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ABSTRACT 

Young children are limited in their usage of 

comparative adjectives and ordinal numbers, typical ways of 

describing ordinal relationships. However, research in a 

number of areas suggests the possibility of a precursor 

level of ordinal concept. 

To facilitate the search for precursor ordinal 

skills, ordinal ability was defined in ordinal measurement 

terms. Only "greater than - less than," asymmetric 

judgements were required. Additionally, linguistic demands 

were reduced by using family-role terms as size 

designators. Experimental manipulations included 

variations in scale size and in the complexity level of 

ordinal conceptualization. Solution strategies based on 

"good form" and on "pairwise comparison" were precluded by 

using pictures of randomly placed objects which could not 

be manipulated by the child. 

Ninety-six 3 - 6 year old children pointed to 

"Daddy," "Mommy," "Big boy/girl," "Little boy/girl," and 

"Baby" when shown sets of 3 to 5 circles or squares which 

differed only in size. Tasks were of three types: 

Identification, mapping labels onto a single set of 

objects; Coordination, mapping labels onto two identical 

sets of objects in which corresponding "family members" are 
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the same size; and Transposition, mapping labels onto two 

separate sets in which corresponding family members are of 

different sizes. 

Data were analyzed in an Age (3), by Scale Size (3), 

by Complexity Level (3), by Shape (2) mixed design ANOVA, 

and significant main effects were obtained for all 

variables. Tasks became more difficult with increases in 

scale size, and in complexity level. Square objects were 

slightly more difficulty than circular, and older children 

were more proficient than younger ones. Post hoc tests 

generally supported the obtained main effects. 

Finer grained analysis using Latent Trait procedures 

supported the global ANOVA results, and supported the 

hypothesis that the end points of a scale are easier than 

the central positions. Response patterns indicated that 

errors were size-related, and suggested transitional levels 

of performance. 

The present study demonstrates that children as 

young as three can demonstrate a precursor ordinal concept 

when the task is framed in familiar terms and is placed in 

a contex"t which is meaningful for them. 



CHAPTER 1 

INTRODUCTION 

12 

The ability to order and sequence is one with wide 

application. Either quantitative, numeric terms or 

qualitative, non-numeric terms can be used to characterize 

perceived relationships between and among such diverse 

empirical phenomena as numeric sequences, comparative 

numerosities, amounts of a scalable attribute, temporal 

sequences of events, and attributes like speed and area 

which entail the coordination of dimensions. Ordering and 

sequencing are critical skills which have a direct logical 

connection to both cardinal and ordinal number concepts, to 

measurement, to spatial perception, to cause-effect 

sequences, to story structure and sequence, and to other 

aspects of language as well. In short, ordering is a key 

cognitive skill with both direct and metaphoric 

relationships to many cognitive domains. 

In its simplest manifestation, ordering can be 

illustrated by an asymmetrical, "greater than, less than," 

relationship between two objects, or between levels of an 

attribute. Progressing from mastery of this simple ability 

to the complex coordination of conceptual and linguistic 

skills required for for adult-like ordering and sequencing 
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represents a considerable intellectual achievement for the 

developing child. 

Piaget's (1965) classic exploratory technique 

involved the ordering, or seriation, of a set of sticks of 

varying length. Based on his criteria, children were able 

to do this successfully only by about 7 or 8 years of age, 

or what he has designated the period of Concrete 

operations. The Piagetian approach essentially highlights 

the preschool child's inadequacy in the face of complex 

conceptual and linguistic demands. However, the lack of 

experimental sensitivity of Piaget's tasks to developing 

ability leaves unexplored many aspects of the precise 

nature of the developing skill. 

Piaget has characterized the 2 to 7 year old child 

as pre- or non-operational, and as egocentric and incapable 

of taking the spatial or social perspective of another. On 

the other hand, a number of studies have demonstrated 

skills in preschool children which would not have been 

predicted from Piagetian theory. For example, preschool 

children have been shown to adjust their language to the 

needs of" younger children, (Berko, 1973; Gelman & Shatz, 

1977); to be able to accommodate to another person's line 

of sight when showing them pictures (Lempers, Flavell, & 

Flavell, 1977); to demonstrate at least a tacit 

understanding of the component principles of counting 
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(Gelman & Gallistel, 1978); to understand relative amount 

when dealing with small set sizes (Gelman, 1972a; 1972b; 

1978); to select toys for younger children which are 

appropriate for them (Shatz and Gelman, 1973); to transfer 

critical dimensional relationships (Griep & Gollin, 1978); 

and to plan and implement effective search strategies 

(Acredolo, 1981; Sophian, 1984). Thus, preschoolers have 

many skills, though certainly not full adult competence. 

The strategies used in these studies have focused on 

the development of tasks which are appropriate to the 

younger preschooler. This has been done in a variety of 

ways: by reducing the level of relevant demands, by 

reducing or eliminating irrelevant demands, by simplifying 

the language of the instructions, or by requiring a 

simpler, possibly nonverbal, mode of response. In 

addition, in order to assess partial competence or degrees 

of proficiency, researchers have sought tasks which 

highlight precursor skills, transitional skills, or early 

rule systems which might be incorporated or superseded as 

the child develops more sophisticated skills. 

Tasks which are presumed to be operationalizations 

of an abstract concept of ordinality vary greatly in 

difficulty and complexity, from a simple size 

discrimination to complex numeric and transitive inference 

tasks that may involve integrating multiple dimensions. 
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Response modes likewise vary, ranging from a dishabituation 

response to complex verbal explanations and the use of 

ordinal numbers. 

While Piaget (1965) requires performance that is 

procedurally and linguistically complex to demonstrate both 

cardinal and ordinal numeric mastery, there is a simpler 

way of conceptualizing number which is based on a system of 

measurement principles developed by stevens (1946, 1951). 

Using this system to conceptualize the number domain can 

help to clarify task demands. This, in turn, can 

facilitate the reduction or elimination of those demands 

which are not conceptually central to ordinality, and can 

allow for the operationalization of tasks representing a 

bridge between perceptually based discrimination and fully 

numeric ordinal skill. 

Conceptualization of the Number Domain 

Klein (1939), a mathematician, developed a 

conceptual structure for organizing and comparing Euclidean 

and the varieties of non-Euclidean geometric theories which 

were proliferating in his time. His Erlanger Programm, as 

he called it, characterized geometric theories as a series 

of nested systems, the nesting being based on the 

stringency of mathematical constraints, and the ensuing 



properties which thus remained invariant over 

transformations of various kinds. 
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Following the conceptual framework of Klein's 

Erlanger Programm, stevens (1946, 1951) developed an 

analogous conceptual structure for measurement and scaling 

systems which is widely used in measurement and statistical 

applications in business, engineering, the social sciences, 

and in cartographic representation. stevens' system 

constructs a nested series of Levels of Measurement: 

nominal, ordinal, interval, and ratio. These levels are 

based, like Klein's, on the constraints and assumptions of 

each level and of the resulting invariance over certain 

kinds of transformations. stevens drew implications from 

this abstract system as to the permissible mathematical 

operations and of the appropriateness of certain 

statistical techni~~es, given the constraints inherent in 

the empirical data and in the techniques of measurement. 

In another sense stevens' Levels of Measurement may 

be thought of as a way to conceptualize the number domain, 

and to characterize the development of children's number 

concepts·. While Piaget has dichotomized children's number 

concepts as "cardinal" and "ordinal," and measurement as 

being "intensive" or "extensive," one could alternatively 

conceptualize the mapping of number to empirical objects 

and dimensions as consisting of an increasingly restrictive 
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set of conceptual subdomains. Least restrictive and most 

inclusive is Nomination, a broadly semantic process of 

naming or describing objects that does not necessarily 

imply any relationship between or among them. ordination, 

the next level, implies describing objects in a manner 

which highlights a "greater than-less than," asymmetric 

relationship among them and thus implies constraints on the 

nature of the permissible labeling. The ordinal labeling, 

or mapping, process may entail the use of a variety of 

relational terms, for example, the cardinal counting terms, 

the ordinal counting terms, and any of the comparative 

adjectives like larger-smaller and more-less, as well as 

any idiosyncratic systems the child might use for 

expressing comparative relationships. An Interval level of 

conceptualization, entailing an understanding of units and 

unit iteration, of position relative to an origin, and the 

relation and elaboration of these concepts in the empirical 

realm is a subsequent group of skills. A variety of skills 

that are more formally mathematical would be subsumed at 

this level: simple measurement, addition, subtraction, and 

numerical ordinal position based on size or more complexly 

determined dimensions like area and speed. 

Concurrent with the development of ordinal and 

interval levels is the development of a concept of an 

origin or reference point. For example, in cardinal 



counting the origin, per se, is irrelevant, part of an 

overall principle of "order irrelevance" (Gelman & 

Gallistel, 1978). In other words, one may begin counting 

with any object, so long as each object is tagged and is 

tagged only once. Even the simplest levels of ordination 

do not permit this freedom, however. To the extent that 

objects are compared or are scaled, there must be some 

abstractable dimension on which comparison is based; and 

depending on the nature of the empirical attribute to be 

compared or scaled, there must be some reference point. 

This may be an arbitrary point of reference, or it may be 

the end points of a scale. 
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Ordinal counting, as opposed to simple ordination, 

requires designation of both an asymmetric relationship and 

a point of origin, and further constrains the mapping 

process. Not only must ordinal tags and objects be 

ordered, but they must be correctly mapped with reference 

to an empirical point of origin. The abstraction of the 

empirical attribute and the designation of the origin are 

logically inseparable. For example, if a person is 

designated first in line, relative position in reference to 

a goal point is implied; if a goal is designated, relative 

sequence with respect to distance from it is at least 

potentially implied. 
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It is possible that the development of a concept of 

a zero is an extension and elaboration of this kind of 

ordinal reference point, which combined with other 

developing interval-ratio concepts results in a fully 

metric level of competence. 

These subdomains, or levels, of number 

conceptualization may be seen as overlapping rather than as 

empirical, discreote, age-related steps. In other words, 

simpler, less restrictive levels would not necessarily be 

mastered before the onset of skills at more restrictive 

levels. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Evidences of children's ability to order a series 

of objects according to a dimension, for example, 

numerosity or size, are related to a number of different 

kinds of skills. Among these are identification of 

relations of equivalence and inequivalence, transposition 

or transfer of relations, seriation, transitive inference, 

and judgement of area. All these skills are ones which 

would not be predicted from Piagetian theory to be within 

the capability of the preschool child. Nevertheless, 

recent research findings from a number of these areas 

suggests that preschool children may possess, possibly at a 

precursor level, some tacit understanding of a concept of 

ordinality, which enables them to perform these kinds of 

tasks, at least in some contexts. 

Research in each of the above areas will be 

presented, and problematic aspects of various extraneous 

variables will be discussed. Review of the literature 

suggests that if a precursor ordinal concept is present in 

the preschool child an alternative methodology will be 

necessary in order to provide an appropriate context for 

its appearance. Relevant to the development of an 
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alternative method of detecting an ordinal concept are 

studies indicating the salience of size and of family role 

labels for the preschool child. 

Relations of Equivalence and Inequivalence 

and Their Transfer 

At the simplest level, ordinal ability is reflected 

in the ability to indicate "greater than - less than" 

distinctions. Gelman and her associates (Bullock & Gelman, 

1977; Gelman & Tucker, 1975) showed that 3-, 4-, and 5-

year-old children could correctly use the terms winner and 

loser when comparing small set sizes. The children could 

express equality and inequality of set size, as well as 

indicate the direction of inequality. Furthermore, they 

could transfer this relation to another set of different 

size objects. Russac's (1983) research supported these 

findings, and, by systematically varying both length and 

density cues, provided even stronger evidence that the 

critical transfer of relations was based on numerosity and 

not simply on overall area. Success rates of 80% to 90% 

were obtained by 2-, 3-, and 4-year-olds on the transfer of 

a reinforced numerosity relation to other pairs of stimuli. 
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seriation 

In a series of studies, Siegel (1971a; 1971b; 1972) 

explored preschool and elementary school age children's 

ability in a variety of quantitative tasks, including 

magnitude discrimination of both continuous and discrete 

quantities, equivalence, ordination (ordinal position), and 

seriation. 

In the earlier studies Siegel (1971a; 1971b) found 

that magnitude discrimination and equivalence tasks with 

pairs of stimuli presented some challenge to 3-year-olds, 

but were easily mastered by 4-year-old and older children. 

Ordination (ordinal postion), requiring children to 

indicate which picture was the "second" in a series of 2, 

3, or 4 pictures, was very challenging to 3-year-olds, 

required in excess of 50 training trials for 4-year-olds, 

and approximately 20 trials for 5-year-olds. The seriation 

task, designating the "middle-sized" of three, was 

virtually impossible for 3- and 4-year-olds, and required 

in excess of 50 trials for 5-year-olds. 

In a subsequent study Siegel (1972) further 

explored' the development of seriation, utilizing the 

seriation task from the above studies (Siegel, 1971a; 

1971b) and adding other seriation tasks with simplified 

procedural and linguistic demands. Presented with a random 

array of vertical bars 3-, 4-, and 5-year-old children were 
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asked to select the "larger" or the "smaller" of two bars, 

the "smallest" or the "middle-sized" of three bars, and the 

"largest" or the "next-to-smallest" of four bars. While 

all the children were able, within 20 trials, to correctly 

select the larger, smaller, largest, and smallest, 3-year

olds required an average of nearly 60 trials to criterion 

in order to be able to designate "middle-sized," and few 

children under 6 were able to designate "next-to-smallest" 

without a similarly large number of trials. Thus although 

even 3-year-olds had relatively little difficulty 

identifying the end positions of the 3- or 4-rod arrays 

(smaller-larger, smallest-largest) ~ the inner positions 

(middle-sized and next-to-smallest) were generally 

difficult for all the preschoolers. Siegel (1972) 

concludes "children as young as 3 years can learn a 

seriation task when the verbal requirements of the task are 

minimized" and when nonverbal response modes are employed. 

Piaget (Inhelder & piaget, 1964), however, is not 

convinced that sequencing a graded series of rods 

constitutes sufficient evidence of a concept of operational 

ordinality. His argument is that objects could be 

correctly seriated based on pairwise comparisons, rather 

than being seen as a whole, the parts of which are then 

seriated. He also states that the task could be performed 

in a trial-and-error fashion, with the child presumably 
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stopping when a Gestalt-like "good form" has been achieved. 

