounts cm be differentiated into three broad types that can be identified 

as muItipIe-codes, linguistic-code, and linguistic-and-infomiativeîode explanations. 

specifically. 

First, labels may affect behaviour because they either permit or facilitate the 

generation of a second representation (which only happens to be linguistic) in addition to the 

perceptually derived representation, thereby ailowing information to be held in multiple ways 

simultaneously. The net effect of holding multiple representations of information 

simultaneously in itself has consequences for behaviour. Proponents of this kind of 

explmation do not believe that behaviour is affected by labels because labels allow 

idonnation to be coded into one particula. kind of representation or another. Instead. labels 

affect behaviour simply because they allow idormation to be coded twice (e.g.. Cantor & 

Spiker, 1976; KamiiloffSrnith, 1984; Kobayashi & Cantor, 1974: Kunen & Duncan. 1983: 

Paivio. 1969). That is, when children are provided with labels. they not only have this 

linguistic code at their disposai, but they dso have the original perceptual code. Perhaps 

having two representatious of specific information influences cognition and behaviour 

dîfEerentIy than k i n g  only one. There are at least two reasons why having two separate 

~presentations might give children the opporhinity to process information more effectively: 

Perhaps having information coded into two separate representations increases the odds that 
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ehildrwi wiN use thai Sopm8tion because ùley heve - chancesof reieining ie  in as 

least one of the codes, or perhaps having two codes perse permits children to process and use 

information more effectively (cf. Paivio, 1969). That is, on the one hand. the simple fact that 

the information is represented twice might make children (or adults) more likely to retain it. 

allowing them to process and use it to govem their behaviour. On the other hand. two 

representations considered in combination might make children better able to use the 

information more effectively (e.g.. Cantor & Spiker, t 976; Kobayaski & Cantor. 1974). For 

example. Cantor and Spiker argued that as a result of using spontaneous or elicited relevant 

labels on the discrimination-shift leaming task, chiidren effectively have access to two 

identicai. yet separately coded relevant dimensions. thereby strengthening their tendency to 

act on the basis of that dimension. 

Within this frarnework. then, there is nothing particular about the linguistic 

representation itself that is useful for behaviour except For the simple fact that labels permit 

one kind of representation to exist alongside another kind representation. However. this kind 

of explanation is unlikely to account for why certain labels affected performance on the FIST 

because according to this account, improvements should be comparable across al1 label 

conditions for the same reasons as in the case of a sro~ng-downsFresponse explanation. 

That is, ail kinds of labels should be equally effective in generating a second linguistic code. 

However. the fact that only relevant labels affected performance on the FIST argues against a 

simple rnultiple-code account. 

Alternatively, a second class of verbal-mediation accounts emphasize the specific 

features of the repfesentatiod format that is generated by labels. That is. rather than 

stipulatiog a need for multiple codes, proponents of this kind of verbal-mediation explanation 
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agrrerimt chereis somatring ~ a ~ d i e ~ e O d e i t s e t f  h t  1eaQ to b e l m k r n k  

changes. In fact, most well-known verbal-mediation accounts fail within this broad category 

(e.g., Kendler. 1963; Premack, 1984; Vygotsky, 19341 1986, 1 978: Whorf. 1 956). On these 

accounts, labels have an effect on performance because they facilitate or permit information 

to be coded in an abstnict linguistic format, and conceptualking information in this kind of 

representational format, in turn, permits the use ofdifferent cognitive processes. which cm 

lead to different behaviourai responses. However, as in the case of multipleîodes 

expfanations, if al1 that labels accomplish is to induce children to represent information in an 

abstract linguistic code, then ail labels should be equally effective in improving performance. 

but labels were not al1 equally effiictive in improving Selection 2 performance on the FIST. 

Hence, this kind of linguistictode verbal-mediation accotmt, on its own. does not adequately 

explain performance on the FIST. Either representing information in an abstract linguistic 

code does not relate to performance on the FIST. or it is a necessary but not a suficient 

condition for influencing performance. 

According to proponents of a third type of verbal-rnediation account. it is not only 

important that information be represented in an abstract linguistic code for it to influence 

cognition and behaviour. but the specific information that gets represented also needs to be 

considered (e-g.. D w k  1978; Furth & Milgram 1973; Kendler Br Kendler, 196 1 ; Luria 

1959; Wheeler & D w k ,  1973)? In other words, certain labels may help performance 

=The fàct that I gmuped popular verbalmediation accounts, such as Kendler's ( 1963). Vygotsky's. 

( l 9 W I  986, 1978); Whorf's ( 1956) into the previous category (Le, as linguistic-code expIanations) is not 

intendeci to suggest in any way that proponents of these accounts necessarily considered that the specific 

information that is represented is unimportant, only that they tended to emphasize the general effects of 

representing information linguisticaliy. 
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other labels do not help because they convey irrelevant or useless information. For example. 

on the basis of their data on labelling effects on memory and clustering, Furth and Milgram 

(1973) argued that labelling not only has an effect on directing the children's attention to 

specific information. but it also allows them to discover and use surreptitiously introduced 

categoncal structure of material. Similarly, Dusek ( 1978) argued that specific labels not only 

hetp direct attention to relevant idormation (while also directing it away from irrelevant 

information), but labels also have important encoding functions. 

On the basis of the theoreticai Fraaework that 1 presented in the introduction on the 

role of abstraction in cognitive flexibility and on the bais of the findings in the current 

experiments, 1 propose a verbal-mediation explanation that takes into consideration the actual 

information that is represented (Le.. a lin@dc-and-uifomative-code explanation) to 

account for both the develoomental changes observed on the FIST. on the one hand. and the 

labelline;-related effects observed in certain conditions, on the other. In the next section, I will 

outline this account. 

5.3. Expianation of Current Findings 

So far, Iittle has been said about the notion of abstraction except that (a) it was 

defined as a cognitive process that isolates and extracts information h m  the environment. 

and (b) it was a pmcess that was essential for children to do well on Selection 1. However. in 

the introduction, I aiso made the apparently connadictory daims that Selection i responses 

measured abstraction, but that labels wodd affect Selection 2 performance, the cognitive- 

flexibiiity measure, because language carries information abstractiy. At this point, it becomes 



134 

neressry to daborateon cfienahof&bs-*d, using Weme~'s6 1948) distinctioh it 

appears to be necessary to differentiate between at least two qualitatively different levels of 

abstraction: One Ievel at which information is sirnply detected and extracted fiom the 

stimulus information-a kind of selective-attention proces-and a second level at which 

stimulus information is not only detected, but it is actually identified by means of an arbitrary 

symbolic tag that contexnializes it within a system of concepts. Wemer referred to these NO 

levels of abstract as primitive anci cate~orial abstraction, each of which cm be disthguished 

by key characteristics that either lirnit (in the former case) or permit (in the latter case) the 

expression of specific kinds of cognitive processes and cognitions (see Table 24 for a 

summary of these characteristics). 

