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ABSTRACT 

The present study was a systematic investigation of 

hierarchical skill sequences in the beginning reading domain. The 

hierarchies included skills from the traditional approach to reading 

which reflect bottom-up processing and skills from the conceptual area 

of print awareness which reflect top-down processing. Researchers 

supporting the bottom-up approach view reading as a process in which 

the child extracts information from the text to gain knowledge of the 

print. The bottom-up processes examined were in the areas of letter 

recognition and letter naming, and identification of letter sounds and 

phonemes. The top-down processing approach views reading as a task in 

which the child brings his/her past experiences and knowledge about the 

world to gain information about print. The top-down processes examined 

were in the areas of print identification, inferring a word in context, 

and print directionality rules. 

Hierarchical skill sequences were developed within each of the 

specif~c areas reflecting the top-down and bottom-up processing 

theories. Items were developed to reflect the skill sequences based on 

the cognitive processes that are necessary for correct performance. 

This involved varying the task demands imposing various requirements of 

cognitive processing. 

The data were from 13,189 Head Start children ranging from 3 to 

6 years of age. Latent trait models were constructed to reflect the 
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hypothesized skill sequences by allowing the aj (discrimination) and bj 

(difficulty) parameters to be free to vary or by constraining them to 

be equal to other parameters. To arrive at a preferred model, each 

latent trait model that represented a hypothesized skill sequence was 

statistically compared against alternative latent trait models. 

The results from the present investigation supported the 

hierarchical skill sequences reflecting skills within the traditional 

area of reading. However, some of the skill sequences from the 

conceptual area of print awareness were not clearly supported. While 

the results provide a deeper understanding of beginning reading skill 

sequences reflecting top-down and bottom-up processing theories, future 

research is needed to delineate the specific skills which promote later 

reading ability once the child is in formal reading instruction. 



CHAPTER 1 

INTRODUCTION 

During the past few decades there has been a shift in emphasis 

from the view that the preschool child lacks many cognitive 

competencies to one that acknowledges the preschooler as being 

competent in various cognitive domains. This shift came about in part 

because of the emergence of researchers strongly advocating the view 

that cognitive development is not an all or none process (Trabasso, 

1975) and in part from the position that the preschool child simply 

must have more competence than earlier research revealed (Fodor, 1975). 

In any event, the case can now be made that the preschool child 

possesses a wide variety of cognitive skills and processes. 

Recently, research on preschooler's print-related knowledge 

(i.e., beginning reading skills) has begun to appear in the literature. 

The acquisition of the preschool child's print-related knowledge is of 

concern to both educators striving to enhance preschooler's reading 

readiness skills and to psychologists attempting to understand the 

process involved in reading acquisition. Research has indicated that 

the acquisition of reading skills does not begin with formal 

instruction in school. Rather, readirig ability observed in children 

entering first grade when formal reading instruction commences is most 

likely an accumulation of skills obtained throughout the preschool 

years (Clay, 1972b; Chall, 1983; Gibson, 1970; Hiebert, 1983; Mason, 

1 
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1980). The previous emphasis of the study of formal word recognition 

skills in school was unlike that taken in the study of most aspects of 

children's cognitive development. A common approach is to trace the 

development of a phenomenon from its point of origin. For instance, 

the study of oral language begins with the child's earliest utterances 

even before they take on recognizable forms. Psycho linguists view 

these early utterances as developmental prerequisites to the adult 

system of language (Bates, 1977; Brown, 1973). While speech develops 

independently of school instruction, the developmental paradigm 

employed by those studying language development has proven just as 

applicable to abilities traditionally thought to fall under the domain 

of formal school instruction. For instance, research suggests that 

children begin acquiring number concepts from a wide variety of 

experiences prior to being exposed to mathematical instruction (Gelman 

& Gallistel, 1978; Ginsburg, 1977). Gelman and Gallistel stress that 

construction of a firm developmental theoretical structure in a 

particular cognitive domain depends on identifying and understanding 

these prerequisite skills. Following the same line of reasoning, 

Gibson and Levin (1975) suggested that observati~n followed by careful 

analysis of early skills may be an essential preliminary to a 

substantial theory. In the reading domain, information on the 

development of print related knowledge over the preschool years is 

necessary to develop theoretical constructs of reading acquisition and 

to design beginning instruction commensurate with young children's 

-_._ ... - ... _. _ ... _._-_ ... _------------------------------_._- _. 
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existing knowledge and their prevailing learning strategies (Hiebert, 