He implies, with these arguments, that unless other 

conditions are present to validate an instance of seriation 

as a cognitively-based phenomenon, the performance is 

perceptually-based, and thus, not operational seriation. 

siegel's (1971a; 1971b; 1972) procedures then, as 

well as those of researchers using similar methods, are 

susceptible to this criticism. In addition, siegel's 

studies (1971a; 1971b: 1972) leave unanswered two other 

questions of concern. First, the non-numeric terms used to 

designate sequence or order, for example, "middle-sized," 

"next-to-smallest," and "next-to-largest" are awkward and 

cumbersome. The ordinal number "second" is unlikely to be 

in the preschooler's working vocabulary, at least in the 

ordinal sense of the word (Beilin, 1975). Thus, despite 

Siegel's efforts to simplify the language and the response 

modes, it is still not clear that linguistic factors are 

not at least partially responsible for preschooler's 

difficulties with her tasks. The second concern is the 

impact of not providing children the opportunity to anchor 

the end points of the series prior to identifying the 

interior rods in an array. Literature pertinent to the 

anchoring problem and to the effects of language will next 

be addressed. 
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Anchoring 

A study by Gollin, Moody, and Schadler (1974) 

suggests certain procedural aspects of Siegel's (1972) 

study which may be limiting children's ability to identify 

the "next-to-smallest" rod in an array. They found that if 

4- and 5-year-old children were first instructed to find 

the smallest rod, this facilitated their being able to find 

the "next-to-smallest" one. In fact, 4-year-olds were 

nearly errorless with this procedure. In contrast, the 4-

year-old control subjects who were not given the 

opportunity to "anchor" were, like Siegel's 4-year-olds, 

generally poor in performance and in many cases had 100% 

error rates. Gollin, Moody, and Schadler (1974) conclude 

that "affording the children the opportunity to establish a 

referent enabled them to solve an otherwise unsolvable 

relational size problem ••. " 

Griep and Gollin (1978) extended this procedure to 

assess interdimensional transfer with six-year-olds and 

found that children were able to transfer an anchoring 

strategy across height-brightness dimensions. 

Marschark (1977) replicated the Gollin, Moody, and 

Schadler (1974) study, including "next biggest" as well as 

"next smallest." His findings support those of Gollin, 

Moody, and Schadler, and also indicate that children's 

performance is significantly better on the unmarked term 
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"big;" a finding consistent with extensive research on the 

acquisition of polar relational adjectives. 

In summary, this literature emphasizes the 

importance of providing an opportunity to anchor a scale, 

and its effect on the subsequent identification of interior 

points on the scale. Furthermore, the procedure of first 

determining end points, or "anchors," is one with a long 

history in psychophysics. Torgerson (1958), in his classic 

text on psychophysical measurement and scaling, notes the 

importance of anchoring in the stability of scaling with 

adult sUbjects. Thus it is hardly surprising that children 

perform more accurately with end points, or that, at very 

young ages, they seem only to perform when end points are 

first identified. 

Ordinal and comparative Terms 

While the anchoring - end point problem is a fairly 

straightforward one, the issues surrounding the possible 

impact of language on quantitative performance are less 

clear. Even when tasks are modified to permit a nonverbal 

response mode, as Siegel's seriation tasks (1971a; 1971b; 

1972) were, there remains the problem of conveying 

instructions or expectations to the child. It appears that 

children may not understand the terms used to designate 

ordinal position or ordinal sequence. 
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Beilin (1975) explored young children's use of 

ordinal terms. Although it is typical for 5-year-olds to 

be able to count correctly to about 25 (Fuson, Richards, & 

Briars, 1982), Beilin (1975) found that few 5-year-olds 

were capable of using the ordinal numbers "second" and 

"third" to refer to a position, even though approximately 

half of them could recite the ordinal numbers through 

"fifth." The use of the ordinal number words is more 

difficult for preschoolers than is the use of the cardinal 

number words. This is not surprising since cardinal 

counting requires only the ordering of number words. On 

the other hand, designating ordinal position requires that 

both the ordinal terms and the referent objects be 

sequenced, and, in addition, that a correct one-to-one 

correspondence be made between them. On the basis of 

Beilin's (1975) findings, ordinal number words seem 

inappropriate for assessing the preschool child's 

understanding of ordering and sequencing. Faced with this 

difficulty, many cognitive development researchers have 

utilized the comparatives and superlatives, for example, 

more-less, same-different, bigger-smaller, and the like. 

This is particularly true in the exploration of 

quantitative concepts, which are inherently ordered. 

Numerous studies of language development suggest, 

however, that these kinds of terms may not be mastered by 
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preschoolers either. For example, studies of the use of 

more and less (Bartlett, 1976; Brewer & stone, 1975; E. 

Clark, 1972, 1973; Donaldson & Balfour, 1968, Donaldson & 

Wales 1 1970; Holland & Palermo, 1975; Klatsky, Clark, & 

Macken, 1973; Palermo, 1973, 1974; Townsend, 1974, 1975; 

Wales & Campbell, 1970) indicate that, while children do 

improve in their usage of these kinds of terms over the 

preschool and elementary school age, there are 

inconsistencies of performance as a result of relatively 

slight changes in the phrasing of instructions, or as a 

result of relatively minor procedural changes. A 

particularly clear example of this kind of content-specific 

variation is the study by Hudson (1983). He found that 

many 6 year old children could not correctly say whether 

"there were more worms than birds" in arrays. yet these 

same children, when this typical piagetian phrasing was 

modified, could correctly answer the question "How many 

birds won't get worms?" Thus, with a relatively slight 

linguistic modification children demonstrated that, at 

least in this context, they could perform a one-to-one 

correspondence, knew which array was more numerous, and, in 

fact, knew how many more it contained. 

Gelman & Gallistel (1978) also note that training 

studies show that children can fairly readily learn a 

variety of cognitive skills, and can do so at a younger age 
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than traditional Piagetian studies have indicated. Their 

interpretation of these studies is that the child may not 

only be learning the target skill, but may at the same time 

be learning relational word meanings and procedural 

expectations. The rapid results, for example, obtained by 

Holland and Palermo (1975) when training preschool children 

to correctly use the term less, lead them to conclude that 

young children's difficulties with using less is "a 

relatively superficial problem -- certainly not so deeply 

rooted as operational immaturity." Linguistic and 

procedural confusions certainly do not explain all of the 

young child's lesser ability, but in some instances they 

may present an insurmountable challenge. 

Transitive Inference 

Performing transitive inferences is one of the ways 

of validating the presence of a concept of ordinality 

(Piaget, Inhelder, & Szeminska, 1981; Brainerd, 1973a; 

1973b; 1979). piagetian researchers (Piaget, Inhelder, 

& Szeminska, 1981) require that children demonstrate their 

ability to make transitive inferences by verbalizing a 

syllogistic reasoning paradigm. 

Trabasso (1975) and his associates (Bryant & 

Trabasso, 1971; Riley & Trabasso, 1974) developed an 

alternative experimental procedure for 4-, 5-, and 6-year-
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olds, which made the transitive inference task more 

visually salient. In the later studies (Riley & Trabasso, 

1974; Trabasso, 1975) the children were additionally given 

multiple exposures to the key premises, as well as 

bidirectional information; that is, not only were they 

exposed to the information that "A was bigger than B," but 

also were told that liB was smaller than A" for all pairs 

except the test pair. Even 4-year-olds demonstrated a 

proficiency with this transitive inference task, although 

4-year-olds had done poorly with the earlier Bryant & 

Trabasso (1971) procedure. Trabasso (1975) attributes 

this proficiency to multiple exposures to key premises, 

thus ensuring that the children knew them. In addition, 

Trabasso points to a linguistic factor which appears to be 

related to proficiency. When children are trained 

unidirectionally, that is, given information that A>B, B>C, 

and C>D, they could be encoding the information nominally. 

For example, in a unidimensional presentation, A>B is coded 

as "A is long, B is not long," and when the B>C term is 

presented, B then becomes long; with the result that 

information is contradictory. On the other hand, H. Clark 

(1969) has demonstrated that with bidirectional training, 

A>B, B<A, children are more likely to encode contrastively. 

In summarizing his research, Trabasso (1975) suggests that 

"four-year-old children have a well-developed knowledge of 
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a dimension of size or height and that the double

comparative questioning procedure forced them to use this 

dimensional knowledge in ordering each pair of terms in the 

premise." 

other researchers have also challenged the 

Piagetian requirement of performing the logical syllogism. 

They question whether the logical syllogism constitutes the 

critical process necessary for performing transitive 

inferences. Thus, in order to identify more precisely the 

processes utilized in the performance of transitive 

inference tasks, several researchers (Moyer and Landauer, 

1967; Potts, 1972; Riley, 1976; and Trabasso, Riley, and 

Wilson, 1975) have used latency of response as a dependent 

measure. Their rationale is as follows: If ordinal, 

transitive information is learned as pairs of relations 

and, if the performance involves a sequence of logical 

inferential steps at the time of assessment, then the 

greater the distance between two objects, the greater the 

latency of the response should be. If, on the other hand, 

some sort of linear scale is constructed at the time 

information is presented, and the information asked for is 

simply "read off" at the time of assessment, there should 

be an inverse relation between distance and latency. These 

studies quite consistently obtained an inverse 

relationship between distance and latency, strongly 
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suggesting that adults (Moyer & Landauer, 1967; Potts, 

1972) and both elementary and college age students (Riley, 

1976; Trabasso, et aI, 1975) solve transitive inference 

problems by constructing a linear scale at the time 

information is input, from which the correct response is 

determined. such findings as these cast serious doubt on 

the appropriateness of requiring that preschoolers 

demonstrate syllogistic reasoning in order to demonstrate a 

knowledge of ordinality, when research suggests that the 

task is not performed in this manner by older children and 

adults. 

Although the verbalizing of a logical transitive 

inference paradigm can be considered sufficient to 

demonstrate a concept of ordinality, it may be that such 

"transitivity" is a post hoc, inductive principle, but not 

an operating strategy. 

Area Judgements 

Also of particular interest in the exploration of 

size scaling are the studies of Anderson and Cuneo (1978) 

with 5 year olds, and of Cuneo (1978, 1980) with 3- and 4-

year olds, of preschool children's ratings of area. While 

Piagetian theory and findings suggest that preschool 

children are unable to coordinate dimensions and that their 

judgements of volume and area are, at best, based on only 
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one dimension, the findings of Anderson and Cuneo (1978) 

and Cuneo (1980) suggest otherwise. These latter 

investigators adapted procedures used with adults to 

capture the subject's use of various aspects of information 

presented. using a rating scale with happy and sad faces, 

3-, 4-, and 5-year-old children indicated how happy a 

thirsty child would be to drink a given amount of 

orangeade, or a hungry child would be to eat a given size 

square cookie. On the liquid judgement problem children 

responded in a Piagetian fashion, using only the height 

dimension. with the cookie (area) problem, however, their 

judgements formed a linear scale, and appeared to be based 

on an additive rule. That is, they made use of both 

height and width dimensions, but they did so using an 

additive rule rather than the correct multiplicative one. 

Cuneo (1978) similarly found 3-, and 4-year-olds using an 

additive rule with length and density to judge the number 

of beads, which lends support to the possibility of a more 

general rule in quantity judgements than has previously 

been postulated. Cuneo (1980) suggests that "children as 

young as 3 years can use a rating scale in an orderly and 

consistent way," and that the anomolous results on the 

liquid volume problem are a function of misleading aspects 

of the child's experience with liquid volume. 
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Size and Family Role Labels 

In developing a procedure which is appropriate for 

preschoolers and which simplifies linguistic and procedural 

demands, the following studies on size and family-role 

labels are pertinent. In Edwards' (1984) study of 

preschooler's ability to label dolls and photographs 

representing people across the age span, she found that 

even children as young as 2 years old could divide the age 

range into three groups: 1) baby, 2) boy, girl (kid, 

child), and 3) man, lady (guy, grown up, mother, father, 

and variants of these). Many children in the 3- to 5-year

old group could further divide children into "little boy, 

big boy" categories, and adults into parent and grandparent 

categories. Edwards (1984) concludes that "age groups and 

differences have a great saliency to young children, and 

preschoolers appear competent to use age group terms as an 

early, shared, and structured system to label and to 

classify the social world." 

Several research studies (Britton & Britton, 1969; 

Kratochwill & Goldman, 1973; Kuczaj & Lederberg, 1977; 

Looft, 1971; and Piaget, 1969) suggest that the salient 

factor in preschoolers judgement of age is the relative 

size of the figure. In particular Kratochwill & Goldman 

(1973), in pitting size against maturity features, have 



concluded that "size appears to be the most dominant 

attribute in young children's judgements of age." 

Summary of Literature Review 
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The procedures used by traditional theorists 

suggest that the preschool child is seriously lacking in 

cognitive abilities. other more recent studies, however, 

have shown evidence of cognitive skills at an earlier age 

than traditionally predicted. By reducing extraneous 

demands and by developing tasks more likely to appeal to 

the preschool child, researchers have shown cognitive 

skills, or at least precursor skills, in the following 

areas related to ordering and scaling: relations of 

equivalence and inequivalence and the transfer of these 

relations, seriation, transitive inference, and area 

judgements. Studies of the effects of linguistic demands, 

and of procedural problems with anchoring, suggest that 

there may be tacit or precursor abilities in the preschool 

child that remain untapped. 

The concept of an ordinal level of measurement and 

scaling," with its less rigorous demands, suggests that this 

may represent a developmental step between sensorimotor 

discrimination, and fully metric measurement and scaling. 

Furthermore, studies indicating the salience of 

size for the preschooler, the attribution of size as a 
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designator for age, and the preschooler's knowledge of the 

family-role labels suggest a way to circumvent the semantic 

and syntactic difficulties encountered by the young child 

in using relational, comparative adjectives to designate 

size differences. If preschool children can use family

role labels to designate relative size, this can provide an 

operational technique for assessing their ability to scale 

objects according to size. 

For the present study a set of tasks has been 

developed which operationalize the scaling, or sequencing, 

of objects by size, based on ordinal measurement. Ordinal 

measurement requires only the designation of a "greater 

than - less than" relationship between or among objects. 

In these tasks the child is asked to assign family-role 

labels (daddy, mommy, big boy/girl, little boy/girl, baby) 

to a picture containing a graded series of shapes, for 

example, circles or squares. The shapes are grouped 

randomly on the page so that the child must scan them in 

order to select the one which fits the requested label. 