Wemer (1 948) defined primitive abstractions as instances in which information is 

extracta! h m  a perceptual array (hence, the justification for the use o f  the term 

'babstraction"), but these kinds of abstractions remain closely bound to the perceptud 

information fiom which they are generated. in a paradoxical sense, then, primitive 

abstractions are concrete kinds of abstractions. By continuing to be bound to perceptual 

information, a primitive abstraction "brings forth qualities which do not stand out in 

isoiation. but suffuse and domhate the totality" (Werner, 1948. p. 237). Therefore, despite 

the fact that it is possible to cespond on the bangs of one specific aspect of an object and aiso 

to group objects according to this same aspect, the= is linle cognitive control or choice over 

the pdcular aspect that gets isolated, and objects are puped  on the basis of only one 



Key Characteristics o f  the Two Hvwthesized Levels of Abstraction 

Level of Abstraction 

Characteristic Primitive Abstraction 

(" Detecrion "7 
Categorial Abstraction 

( " ldent~jica~ion ") 

Cognitive Processes 

Likely to be a kind of  selective-attention tikely to be a linguistially mediated 

Relation to Other Information 

Abstracted information is bound Abstracted information is considered in 

to information available in the relation to information contained within 

immediate perceptual environment. existing conceptual knowledge 

smctures. 

Control o f  Information 

There is no deliberate choice in the Information tu be absüacted is chosen 

information to which the individual deliberately by the individuai, 

attends. 

Associated Matchine Abilities 

Match items on overal1 similarity or Match items in diRerent ways on 

on one salient but undifferentiated diffetent dimensions (i.e.. flexible 

quality ( i.e.. w hatever dimensional matching). 

value captures mention or dominates 

the whole: one-track abstractions). 

Exwcted Performance on FlST 

Success on Selection 1 only. Success on both SeIection 1 2. 



abstractions. Not only is there no control over the particular gmuping that is formed. but 

Wemer also argues that individuals who fom groupings in this way cannot identiQ precisely 

the dimension by which they do so. In other words, this nidimentas. fom of abstraction acts 

like a selective-attention process. Remarkably, Wemer even posited that primitive 

abstractions predominate up to the age of four years. 

Like primitive abstractions, in categorid abstractions, information is also extracted 

h m  the perceptual array. However, a categorial abstraction is not bound by the perceptual 

information h m  which it is constructed. Instead, it is considered in relation to information 

organized within existing conceptual knowledge structures. ïhat is. Wemer ( 1 948) contends 

that in categonal abstraction, "the quality (e.g., a color) common to al1 the elements involved 

is deîiberately detache6mentally isotated, as it were-ûrid the elements themselves appear 

only as visible exemplifications of the common qudity" (p. 243). Because abstraction is 

determined by the deliberate selection of dimensions (not their perceptually available 

exemplars), a direct result of forming categorial abstractions is that, unlike goone-hack 

primitive abstractions, there is choice in the kind of information that is focussed upon. 

s~Iternatively, it is possible that in primitive abstractions, individuais do not match similar items on 

the bais of one specific dominating aspect of a stimulus, but insteacl they respond on the basis of overall 

rimiIarity calculated as  a sum total across al1 aspects (6; Evans & Smith. 1988: Smith, 1989% 1989b, 1993). 

However, it rnay be difficult to distinguish between these two possibilities on some tasks including the FlST 

because they are Iikely to lead to simi1ar response patterns, For exampie. if shown a tittle yellow teapot, a littte 

blue teapot, and a medium blue teapot on the FIST (see Figure 6), children who succeed onty on Selection 1 

mi@ be able to seiect the two little ones either (a) because s i x  dominates or (b) because these two items are 

more similar to each other than the liale yellow teapot and medium bfue teapot due to the fact thaî the two litîle 

ones are identical on two of the three dimensions, whereas the items in the other pair are identicai on only one of 

the three dimension (Le., shape). 
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Ee~umabfy, then, ùidividoais wtro are abkto s e k t  ckfihmtetp- the dimension a whieit they 

wish to attend should also be able to switch flexibly between attending to one or another 

dimension. 

in shon Werner's notion of categorial abstraction, then. is similar to the general 

definition of abstraction presented earlier in the Introduction in that in categorial abstraction. 

information is both extracted fiom the environment considered within a system of 

concepts. Of particular interest to the approach adopted in the c m n t  paper. Werner aiso 

argued that the transition between primitive and categorial occurred as a result of the advent 

of language. Specifically, he proposed that "It is by means of representation thmugh 

language and through the naming process that the human mentality reaches the level of 

abstract concepto' (p. 254). 

With this basic distinction benveen primitive and categorial abstraction in mind. it 

becomes easier to reconcile the findings of the current experiments: particular. those 

pertaining to the discrepancy between performance on Selection 1 and performance on 

Selection 2. More specifically, by distinguishing between these two levels of abstraction. it is 

possible to attribute one kind of abstraction ability for succeeding on Selection 1. and another 

kind that pennits success on both kinds of selections. The ability to fom primitive 

abstractions cm account for 4-year-olds' niccessful performance on Selection 1 and their 

concurrent poor performance on Selection 2. niat is. 4-year-olds may have been able to 

succeed on Selection 1 of the RST (but not on Selection 2) because they spontaneously 

forrned primitive abstractions. On this account, they detected similarities between items on 

the basis of dominating qdt ies ,  and as a resuit, they were only able to match items on a 

specific trial on the basis of the qd i ty  that happeneci to dominate on that particular triai. In 



other words, they were unable to select items on the basis of other shared similarities on 

Selection 2, because by forming primitive abstractions. they were limited to only one-track 

abstractions over which they had no control. In contrast, 5-yearslds may have succeeded on 

both selections because they approached the task by spontaneously forming and using 

categorial abstractions. 

If this distinction between primitive and categoriai abstraction holds for performance 

on the FIST, two implications for labelling-related efiecu should follow. First. labelling 

should not affect the tendency to fonn primitive abstractions, and as a result, Iabelling should 

not affect Selection 1 performance on the FIST. It was not possible to test this hypothesis 

directly given the way in which labelling manipulations were introduced on the FIST in the 

current experiments. That is, labels on Selection 1 followed instead of preceding each 

selection. and therefore. given that the labels themselves actually depended upon Selection I 

responses, it was dificuit to assess their own infiuence on these selections." However. one 

labelling-related finding in the current expenments acnially appears to contradict this first 

implication. Children who spontaneously produced at least one relevant label in the 

preliminary trials not oniy did better on Selection 2 than children who did not produce any. as 

%ere is perhaps one indirect way of asçessing whether labels affected performance on Selection 1 in 

the current experiments. That is, it might have been possible for labels presented on earlier trials to influence 

how children approached the task on later trials (Le., intertrial labelhg effects as opposed to intratrial effects), 

and therefore, have had an impact on their Selection 1 performance on later tri&. Yet, no such increase in 

performance was observeci across trial blocks as a fiuiction of labelling condition- In reality, al1 3-year-olds 