1981) • 

A debate on the issue of whether beginning reading instruction 

should emphasize the relationship between sounds and graphic symbols 

(e.g., Liberman & Shankweiler, 1979) or should stress getting meaning 

from print (e.g., Goodman & Goodman, 1979) can be found in the research 

literature. The question of balance between these two views of skilled 

reading has occupied educators and psychologists since the beginning of 

the 20th century. This debate is related to the issue of how skilled 

readers process written discourse: whether discourse processing is 

predominantly controlled in a "bottom-up" or "top-down" manner (Weaver 

& Resnick, 1979). In a bottom-up processing view of reading, lower 

level processes (e.g., letter and word recognition) are thought to 

occur prior to and independent of higher level processes. Words are 

recognized first, then a 'syntactic processing occurs, and finally a 

semantic interpretation is made based on the sentence syntax. These 

processes are controlled by textual input; word recognition precedes 

comprehension of meaning. By contrast, in a top-down conception, 

reading is not controlled exclusively by the textual input; instead, 

higher level cognitive processes (e.g., making inferences) control the 

system, and lower level processes are called into play only as they are 

needed. Hypotheses regarding the meaning of the text are generated 

from prior knowledge of the topic, knowledge of the specific textual 

content, and a minimal syntactic parsing and sampling of visual cues. 

According to the extreme top-down view, comprehension of meaning 
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precedes recognition of words, and complete encoding of separate words 

may not occur at all. 

A view that is proposed by some researchers is that skilled 

reading is the product of both bottom-up and top-down activities but 

the development of reading skill proceeds from the bottom up (e.g., 

Venezky & Massaro, 1979; Samuels, 1979). Meanwhile, other researchers 

ascertain that both early and skilled reading is primarily controlled 

by top-down processes (e.g., Goodman & Goodman, 1979; Smith, 1979). 

Despite the growing knowledge of the processes involved in skilled 

reading, much less is known about the ways in which the very young 

child acquires print related knowledge and whether the skills that 

comprise such knowledge B,re hierarchial in nature. 

Goodman (1980) claimed that there is no sequencing of beginning 

reading skills since all the skills must be used interdependently in 

the reading process even in the first attempts at learning to read. 

However, many researchers propose that learning and development involve 

sequential changes in capability reflecting successively higher levels 

of functioning (e.g., Gagne, 1962; Piaget, 1952). That is, there is a 

hierarchical nature of learning (Glaser, 1963; Nitko, 1980) and 

development can be conceptualized as hierarchical learning (Gagne, 

1968). In the past, the view of hierarchial sequencing encompassed the 

assumption that complex skills evolve from simpler component skills 

(Gagne, 1962; 1970; 1977). Cognitive developmental theory now 

recognizes that hierarchial ordering may occur in many ways, only one 

of which involves the acquisition of component skills (Flavell, 1972). 

4 



For example, hierarchical sequencing may take place in instances in 

which a simple rule applied to a given set of tasks is replaced by a 

more complex rule (Bergan, Stone, & Feld, 1984). 

Traditional approaches to test development do not include 

testing hypotheses which are associated with task specifications 

(Embretson, 1985). Embretson (1985) notes that attention to task 

characteristics is essential in determining the cognitive processes 

that underlie ability. The procedure for constructing developmental 

skill sequences involves identifying task demands (Newell & Simon, 

~972) imposing various requirements of cognitive processing. Stimulus 

features of items can be conceptualized as controlling the cognitive 

demands that are necessary for successful performance. 

There is a need for a broader look at developmental skill 

sequences involving both bottom-up and top-down processes in the 

beginning reading domain. The present study is a systematic 

investigation of beginning reading skill hierarchies incorporating both 

of these processes. The focus is on both reading readiness skills 

requiring bottom-up processing and print awareness skills requiring 

top-down processing. The former includes skills such as letter naming 

and phoneme awareness skills. Researchers who espouse the latter as 

requisite skills for reading hold the view that children learn about 

print within contexts in which print serves meaningful purposes. 