Since each verbal label is mapped to one of the objects and 

since the objects themselves are not placed in a graded 

sequence, the task does not permit a solution which could 

be attributed to "good form." In addition, since all 

objects are present, but not manipulable, it seems unlikely 
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either. 
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The child is conceptualized as having a previously 

constructed representation, a tacit scale, based on size, 

with family-role labels as semantic tags appropriate for 

designating relative size for small groups of objects. 

Thus the linguistic demands are simple and based on a 

system, the family-role labels, already used by the 

preschool child. The response mode is a simple, non-verbal 

one, pointing. Memory demands are likewise minimized, 

since all pictured objects are present, and the request can 

be repeated if the child does not respond within a 

reasonable time period. 

The task developed for this study lends itself to 

variations which have been shown to be significant demands 

in other cognitive domains. Increasing the number of 

objects to be scaled places increasing memory and 

perceptual demands on the child. other manipulations 

increase the overall complexity of the task. The simplest 

task, identification, requires mapping the labels onto a 

single set of objects. The next level, coordination, 

requires mapping onto two separate sets of objects in which 

corresponding scale positions (family members) are the same 

size. Even more complex is the transposition task, the 



mapping of two separate sets in which corresponding scale 

positions (family members) are of different sizes. 

Hypotheses 

Based on suggestions from the literature it was 

hypothesized that preschool children would be able to 

38 

scale objects according to size by assigning a set of size

related family-role labels to groups of abstract geometric 

shapes differing only in size. Children's proficiency was 

expected to increase with age, while their performance 

level was expected to decrease as scale size was increased. 

similarly, increasing levels of task complexity 

should prove more challenging to children. In general, 

identification tasks should be easier than coordination 

tasks, which should, in turn, be easier than transposition 

tasks. utilizing a Latent Trait type of analysis permits 

the analysis of such difficulty sequences at specific scale 

positions. It also permits the testing of the hypothesis 

that the end points (anchors) of a scale will be easier 

than the more central positions. 

"The two simple geometric shapes of the objects, 

circle and square, were not expected to differ 

significantly. 
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METHOD 
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In addition to a description of the experimental 

procedures, a section is included regarding the Latent 

Trait Analysis performed. This latter section provides an 

overview of the rationale of Latent Trait analysis, and 

includes details of the model specifications for hypothesis 

testing utilizing the One-Parameter Latent Trait Model. 

Experimental Procedures 

Subjects 

The subjects were 48 male and 48 female children 

selected from two large preschools serving an urban, 

middle-class population. The children were selected to 

form three equal age groups: 3-year-olds, 4-year-olds, and 

5-year-olds. Males and females were equally represented 

in each age group. The 3-year-olds ranged in age from 3 

years, 1 month to 3 years, 11 months, with a mean age of 3 

years, 7 months. The 4-year-olds ranged in age from 4 

years to 4 years, 11 months, with a mean age of 4 years, 6 

months. The mean age of the 5-year-olds was 5 years, 5 

months and their ages ranged from 5 years to 5 years, 11 

months. Prior to the experimental procedure children were 



administered a brief screening test to assure their 

understanding of the terminology and the procedure to be 

followed. 

Materials 
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The experimental materials for the ordinal tasks 

consisted of a series of 19 pictures (21 x 28 cm) depicting 

groups of objects which varied in size, but which were 

otherwise identical. The demonstration picture presented 

three different sized turtles and was referred to as a 

turtle family. The experimental pictures presented groups 

of circles or squares of varying size and they were, in 

like fashion, referred to as circle or square "families." 

Pictures for the identification tasks consisted of sets of 

3, 4, or 5 circles or squares. For the coordination tasks, 

children were presented with two separate pictures, each 

with a group of 3, 4, or 5 circles or squares. In these 

pictures the corresponding "family members" were of 

identical size. Pictures for the transposition tasks 

consisted of two separate pictures, each with a group of 3, 

4, or 5 'circles or squares, but in this case the 

corresponding family members of one set were smaller. See 

Figure 1 for examples of each type of picture format. 
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Coordination: 

Transposition: 
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Figure 1. Sample of materials for three levels of task 

complexity at Scale Size 3 (50% reduction). 
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Procedures 

After the screening procedure, three demonstration 

items were administered, followed by corrective feedback to 

those children who made errors in the demonstration items. 

Children were then individually administered the set of 

size scaling tasks. During the experimental procedures 

children were praised for their efforts, but praise was not 

contingent upon a correct response. The procedure for the 

identification task was as follows: The picture was 

presented, then the child was told "Here is a circle 

family. Point to the one that is the baby." After a pause 

to allow the child to respond, the child was told "Now 

point to the daddy circle." After another pause the child 

was told "Now point to the mommy circle." The procedure 

for the coordination tasks was as follows: Two circle 

pictures were presented and the child was told "Now we have 

two circle families. See, here is a circle family and 

here is another circle family. Point to both daddy 

circles." After responding, the child was asked to point 

to both baby circles, and then to both mommy circles. The 

procedure for the transposition tasks was identical to that 

for the coordination tasks except that transposition tasks 

were introduced by saying "Now we have two other circle 

families, but this time we have a big circle family and a 

little circle family." Appendix A contains the complete 



set of instructions for the pretest, the demonstration 

items, and the experimental items. 
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The child first received the identification tasks 

for the three scale sizes, then the coordination tasks for 

the three scale sizes, and finally the transposition tasks 

for the three scale sizes. Thus the sequence of scale 

sizes was not varied. In order to anchor the scale, the 

first scale position requested on each picture was either 

the largest, "daddy" or the smallest, "baby." Their 

sequence was counterbalanced so that each was presented 

first an equal number of times. The complete set of circle 

items was presented as a unit, as was the set of square 

items. Half the children received the circle set first and 

half received the square set first. Within age and sex 

groups children were randomly assigned to one or the other 

of these sequences. 

The child was scored correct or incorrect for each 

of the 72 individual items. The scoring criteria were 

simple: the child either pointed to the correct object(s) 

or did not. If the child changed an answer, the second 

response was scored. For the coordination and 

transposition tasks, where selections were made from two 

groups of objects, the child was scored correct if, and 

only if, both correct selections were made. The child's 



specific choice(s) were separately recorded in order to 

provide data for error analysis. 

Latent Trait Analysis 
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In addition to hypotheses concerning the overall 

effects of the major variables, which may be tested in an 

Analysis of Variance, other hypotheses are testable using 

Latent Trait methodology. This methodology, also known as 

Item Response Theory (IRT) , permits statistical analysis at 

the level of the individual item. Furthermore, using 

Latent Trait methodology and the program, MULTILOG, 

developed by Thissen (1985) permits hypothesis testing 

among models specifying the relationships among small 

subsets of items (Bergan, 1988; Bergan & stone, 1985, 1986; 

Lane, 1986). 

The first section presents an overview of the 

conceptual rationale of hypothesis testing with Latent 

Trait methods. subsequent sections specify the models used 

in the present analysis. 

overview of Conceptual Rationale 

Univariate Latent Trait models are based on the 

assumption that performance on a set of items is related to 

a single continuously scaled underlying, or latent, trait. 

The simplest Latent Trait Model is the one-parameter 
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(Rasch) model. In this model estimates of both examinee 

ability and item difficulty are calibrated on a common 

interval scale. More complex two- and three-parameter 

models are also available. The two-parameter model 

incorporates an estimate of the slope of the item 

characteristic curve at the point of inflection. The 

three-parameter model includes estimates of both the slope 

and the lower asymptote of the item characteristic curve 

for each item. These more complex two- and three-parameter 

latent trait models require relatively large N sizes in 

order to calibrate stable estimates, therefore analysis in 

the present study will be confined to the less 

mathematically demanding one-parameter model, which assumes 

identical slopes and a low probability of chance success. 

Wainer & Thissen (1987), in fact, state that for small 

samples and for small sets of items that there is no loss 

in the precision of difficulty estimates in using the one

parameter model. 

Application of Latent Trait Methodology 

to Hypothesis Testing 

Applying Latent Trait methodology to the evaluation 

of hypothesized relationships among item difficulty levels 

involves several steps. First, a set of two or more 

hierarchically related models is constructed which 
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postulate equality-inequality relationships among 

individual items. To be hierarchically related one model 

must contain all the restrictions of the other model plus 

one or more additional constraints, or restrictions. The" 

more restricted model is the more parsimonious, since fewer 

parameters must be estimated. As a consequence it has more 

degrees of freedom than the less restricted model. 

Following the construction of the appropriate 

models, item difficulty parameters are estimated using an 

Item Response program such as Thissen's MULTILOG program 

(1985). The resulting analysis yields a likelihood 

statistic. Then, by subtracting the likelihood statistic 

of the more parsimonious model from that of the less 

parsimonious model, one obtains a statistic, L2, which is 

distributed as X2 • This value, L2, is an indicator of the 

amount of improvement in model-data fit obtained by adding 

additional parameters to the estimation process. The 

significance of L2 is then evaluated using a X2 table, 

using as degrees of freedom the number of additional 

degrees of freedom required in estimating the less 

parsimonious model. Finally, if the less parsimonious 

model provides a significantly better fit to the data, it 

is deemed the preferred model, and the constraints of the 

model are considered characteristic of the relationships 

among the items so tested. 
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As an example, suppose that in a preliminary 

overall estimation of item difficulties, Item 1 is found to 

have a larger item difficulty value than Item 2. In order 

to assess the significance of this difference, two models 

can be constructed as follows: Model 1 which states that 

the items are of equal difficulty, and Model 2 which allows 

the item difficulties to be free to vary. Model 2 has one 

more difficulty parameter to estimate and consequently one 

less degree of freedom. It is thus less parsimonious than 

Modell. Since Model 1 is more parsimonious, it is the 

preferred model unless the L2 value of M2 - Ml is large 

enough to be significant when evaluated using a X2 

distribution for 1 degree of freedom. If a significant 

value is obtained for this difference, M2 is the preferred 

model, indicating that the models (and in this case, the 

items) differ significantly from one another. Since we 

have a previously determined indicator of the direction of 

the difference, then Item 1 is significantly more difficult 

than Item 2. If, however a significant L2 is not obtained, 

Ml is the preferred model indicating that the items do not 

differ significantly. 

Calculating degrees of freedom 

Generally, the total degrees of freedom available 

to evaluate a set of dichotomously scored items is 2n , 
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where n is the number of items. Bock & Aitkin (1981) 

suggest, however, that a degree of freedom be subtracted 

for each zero frequency cell in the contingency table of 

response patterns. Additionally, a degree of freedom is 

lost for each parameter estimated. since a single slope 

parameter is estimated in the one-parameter model, only one 

degree of freedom is lost for this estimate. For the 

estimation of item difficulty parameters the number of 

degrees of freedom lost is equal to 1 + the number of 

unique difficulty values to be estimated for the model in 

question. The formula is thus: 

2n - [1 + (1 + x)] 

where n = the number of items, and x = the number of unique 

item difficulty parameters to be estimated. 

Model specification for Hypothesis Testing 

For the present analysis the validity of two major 

hypotheses is tested using Latent Trait methodology. These 

are the anchoring hypothesis and the hypothesis that items 

significantly increase in difficulty over levels of task 

complexity. While this latter hypothesis was tested with 

an Analysis of Variance by aggregating the responses for 

each scale, the Latent Trait methods permit analysis at 

each specific scale position. In other words, the effect 

of task complexity level can be tested at each scale 



position within a scale, for example, the largest (daddy) 

or the second-largest (mommy). This allows assessment of 

the effect of task complexity at a more finely grained 

level than is possible with the ANOVA procedures. 
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Details of the specification of hierarchical models will 

first be presented for testing the anchoring hypothesis at 

Scale Size 5, and at Scale Size 4, followed by 

specification of the models for testing the effect of 

levels of task complexity. Latent Trait analyses within 

Scale Size 3 are not performed in the present study, even 

with the three scale positions which are available to do 

so, namely, daddy, mommy, and baby. variations in the 

number and nature of alternative choices across scale size 

negates the usefulness of such analyses. 

Anchoring Hypothesis 

One hypothesis of interest is the hierarchical 

ordering of items representing specific scale positions 

within an individual scale. Research on the importance of 

anchoring in the scaling process suggests that the items 

representing the end points of the scale, namely, daddy 

and baby, would be easier than those representing more 

central positions (mommy, big boy/girl, little boy/girl) . 

Scale Size 5 is tested six times over the different 

combined levels of task complexity and form, thus it is 
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possible to replicate tests of the anchoring hypothesis at 

all six of these levels for Scale Size 5. Likewise it is 

possible to replicate tests of the anchoring hypothesis at 

each of the six levels of Scale Size 4. Tests at Scale 

Size 3 will not be performed, primarily because ceiling 

effects raise valid doubts about the usefulness of the 

items at this level to discriminate item difficulty. 

Model Specification - Scale Size 5. To test the 

anchoring hypothesis at Scale Size 5, a set of 

hierarchically related models has been developed. Figure 2 

presents a schematic diagram of item relationships within 

each model, the hierarchical relationship between the 

models, and, in addition, the degrees of freedom for each 

model. The letters A through E represent, from largest to 

smallest, the following scale positions within the scale: 

daddy, mommy, big boy/girl, little boy/girl, baby. 

The degrees of freedom specified in the set of 

models assumes no zero cells, however, this is not the 

case. Since the present analysis is concerned with the 

differences in L21 s and in degrees of freedom, and since 

these differences are not affected by the absolute number 

of degrees of freedom available, the precise number of 

degrees of freedom will not be separately calculated for 

each separate replication. For clarity and simplicity of 



presentation, only the degrees of freedom for the most 

general case will be presented. 
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Modell (M1), which states that the five items are 

of equal difficulty, estimates only one difficulty 

parameter and is the most parsimonious (df = 29) of the set 

of hierarchical models. Model 7 (M7), the saturated model, 

which allows the items to freely vary in difficulty, 

estimates five difficulty parameters and is the least 

parsimonious (df = 25) of the models which can be 

postulated. Between the logical extremes of M1 and M7 

there are a large number of models which are mathematically 

possible in a 5-item set. For the present analysis, 

however, only eight models are relevant to a test of the 

anchoring hypothesis. Models 2 through 6, and Model 8 

represent various equality relations among the items which 

are relevant to the anchoring hypothesis and they are 

specified as follows: 

M2 postulates two levels of difficulty, one 

representing the end points of the scale (A and E), 

and the other representing the central positions 

"(B, C, and D). 