(chiidren who presumably had difficulty with primitive abstractions) tended to get worse acmss trial blocks 

rather than impmving. Admittedly, however, although the iack of a notable impmvernent on Selection 1 over 

trials for chiidren in the relevant-label condition is consistent with the claim that labelling does not affect 

primitive abstraction, it is Eü. h m  compelling and needs to be assesseci more directiy before any real 

conclusions can be teached 
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antifipat<r, but they atsa perfrrme&mafkecftpbettermSem t. This Ming suggests 

that spontaneous identification of relevant dimensions may aiso be important for Selection 1 

performance. However, the increase in Selection I performance demonstrated by spontaneous 

labellea rnay have l e s  to do with specific effects of labelling and more to do with the fact 

that the nonlabeller group included both "nonabstractors" (children who did not do well on 

Selection 1) and primitive abstractors, wheress the spontaneous labellen likely included only 

categorial abstractoa. As a group, most 3-year-olds did more poorly on Selection 1 (and 

Selection 2) than the (4- and) 5-year-olds. Moreover. as a group. most of the 3- (and 4)œyea.r- 

olds did not spontaneously produce labels, whereas most of the 5-year-olds did. Hence. 3- 

yearslds made up a significant proportion of the children in the nonlabeller category. and as 

a result, they likely lowered the overail means of nonlabellers on Selection 1 (and on 

Sclcction 2). Ilencc. the finding that children who spntaneously identifieci the relevant 

dimension did better on Selection 1 (and perhaps on Selection 2 as well) than those who did 

not label spontaneously likely resulted h m  the fact that the latter group included children 

who failed to abstnict information altogether (predominantly 3-yearslds). 

The second implication of the distinction between primitive and categorial abstraction 

is that forrning primitive abstractions is a necessary but not nifficient condition toward 

forming categorial abstractions, but that it shouid be relatively easy to induce individuais who 

spontaneously act on the basis of primitive abstractions to form categorial abstractions when 

they are provided with appropriate arbitrary iags (Le.. relevant labels). The findings in 

Experiment 2 that 4-year-olds were w more likely to produce relevant labels spontaneously 

in the preliminary trials than 3-year-olds (see Table 9), but tbat they were as likely as the 5- 

yesrslds to identifl consistently the irrelevant dimension on Selection I (and that those who 
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fiifso dso did ktfer only on Setedon t: see Tabte t?togethersopport the idea diat despite 

not spontaneously using categoriai abstractions, 4-yearslds did have the necessary 

dimensional structure in place for situating specific cues within their respective dimensions.jO 

It is no surprise, then, that when they were given relevant labels they were able to benefit. 

What remains to be explained, however, is why they failed to draw spontaneously upon this 

structure to select items on the FIST if it was already available to them. 

As ailuded to earlier, a slightly different way of conceptualizing the different 

processes involved in primitive and categorial abstractions is that in primitive abstraction. 

individuals need only detect quaiities shmd by different items, whereas in categorial 

abstraction. individuals must identifv the quaiities in question (cf. Karmiloff-Smith's. 1992. 

notion of explication-representationd redescription of Mplicit knowledge into explicit 

knowiedge). So a cruciai ciifkrcnce ktween primitive ûnd categorid ilbstracictions is that the 

former is concerned with detection processes, whereas the latter is concerned with 

identification processes, and each of these processes presumably has different implications 

for cognition and behaviour (cf. Gibson, 1969). For example, what does it mean to identiQ an 

object (or an attribute)? First, it is to denote essential properties of the object in such a way as 

to be able to consider it separately h m  its instantiation. One convenient and economical way 

of accomplishing this is to assign arbitrary tags to objects so that objects that are alike are 

identined by the same tag, and objects that are different are identified with different tags (cf. 

30Recali thaî idenuQing the irrelevant dimension correctly required that chi1dren respond to questions 

refemng to dimensions (e.g. 'What cotour are these piautes?") with cue te- within that sarne dimension. 

although the precise cue term that they used did not ma!ter. Thus, the only requirements for doing well on these 

questions were that children know each dimensionai term, and that they be able to locate specific cues correctly 

within these dimensions. In other words, they needed to have a weII-organized dimensionai structure, 
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CTatir, 19871. A consecpence ofasignkgartiitrerp tags toide&@ objese is thag tqscreate 

distance between individuais and their environment because tags necessarily transcend 

particular objects in that they can refer not oniy to individual objects, but also to entire 

classes of objects that share certain properties in common. As a result, individuals no longer 

need to reason on the basis of imrnediately available stimuli (or even on the basis of 

previously experienced stimuli); they can also reason on the basis of imagined or transformed 

representations of reality. On this account, then, a process of identification using arbitrary 

tags is a necessary condition for the emergence of flexibility Ui both thought and action. 

SA. Limitations of the Current Explrination and Future Directions 

The ideas that development entails in part an increase in di Eerentiation and 

articulation of howledge structures, on the one hm& and a progressive hierarchicaiization of 

these m e  structures. on the other, are complementary ideas that permeate severai theories of 

cognitive and perceptual development (e.g., Gibson, 1969; inhelder & Piaget. 1964: Smith. 

1989a; Vygotsky, l934/l986; Werner, 1948). The findings of the current experiments are 

pertinent to the latter of these processes. That is, on the basis of Werner's ( 1948) notion of 

categorial abstraction, 1 proposed in the previous section that labels play an important role in 

accessing information that is hierarchically organized within dimensional stmctures, or at 

least withîng broader systems of concepts. For example, labels are seen as permitting specific 

cues of dimensions (e.g., red or biue) to be recognized as exemplars of specific dimensions 

(e-g., colour), rather than king detected perceptudy ody as (poorly differentiated) qualities 

of objects (cf. Karmiloff-Smith, 1984; Werner, 1948). However, despite the fact that it is said 

to play a vital role in the development of higher cognitive processes in several theones (e-g.. 



Enhek& t%4, onthebetopmmtafelass Inefrrsivm; Srnith, 1)989e, oh the 

development of dimensionai understanding; Zelam & Frye, 1997, on the development of 

embedded rules), there is very Iittle direct ernpirical support for the claim that organizing 

information within a hierarchical structure is a necessary prerequisite for the emergence of 

these higher forms of cognitive processes and for the behaviours that are made possible by 

such processes. That is, there is ample evidence that labels cm help children approach 

cognitive tasks conceptually rather than perceptuaily (e.g., Bleichfeld Moely. Rabinowitz. & 

Turgeon, 1977; Furth & Milgram, 1973; Gentner & Narny, 2000; Morgan & Greene. 1994: 

Sugimura, 1978; Waxman & Gelman, 1986). Yet, there is no evidence to my knowledge that 

undisputably demonstrates that the hierarshical nature of the information is cri tical. and that 

if this idormation were organized differently, the same processes or behaviours would not be 

possible. For example. Zelezo and Frye (1997) argue that at mund age of 4 years. children 

develo p the ability to use embedded or hierarchically arranged i f-then-i f-then nile structures 

(e.g.. 2 we are playing the colour game. then if the card is red, then do. . .O?. However. as 

these authon themselves acknowledge (Frye, Zelazo, Brooks, 8r Samuels. 1996). it is 

possible that children acquire the abiiity to use conjoint if-and-if-then rule stmctures (e.g.. '-E 

we are playing the colour game and if the card is red, then do. . -3 instead of hiemhically 

arranged ones. Unf'ortunately. experiments have yet to be done in which the organizational 

structure of conceptual information is manipulated experimentally and performance is 

assessed accordingly. 