Examples of such skills include inferring words in context (e.g., the 

word "stop" on a stop sign) and knowledge of print direction rules 

(e.g., one reads from left to right). 

5 

--------------------------~ .. ~-- . _._- --._----_ .. 



Previous research in the beginning reading domain has 

investigated skill hierarchies occurring between skill concepts. The 

present study will investigate not only sequences occurring between 

skill concepts but also. sequences occurring within skill concepts. 

Cognitive theorists have indicated the importance of distinguishing 

between developmental sequences associated with a series of task 

related to the same skill concept and sequences involving tasks 

reflecting different skill concepts (Siegler, 1983). Sequences within 

a skill concept will reveal a greater understanding of the concept 

during the course of development while sequences across concepts will 

reveal the developmental relationship of different skill concepts. 

To systematically investigate the skills and processes required 

in the beginning reading stage, cognitive procedures associated with 

beginning reading skills will be identified. Beginning reading ability 

may be conceptualized as a composite of cognitive procedures (Anderson, 

1980; Brown & Burton, 1978) that govern the performance of specific 

tasks. A cognitive procedure may be conceptualized as a set of 

processes or actions performed on an object to achieve a goal. 

Cognitive procedures may be described in terms of attributes associated 

with demands on cognitive functioning. This enables the procedures to 

be characterized in terms of processes associated with task difficulty. 

Variations in task difficulty provide a basis for developmental skill 

sequences associated with a given ability. Attributes associated with 

the cognitive procedures will also be specified. By varying the values 

of the attributes, items may be developed that represent the skills 
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which comprise the developmental sequences. This provides a systematic 

approach for identifying specific skill orderings. Such an approach 

will afford a more complete understanding of the child's cognitive 

functioning in the area of beginning reading. 

Until recently, there was no technology that made it possible 

to empirically validate hierarchical skill sequences; but a variety of 

latent variable models have been developed that provide technology 

useful in validating skill sequences. Of particular interest are the 

latent trait (item response) models (Bock & Lieberman, 1970; Bock & 

Aitkin, 1981; Lo~d, 1980). One application of latent trait theory 

reflects a hypothesis testing approach to test development. Latent 

trait models with the aid of recent technological advances (see 

Thissen, 1985) provide a mechanism to test hypotheses related to 

developmental skill sequences, composed of items reflecting varying 

cognitive demands. ' 

7 



CHAPTER 2 

THEORETICAL BACKGROUND 

This chapter presents the literature review for the area of 

print-related knowledge and an overview of the statistical models used 

to validate the hierarchical skill sequences. It includes a coherent 

review of research focusing on the traditional reading readiness skills 

as well as a review on the more recent research emphasizing the 

conceptual basis of beginning reading. The manner in which latent 

trait models are applied in validating hierarchical skill sequences is 

also described. 

Print-Related. Knowledge 

Two views on what constitutes early print-related knowledge can 

be found in the current literature. One comes from the traditional 

emphasis on reading readiness skills; the other comes from a more 

recent emphasis on a conceptual basis of print awareness. Researchers 

supporting the latter view suggest that reading skill evolves naturally 

and spontaneously out of beginning reading experiences in a manner 

similar to oral language development (e.g., Goodman & Goodman, 1979; 

Smith, 1976). In contrast, researchers supporting the former view 

suggest that mastery of specific prerequisites such as letter knowledge 

and phoneme segmentation skills must occur prior to reading (Ehri & 

Wilce, 1979; Lewkowicz, 1980; Venezky, 1974). Chall (1983) proposed a 

8 
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theory of reading which included a prereading stage that, to some 

extent, encompassed these two views. In the prereading stage which 

usually ends early in the first grade as children begin formal reading 

instruction, Chall suggested that children accumulate various 

perceptual skills, acquiring a foundation of knowledge about letters, 

words, and language that are requisite to future success in reading. 

During this stage, children become aware of what print looks like and 

where it is found; they learn the shapes and names of alphabet letters; 

and, they learn to identify signs and labels in their environment. 

That is, they g~in insight into the nature of words. They begin to 

identify words that sound the same (rhyming), analyze words into their 

respective phonemes (segmentation), and synthesize the phonemes to form 

whole words (blending). 