M3 postulates three levels of difficulty, one 

representing the end points (A and E), one 

representing the second largest position (B), and 



the other representing the third and fourth 

positions (C and D). 
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M4 postulates three levels of difficulty, one 

for each of the end points (A) and (E) and one for 

the central positions (B, C, and D). 

M5 postulates four levels of difficulty, one 

for the two end points (A and E) and one for each 

of the central positions (B), (C), and (D). 

M6 postulates four levels of difficulty, one 

level for the third and fourth positions (C and D), 

and one for each of the other positions (A), (B), 

and (E). 

M8 postulates three levels of difficulty, one 

for the large end point (A), one for the second and 

fifth positions (B and E), and one for the third 

and fourth positions (C and D). 

The arrows in Figure 2 indicate the hierarchical 

relationships among the models. Models 2 through 7 support 

an anchoring hypothesis, while models 1 and 8 do not. 

Model Specification - Scale Size 4. To test the 

anchoring hypothesis at scale size 4, a similar set of 

hierarchical models was constructed. With only four items, 

however, fewer models can be constructed which are relevant 

to the anchoring hypothesis. A schematic diagram of item 

relationships within each model, and of the hierarchical 
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Ml (df = 29) 
A = E = B = C = 0 

~ ~ 
M8 (df = 27) M2 (df = 28) 

A < E = B < C = 0 A = E < B = C = 

1 
M3 (df = 27) M4 (df = 27) 

A = E < B < C = 0 A E < B = C = 

1 1 
M5 (df = 26) M6 (df = 26) 

A = E < B < C 0 A E < B < C = 

1 
M7 (df = 25) 

A E < B < C 0 

Figure 2. Schematic diagram of the hierarchical 

relationships among models assessing the model-data fit of 

anchoring hypotheses at Scale Size 5. 

0 

0 

0 
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relationship among this set of models is presented in 

Figure 3. The letters A, B, D, and E designate, in order, 

the following scale positions within the scale: daddy, 

mommy, little boy/girl, baby. The first model, M9, 

postulates that all items are equal, and is the most 

parsimonious of the set of models. Model 13, the saturated 

model, allows the items to vary freely in difficulty, and 

is the least parsimonious. Between the logical extremes of 

these two models are three other models reflecting equality 

- inequality relationships among the items. These are as 

follows: 

M10 postulates two levels of difficulty, one 

for the end points (A and E) of the scale, and one 

for the two central positions (B and D). 

M11 postulates three levels of difficulty, one 

for the end points (A and E) and one each for the 

two central positions (B) and (D). 

M12 postulates three levels of difficulty, one 

for each of the end points (A) and (E), and one for 

the two central positions (B and D). 

The arrows in Figure 3 indicate the hierarchical 

relationships among the models. Models 10 through 13 

support an anchoring hypothesis, while model 9 does not. 
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M9 (df = 13) 
A = E = B = D 

1 
M10 (df = 12) 

A = E < B = D 

M11 (df = 11) M12 (df = 11) 
A = E < B < D A < E < B = D 

M13 (df = 10) 
A < E < B < D 

Figure 3. Schematic diagram of the hierarchical 

relationships among models assessing the model-data fit of 

anchoring hypotheses at Scale Size 4. 



Model Specification for Tests of the Sequencing of Task 

Complexity Levels at the Scale position Level 
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The hierarchical models for tests of task 

complexity levels are illustrated in Figure 4. Only three 

items are utilized for each test in order to hold constant 

the variables· of scale position, scale size, and form. In 

this case, each item represents a task complexity level, 

and only four models are relevant. The most parsimonious 

model, M14, postulates that the three items, and 

consequently the three complexity levels, are equally 

difficult. The least parsimonious model, M17, allows the 

items to vary freely in difficulty. Between these two 

models are two intermediate models which are specified as 

follows: 

M15 postulates two levels of difficulty, one 

for Task Complexity Levels 1 and 2, and another for 

Level 3. 

M16 postulates two levels of difficulty, one 

for Task Complexity Level 1 and another for Levels 

2 and 3. 

The arrows in Figure 4 specify the hierarchical 

relationships among the models. Model 17 supports the 

hypothesized differences, while models 15 and 16 afford 

partial support. Model 14, which postulates that the 



M15 (df = 4) 
1 = 2 < 3 

Three Item Set 

M14 (df = 5) 
1 = 2 = 3 

M17 (df = 3) 
1 < 2 < 3 

Two Item Set 

M18 (df = 1) 
2 = 3 

1 
M19 (df = 0) 

2 < 3 

M16 (df = 4) 
1 < 2 = 3 

Figure 4. Schematic diagram of the hierarchical 

relationships among models assessing the hypothesis that 

item difficulty irlcreases over levels of task complexity. 
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items are equally difficult, does not support the 

hypothesis. 
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Models 18 and 19 were developed for the case in 

which Task Complexity Level 1 items were not available, and 

where only items at Levels 2 and 3 could be utilized. This 

occurred because, in two instances, the items representing 

Scale position E (baby) were answered correctly by all 

children. This precludes their being scaled with Latent 

Trait methods. 

M18 states that the items are of equal difficulty, 

while M19 postulates a significant difference between the 

two items (levels). MI9 is compatible with either MI5 or 

M17. 



CHAPTER 4 

RESULTS 
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First, the results of preliminary analysis are 

presented, including analysis of three variables which were 

hypothesized to be non-significant. Following this are the 

Analysis of Variance and post hoc tests of the major 

variables and significant interactions. Next, results of 

Latent Trait Analysis address two major questions, first, 

an assessment of the differential difficulty of the 

"anchored," end points of the scale, and second, an 

assessment of task complexity levels at each scale position 

within Scale Sizes 4 and 5. Finally, errors analysis 

addresses questions of the relative attractiveness of 

alternatives and of children's understanding of the term 

"both." 

Preliminary Analyses 

All children responded correctly to the set of 

items in the screening pretest, therefore all children were 

included in the analysis. The three demonstration items 

were answered correctly by 94 of the 96 children. The 

remaining 2 children received corrective feedback on these 

items. Two of the 72 experimental items were answered 



60 

correctly by all children, however, there were no items 

which all children answered incorrectly. Children's raw 

scores ranged from 17 to 70 items correct for the set of 72 

experimental items. 

Three variables, form, form sequence, and gender, 

were not expected to yield significant effects. They were, 

however, incorporated in the experimental design so that 

their effects, if any, could be detected. Each of these 

variables was individually tested with the three major 

variables in the study in a 4-way ANOVA procedure. Gender 

and form sequence yielded no significant main effects or 

interactions with any of the other major variables or with 

their interactions (See Tables 1 and 2). Data for these 

two non-significant variables were therefore pooled and 

they were not analyzed further. The within subject 

variable, form, yielded a significant main effect and hence 

was included in the analysis. 

Analysis of Variance 

Data were analyzed in a 4-way ANOVA [Age (3) X 

Scale Si'ze (3) X Task Complexity (3) X Form (2)]. In this 

mixed design the first variable, age, was a grouping 

variable while the latter three variables were repeated 

measures. The repeated measures were completely crossed, 



Table 1 

SUmrna1:y of Analysis of variance - Fonn sequence with Age, Scale Size, 

and Task Complexity 

Source F p 

Fonnseq .13 .721 

Age X Fonnseq .15 .860 

Fonnseq X Size 1.86 .159 

Age X Fonnseq X Size .11 .978 

Fonnseq X Task Corrplexity 1.86 .158 

Age X Fonnseq X Task Complexity .04 .997 

Fonnseq X Size X Task Corrplexity 1.03 .390 

Age X Fonnseq X Size X Task Corrplexity 1.89 .060 
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Table 2 

SUmmary of Analysis of variance - Gender with Age, Scale Size, and 

Task Complexity 

Source F p 

Gender 1.32 .254 

Age X Gender 1.93 .151 

Gender X Size 1.80 .169 

Age X Gender X Size 1.74 .144 

Gender X Task Corrplexity .58 .563 

Age X Gender X Task Corrplexity .39 .819 

Gender X Size X Task Corrplexity .87 .480 

Age X Gender X Size X Task Complexity .90 .513 
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so that each child received items at each scale size-task 

complexity-form intersect. For the Analysis of Variance, 

data were summed for each child at each scale size-task 

complexity-form intersect and then divided by the number of 

possible correct responses at that intersect. This 

yielded a proportion-correct score, ranging from 1.00 to 

.00, for each child for each ~ of item. 

Analysis of Main Effects 

There were significant main effects for age [F(2,93) = 

15.65, R < .0000], scale size [F(2,186) = 193.53, R < 

.0000], task complexity [F(2,186) = 137.87, R < .0000], and 

form [F(1,93) = 39.03, R < .0000] (See Table 3). In 

addition there were significant effects for several 

interactions. An evaluation of the effect size for these 

interactions showed that most of them were of trivial 

impact. Setting a criteria for omega squared at > .0075 

excluded all but two interactions (See Table 4). These are 

the interactions of task complexity with age [F(4,186) = 

5.26, R < .0005] and with scale size [F(8,372) = 17.94, R < 

.0000]. Table 5 presents the individual cell means and 

standard deviations for the ANOVA procedure. 

Heterogeneity of variance can lead to a positive bias in 

evaluation of the F test, most particularly with repeated 

measures. Evaluating the variables in the present 
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Table 3 

SUrnrnal:y of Analysis Of Variance - Age, Scale Size, Task Complexity, and 

Fonn 

Source 

Age 

Error 

Fonn 

Fonn X Age 

Error 

Size 

Size X Age 

Error 

Fonn X Size 

Fonn X Size X Age 

Error 

TC 

TC X Age 

Error 

SUm of 

Squares 

9.22 

27.40 

2.81 

.37 

6.38 

16.65 

.36 

8.00 

.44 

.15 

6.38 

31.31 

2.39 

21.12 

Degrees of 

Freedom 

2 

93 

1 

2 

93 

2 

4 

186 

2 

4 

186 

2 

4 

186 

Mean 

Square 

4.61 

.29 

F p 

15.65 .0001 

2.815 41.01 .0001 

.190 2.76 .0682 

.068 

8.237 193.53 .0001 

.089 2.07 .0867 

.043 

.219 

.038 

.034 

15.65 

.60 

.11 

6.41 .0020 

1.10 .3585 

137.87 .0001 

5.26 .0005 



Table 3 

Continued 

Source 

Fonn X TC 

Fonn X TC X Age 

Error 

Size X TC 

Size X TC X Age 

Error 

SUm of 

Squares 

.30 

.09 

6.61 

2.22 

.55 

11.53 

Fonn X Size X TC 1.13 

Fonn X Size X TC X Age .21 

Error 10.69 

DegreeS of Mean 

Freedom Square 

2 .15 

4 .02 

186 

4 

8 

372 

4 

8 

372 

.04 

.56 

.07 

.03 

.28 

.03 

.03 

65 

F P 

4.20 .0164 

.60 .6631 

17.94 .0001 

2.21 .0261 

9.82 .0001 

.90 .5130 
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Table 4 

Proportion of Total Variance Accounted for by statistically Significant 

Effects 

Source R squared Omega squared 

Age .0554 .0518 

Fonn .0169 .0165 

Size .1000 .0996 

Fonn X Size .0026 .0023 

Task Complexity .1882 .1869 

Age X Task Complexity .0143 .0117 

Fonn X Task Complexity .0018 .0017 

Size X Task Complexity .0134 .0126 

Age X Size X Task Complexity .0033 .0018 

Fonn X Size X Task Complexity .0068 .0062 

Note: Effects which accounted for less than .0075 of the total variance 

were excluded from further analysis. 



Table 5 

Cell Means and Standard Deviations for Analysis of Variance 

Age 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

Scale 

Size 

1 

1 

1 

2 

2 

2 

3 

3 

3 

1 

1 

1 

2 

2 

'2 

3 

3 

3 

Task 

Complexity 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Fonn Mean 

1 1.000 

1 .979 

1 1.000 

1 .922 

1 1.000 

1 .992 

1 .844 

1 .856 

1 .844 

1 .917 

1 .917 

1 .990 

1 .813 

1 .922 

1 .977 

1 .675 

1 .775 

1 .938 

Starxlard 

Deviation 

.000 

.118 

.000 

.185 

.000 

.044 

.220 

.211 

.195 

.240 

.207 

.059 

.336 

.195 

.098 

.286 

.231 

.139 
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Table 5 

Continued 

Age 

Scale 

Size 

3 1 

4 1 

5 1 

3 2 

4 2 

5 2 

3 3 

4 3 

5 3 

3 1 

4 1 

5 1 

3 2 

4 2 

5 ·2 

3 3 

4 3 

5 3 

Task 

Complexity 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Fonn Mean 

1 .740 

1 .823 

1 .938 

1 .563 

1 .609 

1 .797 

1 .294 

1 .406 

1 .575 

2 .906 

2 .958 

2 1.000 

2 .805 

2 .938 

2 .961 

2 .788 

2 .788 

2 .881 

Standard . 

Deviation 

.336 

.281 

.157 

.365 

.291 

.215 

.269 

.266 

.300 

.228 

.164 

.000 

.275 

.191 

.129 

.190 

.254 

.202 
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Table 5 

Continued 

Age 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

3 

4 

5 

Scale 

Size 

1 

1 

1 

2 

2 

2 

3 

3 

3 

1 

1 

1 

2 

2 

2 

3 

3 

3 

Task 

Complexity 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Fonn Mean 

2 .917 

2 .927 

2 1.000 

2 .594 

2 .773 

2 .844 

2 .500 

2 .631 

2 .750 

2 .521 

2 .698 

2 .917 

2 .344 

2 .516 

2 .695 

2 .319 

2 .381 

2 .575 

Standard 

Deviation 

.240 

.203 

.000 

.352 

.300 

.227 

.287 

.288 

.210 

.431 

.391 

.224 

.310 

.336 

.322 

.313 

.251 

.258 

69 
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study using both the Geisser-Greenhouse and the Huyhn-Feldt 

corrections leads to exactly the same decisions concerning 

the significance of the F values. Thus, all effects which 

were significant using conventional procedures were 

significant using the Geisser-Greenhouse and the Huyhn-

Feldt corrections. Conversely, all those not deemed 

significant with a conventional criteria were also not 

significant with these more conservative tests. 