Likewise. the find'mgs of the current experiments provide little in ternis of direct 

empirïcal support for the necessity of hierarchicalizatioa Moreover, the tuidhg in 

Experiment 3 that there was no ciiffince in the performance between children who were 
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exposect trr ret~vamcuetems ancC those+-- terelevant d i m m i o d  ternis 

could be construed either as evidence for the necessity of hierarchically amged dimensional 

structures. or as evidence against it. For instance, any label that invokes the concept of a 

relevant cue (e-g.. "blueness") may be sufficient for inftuencing performance without there 

k ing  a need to consider it as a cue subordinated within a higher dimension (Le.. "blue as a 

colour" per se). Therefore, the finding could be interpreted to mean that considering the 

dimension itself is unnecessary (i.e., that categoriai abstractions are unnecessary). Or 

dtematively, it is possible that, at least by this age, language has developed sufticiently that 

by labelling a cue. the dimension is necessarily invoked (cf. Gentner & Loewenstein. in press: 

Waxman & Gelman. 1986). On this account, using the cue or the dimensional term would not 

matter because both are sufticiently linked that refemng to one automatically conjures up the 

other. The finding in Expriment 2 that children who did well on Selection 2 tended to 

respond comctly in the irrelevant-label condition to questions about dimensions and their 

cues provides some indirect support for this laîter interpretation (see previous discussions in 

Sections 3 -4. and 5.3 .). 

Given the finding in Experiment 2 that 4-year-olds in the inelevant-label condition 

tended to provide correct cue tems when asked about the irrelevant dimension on each 

selection, it appears that even though 4-year-olds may have the requisite knowledge for 

responding on the basis of categorial abstractions, they fail to use this knowiedge 

spontaneously, and lnstead they respond on the basis of primitive abstractions. As noted in 

the previous section it unclear what conditions might prompt chi1dRn to use this categorid 

information spontaneously by the time they are 5 years. Perhaps a minimum amount of 

experience with the medium of language or a minimum number of ~ Ievan t  acquired words 
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are necessary for objecfs presentebin the envimnmentto be ichtifiecf spontanemty with 

linguistic symbols (cf. Waxman & Gelman, 1986). it might be possible to obtain clues as  to 

the underlying conditions that prompt this developmentai change by studying how children 

acquir~ dimensional information in the first place. Linda Smith and her colleagues have been 

attempting to do just that using longitudinal observational studies of parent-child interactions 

(Smith & Sandhofer, 200 1), experimental studies with adults in which adults are trained in 

different ways to l e m  nonsense dimensions (Sandho fer & Smith. in press). and neural 

network models (Gasser & Smith, 19%; Smith, 1993; Smith, Gasser, & Sandhofer. 1997). 

In the previous section, 1 also argued for the importance of the arbitmry nature of 

symbols (Le.. labels) in the development of cognitive flexibility. That is. because of their 

arbitrary nature, I posited that labels provide a way of reasoning using information other than 

uiat wwhich is immediately availablé or has been pmiously cxpaicnced. Howevcr. rvhether 

arbitrarules is a necessary aspect of labels for these to be effective in improving performance 

on Selection 2 has not been demonstrated empincally. Perhaps nonarbitrary syrn bols that 

convey relevant information (e-g., some sort of iconic cue) would be as effective (but see. 

DeLoache. 2000. for limits in the extent to which concrete objects can be usefui as syrnbols). 

The findings of the current experiments are silent in this respect. and therefore. it remains to 

be determined experimentally whether or not arbitrariness is a necessary property of labels 

for these to be effective in induckg better performance on Selection 3. 

One M e r  problem in attributhg changes in performance on the FIST to 

developments in abstraction abilities is that this explanation focusses o d y  on the change that 

occurs between 4 and 5 years, and it says nothing about potentiai developments that may 

occur earlier that might explain the changes in performance found between 2 and 3 years in 
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Experiment- t. mcfthosefonrrdbetweeir3 ~ 4 y e a r s ~ E x p e r i m e m s  1 &2). Admmectly. 

the purpose of the present experiments was to attempt to determine the d e  of labelling in 

cognitive flexibility, and therefore the 4- to 5-year-old change is the more relevant one. 

Nonetheless, earlier changes will have to be explained eventuûlly, if not only in the hope of 

better explainhg the later changes themselves. 1s it that children who failed to select items 

consistently on Selection 1 necessmily failed to fom primitive abstractions at ail. or is it 

something particular about the items on the FIST that made them appear as though they were 

incapable of abstracting similarities between items? The 3-year-olds in Experiment 1 were 

able to select matching items in the criterial trials one year before they could do so 

consistently on the FIST. One obvious difierence between items presented in the criterid 

trials and those presented in FIST is that pairs of matching items used in the criterial trials 

~ m c  identical. whercas pairs of matchhg items used in the FIST were nonidenticai. Smith 

( 1 984) showed that preschoolea select matching items on the basis of absolute identity prior 

to selecting matching items on the basis of part identities (see Section 5.5.2.. for a more 

detailed description). Jacques ( 1995) dso documented age-related differences in performance 

on comparable versions of a sorting task that were identical to each other in every respect 

except for their use of identical and nonidentical items (see Section 5.5.2.. for a more detailed 

description). Another aspect of the items in the FIST was that two possible matches could be 

made on any trial. As a resuit children needed to decide on Selection 1 between two potentid. 

yet conflicting, matches. It is possible that the conflict inherent in the stimuli rather than the 

nonidentical nature of the stimuli can explain 3-year-olds' dificulty on Selection 1. Perhaps 

if presented with a version of a FIST triai in which it was possible to make only one match 

between nonidenticai items (e.g., a Iittle yeilow teapot, a medium blue teapot a large blue 
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correctly. The na- of the underlying weakaess cesponsible for the difficulty of 3-year-olds' 

difficulty on the FIST remains to be determined.'' 

Existing research, including the results of the experiments presented in this paper. can 

leave no doubt that language-and labelling, in particdar-can affect performance on cognitive 

tasks. at least in experimental settings. However. it is one thing to show that language 

manipulations introduced within an experimental setting can affect certain cognitive 

processes. but quite another to prove that Ianguage is aiso the elernent responsible for the 

development of these same processes in children's nahuai environments. Obviously no 

expriment or set of experimental results can defulltely identi& the underlying causes for the 

emergence of certain processes in the course of ontogenetic development. However. 

longitudinal observational designs used in conjunction with experimental designs might he 

particularly usefid for understanding the naturai relation that exists between thought and 

language throughout the eariy course of hurnan development. Moreover. the entire range of 

cognitive processes that can be affected by language manipulation (positively or negatively) 

also remains to be defined and consequentiy, explained. As othea have argued. to understand 

the exact role that language plays in human cognition, it is as important to know when 

language helps. when it does not, and when it may actually hinder performance (e.g.. 