Conceptual Basis of Print Awareness 

Children learn about print within contexts in which print 

serves meaningful purposes (Goodman & Goodman, 1979; Hiebert, 1983). 

Opportunities for meaningful encounters with print can be easily 

identified within the environment of young children. For example, 

words appear on signs, food containers, toys, and television 

commercials. Young children have opportunities to see adults use print 

when driving cars, shopping, and preparing food in the kitchen. These 

opportunities for meaningful encounters with print suggest that 

learning about print probably occurs prior to formal reading 

instruction in school. However, the extent and nature of this learning 

is unclear. While the study of young children's conventional reading 

9 
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readiness skills is necessary and informative, investigations 

concerning young children's concepts about print provide additional 

insight into children's acquisition of beginning reading skills. 

10 

Categorization of Print. The awareness of print seems to 

develop as children learn to categorize the large amount of print 

information surrounding them. An early study in the area of print 

awareness conducted by Reid (1966) used loosely structured interviews 

to study children's ideas about reading. Reid asked 12 five-year-01d 

children at the beginning of school whether their parents could read 

and to describe what it is that their parents look at when they read. 

The majority of the children knew whether their parents could read, 

however, only one child mentioned some type of 'symbol' when asked to 

describe what is read. The other children were vague as to what 

provides the critical information for the reader. Reid concluded that 

it was apparent that the children were not clear as to whether one 

'reads' the pictures or the print. They did not understand the purpose 

and use of reading nor the relationship between reading and writing. 

Related studies (Downing, 1969; Landsdown & Davis, 1972) have 

confirmed Reid's findings. 

Downing (1969) replicated Reid's study with 13 five-year-01d 

children. In Downing's study, when asked to describe what is in books, 

2 children said "writing", 4 children said "pictures", and the other 

children quoted names of characters. No child said anything to suggest 

that books conveyed information. Similar results were obtained when 

the children were asked about what their parents look at when they 
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read. Downing concluded that children have difficulty in understanding 

the purpose of written language and have only a vague idea of how 

people read. Downing's and Reid's subjects were more aware of their 

own reading abilities than those of their parents, but other 

investigators (Mason, 1967; Oliver, 1975) have reported that many 

preschoolers will say that they can read when in fact they cannot. 

Other studies have also investigated how children think about reading 

as a global task. Mason (1967) asked 197 preschool children the 

question, "Do you like to read?" Most of the children responded that 

they liked to read when in fact they could not. The interviewers did 

not realize the significance of these responses until a few children 

responded "Yes, I like to read, but I can't!" Mason concluded that 

"one of the first steps in actually learning to read is learning that 

one doesn't already know how" (p. 132). 

Gibson (1970) reported that 3-year-old childr~n could separate 

pictures from writing and scribbles, and 4-year-old children could not 

only separate pictures from writing and scribbles but they also could 

separate scribbles from writing. Clay (1966, 1970) found that over 

two-thirds of the five-year-old children entering school understood the 

concept that print rather than a picture "tells the story". Within six 

months, 90 percent of new entrants understood that print contained the 

message. Clay suggested that the attainment of such concepts depends 

upon the child's opportunities to share book experiences with adults in 

the preschool years, and to try his/her hand at written language. 

Children begin printing formless scribbles and then they are able to 

------------------------ .. _._._- .. -... _._-----_ ... 
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produce variations in letter-like forms prior to writing actual letters 

(Clay, 1972b). 

The methodology of some of these studies needs to be examined 

prior to inferring what young children know about print. In some of 

the studies, investigators posed questions concerning the act of 

reading with no concrete materials to which children could refer. 

Vague and ambiguous questions such as "What is reading" were used in 

the earliest studies. In a studied conducted by Hiebert (1983), an 

attempt was made to rectify these methodological problems. Sixty 

children between the ages of three and five years of age were given a 

page of text and were asked to read the message. Only four of the 

children incorrectly evaluated their own reading ability. When 

provided with books and asked what it is on a page that is read, an 

repeated measures analysis of variance (age by type of book) revealed 

that almost all of the three-year-old children and many of the four

yeRr-old children focused on pictu~es as the critical element whereas 

most of the five-year-olds focused on the print as the critical 

element. 