Post-hoc testing. Table 6 details post hoc tests 

of the significant main effects. While there was a main 

effect for age, post hoc testing with a Tukey's procedure 

did not support significant differences among individual 

means. The mean values, however, increased with age as was 

predicted, with mean scores of .69, .77, and .87, for 3-, 

4-, and 5-year olds, respectively. Means throughout are 

predicated on a perfect score of 1.0. 

Increasing scale size was expected to present an 

increasing challenge to the children. A significant main 

effect for scale size, as well as the direction of the 

means support this hypothesis. The mean scores were .90, 

.78, and .66; for Scale Sizes 3, 4, and 5, respectively. 

Post hoc tests utilizing the Tukey's procedure 

demonstrated significance of mean differences between Scale 

Sizes 3 and 5 (2 < .01) and between Scale Sizes 4 and 5 (2 

< .05). The probability of a significant difference 



Table 6 

SUmmary of Tukey' s Post Hoc Analysis of Main Effects for Age. Scale 

Size. and Task complexity 

Comparison 

Age 3 - 5 

Age 4 - 5 

Age 3 - 4 

Scale Size 3 - 5 

Scale Size 4 - 5 

Scale Size 3 - 4 

Task Complexity 1 - 3 

Task Complexity 2 - 3 

Task Complexity 1 - 2 

q 

1.854 

1.027 

• 833 

6.557 

3.400 

3.157 

5.450 

3.930 

1.52 

p 

N. S. 

N. S. 

N. S • 

< .01 

< .05 

< .10 

< .01 

< .05 

N. S. 
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between Scale Sizes 3 and 4 was between .05 and .10. 

Increasing task complexity was likewise predicted 

to present an increasing challenge to the children. A 

significant main effect for task complexity, as well as the 

direction of the means support this prediction. The mean 

scores were .91, .83, and .59: for Task complexity Levels 

1, 2, and 3. Tukey's post hoc testing indicates 

significant differences between the means for levels 1 and 

3 (R < .01), and between levels 2 and 3 (R < .05). 

The specific shape of the objects was expected to 

be irrelevant. This was not the case. There was a 

significant main effect for form, with circular shapes 

being easier than square shapes. An examination of the 

item-by-item results, and of the cell frequencies 

confirmed the consistency of this effect. The overall mean 

for circular shapes was .82 and for square shapes, .74. 

Analysis of Interaction Effects 

Two interactions were of both statistical and 

practical significance. They were the Age X Task 

Complexity interaction and the Scale Size X Task Complexity 

interaction. Graphs of these interactions appear in 

Figures 5 and 6, and the individual cell means and standard 

deviations are presented in Tables 7 and 8. 
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Figure 5. Mean proportion correct as a function of age and 

task complexity. 
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Figure 6. Mean proportion correct as a function of scale 

size and task complexity. 



Table 7 

Cell Means and Standard Deviations for Analysis of the Interaction of 

Age and Task complexity 

Age 

3 

4 

5 

3 

4 

5 

3 

4 

5 

level of Task 

Complexity 

1 

1 

1 

2 

2 

2 

3 

3 

3 

Mean 

.877 

.920 

.946 

.736 

.824 

.916 

.463 

.572 

.749 

Standard 

Deviation 

.213 

.189 

.140 

.330 

.262 

.170 

.373 

.341 

.289 
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Table 8 

Cell Means and Standard Deviations for Analysis of the Interaction of 

Scale Size and Task Complexity 

Scale 

Size 

3 

4 

5 

3 

4 

5 

3 

4 

5 

level of Task 

Complexity 

1 

1 

1 

2 

2 

2 

3 

3 

3 

Mean 

.974 

.936 

.833 

.944 

.820 

.711 

.773 

.587 

.425 

Standard 

Deviation 

.127 

.176 

.213 

.185 

.290 

.278 

.344 

.337 

.296 
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Considering Figure 5, the graph of the Age X Task 

Complexity interaction, it is apparent that much of the 

deviation from parallelness of the effect of task 

complexity for the 3 age levels is due to the values of the 

means for 5-year-olds. The results of Tukey's post hoc 

analysis, shown in Table 9, indicate an absence of 

significant effects for 5-year-olds, a significant effect 

only between Task Complexity Levels 1 and 3 for 4-year-olds 

(R < .01), and significant effects between Levels 1 and 3 

(R < .01), and between Levels 2 and 3 (R < .05) for 3-year

olds. None of the pairwise comparisons across age for the 

three complexity levels was significant, even if tested at 

a rather generous alpha level of .10. Thus the Age X 

Complexity interaction appears to be largely due to a 

ceiling effect for Task Complexity Levell, especially for 

5-year-olds. 

Figure 6, the graph of the other significant 

interaction, that for Scale Size X Complexity, shows a 

similar lack of parellelness. This is due principally to 

the cell reflecting the combined effect of Scale Size 3 and 

the identification level of task complexity (Levell). 

Table 10 presents the results of post hoc analysis for this 

interaction. At Task Complexity Levell, none of the 

Tukey's pairwise comparisons was significant, at Task 

Complexity Level 2 only the difference between Scale Sizes 
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Table 9 

SUmmary of Tllk.ey' s Post Hoc Analysis of the Interaction of Age and Task 

Complexity 

Comparison 

At Age 3 

TC1 - TC3 

TC2 - TC3 

TC1 - TC2 

At Age 4 

TC1 - TC3 

TC2 - TC3 

TC1 - TC2 

At Age 5 

TC1 - TC3 

TC2 - TC3 

TC1 - TC2 

At Task Conplexity level 3 

Age 3 - Age 5 

q 

6.949 

4.573 

2.376 

5.832 

4.228 

1.604 

3.305 

2.799 

• 505 

3.883 

p 

< .01 

< .05 

N. S. 

< .01 

< .10 

N. S. 

N. S. 

N. S. 

N. S • 

N. S. 



Table 10 

St.nnmary of TUkey' s Post Hoc Analysis of the Interaction of Scale Size 

am Task Cgrnplexity 

COIrqJarison 

At Task Complexity Level 1 

SS3 - SS5 

SS4 - SS5 

SS3 - SS4 

At Task Complexity Level 2 

SS3 - SS5 

SS4 - SS5 

SS3 - SS4 

At Task Complexity Level 3 

SS3 - SS5 

SS4 - SS5 

SS3 - SS4 

At Scale Size 3 

TC1-~ 

TC2 - ~ 

TC1 - TC2 

q 

4.537 

3.318 

1.218 

7.514 

3.511 

3.990 

11.212 

5.234 

6.457 

6.497 

5.544 

• 952 

p 

< .10 

N. S. 

N. S. 

< .01 

N. S. 

N. S. 

< .01 

< .05 

< .01 

< .01 

< .01 

N. S • 
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Table 10 

Continued 

COmparison 

At Scale Size 4 

Tel - 'K!3 

TC2 - 'K!3 

Tel - TC2 

At Scale Size 5 

TCl - 'K!3 

TC2 - 'K!3 

Tel - TC2 

q 

11.257 

7.518 

3.738 

13.172 

9.241 

3.931 

p 

< .01 

< .01 

N. S. 

< .01 

< .01 

N. S. 
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3 and 5 was significant (~ < .01). At Task Complexity 

Level 3, all of the pairwise comparisons were significant. 

Differences between Scale Sizes 3 and 4 and between Scale 

Sizes 3 and 5 were significant at .01, and the difference 

between Scale Sizes 4 and 5 was significant at the .05 

level. 

Comparing task complexity levels across scale 

sizes, the difference between Task Complexity Levels 1 and 

2 is consistently not significant for all three scale 

sizes. All other pairwise comparisons across task 

complexity levels were significant (~< .01). 

The results of post hoc testing, as well as a 

visual inspection of the graphed means (Figures 5 and 6), 

suggest that both interactions are artifacts of the 

relative lack of difficulty of the six items at Scale Size 

3 and Task Complexity Levell, especially for 5-year-olds. 

The overall mean for this cell, .974, is very close to the 

highest possible value, 1.00. The fact that all six 

questions were answered correctly by all the 5-year-olds, 

by 93.8% of the 4-year-olds, and by 84.4% of the 3-year

olds, suggest a ceiling effect. 

Results of Latent Trait Analysis 

Two major hypotheses were tested with Latent Trait 

methodology. The first of these is the anchoring 
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hypothesis, which was tested at scale sizes 4 and 5. The 

other hypothesis tested was that the same overall effect of 

task complexity level found in the Analysis of Variance 

would be reflected in items representing a single scale 

position. Results of an assessment of item difficulty 

using a one-parameter model for the entire set of items is 

presented in Appendix B. 

Anchoring Hypothesis at Scale Size 5 

Hierarchical models constructed for the test of the 

anchoring hypothesis at Scale Size 5 are specified in 

Figure 2. Table 11 presents the preferred models for each 

of the six replications of the hypothesis, which have been 

performed at each of the combined levels of task complexity 

and form. Appendix C provides details of the Latent Trait 

analysis of the entire set of hierarchical models tested at 

Scale Size 5. 

Model 3 is the preferred model at Task Complexity 

Level 1 for both circle and square forms, and at Task 

Complexity Level 2 for circle forms. Model 3 specifies 

that the two end points (A and E) are easier than the 

second largest position (B), which is, in turn, easier than 

the equally difficult third and fourth positions (C and D). 

Model 3 supports an anchoring hypothesis. At Task 

Complexity Level 2 for square forms, M7 is the preferred 
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Table 11 

Preferred Models in the Analysis of the Anchoring Hypothesis at Scale 

Size 5 

Models 

Level of Task Complexity 1 2 3 4 5 6 7 8 
and Fonn 

Tel - Circle * 
Tel - Square * 
TC2 - Circle * 
TC2 - Square * 
TC3 - Circle * 
TC3 - Square * 
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model. M7, specifying each of the items differs 

significantly in difficulty, likewise supports the 

anchoring hypothesis. In this case the largest scale 

position (A) is easiest, the smallest scale position (E) is 

next easiest, followed in difficulty by positions B, C, and 

D. 

Model 8 is the preferred model at Task complexity 

Level 3 for both circle and square forms. While the large 

end point (A) is the easiest, the small end point (E) is no 

easier than the easiest central position, B. All, however, 

are easier than the third and fourth positions (C and D). 

This model does not support an anchoring hypothesis. 

However, it is only the differentially increasing 

difficulty of the smallest endpoint, E, which is 

responsible for these results. Figure 7 shows a graph of 

the item difficulty values plotted across the six task 

complexity - form levels, which are arranged in order of 

difficulty. It shows the smaller end point (E) increasing 

in difficulty at a faster rate than the other positions. 

Anchoring Hypothesis at Scale Size 4 

Model specifications for the hierarchical test of 

the anchoring hypothesis at scale size 4 are shown in 

Figure 3. Table 12 presents the preferred models for each 

of the six replications of the hypothesis, which have been 
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Table 12 

Preferred Models in the Analysis of the Anchoring Hypothesis at Scale 

Size 4 

Models 

level of Task Conq;>lexity 9 10 11 12 13 

arx:l Fonn 

'Ie1 - Circle * 
'Ie1 - Square * 
'IC2 - Circle * 
'IC2 - Square * 
'IC3 - Circle * 
'IC3 - Square * 
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performed at each of the combined levels of task complexity 

and form. Appendix D provides details of the Latent Trait 

analysis of the entire set of hierarchical models tested at 

Scale Size 4. 

For the test at the simplest level of task 

complexity and form, Model 9 is preferred. Model 9 

indicates a failure to find differences among the items. 

This is not an unexpected result, since items at this task 

complexity level are so relatively easy that it is 

difficult to find statistically significant distinctions 

among them. 

At the other five levels the results are supportive 

of an anchoring hypothesis. At Task Complexity Level 2 for 

circle items, and at Task Complexity Level 1 for square 

items, Model 11 is the preferred model. Model 11 states 

that the end points, A and E, are equally difficult and are 

easier than the central positions Band D. 

At Task Complexity Level 3 for circle forms Model 

10 is the preferred model. Model 10 states that the end 

points are equally difficult, but are easier than the 

equally difficult central positions, Band D. At Task 

Complexity Levels 2 and 3 for square forms, Model 13 is the 

preferred model. Model 13 states that the four items all 

differ in difficulty level. The two end points are easier 



than the two central positions, and thus this model also 

supports an anchoring hypothesis. 

Item Difficulty Over Levels of Task Complexity 

88 

Figure 4 presents hierarchical model specifications 

for the test of the effect of task complexity replicated at 

each scale position at each combination of scale size and 

form. There were 24 replications of this set of models. 

Table 13 presents the preferred models for each of the 

replications, and Appendix E provides details of the tests 

of each of these sets of hierarchical models. 

Model 17 states that the items differ from each 

other in difficulty, and that Task Complexity Levell is 

easier than level 2, which is easier than level 3. M17 is 

the preferred model for 10 of the 24 scale positions. 

Model 15, which states that Task Complexity Levels 

1 and 2 are equally difficult but easier than level 3, was 

the preferred model in 10 of the 24 scale positions. M19, 

which is conceptually compatible with either M15 or M17, 

was constructed to assess the significance of differences 

where only items for Task Complexity Levels 2 and 3 were 

available. In both instances where this was the case, M19 

was the preferred model. 

In the remaining two tests performed, Model 16 was 

the preferred model. Model 16 states that Task Complexity 



Table 13 

Preferred Models in the Analysis of Task Complexity levels at Each 

Scale Position 

Models 

Scale Position 14 15 16 17 18 19 

Scale Size 3 - Circle 

A * 
B * 
~ * 

Scale Size 3 - S~ 

A * 
B * 
~ * 

Scale Size 4 - Circle 

A * 
B * 
D * 
E * 

Scale Size 4 - Square 

A * 
B * 
D * 
E * 

89 



Table 13 

Continued 

Scale Position 

Scale Size 5 - Circle 

A 

B 

C 

D 

E 

Scale Size 5 - Square 

A 

B 

C 

D 

E 

a:rested at Levels 2 and 3 only. 

14 15 

90 

Models 

16 17 18 19 

* 
* 
* 
* 
* 

* 
* 

* 

* 
* 



Level 1 is easiest, but that levels 2 and 3 are equally 

difficult. However, in both of these instances M19 

marginally failed to be the preferred model, with 

probability values between .05 and .10. 
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In no case were there significant findings counter 

to the results obtained in the Analysis of Variance. 