Brandimonte & Gerbino, 1993). Perhaps by using a variety of theoreticai and empirical 

appmaches to investigating the nature of the relation between Ianguage and thought and by 

using these appmaches in such a way as to permit the systematic elimination of specifk 

3'The difficulty of the 2-year-olds is petfiaps best attributed to difficulty with the task instructions given 

their difficulty on the criterial trials. 



5.5. Relevance to Other Work 

Aside fiom their relevance to the somewhat older literature on language and thought 

(e.g., Bniner. 1973; Kendler. 1963; Vygotsky, NWl986; 1978; Werner, 1948: Whorf'. 

1956), the current fmdings aiso dovetait well with recent Iines of research (e.g.. Deak & 

Bauer. 1995: Davidson & Gelman, 1990; Gentner & Narny, 2000; Smith. 1984; Smith. 

198%; Smith & Sandhofer. 200 1 ; Waxman & Gelman, 1986; Zelazo. Frye. & Rapus. 1996). 

As an example. the relation between the cunent research and work by Zelazo and Frye and 

their colleagues on the development of embedded nile use will be highlighted briefly to 

illustrate some of the broader implications of the current work. In addition, Piaget's view of  

the role of language on the development of c l w  inclusion will d so  be considered in this 

section. in part because of the obvious links between the tasks used to m e s s  class inclusion 

and the FIST, and in part because of the impact that Piaget's views have had on the field. 

S.S. I. Rule Use rit P reschoolers 

The results h m  the FIST converge well with those h m  anouier task that 

superficially resernbles the FIST, the Dimensional Change Card Sort (DCCS). In the DCCS 

(e.g.. Frye et al., 1995; ZeIazo et al., 1996; see Zelazo & Frye. 1997; Zelazo & Jacques. 1996. 

for reviews). children are presented with two target cards (e.g., a red car and a blue flower) 

that remab visible throughout the task and children are asked to sort test cards (e-g., blue cars 

and red flowers) that match one of the target cards on one dimension (e.g.. shape) and match 

the other target card on the other dimension (e-g., colour). In a pres\sitch phase, children are 
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then asked to switch and sort test cards by the other dimension in a postswitch phase. Despite 

k i n g  told the relevant niles on each trial (e.g.. "Red ones go here and blue ones go there."). 

the majority of 2-year-ulds fail to use even the preswitch d e s  correctly except in a redundant 

version of the task in which the test car& are identical to the target cards (Jacques. 1995). In 

contrast, 3-year-olds tend to sort correctly on the preswitch phase of the standard version. but 

sort perseveratively in the postswïtch phase by continuhg to use the preswitch d e s .  Finaily. 

the major@ of 4- and 5-year-olds are able to mritch and sort the test cards according to the 

postswitch rules (e.g., Frye et al.. 1995; Zelazo et al., 1996). Furthemore. findings fiom 

several studies suggest that poor performance on this task results h m  limitations in flexible 

thinking, and not from dificulty with inhibitory response control (e.g.. Jacqiies. Zelazo, 

Kirkham. $ Scmcesen, 1999; Z e k o  et al., 1996). 

Table 25 surnmarizes the achievements of children at each age on the DCCS and on 

the FIST. Of particular interest, despite the fact that the two tasks superfïcially resemble each 

other, the table indicates that there appears to be about a one-year lag on the FIST in 

preschoolers' ability to nicceed on aspects of that task that seem andogous to those on the 

DCCS. That is, 3-yearslds are able to sort cards correctiy on the preswitch phase of a 

redundant version of the DCCS (in which the target and test cards are identical) one year 

earlier than chiltiren are able to select pairs of identical cards consistentiy on the criterid 

trials. In addition. 3-year-olds are able to sort nonidentical cards on the basis of one 

dimension on the DCCS one year earlier than children are able to perform well on Selection I 

of the FIST, which aiso requires thai they select pairs of nonidentical matching items 

correctly on the basis of one dimension. Lady, 4-year-olds are able to sort flexibly according 
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Summarv of Performance of Different Aee Gmum on Two Measures of Cognitive Flexibilitv in h-eschoolers 

{Dimensional Change Card Sort and Flexible Item Selection Task) bv Tvpe of Task (Le., Deductive vs. 

Inductive). 

Age Group Deductive Task Inductive Task 

(Dimensional Change Card Sort) (Flexible Item Selection Task) 

- 

2-year-o lds 

3-year-o lds 

4-y ear-o lds 

5-y ear-o lds 

- - 

Pass Pteswitch o f  Redundant 

Pass Preswitch of Standard 

Pass Postswitch of Standard 

Pass Postswitch of Standard 

Fait AIl 

Pass Criterial Trials 

Pass Selection I 

Pass Selection 2 

- -  -- 

Note. Passing a given part of  a task rneant that children also passed the parts of  the particular task that their - 
younger coumerparts p a d  but that they failed the parts of the same task that the older children passed. 

to two dimensions on the DCCS one year before children are capable ofperfoming well on 

both selections of the FIST. which also requires that children select matching items flexibly 

on the basis of two dimensions, 

In addition to differences in the procedures for administering the tasks. there are 

severai important difference between these two superficiaily similar tasks. One important 

difference between the FIST and the DCCS is that the FIST is an inductive as opposed to a 

deductive task. That is, on the DCCS children are told by which dimension to sort on every 

trial. whereas on the FIST children are required to detect relevant dimensions themselves. 

Thus, although both tasks require that children use dimensional information and that they be 

able to switch flexibly between dBerent dimensions, only the RST requires that children 

abstnict relevant dimensionai information for themselves. Perhaps the one-year décalage 
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FIST that children both abstract relevant dimensions for themselves (as opposed to king told 

which dimensions to use) and use that information flexibly. in addition, however, because the 

DCCS is a deductive task, the tasks also differ in that the DCCS items (and the rules) are 

always labelled on the basis of whichever dimension is relevant for sorting on a particular 

trial (e.g.. "Red ones go here. blue ones go there. Where does this red one go.'). Given the 

improvements of 4-year-olds in the relevant-label conditions in the current series of 

experiments. it is quite possible that the one-year décalage between performance on these two 

tasks is due to the widespread and consistent use of relevant labels on the DCCS. but not 

(always) on the FIST. Future work should attempt to match more closely the procedures for 

administering both tasks in order to determine whether it is the deductive or inductive natures 

of the tasks, the prewnce or absence of relevant labels, or both that Ieads to successful 

performance on the DCCS at an earlier age than on the RST. 

5.5.2. Piaget's Vïèw ofthe Role of Language in the Development qf Clas Inclusion 

As mentioned previously, several major theones of deveiopment postulate a cntical 

role in cognitive development to the hierarchicalization of knowledge structure (e.g.. Gibson. 