Functional Nature of Print. While becoming aware of print as 

being different from other graphic information, children begin to 

assign meaning to the print in their environment. Ylisto (1967) was 

one of the first researchers to suggest that children's initial 

responses to print originate from their natural environment. Ylisto 

studied children who, with no formal instruction, responded to print in 

-- - - - ---- ---------------------------------------- -----------------
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a situational context. Printed items, such as road signs and cereal 

box labels, were presented to four-, five-, and six-year-old children. 

Words were shown in contexts varying from actual photos to a story 

text. Less than half of the children did not recognize any of the 

items. About half could recognize some words in each of the contextual 

conditions while very few could identify all words ~n all conditions. 

Ylisto concluded that children abstract the printed word symbol from 

the contextual setting, classify and order it and systematize or 

assimil,ate it in a familiar language system. Moreover, Ylisto 

hypothesized that the reading process consists of sequential steps 

beginning with the first awareness of print in the environment, to 

identification of words in social context (i.e., the identification of 

"STOP" when connected with the sign in the environment), to 

identification of words in a total written language context. 

A growing body of research has supported Ylisto's work and 

contributed to this relatively new area of study (Bennet, 1971; Clay, 

1972a; Downing & Oliver, 1973-1974; Ehri, 1979; Goodman, 1980; Harste & 

Burke, 1980; Hiebert, 1981). These investigators have attempted to 

identify and define both the nature and the extent of children's 

preschool reading development. Y. M. Goodman (1980) was among the 

first to suggest that in examining children's awareness of print we are 

exploring the "roots of literacy". Goodman and Goodman (1979) propose 

that reading begins when children respond to meaningful printed symbols 

in a situational context with which they are familiar. Goodman (1980) 

labels the encounter with print that shapes young children's awareness 

------------------_ .. _ .... _ .. -._-_ ... 
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of the functions of print as environmental reading. It is reading that 

one must do in the course of interacting with the world of print. For 

young children, this world includes such diverse items as cereal boxes, 

traffic signs, toothpaste tubes, and logos of favorite eating places, 

to name just a few. Children, through observing adults and through 

personally encountering environmental print develop an awareness of the 

functional nature of print. 

Smith (1976), in agreement with Goodman and Goodman (1979), 

suggested that children begin to read from the moment they become aware 

of print in any meaningful way and that children strive to make sense 

of print even before they are able to recognize many of the actual 

words. It is the reader who brings sense to words and these words do 

not need to be in sentences to be meaningful, they just have to be in a 

meaningful context. Along the same line, Bennet (1971) also 

hypothesized that the reading process begins very early in a child's 

life. He found that children without formal educational instruction 

performed skillfully on reading tasks. in which they responded to 

language on food packages. Harste and Burke's (1980) work supports 

this overall view of the functional nature of print and the notion that 

children begin the reading process by first noticing print in social 

contexts. Moreover, Harste and Burke emphasize that as language users 

and from their associations with print in social contexts, young 

children expect print to be meaningful. As children respond to print 

in their environment, such as signs and logos for favorite foods or 

places, Harste, Burke, and Woodward (1982) argue that this is a form of 

-- - .. -- .. ---------~----------------------



reading because it demonstrates the expectation.that written language 

be meaningful. 
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Hiebert (1978) investigated three- and four-year-old children's 

ability to read words and letter combinations (e.g., Milk, A&P) in 

their natural context and "out of context". Incorrect responses were 

categorized into 1 of 4 error types: no response, meaning-related word, 

idio~yncratic word, and strings of words. Hiebert's results from an 

analysis of variance indicated that there was a difference in the types 

of errors made depending if the· word was "in context" o:r "out of 

context". The majority of errors "in context" were of the meaning 

related type while those "out of context" were of two types, no 

response and idiosyncratic word response. Hiebert concluded from this 

result that preschoolers know how to use the environment to make sense, 

of written language even though they are not yet able to read the words 

when the environment is absent. There were two major findings from 

Hiebert's analysis of response errors. Younger and older children did 

not differ in their types of errors, although younger children made 

more errors than older children. This result indicates that 

differences between the two groups were of a quantitative nature not a 

qualitative one. Secondly, there was a high percentage of incorrect 

responses that were single words rather than strings of words both in 

context and out of context indicating that the children were making a 

word to word correspondence between written and spoken language. This 

finding was in contrast to several previous researchers' (e.g., Reid 

1966) findings indicating that young children do not have this 
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understanding. Goodall (1984) also investigated childI'en' s ability to 

identify print in its natural context and out of context. She 

hypothesized that when young children "read" words in the environment 

they may a~tend more to the context than to the symbol cues (words). 