Errors Analysis 
, 

Two specific questions regarding children's errors 

were explored in the present study. The first was whether 

children really understand the term "both" and consequently 

what it was that they were being asked to do on Task 

Complexity Levels 2 and 3. The second question was whether 

there was some pattern to the children's incorrect 

choices. 

Understanding the Term "Both" 

Occasionally children selected more than two 

choices on the coordination and transposition tasks, where 

two choices were required. This raised the question of 

their understanding of the term "both," a key word in the 

instructions for these items. To explore this, the number 

of instances in Scale Size 5 where the child's response 

included more than two selections was tabulated. Table 14 

presents, for Scale Size 5, the frequency of such responses 
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Table 14 

Frequency of More 'Ihan Two Choices at Scale Size 5. at Complexity Levels 

2 and 3 and for Each Fo:rm. by Age and Scale Position 

Complexity Level 

2 3 

Scale Position Age Circle Square Circle Square Total. 

D:J.ddy 3 1 1 2 0 4 

4 1 1 0 2 4 

5 0 0 0 0 0 

Mommy 3 1 0 2 1 4 

4 1 1 1 0 3 

5 0 0 0 0 0 

Big Boy/Girl 3 1 1 5 4 11 

4 1 1 0 2 4 

5 1 0 0 0 1 

Little Boy/Girl 3 1 2 7 3 13 

4 2 3 4 3 12 

5 0 1 0 1 2 

Baby 3 0 2 9 4 15 

4 1 2 6 5 14 

5 0 1 2 1 4 

Total. 11 16 38 26 91 
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at Task Complexity Levels 2 and 3 for both circle and 

square items. The frequency of these responses is analyzed 

by age and by specific scale position. In each specific 

cell there were 32 opportunities to make such a response, 

and for the grand total, 1920 opportunities. This type of 

response was relatively infrequent. It occurred 91 times, 

or on 4.73% of the possible occasions, and accounted for 

only 6.28% of the errors made at these two levels. 

Furthermore, the occurrence of occasional zero cell counts 

at each age level indicates that making more than 2 

selections is not a consistent strategy for any of the 

children. 

Pattern of Incorrect Choices 

Another question about children's incorrect choices 

is "Are they equally distributed among the alternatives?" 

If so, it suggests that there are two sharply defined 

levels of competence: a level of complete mastery, 

demonstrated by correct responding: and a level of 

nonmastery, as reflected in chance level responding. Chi

square analysis affords a test of a model which 

hypothesizes that incorrect choices are equiprobably 

distributed over the incorrect response alternatives. If 

the observed data fit the model, a non-significant X2 is 

obtained. Chi-square analysis was performed for all items 
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for which there were 12 or more incorrect choices. In all 

cases, 42 in all, where 12 or more incorrect choices 

occurred, there was a significant X2• Table 15 summarizes 

these analyses. The results indicate that incorrect 

choices were not equiprobably distributed, and that some 

alternatives were more attractive than others. The task is 

then to determine if there is some pattern to the 

"attractiveness" of alternatives. 

To assess whether the attractiveness of 

alternatives might be size-related, data were tabulated to 

contrast the number of incorrect choices which were no more 

than one unit from the target response, with the total 

number of incorrect choices. Scale Size 5 was selected as 

affording the greatest opportunity for deviation from the 

target by more than one position and thus the most rigorous 

test of the hypothesis. Table 16 presents the results of 

this analysis. The frequencies reported include all of a 

child's choices. If a child selected, for example, 4 scale 

positions instead of 2, all four were evaluated according 

to the criteria. 

"As may be noted on Table 16, consistently high 

percentages of near-misses were obtained. This suggests 

that children were responding to size, even though they had 

not achieved complete mastery of the tasks. Such size

related errors were an increasingly large proportion of 
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Table 15 

SUmmary of X
2 

Analysis of Goodness of Fit to a Mcxlel of Eguiprobable 

Incorrect Oloices 

Ntnnber of 

Incorrect Degrees of 

Item Oloices Freedom X2 P 

1 1a 1 

2 Oa 1 

3 1a 1 

4 1a 2 

5 5a 2 

6 2a 2 

7 5a 2 

8 3a 3 

9 2a 3 

10 31 3 58.42 < .001 

11 6a 3 

12 31 3 51.96 < .001 

13 2 1 

14 9a 1 

15 lOa 1 

16 4a 2 

17 Sa 2 

18 11a 2 



Table 15 

Continued 

Item 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Ntnnber of 

Incorrect 

Choices 

23 

6a 

7a 

11a 

54 

72 

16 

5a 

28 

14 

20 

58 

72 

19 

61 

63 

98 

120 

Oa 

96 

Degrees of 

Freedom X2 
P 

2 25.12 < .001 

3 

3 

3 

3 93.41 < .001 

3 63.44 < .001 

1 9.00 < .01 

1 

1 28.00 < .001 

2 17.27 < .001 

2 28.89 < .001 

2 43.90 < .001 

2 37.00 < .001 

3 31.74 < .001 

3 83.85 < .001 

3 26.11 < .001 

3 66.98 < .001 

3 132.53 < .001 

1 



Table 15 

Continued 

Item 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

Nmnber of 

Incorrect 

CllOices 

6a 

6a 

5a 

10 

7a 

15 

5a 

7a 

31 

12 

32 

6a 

3a 

9a 

44 

17 

13 

64 

lOa 

97 

Degrees of 

Freedom X2 
P 

1 

1 

2 

2 

2 

2 34.40 < .001 

3 

3 

3 

3 12.00 < .01 

3 20.50 < .001 

1 

1 

1 

2 76.39 < .001 

2 23.05 < .001 

2 16.93 < .001 

2 120.84 < .001 

3 



Table 15 

continued 

Item 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

Number of 

Incorrect 

Choices 

31 

36 

74 

120 

26 

19 

31 

20 

46 

57 

88 

38 

20 

42 

114 

117 

Degrees of 

Freedom 

3 

3 

3 

3 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

98 

X2 
P 

93.00 < .001 

32.24 < .001 

108.59 < .001 

249.07 < .001 

14.00 < .001 

15.21 < .001 

7.26 < .05 

28.89 < .001 

30.84 < .001 

20.63 < .001 

36.57 < .001 

60.70 < .001 

32.40 < .001 

24.86 < .001 

33.00 < .001 

135.20 < .001 

a Tests were perfonned only if there were 12 or more incorrect choices. 
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Table 16 

Frequency and Percentage of Incorrect Choices One unit From the Tcrrget 

Resoonse for Each Level of Task complexity and Age 

Age 

3 

4 

5 

Total 

Incorrect choices at Corrplexity Level 

1 

1 unit Total % 

50 59 85 

52 57 91 

43 44 98 

145 160 91 

2 

1 Unit Total % 

176 196 90 

140 145 97 

83 84 99 

399 425 94 

3 

1Unit Total % 

209 273 77 

209 257 81 

151 172 88 

569 702 81 

Note: For Task Corrplexity Levels 2 and 3, up to 4 choices may be 

included. 
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total incorrect choices as age increased. In addition, as 

the task became more difficult, at level 3 of task 

complexity, the proportion of size-related errors was lower 

at all age levels. 



CHAPTER 5 

DISCUSSION 
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The major question addressed in this study was 

whether preschool children could demonstrate a simple or 

precursor level of ordinal conceptualization. Children 

were administered simplified tasks which required ordinal 

scaling of small sets of objects which differed only in 

size. These tasks utilized terms which are already a part 

of the child's vocabulary, the family role labels. 

Previous research (Edwards, 1984); Kratochwill & Goldman, 

1973) has shown that, in preschool children, the salient 

characteristic in assigning family role terms is that of 

size. This suggested that children could demonstrate a 

precursor level of ordinal concept by using the family role 

labels to designate ordinal size relationships in small 

groups of objects. 

Support for the major hypothesis comes from two 

kinds of evidence, from children's overall proficiency and 

from their error patterns. Children performed the tasks at 

a surprisingly high level of proficiency. Even 3-year

olds, on the average, were able to select the correct scale 

position(s) 70% of the time. Children's error patterns 

also provided interesting information about their use of 
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size in performing these scaling tasks. Incorrect choices 

were quite likely to be within 1 unit of the target 

response, suggesting that many of their incorrect choices 

were errors in precision, that is, in degree, rather than 

an indication of lack of competence. This suggests the 

possibility of a gradual rather than discontinuous process 

of development. 

Small, but significant effects were found for age 

and scale size, and for the particular shape of the 

objects. The high level of proficiency shown by the 

children, particularly at smaller scale sizes and at the 

identification level of task complexity, resulted in what 

appears to be a ceiling effect for the items representing 

these levels. This effect is apparent in the lack of 

significant differences detected with post hoc testing 

between these levels and more difficult levels of the 

variables. Apparently artifactual interactions were also 

obtained as a function of this ceiling effect. 

Performance did, however, generally improve with 

age. No attempt was made to control for individual 

differences in ability of the children, either in overall 

ability, or in specific exposure to tasks similar to the 

experimental procedure. Covariance with a test of general 

ability might yield more clear cut indications of a 

developmental effect. 
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Decreases in proficiency as a function of 

increasing scale size were in the predicted direction, 

however the effect was moderate in size. It may be that 

the rather limited range over which scale size may be 

varied may be insufficient to show a very powerful effect. 

In addition, in the present procedure, scale size can be 

increased only by adding more difficult scale positions. 

Thus it is not entirely clear how much each of these 

factors contributes to the effect. A somewhat different 

procedure, in which scale size is held constant while 

specific scale positions are varied, might offer some 

insight into this problem. 

The most powerful effect obtained was a function of 

the variation of task complexity. Identification, which 

required only that the child directly map a single set of 

objects, was the easiest type of task. The coordination 

level required that the child be able to map two separate 

sets of objects simultaneously was more difficult. In this 

task two sets of objects must be seen as two distinct 

entities, each with its own size range, which must be 

mapped with a set of ordinal scaling terms. However, the 

task may still be conceptualized as a matching task where a 

tacit scale is matched simultaneously to two separate sets 

which "match each other." The transposition task, on the 

other hand, requires mapping or matching a tacit scale 
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simultaneously to the two separate sets, with different, 

but overlapping, size ranges. This then demands even more 

from the child in terms of processing. The difficulty of 

this latter task is reflected not only in a lower overall 

proficiency level, but in a generally lower proportion of 

size-related errors. 

Analysis of Variance was performed using scores 

that represented an aggregate of three to five separate 

scale positions, which themselves varied in difficulty 

level. With Latent Trait analysis it was possible to 

assess the consistency of the task complexity effect at the 

scale position level by comparing specific scale positions 

with their counterparts across task complexity levels, and 

thus holding scale size, form, and scale position constant. 

The difficulty sequence of task complexity was fairly 

consistently supported. Differences which were not 

supported tended to be between levels 1 and 2, where fairly 

high levels of proficiency created ceiling effects. In no 

case were results counter to the overall effect detected by 

the Analysis of Variance. 

The hypothesis that the end points or anchoring 

points of the scale would be easier than the more central 

positions was suggested by the work of Gollin, Moody, & 

Schadler, (1974) and of Trabasso, (1975). This was 

supported in all cases for the largest end point, but for 
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the smallest end point results were less clear. For 

simpler levels of the variables, the smallest end point was 

easier than the central positions, but on three occasions, 

at more difficult levels of task complexity, it was more 

difficult than the second largest scale position. This 

result was unexpected and is difficult to interpret. 

Further research is required to determine the reliability 

of this finding. 

Operationalization of Ordinal Scaling 

The particular nature of the task developed for the 

present research avoids or precludes solution strategies 

which have prevented a clear interpretation of previous 

paradigmatic research techniques, particularly the 

Piagetian seriation task. Piaget's criteria for the child 

involve having the child see the task in a holistic manner, 

that is, to proceed in an orderly, a priori way, selecting 

specific objects to fill certain scale positions. The ten 

manipulable objects (sticks) differ from each other by a 

very small amount (.8 cm), therefore requiring direct 

comparison of the objects to see which is longer. In 

order to ensure that the child had not used a pairwise 

comparison, trial and error strategy which resulted in a 

perceptual "good form," the child is then required to 

insert other objects into their appropriate positions in 
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the scale. Thus, with this procedure, simply scaling the 

objects correctly is not sufficient proof, for Piaget, of 

the child's having an ordinal concept. 

The present procedure, on the other hand, 

presenting the stimulus objects in a pictorial format 

instead of as manipulable objects, precludes a pairwise 

comparison strategy. Having objects distinctively 

different in size avoids the need for direct comparison. 

Also by not requiring alignment of the objects in a row, 

any attribution of a "good form," perceptual solution is 

simply not relevant. It is also important to note that no 

training procedures are involved. The skills required to 

perform the tasks are ones which are already in existence, 

apparently as a result of experiences common to most 

children. 

Furthermore, utilizing the "Levels of Measurement" 

approach was helpful in conceptualization and in task 

analysis. It provided a rationale for distinguishing 

ordinal level ordinal tasks, requiring only "greater than -

less than" judgements, from interval-ratio ordinal tasks, 

like ordinal numeration. The conceptually simpler ordinal 

level ordinal tasks can then be considered a precursor 

level of performance which can be related to later ordinal 

developmental skills. organizing the ordinal domain in 

this way allows for a more detailed and accurate picture of 
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the process. It also allows for theoretical integration of 

the process with a broad range of numeric and cognitive 

skills. 

It seems obvious that this precursor ordinal 

conceptualization is not a strictly logical, abstract 

system which is mapped onto empirical content. The content 

and context based constraints, in terms of scale size 

limitations, and in terms of inconsistency regarding the 

relative difficulty of end (anchoring) points, are 

interesting and notable. Much remains to be discovered 

about the precise relationship of this precursor skill to 

other cognitive skills, particularly those reflected in 

later ordinal and seriation proficiency. It appears to be 

a useful starting point in exploring exactly how children 

do develop a totally abstract concept of ordinality, one 

which is context and content free. 

The research was motivated by an attempt to find 

precursor skills, and to incorporate ordinal concept 

development into a larger framework of semantic and numeric 

development. This involved finding procedural similarities 

in process, and providing an operationalization of ordinal 

concept which emphasizes the relationship to semantic and 

numeric processes. 