1969; Vygotsky, 1 934f 1986; Werner, I948), and Piaget's theory on the devebpment of class 

inclusion (inhelder Bt Piaget, 1964) is no exception. However, whereas Vygotsky and Wemer 

attributed the ability to organize information hierarchically to language development, Piaget 

(e.g., inhelder & Piaget, 1964; Piaget, 967) held that language only play a minor role 

in the process. Piaget's argument is premised on the idea that ianguage cannot possibly 

account for the development of class inclusion because it is not directly linked to the 

emergence of preschoolers' initiai abilities to classifjr objects into graphic and then, into 
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precursors of the development of class inclusion. As a result, Piaget (Inhelder & Piaget. 1964: 

Piaget, 19641967) argwd that because Ianguage is not present at the inception of this entire 

developmental process, its role is likely only one of facilitating this development. not 

permitting it. 

Perhaps language may not be the first of the essential elements to develop that is 

bdieved to be necessary for the deveîopment of cIass inclusion (or for higher forrns of 

intellectual processes in humans, more generally), but its role may nonetheless be as vital to 

the development of this higher fonn of thought. For example. no one would contest the fact 

that sugar (natural or otherwise) is an essential ingredient in making beer. despite the fact that 

it is the last ingredient to be added to the mixture. in fact. it not only facilitates the process. it 

3ctdly  pemits it: Without sugar, beer would simply not be beer. Moreover. the d e  of sugx 

in the beer-making process should not be considered less important relative to that of the 

other ingredients simply because these other ingredients are incorporated earlier in the 

process. By the same token, despite the fact that language may exert its influence at a 

relatively late point in development it may still play as essential a role in the development of 

specific mental processes as other cognitive precursors that happen to emerge earlier in 

development. Therefore. Piaget (19641967) may very well be correct in that language is not 

involveci as early as other cognitive abilities in the development of class inclusion (e.g.. the 

ability to fonn nongraphic collectioos), but language may nonetheless be essential for 

permithg its emergence. In short the importance of language shouid not be questioned on 

the grounds that it only shows its idluence relatively late in the process of cognitive 

development. 



€htamoregenerd~l~te, thrabifitptmsokmereasmgfg--k pmblems in 

development likely depends on the precise orchestration of various cognitive pmcesses. 

However, this does not mean that these processes c m t  exist independently at earlier points 

development. In fact. Vygotsky ( 1 929; 19341 1 986) himself argued that language and 

cognition emerge h m  independent sources (Le.. the natural and cultural Iines of 

development). According to him, early in development. thought can occur without language 

and Ianguage can exist without thought. However. at a certain point in development. these 

two independent processes merge, and their newly developed interdependence allows for new 

possibilities in human cognitive and linguistic processing, literally creating a revolutionary 

change in human thought. The current work focusses pnmady on the point in development 

at which language and abstraction appear to become co~ected (i.e.. the development of 

categarial abstraction). one consequence of which is proposed to be the emergence of a new 

degree of cognitive fiexibility, which in tum permits qualitative changes in the control of 

thought and behaviour. The concem of the current work is not with whether language or 

abstraction appears tim in development In tact. h m  a Wemenan perspective, primitive 

abstractions are viewed as thoughts devoid of linguistic meaning (Werner. 1948)." 

"By the same token, it may also be possible for Ianguage to be p d u c e d  without abstraction 

necessarily taking place (cf  Smith & Sandhofèr, 2001)- This point has not been addresseâ in the c m n t  paper. 

although see ûeacon ( 1997) who argues that early in development, chitdren use labeis as indexes for things 

rather than as symbols in the pmper sense of the term (cf. Werner & Kaplan, f 963). 



CHAPTER VI 

CONCL USIONS 

1 .  language, by the selection and representaîion of 

certain aspects of a thing through the medium of 

sound, an act of creation-the creation of a mental 

concept of a thing-is involved. In this respect the 

function of language is no d@èrentfi.om that of any 

other creative activity, partr*cuIarly artistic creative 

activi@. 

- Heinz Werner (194, p. 257). 

A series of three experiments were conducted to determine whether language 

contributes to the emergence of cognitive flexibility in preschoolers. First the Flexible Item 

Selection Task (FIS- task adapted h m  the Visuai-Verbal Test (Feldman & Drasgow. 

195 1 Fwas developed to assess abstraction and cognitive flexibility in preschoolers. The 

resuits of Experiment 1 reveaied thaî (a) 2-year-olds failed to understand basic task 
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in~trnctÏ~(b)  3-ycziwids perbmdpoortg. orrSdeetiarr t. suggesting lhat they hed 

difficulties with abstracting a comrnon dimension fiom nonidentical (and conflicting) items; 

and (c) 4-year-olds did well on Selection 1 but did significantly worse than 5-year-olds on 

Selection 2. suggesting that they had problems with cognitive flexibility. It was also 

hypothesized that the age-related changes in cognitive flexibility between 4 and 5 years might 

be due to underlying changes in language development, or more precisely. in children's 

ability to represent spontaneously information into a Iinguistic code. Experiment 2 was then 

conducted to test this daim by using labelling manipulations on the FIST. The results of 

Experirnent 2 confirmed the generai pattern of age changes found in Experiment 1. and they 

also revealed that not only does Selection 2 performance relate to receptive language 

development in general, but that it is also influenced by labelling on Selection 1. When 4- 

year-olds tvere ûsked to provide labels on Seleetion ! that were relevant tu their selections. 

their Selection 2 performance was significantly improved compared to 4-year-olds who were 

not asked to label or who were asked to label irrelevant aspects of the stimuli. Moreover. 

within both the relevant-label and hlevant-label conditions, children who made fewer 

labelling erroa on Selection 1 did better on Selection 2 than those who made more erron. 

Furthemore. across al1 conditions, children who spontaneously Iabelled the relevant 

dimension in the preliminary trials did better on both selections than those who did not. 

Finally. ExperÏment 3 was then conducted for two additional reasons: to detemine 

whether specific labels presented in a controlled manner on Seleaion 1 actually cause 

improvements on Selection 2, and to determine which kinds of labels help improve 4-year- 

olds' Selection 2 mormance. in that experiment, the experimenter-rather than 

children-selected items and provided predetermined labels on Selection 1. Resdts showed 
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matched each other, e.g.. size) helped, but those that referred to the irrelevant dimension (i.e.. 

the dimension that did not vary across the 3 items; e.g., shape) did not. This same pattern of 

results held ~gardless of whether the experimenter labelled the dimension itself (e.g.. "same 

size") or the cue (e.g.. "both big"). 

In short. this series of experiments atternpts to speci@ whether language can influence 

the deveIopment of one aspect of hurnan cognition, the ability to represent idormation 

flexibly. As Vygotsky (1 934/1986, 1978) elegantly argued in his various writings. language 

provides an ideal vehicle for actualizing thought. The particular view exposed in this paper is 

that the emergence of flexible thought rnay be a corollary of the development in humans of a 

higher f o m  of abstraction in which objects and their attributes are represented within a 

broder system of concepts with the use of arbitmq linguistic symbols. This pmcess of 

identimng objects using arbitrary tags provides individuals with a representational device 

that explicitly separates the representation (the tag) h m  its referent (the object). Before such 

a separation is established, the representation and the referent fail to be sufficiently 

differentiated h m  each other to allow individuals a means of manipulating the 

representation independently. On this account, then, arbitrary symbols may act by eiiminating 

constraints imposed by the representational medium on the number of representations that 

can be considerrd about a panicular object or event 

The idea that language affects cognition is not new, nor are findings that labelling- 

manipulations can dramaticaily improve performance on cognitive tasks. in the past century. 