Goodall proposed that if children do attend to letter and word 

configurations, then they should be able to identify words when part of 

the environment is removed. Twenty preschool children ranging from 4 

years 3 months to 5 years 4 months were presented with printed words in 

context and out of context. In more than 50% of the responses the 

children correctly identified the word when it was in the full 

environmental condition; whereas, when only part of the environment was 

retained (color and letter shapes), the children responded correctly 

only 30% of the time. While the children were aware that print 

conveyed information, they were often unable to use it with great 

accuracy when context was removed. Children may have been applying 

different strategies when full environmental cues were available. 

Goodall concluded that the skills used in reading environmental print 

may not be a part of a hierarchy of word knowledge skills. Responses 

were generally only one or two word utterances, suggesting, as Hiebert 

(1978) noted, that children were making a word to word correspondence 

between print and spoken language. 

Concepts about book print. Knowledge of the conventions about 

print is acquired later, though it overlaps with the print awareness 

stage~ and it is another of the "roots of literacy" (Goodman, 1980). 

For beginning readers, the concepts about book print cannot be 
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assumed. The publication of Clay's Concepts About Print Test (CAP) and 

related work (1972b) has led to a number of studies that have focused 

on children's concepts about print as measured by the CAP. Researchers 

have suggested three concepts about book print that preschool children 

begin to acquire (Clay, 1972b; Downing & Oliver, 1973-1974;,Hiebert, 

1981; Johns, 1980). First, mechanical and form concepts include the 

"building blocks" of books: title, pages, lines, letters, words, 

sentences, punctuation marks, and paragraphs. Second, orientation and 

directionality concepts relate to "how print goes," or how it is 

arranged in books. For example, books have a beginning, middle, and 

end, pages go from top to bottom, lines move left to right, and 

illustrations and text work together. Also included in this category 

is the sequential nature of. words, sentences, and paragraphs. Lastly, 

uses of book-print concepts are established as children realize that 

books are useful and that different kinds of books have different 

uses. 

Of primary interest is young children's acquisition of book 

orientation and directionality concepts. Johns (1980) gave 60 first 

grade children the 24-item CAP test. The results indicated that all of 

the children performed correctly on the book orientation tasks; print, 

not pictures, carries the message and the left page is read prior to 

the right page. In addition, all of the children were able to apply 

three directional rules correctly: start at the top left line of 

print, print goes from left to right, and left to right return sweep. 
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Day and Day (1979) using the CAP test found that most of their 

beginning kindergarten subjects were aware that print not pictures 

carries messages and that a left page is read prior to the right page. 

In a later study, Day, Day, Spicola, and Griffen (1981) measured 56 

kindergartners' book orientation and directionality concepts using the 

CAP test on five different occasions spanning from entry to 

kindergarten to the end of the first grade. At the beginning of the 

kindergarten year, the results measuring book orientation concepts 

indicated that 73% of the children knew that print carries the message 

rather than pictures and 78% of the children knew that the left page is 

read prior to the right page. By the end of the first grade 98% of the 

children attained these two concepts, confirming John's (1980) 

findings. Half or fewer of the children knew the print direction rules' 

early in thei'r kindergarten year. Approximately -20% of the children 

did not understand these concepts (start at top left, move left to 

right, and line to line sweep) at the beginning of the first grade. By 

the end of the first grade, approximately 98% of the children attained 

these print direction rules. In addition, the authors reported a 

positive correlation between reading achievement measured at the end of 

the first grade and a measure of the child's knowledge of the 

conventions of print aqrninistered even at the beginning of 

kindergarten. However, due to the limitations of correlational 

research, the relationship between book orientation and directionality 

concepts and reading is still unclear. Ehri (1979) states that 

awareness of concepts about print may interact with the reading 
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acquisition process so that it exists as both a consequence of what has 

occurred and as a cause of further progress in reading. 