The proficiency shown by preschoolers in performing 

these tasks is by no means indicative of the kinds of 
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complex skills obtained with 7 and 8 year olds on the 

Piagetian tasks. It does, however, provide a sUbstantial 

indication of a precursor kind of skill, one which can be 

elaborated upon as the child develops more sophisticated 

linguistic skills and develops a repertoire of strategies 

for dealing with a complex of numeric, classification, and 

logical concepts. 
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APPENDIX A 

INSTRUCTIONS FOR PRETEST AND EXPERIMENTAL ITEMS 

(Verbal instructions are capitalized throughout.) 

Item A 

Item B 

Item C 

Item D 

o 

* 

* 
* 

* 

Pretest 

Place Pretest picture A in front of the 

child. 

LOOK AT THESE CIRCLES (point). 

POINT TO THE BIG ONE. 

Score correct (1) or incorrect (0). 

NOW POINT TO THE LITTLE ONE. 

Score correct (1) or incorrect (0). 

Place Pretest picture B in front of the 

child. 

LOOK AT THESE SQUARES (point). 

POINT TO THE LITTLE ONE. 

Score correct (1) or incorrect (0). 

NOW POINT TO THE BIG ONE. 

* Score correct (1) or incorrect (0). 

o Place Pretest picture C in front of the 

child. 

SEE THIS PICTURE (point)? THIS IS A 

FAMILY. 



Item E 

Item F 

Item G 

Item H 

Item I 

Item J 

Item K 

Item L 
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POINT TO THE DADDY. 

* Score choice. 

NOW POINT TO THE MOMMY. 

* Score choice. 

NOW POINT TO THE BABY. 

* Score choice. 

NOW POINT TO THE BIG GIRL. 

* Score choice. 

NOW POINT TO THE LITTLE BOY. 

* Score choice. 

Demonstration Items 

o Place the 3-Turtle picture in front of the 

child. 

* 

* 

* 

SEE THESE TURTLES (point to the turtles)? 

THEY ARE A TURTLE FAMILY. 

POINT TO THE ONE THAT IS THE DADDY. 

Score choice. 

NOW POINT TO THE MOMMY TURTLE. 

Score choice. 

NOW POINT TO THE BABY TURTLE. 

Score choice. 

Feedback. If the child does not perform all of 

these demonstration items correctly, the 



Item 1 

Item 2 

Item 3 

Item 4 
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following feedback should be given: LET'S LOOK 

AT THIS TURTLE FAMILY AGAIN. THIS IS THE DADDY 

TURTLE (point and pause), THIS IS THE MOMMY 

TURTLE (point and pause), AND THIS IS THE BABY 

TURTLE (point and pause) • 

Ordinal Identification Items (Circle) 

0 Place the large 3-circle picture in front 

of the child. 

HERE IS A CIRCLE FAMILY. 

POINT TO THE ONE THAT IS THE DADDY. 

* Score choice. 

NOW POINT TO THE BABY CIRCLE. 

* Score choice. 

NOW POINT TO THE MOMMY CIRCLE. 

* Score choice. 

a Place the large 4-circle picture in front 

of the child. 

HERE IS A ANOTHER CIRCLE FAMILY. 

POINT TO THE ONE THAT IS THE BABY. 

* Score choice. 



Item 5 

Item 6 

Item 7 

Item 8 

Item 9 

Item 10 

Item 11 

Item 12 

* 

* 

* 
o 

* 

* 

* 

* 
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NOW POINT TO THE DADDY CIRCLE. 

Score choice. 

NOW POINT TO THE MOMMY CIRCLE. 

Score choice. 

NOW POINT TO THE BOY/GIRL CIRCLE. 

Score choice. 

Place the large 5-circle picture in front 

of the child. 

HERE'S ANOTHER CIRCLE FAMILY. 

POINT TO THE ONE THAT IS THE DADDY. 

Score choice. 

NOW POINT TO THE BABY CIRCLE. 

Score choice. 

NOW POINT TO THE LITTLE GIRL/LITTLE BOY 

CIRCLE. 

Score choice. 

NOW POINT TO THE MOMMY CIRCLE. 

Score choice. 

NOW POINT TO THE BIG GIRL/BIG BOY CIRCLE. 

* Score choice. 

Ordinal Coordination Items (Circle) 

o Place two large 3-circle pictures in front 

of the child. 

NOW WE HAVE TWO CIRCLE FAMILIES. SEE, 

HERE IS A CIRCLE FAMILY (point to one of 



Item 13 

* 
Item 14 

* 
Item 15 

* 
a 

Item 16 

* 
Item 17 

* 
Item 18 

* 
Item 19 

* 
a 
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the circle groups) AND HERE IS ANOTHER 

CIRCLE FAMILY (point to the other circle 

group) • 

POINT TO BOTH BABY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH DADDY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH MOMMY CIRCLES. 

Separately score choice in each family. 

Place two large 4-circle pictures in front 

of the child. 

NOW WE HAVE TWO OTHER CIRCLE FAMILIES 

(point to each of the circle groups). 

POINT TO BOTH DADDY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH BABY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH MOMMY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH GIRL/BOY CIRCLES. 

Separately score choice in each family. 

Place two large 5-circle pictures in front 

of the child. 

NOW WE HAVE TWO OTHER CIRCLE FAMILIES 

(point to each of the circle groups). 



Item 20 

Item 21 

Item 22 

Item 23 

Item 24 

Item 25 

Item 26 
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POINT TO BOTH BABY CIRCLES. 

* Separately score choice in each family. 

POINT TO BOTH DADDY CIRCLES. 

* Separately score choice in each family. 

POINT TO BOTH MOMMY CIRCLES. 

* Separately score choice in each family. 

POINT TO BOTH BIG GIRL/BIG BOY CIRCLES. 

* Separately score choice in each family. 

POINT TO BOTH LITTLE GIRL/LITTLE BOY 

CIRCLES. 

* Separately score choice in each family. 

Ordinal Transposition Items Circle 

a Place the large 3-circle picture and the 

small 3-circle picture in front of the 

child. 

* 

* 

NOW LET'S LOOK AT THESE PICTURES. HERE IS 

A CIRCLE FAMILY (point to the group of 

large circles) AND HERE IS ANOTHER CIRCLE 

FAMILY (point to the group of small 

circles) . 

POINT TO BOTH DADDY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH BABY CIRCLES. 

Separatly score choice in each family. 



Item 27 

Item 28 

Item 29 

Item 30 

Item 31 

Item 32 . 

Item 33 

* 
a 

* 

* 

* 

* 
a 

* 
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POINT TO BOTH MOMMY CIRCLES. 

Separately score choice in each family. 

Place the large 4-circle picture and the 

small 4-circle picture in front of the 

child. 

NOW WE HAVE MORE CIRCLE FAMILIES (point to 

each of the circle groups) • 

POINT TO BOTH BABY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH DADDY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH MOMMY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH GIRL/BOY CIRCLES. 

Separately score choice in each family. 

Place the large 5-circle picture and the 

small 5-circle picture in front of the 

child. 

NOW WE HAVE TWO OTHER CIRCLE FAMILIES 

(point to each of the circle groups). 

POINT TO BOTH DADDY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH BABY CIRCLES. 

* Separately score choice in each family. 



Item 34 

Item 35 

Item 36 

* 

* 
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POINT TO BOTH MOMMY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH BIG GIRL/BIG BOY CIRCLES. 

Separately score choice in each family. 

POINT TO BOTH LITTLE GIRL/LITTLE BOY 

CIRCLES. 

* Separately score choice in each family. 

The set of items using "square" pictures is identical 

except that the sequence of "Daddy" and "Baby" is 

reversed. 



Item 

APPENDIX B 

ITEM DIFFIaJIlI'Y VAIDES AS A FUNCrION OF FORM, SCAIE SIZE, 

TASK a:::MI?I.E}(['l, AND SCAIE R>SITION 

Task 

Scale Complexity Scale Item 
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Number Fonn Size revel Position Difficultya 

1 C 3 1 A -4.705 

2 C 3 1 E -.-b 

3 C 3 1 B -4.705 

4 C 4 1 E -4.705 

5 C 4 1 A -3.654 

6 C 4 1 B -4.054 

7 C 4 1 D -3.121 

8 C 5 1 A -3.654 

9 C 5 1 E -4.054 

10 C 5 1 D -0.773 

11 C 5 1 B -2.922 

12 C 5 1 C -0.733 

13 C 3 2 E -4.705 

14 C 3 2 A -2.749 

15 C 3 2 B -2.458 

16 C 4 2 A -2.992 
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Task 

Item Scale Ccmplexity Scale Item 

NlDnber Fonn Size level Position DifficultyCl 

17 C 4 2 E -2.992 

18 C 4 2 B -2.458 

19 C 4 2 D -1. 739 

20 C 5 2 E -3.358 

21 C 5 2 A -3.121 

22 C 5 2 B -2.216 

23 C 5 2 C -0.518 

24 C 5 2 D -0.232 

25 C 3 3 A -1. 739 

26 C 3 3 E -3.121 

27 C 3 3 B -0.993 

28 C 4 3 E -2.108 

29 C 4 3 A -1.580 

30 C 4 3 B 0.042 

31 C 4 3 D 0.312 

32 C 5 3 A -1.580 

33 C 5 3 E 0.042 

34 C 5 3 B 0.403 

35 C 5 3 C 1.252 

36 C 5 3 D 1.779 

37 S 3 1 E --.b 
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Task 

Item Scale Corrplexity Scale Item 

Number Fonn Size level Position DifficultyG\ 

38 S 3 1 A -2.922 

39 S 3 1 B -2.749 

40 S 4 1 A -3.121 

41 S 4 1 E -2.332 

42 S 4 1 B -2.749 

43 S 4 1 D -1. 739 

44 S 5 1 E -3.121 

45 S 5 1 A -2.749 

46 S 5 1 D -0.773 

47 S 5 1 B -2.108 

48 S 5 1 C -0.720 

49 S 3 2 A -3.121 

50 S 3 2 E -4.054 

51 S 3 2 B -2.596 

52 S 4 2 E -0.936 

53 S 4 2 A -1.913 

54 S 4 2 B -2.332 

55 S 4 2 D 0.087 

56 S 5 2 A -2.596 

57 S 5 2 E -1.110 

58 S 5 2 B -0.993 
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Task 

Item scale C'aIplexity scale Item 

Number Fonn Size Level Position DifficultyCi 

59 S 5 2 C -0.049 

60 S 5 2 D 1.252 

61 S 3 3 E -0.993 

62 S 3 3 A -1.171 

63 S 3 3 B -0.720 

64 S 4 3 A -1.366 

65 S 4 3 E -0.232 

66 S 4 3 B 0.358 

67 S 4 3 D 0.928 

68 S 5 3 E -0.094 

69 S 5 3 A -1.171 

70 S 5 3 B -0.140 

71 S 5 3 C 1.704 

72 S 5 3 D 1.941 

a '!he lru:ger the value, the greater the difficulty of the item. 

b Difficulty values cannot be estbnated. '!he item was answered 

correctly by 100% of the children. 



APPENDIX C 

:HIERARarI:CAL M:>DEL a:::m>ARISONS 

OF '!HE ANCHORING HYroIHESIS Nr SCAlE SIZE FIVE 

AS A FUNCI'ION OF <XlMBINATIONS OF FORM TYPE AND TASK a:MPIEXITY 

Table C-1 

Hierarchical Model comparisons of the Anchoring Hypothesis at Scale 

Size 5 at Task complexity revel 1 for Circle Fonns 
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Model 

CClrrq;)arison 

Difference 

L2 df p 

Preferred 

Model 

Ml, M2 60.1 1 < .001 

M2, 113 45.5 1 < .001 113" 

M2, M4 3.8 1 < .10 

113, M5 0.0 1 N. S. 

113, M6 0.2 1 N. S. 

M4, M6 41.9 1 < .001 

M5, M7 0.2 1 N. S. 

M6, M7 0.4 1 N. S. 
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Table C-2 

Hierarchical Model Comparisons of the Anchoring Hypothesis at Scale 

Size 5 at Task Cgmplexity Level 2 for Circle Fonns 

Model 

Conparison 

Ml, M2 

M2, MJ 

M2' M4 

MJ, M5 

MJ, M6 

M4, M6 

M5,M7 

M6, M7 

Difference 

L2 

80.7 

51.3 

0.2 

1.7 

0.2 

51.3 

0.3 

1.8 

elf 

1 

1 

1 

1 

1 

1 

1 

1 

p 

< .001 

< .001 

N. s. 

N. s. 

N. s. 

< .001 

N. S. 

N. s. 

Preferred 

Model 

MJ 
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Table C-3 

Hierarchical Model Comparisons of the Anchoring Hypothesis at Scale 

Size 5 at Task Complexity level 3 for Circle Fonts 

Model 

Comparison 

Ml, M2 

M2, M3 

M2, M4 

M3, M5 

M3, M6 

M4, M6 

M5, M7 

M6, M7 

Ml, M8 

M8, M7 

Difference 

L2 

96.2 

22.4 

32.8 

3.2 

34.5 

24.1 

34.8 

3.5 

150.7 

5.9 

df 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

p 

< .001 

< .001 

< .001 

N. S. 

< .001 

< .001 

< .001 

N. S. 

< .001 

< .10 

Preferred 

Model 

M8 
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Table C-4 

Hierarchical Model Comparisons of the Anchoring Hyoothesis at Scale 

Size 5 at Task Complexity Level 1 for SqUare Fo:rms 

Model 

Comparison 

MI., M2 

M2, M3 

M2, M4 

M3, M5 

M3, M6 

M4, M6 

M5,M7 

M6, M7 

Difference 

L2 

41.7 

20.4 

0.4 

0.0 

0.4 

20.4 

0.5 

0.1 

df 

1 

1 

1 

1 

1 

1 

1 

1 

p 

< .001 

< .001 

N. S. 

N. S. 

N. S. 

< .001 

N. s. 

N. s. 

Preferred 

Model 

M3 
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Table C-5 

Hierarchical Model Comparisons of the Anchoring Hypothesis at Scale 

Size 5 at Task Complexity level 2 for Square Fonns 

Model 

Comparison 

Ml., M2 

M2, M3 

M2, M4 

M3, MS 

M3, M6 

M4, M6 

MS, M7 

M6, M7 

Ml., MB 

MB, M7 

Difference 

L2 

73.6 

42.2 

14.4 

24.7 

15.6 

43.6 

16.5 

25.6 

131.2 

25.8 

df 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

p 

< .001 

< .001 

< .001 

< .001 

< .001 

< .001 

< .001 

< .001 

< .001 

< .001 

Preferred 

Model 

M7 
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Table C-6 

Hierarchical Model Cqrnparisons of the Anchoring Hypothesis at Scale 

Size 5 at Task Complexity Level 3 for Square Fonns 

Model 

Comparison 

Ml, M2 

M2, M3 

M2, M4 

M3,M5 

M3, M6 

M4, M6 

M5, M7 

M6, M7 

Ml, Ma 

Ma,M7 

Difference 

L2 

80.9 

67.5 

14.8 

0.5 

17.3 

70.0 

17.3 

0.5 

165.5 

0.6 

df 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

p 

< .001 

< .001 

< .001 

N. S. 

< .001 

< .001 

< .001 

< .001 

< .001 

N. S. 

Preferred 

Model 

Ma 



APPENDIX D 

HIERARaITCAL MODEL ~ARISONS 

OF '!HE ANCHORING HYroIHESIS AT SCAlE SIZE FOUR 

AS A FUNCl'ION OF COMBINATIONS OF FORM TYPE AND TASK COMPI.EXITY 

Table 0-1 

Hierarchical Model Cqrnparisons of the Anchoring Hypothesis at Scale 

Size 4 at Task Complexity level 1 for Circle Fonns 
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Model 

Comparison 

Difference 

L2 df p 

Preferred 

Model 

M9, MlO 1.2 1 N. S. 