Vygotsky (1 934/1986; 1978), Werner (1948), Whorf(1956), Kendler ( t963), Bruner ( 1973). 

and several othws have populatized the notion of verbal d a t i o n ,  and by doing so. they 
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fact, to account for the findings of the c m n t  study, I adopted a verbal-mediation account 

that emphasizes di fferent levels of abstraction, an account proposed by Werner ( 1 948) more 

ihan half a century ago. Yet, despite the fact that it accounts for the current findings 

reasonably well, it is still speculative, and whether or not it will hold up under Further 

investigation remains to be detemined. However, perhaps the most important contribution O€ 

the current work is that it cails attention to the need for more research that not only describes 

links between language and cognition, but that also attempts to determine precisely how 

language might corne to serve different aspects of the human intellect. 
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Note. Al1 examples are based on the example presented in Figure 6. 

All-Items Response: 

Correct-Pair Response: 

Cue : 

Dimension: 

Dominant Cue: 

Induced Labels: 

Irrelevant Cue: 

1 rrelevant-Cue Condition: 

lrrelevant Dimension: 

Irrelevant-Dimension Condition: 

Irrelevant-Label Condition: 

Irrelevant Labels: 

A type of response in which children incorrectly select al1 three 

items. 

A type of tesponse in which children comectly select a rnatching 

pair of items. 

A particular exemplar of a dimension (e.g.. small for size: yellow 

for colour. teapot for shape). 

One of  the four (Experiment 1: colour, shape, size. and number) or 

three (Experiments 2 and 3: colour. shape, and size) variables on 

which items could Vary in a trial set. 

The cue of a relevant dimension on which two of the three items 

match in a trial set. 

Task-relevant utterances that children provide in resportse to the 

experimenter's queries. 

The çue of the dimension rhat is irrclcvmt in a trial set (i-e., the 

dimension that does not vary acmss the three items). 

The condition in Experiment 3 in which the experimenter referred 

to the irrelevant dimension by the dominant cue (e.g., 7eapot") 

after selecting items on Selection 1. 

The dimensions (two in Experiment I ; one in Experiments 2 and 3) 

that do not vary acmss the three items presented in a mal set. 

The condition in Experiment 3 in which the experimenter referred 

to the irrelevant dimension by its dimensional label (e.g.. rhing") 

after selecting items on Selection 1. 

The condition in Expriment 2 in which the experimenter asked 

chiIdren about the imlevant dimension afker each selection (e.g, 

"What thing are these pictutes?"). 

Task-relevant utterances that children provide that refer to the 

irrelevant dimension in someway. 

One of the three stimuli that appear in a tria1 set on the FIST. In 

Experiment 1, the word *tard" was used instead of "item' because 

number was used as a dimension (therefore, the tenn -item" could 

have been rnisinterpteted). 



No-lterns Response: 

NoLabel Condition: 

Nondominant Cue: 

One-Item Response: 

Other Labe b: 

Other One-ftem Response: 

Relevant-Cue Condition: 

Relevant Dimension: 

Relevant-Dimension Condition: 

Relevant-Dimension Pair. 

Relevant-Label Condition: 

Relevant Labels: 

Remaining-Item Response: 

Theeondiiiorrk E ~ ~ t l  in whick the expegmenter refenecl 

to items in a nondescript manner (e.g.. rhey are the same in one 

way") after selecn'ng items on Selection 1. 

A type of response in which children incorrectly r e k  to select 

any of the items. 

The condition in Experiment 2 in which the experimenter did not 

asked children anything after each of their selections. 

The cue of a relevant dimension on which the remaining item 

differs h m  thé matching pair (e-g., medium). 

A type of response in which children incorrectly select onty one 

item on Selection 1. 

Task-relevant utterances that children provide that do not refer to 

any of the dimensions used in the experirnents. 

ïhe  subtype of one-item responses that includes al1 instances of 

one-item responses on Selection 2 other than remaining-item 

responses. 

The condition in Expriment 3 in which the experimenter referred 

to the relevant dimension by t h e  dominant cue (e-g., "blue") after 

seiecting items on Seiection t . 
A dimension that varies in a trial set and according to which items 

could be selected 

The condition in Experiment 3 in which the experimenter refemd 

to the relevant dimension by its dimensional label (e.g., "size") 

aRer selecting items on Seiection 1. 

The two dimensions that are relevant in a trial set: the pivot item 

matches one of the other items on one of these dimension and 

matches the remainmg item on the other. 

The condition in Expriment 2 in which the experimenter asked 

childcen about the relevant dimension d e r  selection (e.g., -Why 

do these pictures go together?"). 

Task-relevant unerances that children pmvide that refer to the 

relevant dimension in someway (Le., the dimension according to 

which they select items), 

The subtype of one-item responses on SeIection 2 in which 

children select the item that they or the experimenter did not select 

on Selection 1. 



Selection 1 : 

Selection 2: 

S pontanmus Labels: 

Pivot Item: 

Pivot-Item Placement: 

Trial Set: 

Wmng Labels: 

Wrong-Pair Response: 

Rtype&%leetion-2 response in wkichchildren sekt  thesame 

matching pair that they (Experiments I and 2) or the experirnenter 

(Experiment 3) selected on Selection 1. 

The first set of item(s) that children select on a given trial in 

Experiments 1 and 2, or the first pair of items that the experimenter 

select on a given trial in Experiment 3. 

The second set of item(s) that chifdren select on a given trial in 

Experiments 1 and 2 or the only set of item(s) that children select 

on a given trial in Experiment 3. 

Unprompteci task-relevant utterances that children provide (Le., 

utterances that children provided without fint being asked by the 

experimenter). 

The item that needs to be selected twice in a trial set because it 

matches one of the other item on one dimension and the remaining 

item on the other dimension. 

The placement of the pivot item presented in a trial set. In 

Experiment 1. it could appear in one of three cards (Le.. Card 1. 

Card 3, or Carci 3). and in Experiments Z and 3, it couid appear in 

one of three windows li.e., Window i . Window 2, or Window 3 j. 

A set of three items presented simultaneously on each trial of the 

FIST. 

Task-relevant unerances that children provide that refer to one of 

the dimensions, but not the irrelevant dimension or the dimension 

by which items are seiected. 

A type of response in which children incorrectly select a 

nonmatching pair of items. 



Counterbalancing Details for Each Version (Pamr and Com~utenzed Versions) 

of the Flexible Item Selection Task 

CounterbaIancing Information for the Puper Version ofthe 

FlmWe Item SeIectrOn Tmk Used in Ewperiment I 

Table I 

Counterbalancine Information for Each Trial Set Presented in the Flexible hem Selection Task in Ex~eriment I 

as a Function o f  Block and Trial Number 

Bfock 1 Trial Relevant Dominant Nondominant IrreIevant PivotCard 

Number Dimensions Cues Cries Cues Placement 

Block 1 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

Trial 5 

Trial 6 

Block 2 

Tnal 7 

Tnal 8 

Trial 9 

Trial 1 O 

Trial 1 l 

Trial 12 

size / number 

shape / number 

colour / shape 

colour / number 

shape 1 s ize 

colour / size 

shape / number 

s hape I size 

colour / number 

colour 1 size 

size 1 number 

colour / shape 

medium / three smalll one 

socks / one phone 1 two 

orange / fish purple 1 socks 

purple i two pink 1 three 

phone 1 large fish 1 medium 

pink 1 small orange / large 

fish / three phone l two 

socks 1 srnail fish / medium 

orange 1 one pink / three 

purple / medium orange 1 large 

large 1 two smalll one 

pink / phone purple / socks 

orange / socks Card 2 

purpic: i luge Cad t 

small / one Card 2 

fish i medium Card 3 

pink / two Card 3 

phone / three Card 1 

orange / medium Card 2 

purple one Card 1 

phone 1 small Card I 

socks / two Card Z 

pin k l fish Card 3 

large / three Card 3 

Note, The actual cards presented on each trial can be recreated h m  the information provideci in this table. For - 
example. on Trial 1. children were shown, one medium orange pair o f  socks, three medium orange pair of socks, 

three small orange pair of socks, and the pivot item (Le, three medium orange pair of socks) was placed in the 

centre position (Le-, Card 2). 



€ ' o ~ t m r e i n g h f m i i m t i m r F ~ ~ f h e t € o m p u f e t t t ~  Vmbtt of the 

Flaible Item Selection Tark Used in Erperiments 2 and 3 

Table 2 

Relevant-Dimension Pairs and Window-Placement Combinations Used in the Cornputerized Flexible l tem 

Selection Task 

Relevan t-Dimension Pairs Window Placement 

-- - 

size 1 colour 

size / colow 

size / colour 

colour / size 

colour / size 

colour / size 

colour 1 shape 

colour shape 

colour shape 

shape / colour 

shape / colour 

shape / colour 

shape 1 size 

shape / size 

shape / size 

size / shape 

sixe 1 shape 

size / shape 

Note. The first dimension indicated in the fim column appeared in the first - 
window placement indicated in the second column (e.g., for size 1 colour 

and 12 / 23. items that rnatched each other in t e m  o f  sue were located in 

Windows 1 and 2, whereas items that match& each other in terms of colour 

were located in Windows 2 and 3; forcolour / size and 12 Q3, the reverse 

appiied). The window number that appears ~ i c e  in bold font in the second 

cotumn is thé window that conbined the pivot item. 



Table 3 

Items Used in the Com~uterized Flexible Item Selection Task (and Number of Times Each A ~ ~ e a r e d  in 

Parentheses) 

small blue boat ( 1 ) 

small blue shoe (1) 

small blue teapot (2) 

smal l red boat (2) 

small red shoe (2) 

srnaII red teapot (3) 

small yellow boat (3) 

small yellow shoe (2) 

small yellow teapot (2) 

medium blue boat (2) 

medium blue shoe (2) 

medium blue teapot (2) 

medium red boat (3) 

medium red shoe (2) 

medium red teapot (2) 

medium yellow boat (2) 

medium yellow shoe ( 1 ) 

medium yellow teapot (2) 

large blue boat (3) 

large blue shoe (3) 

large blue teapot (2) 

large red boat ( 1) 

large red shoe (2) 

large red teapot ( 1) 

large yellow boat ( 1 ) 

large yellow shoe (3) 

large yellow teapot (2) 

Note. Despite the fact that each item did not appear equally often. - 
each cue (e.g,, small) appeared equally ofien (i.e., 18 times). 



?'abte4 

Trial Sets Used in the Com~uterized Flexible Item Selection Task [and Relevant Dimensions in Parentheses) 

TriaCSet Window 1 W indow 2 Window 3 

small bIue shoe 

(size) 

small yellow boat 

(colour) 

small red teapot 

(size) 

medium red teapot 

(colour / size) 

small ted shoe 

(colour) 

large blue boat 

(size / colour) 

small yellow teapot 

(shape) 

small blue boat 

(colour / shape) 

large yellow shoe 

(colour) 

large red shoe 

(shape) 

medium yellow boat 

(shape 1 colour) 

medium red teapot 

(colour) 

medium yellow teapot 

(shape) 

medium blue teapot 

(shape / size) 

large yellow shoe 

(colour) 

medium yellow boat 

(colour 1 size) 

small blue teapot 

(size / colour) 

large red teapot 

(colour) 

large blue shoe 

(size) 

large yellow boat 

(size) 

small red boat 

(colour) 

small blue teapot 

(colour) 

large yellow teapot 

(colour / shape) 

large blue shoe 

(shape / colour) 

medium red boat 

(shape) 

medium blue shoe 

(shape) 

small yellow boat 

( s W  

large blue teapot 

(shape) 

mal! yellow shoe 

(colour l size) 

medium red boat 

(size) 

medium blue teapot 

(colour) 

medium yelIow teapot 

(size) 

large red shoe 

(size 1 colour) 

medium blue boat 

(colour) 

small red teapot 

(colour shape) 

small yellow boat 

(shapd 

large blue tapot 

(shape) 

large blue boat 

(colour) 

medium yellow shoe 

(colour) 

medium red shoe 

(shape / colour) 

m a I l  yeilow teapot 

(size / shape) 

medium blue shoe 

(size) 

(table continues) 



Triai-Set Window i Window 2 Window 3 

O small red boat 

(size / shape) 

P large blue shoe 

(size) 

Q small red shoe 

(shape) 

R large yellow teapot 

(size) 

srnafi red teapot large red boat 

(size) (shapd 

medium bIue boatlarge blue boat 

(Shaw (shape l size) 

medium red shoe medium red boat 

(shape / sire) (size) 

large yellow shoe small yellow shoe 

(size / shape) (shape) 

.-. - -- 

Note. The fint row within each trial set contains the actual items used in the trial set and the - 
second mw contains the dimension(s) that were reIevant for each item. As a result. the column 

with two relevant dimensions contains the pivot item for that particular trial set. 



-F*5 

puasi-random Presentation Orders of the 18 Trial Sets land Relevant-Dimension Pairs in Parentheses) Used in 

the Com~uterized Flexible Item Selection Task 

Trial Oder 1 Oder 2 M e r 3  Otder 4 Oder 5 Order6 

t (Demoa) 

2 (practiceb) 

3 (Practice) 

4 

5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

1s 
16 

17 

18 

Note. The letters assigned to each trial set are the sarne letters assigned to trial sets in the - 
previous table (Table 4). For example, the first trial set presented in Order 1 is Trial-Set C. 

which is a mail red teapot, a srnail blue teapot and a medium blue teapot (see Table 4). 

Abbreviations for the relevantdimension pairs are tc for sue and colour, CS for colour and 

shape, sz for shape and size. 

'Demo refen to the demonstration trial. bPractice refers to the practice trials. 