MlO, M11 2.1 1 N. S. 

MlO, M12 1.5 1 N. S. 

Ml1, M13 1.6 1 N. S. 

Ml2, Ml.3 2.2 1 N. S. 

N9, Ml3 4.9 3 N. S. M9a 

a No other model improved significantly over Model 9. 



Table D-2 

Hierarchical Model ComparisonS of the Anchoring Hypothesis at Scale 

Size 4 at Task Complexity revel 2 for Circle Fonns 
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Model 

Comparison 

Difference 

L2 

Preferred 

M9, Ml.O 

Ml.O, Ml1 

MlO, M12 

11.7 

6.2 

0.0 

df 

1 

1 

1 

P Model 

< .001 

< .02 Ml.1 

N. S. 

Note: Empirical values for Model 13 are identical to those for Model 

11, therefore Model 13 cannot be compared with either Model 11 or Model 

12. 
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Table Ir3 

Hierarchical Model comparisons of the Anchoring Hypothesis at Scale 

Size 4 at Task Complexity revel 3 for Circle Forms 

Model 

Comparison 

M9, MlO 

MlO, Ml1 

MlO, Ml2 

Ml1, Ml3 

Ml2, Ml3 

Difference 

L2 

91.7 

1.4 

2.3 

2.3 

1.4 

elf 

1 

1 

1 

1 

1 

p 

< .001 

N. S. 

N. S. 

N. S. 

N. S. 

Preferred 

Model 

MlO 
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Table D-4 

Hierarchical Model Comparisons of the Anchoring Hypothesis at Scale 

size 4 at Task Complexity level 1 for Square Fonns 

Model 

Comparison 

M9, MlO 

MlO, M11 

M9, Ml1 

MlO, M12 

Ml.1, M13 

M12, M13 

3.2 

8.7 

11.9 

2.9 

3.0 

7.9 

elf 

1 

1 

2 

1 

1 

1 

p 

N. s. 

< .01 

< .01 

N. s. 

N. s. 

< .01 

Preferred 

Model 

M11 
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Table D-5 

Hierarchical Model Cqrnparisons of the Anchoring Hypothesis at Scale 

Size 4 at Task Complexity level 2 for Square Fonns 

Model 

~ison 

M9, M10 

MlO, Ml1 

MlO, M12 

Mll, Ml3 

M12, Ml.3 

Difference 

L2 

5.9 

70.5 

9.3 

12.8 

74.0 

df 

1 

1 

1 

1 

1 

p 

< .01 

< .001 

< .01 

< .001 

< .001 

Preferred 

Model 

Ml3 
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Table 0-6 

Hierarchical Model Comparisons of the Anchoring Hypothesis at Scale 

Size 4 at Task Complexity Level 3 for Square Fonns 

Model 

Comparison 

M9, MlO 

MlO, M1.1 

MlO, M1.2 

Ml1, M1.3 

Ml2, M1.3 

58.8 

5.7 

18.7 

19.0 

6.0 

df 

1 

1 

1 

1 

1 

p 

< .001 

< .02 

< .001 

< .001 

< .02 

Preferred 

Model 

Ml.3 



Table E-1 

APPENDIX E 

HIERARCHICAL z.DDEL a::m?ARISONS 

OF '!HE EFFECl' OF TASK c:a.1PIEXI'l'Y AS A FUNCI'ION OF 

<X!mINATIONS OF SCAlE SIZE, FORM, AND SCAlE R:>SITION 

Hierarchical Model COmparisons of the Effect of Task Complexity at 

Scale Size 3. Circle. and Lapgest Scale Position (Al 
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Model Difference Preferred 

Comparison L2 elf P Model 

M14, M15 16.5 1 < .001 

M14, M16 17.1 1 < .001 

M1S, M17 7.2 1 < .01 

M16, M17 6.6 1 < .02 M17 



Table E-2 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 3, square, and ramest Scale Position CAl 

134 

Model Difference Preferred 

comparison L2 df P Model 

M14, M15 23.3 1 < .001 M15 

M14, M16a 1 

M15, M17 0.1 1 N. S. 

M16a , M17 1 

a Stable estimates for Model 16 were not obtained after a reasonable 

nmnber of iterations, therefore these tests were not possible. In 

addition, the empirical data are counter to the hypothesis of Model 16. 
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Table E-3 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 3, Circle, and Second-I..a1:qest Scale Position (B) 

Model Difference Preferred 

Comparison L2 df P Model 

M14, M15 32.9 1 < .001 

M14, M16 26.8 1 < .001 

M15, M17 9.2 1 < .01 

M16, M17 15.3 1 < .001 M17 

Table E-4 

Hierarchical Model COmparisons of the Effect of Task Complexity at 

Scale Size 3, Square, and Second-I..a1:qest Scale Position (B) 

Model Difference Preferred 

Comparison L2 df P Model 

M14, M15' 36.9 1 < .001 M15 

M14, Ml.6 11.3 1 < .001 

M15, M17 0.1 1 N. S. 

M16, M17 25.7 1 < .001 



Table E-5 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 3. circle. and Smallest Scale Position (El 
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Model 

Cc:mparison 

Difference 

L2 df p 

Preferred 

Model 

M18, M19 5.6 1 < .02 M19 

Note: Only two items are available, therefore only two models rna.y be 

constructed and compared. 

Table E-6 

Hierarchical Model Cgmparisons of the Effect of Task Complexity at 

Scale Size 3. Square. and Smallest Scale Position (El 

Model 

Cclrrq;larison 

M18, M19" 

Difference 

L2 

34.7 

Preferred 

df P Model 

1 < .001 M19 

Note: Only two items are available, therefore only two models rna.y be 

constructed and compared. 



Table E-7 

Hierarchical Model COmparisons of the Effect of Task Cqrnplexity at 

Scale Size 4, Circle, and Largest Scale Position CAl 
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Model Difference Preferred 

. Comparison L2 df P Model 

M14, M1S 16.3 1 < .001 M1S 

M14, M16 8.8 1 < .01 

M1S, M17 1.3 1 N. S. 

M16, M17 8.8 1 < .01 

Table E-8 

Hierarchical Model COmparisons of the Effect of Task Cqrnplexity at 

Scale Size 4, Square, and Largest Scale Position CAl 

Model Difference Preferred 

Comparison L2 df P Model 

M14, M1S" 12.0 1 < .001 

M14, M16 17.1 1 < .001 M16 

M1S, M17 8.S 1 < .01 

M16 r M17 3.4 1 < .10 



Table E-9 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4. Circle. and Second-I..al:gest Scale Position (B) 
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Model Difference Preferred 

Cc\It'g;)arison L2 elf P Model 

M14, M15 75.7 1 < .001 

M14, M16a 1 

M15, M17 5.2 1 < .05 M17 

M16a , M17 1 

a Stable estimates for Model 16 were not obtained after a reasonable 

mnnber of iterations, therefore these tests were not possible. In 

addition, the empirical data are counter to the hypothesis of Model 16. 



Table E-10 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4, Square, and Second-Ia1:gest Scale Position (B) 
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Model Difference Preferred 

Comparison L2 df P Model 

M14, M15 86.9 1 < .001 M15 

M14, M16a 1 

Ml5, M17 0.8 1 N. S. 

M16a , M17 1 

a stable estimates for Model 16 were not obtained after a reasonable 

rnnnber of iterations, therefore these tests were not possible. In 

addition, the empirical data are counter to the hypothesis of Model 16. 



Table E-11 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4, Circle, and Fourth-largest Scale Position CD) 
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Mcxlel Difference Preferred 

Corrparison L2 elf P Model 

M14, M15 76.9 1 < .001 

M14, M16 41.6 1 < .001 

M15, M17 8.9 1 < .01 

M16, M17 44.2 1 < .001 M17 

Table E-12 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4, Square, and Fourth-largest Scale Position (D) 

Model Difference Preferred 

CoIrparison L2 df P Model 

M14, MlS 38.5 1 < .001 

M14, Ml6 62.1 1 < .001 

Ml5, Ml7 33.2 1 < .001 

Ml6, Ml7 9.6 1 < .001 M17 



Table E-13 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4, Circle, and Smallest Scale Position (E) 
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Model Difference Preferred 

COmparison L2 df P Model 

M1.4, Ml.5 12.9 1 < .001 

M1.4, Ml.6 15.4 1 < .001 

M1.5, Ml.7 7.9 1 < .01 

M1.6, Ml.7 5.4 1 < .05 Ml.7 

Table E-14 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 4, Square, and Smallest Scale Position (El 

Model Difference Preferred 

COmparison L2 df P Model 

Ml.4, Ml5 21.5 1 < .001 

Ml.4, Ml.6 29.2 1 < .001 

Ml.5, Ml.7 13.6 1 < .001 

Ml.6, Ml7 5.9 1 < .02 Ml.7 



Table E-15 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, Circle, and Ial:gest Scale Position CA) 
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Model Difference Preferred 

Cbnq;larison L2 elf P Model 

M14, M15 21.2 1 < .001 M15 

M14, M16 9.0 1 < .01 

M15, M17 0.8 1 N. S. 

M16, M17 13.0 1 < .001 

Table E-16 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, Square, and Lal:gest Scale Position CA) 

Model Difference Preferred 

Cbnq;larison L2 elf P Model 

M14, M15 20.2 1 < .001 M15 

M14, M16" 6.6 1 < .02 

M15, M17 0.1 1 N. S. 

M16, M17 13.7 1 < .001 



Table E-17 

Hierarchical Model Comparisons of the Effect of Task COmplexity at 

Scale Size 5. Circle. and Secorrl-I..al:gest Scale Position (B) 
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Model Difference Preferred 

Comparison L2 df P Model 

M14, M15 83.5 1 < .001 M15 

M14, M16a 1 

Ml5, M17 1.8 1 N. S. 

M16a , M17 1 

a stable estimates for Model 16 were not obtained after a reasonable 

mnnber of iterations, therefore these tests were not possible. In 

addition, the empirical data are CO\.ll1ter to the hypothesis of Model 16. 



Table E-18 

Hierarchical Model Comparisons of the Effect of Task complexity at 

Scale Size 5, Square, and Secorrl-Largest Scale Position (B) 
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Model Difference Prefen."Sd 

Cc:mparison L2 elf P Model 

Ml.4, Ml.5 25.6 1 < .001 

Ml.4, Ml.6 26.3 1 < .001 

Ml.5, Ml.7 9.9 1 < .01 

Ml.6, Ml.7 9.2 1 < .02 Ml.7 

Table E-19 

Hierarchical Model Comparisons of the Effect of Task complexity at 

Scale Size 5, Circle, and '!bird-Largest Scale Position eC) 

Model Difference Preferred 

Comparison L2 elf P Model 

Ml.4, Ml.5 47.1 1 < .001 Ml.5 

Ml.4, Ml.6 15.9 1 < .001 

Ml.5, Ml.7 0.6 1 N. S. 

Ml.6, Ml.7 31.8 1 < .001 



Table E-20 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, Square, and 'lhird-I..a1:gest Scale Position eCl 
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Model Difference Preferred 

Comparison L2 df P Model 

Ml.4, Ml.5 54.6 1 < .001 

Ml.4, Ml.6 28.6 1 < .001 

Ml.5, 1'fi7 5.0 1 < .05 

Ml.6, Ml.7 31.0 1 < .001 Ml.7 

T-dble E-21 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, circle, and Fourth-I.argest Scale Position (0) 

Model Difference Preferred 

Comparison L2 df P Model 

Ml.4, Ml.5· 66.8 1 < .001 1115 

Ml.4, Ml.6 28.1 1 < .001 

Ml.5, Ml.7 3.4 1 < .10 

Ml.6, Ml.7 42.1 1 < .001 



Table E-22 

Hierarchical Mod.el Comparisons of the Effect of Task Complexity at 

Scale Size 5, Square, arrl Fourth-I.argest Scale Position (D) 

146 

Model Difference Preferred 

Comparison L2 df P Model 

M14, M15 32.2 1 < .001 

M14, M16 68.4 1 < .001 M16 

M15, M17 39.9 1 < .001 

M16, M17 3.7 1 < .10 



Table E-23 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, Circle, and Smallest Scale Position eEl 
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Model Difference Preferred 

canparison L2 elf P Model 

Ml4, Ml5 102.2 1 < .001 Ml5 

Ml4, Ml6a 1 

Ml5, Ml7 1.2 1 N. S. 

Ml6a , Ml7 1 

a stable estimates for Model 16 were not obtained after a reasonable 

rn.nnber of iterations, therefore these tests were not possible. In 

addition, the empirical data are counter to the hypothesis of MOOel 16. 



Table E-24 

Hierarchical Model Comparisons of the Effect of Task Complexity at 

Scale Size 5, Square, and Smallest Scale Position (El 
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Model Difference Preferred 

Comparison L2 df P Model 

M14, M15 39.1 1 < .001 

M14, M16 48.2 1 < .001 

Ml5, M17 23.0 1 < .001 

M16, M17 13.9 1 < .001 M17 
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