A major limitation of these investigations involves the use of 

the CAP test. The data on the reliability from American children were 

based only on 56 subjects who were tested in kindergarten through the 

beginning of first grade. 

Traditional Emphasis o~ Reading Readiness Skills 

Numerous studies report high positive correlations between 

knowledge of alphabet letter names and learning to read (Chall, 1967). 

In fact, knowledge of letter names is the best single predictor of 

beginning reading achievement. It is even a better predictor than IQ 

(Share, Jorm, Maclean & Matthews, 1984). Researchers have been 
. , 

reluctant to conclude that letter-name knowledge facilitates reading 

acquisition (Gibson & Levin, 1975; Venezky, 1975) primarily because 

several studies have failed to demonstrate an advantage for letter-

name-trained subjects over controls in le-arning to read (Jenkins, 

Baussell, & Jenkins, 1972; Muehl, 1962; Samuels, 1972). However, these 

studies were performed more than a decade ago, and research of reading 

acquisition has advanced since that time. 

A current view of reading acquisition holds 'that the skills 

which are central, and distinguish children who make progress from 

those who lag behind, are skills that involve facility with the letter-

sound mapping system (Ehri & Wilce, 1979; Guthrie, 1973; Guthrie & 

Siefert, 1977; Liberman, Shankweiler, Libe~man, Fowler, & Fischer, 

1977; Mason, 1976; Perfetti and Hogaboam, 1975; Venezky, 1974). This 



is because English orthography is alphabetic (see Rozin & Gleitman, 

1977). The ability to perceive a spoken word as a sequence of 

individual sounds has been referred to as phonemic awareness 

(Golinkoff, 1978) and phonological awareness (Rozin & Gleitman, 1977). 

The high correlation between this ability and success in reading is by 

now well established (Calfee, Lindamood, & Lindamood, 1973; Fox & 

Routh, 1984; Helfgott, 1976; Liberman, 1973; Rosner & Simon, 1971; 

Zifcak, 1977). 
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For word spelling to appear sensible to learners, they must be 

able to distinguish individual letters in printed words and to process 

the letters as symbols for sounds in pronunciations. Letter-name 

knowledge provides the foundation for acquiring this alphabetic system. 

When learning the names of letters, children must discriminate and 

remember their shapes. Learning letter names also helps children 

attach relevant sounds to letters since the names contain sounds 

commonly symbolized by the letter in word spellings. 

Probably the main reason that knowledge of letter names puts 

children ahead in learning to read is that the task of learning the 

names or sounds of letters is quite difficult and time-consuming (Ehri, 

1979). The number of associations to be 'mastered is significant: 26 

names and 40 or more sounds for 52 visual symbols. The associations 

themselves are totally arbitrary. Ehri and Wilce (1979) found that 

first-graders had trouble with a paired-associate learning task where 

the stimuli were four distinctive figures and the responses were 

meaningless sounds (e.g., mav, kip, guz, rel). Sixty-seven percent of 

_. - - .-- --------------_._---------------- --.. -----------
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the children could not learn the four sounds after 15 practice trials. 

This result indicates that learning arbitrary associations between 

meaningless stimuli and responses, which is what letter-name or letter

sound learning requires, takes children a considerable amount of time. 

Those children entering school knowing letter names have already 

mastered many of these hard-to-Iearn associations. Not all methods of 

reading instruction teach letter-sound relations explicitly yet all 

children are thought to acquire knowledge of the basic relations in the 

course of learning to read, perhaps because the relations are, induced 

implicitly. That is, beginners master the relations on their own as 

they become familiar with printed words (Gibson & Levin, 1975). 

However, for induction a foundation is required. Existing knowledge 

must provide a basis for detecting the regularities (Rohwer, Ammon, & 

Cramer, 1974). Such a basis lies in letter name knowledge (Ehri, 

1979) • 

Letter name knowledge. The results of an early study conducted 

by Durrell (1958) revealed that 6 year old children who learned to read 

successfully in the first year of instruction had acquired a large 

amount of letter knowledge prior to entry to school. He found early 

skill in letter knowledge a good predictor of early progress in reading 

during the first year of instruction. Knowledge of letter names and 

sounds does not, he claims, assure success in acquiring a sight 

vocabulary but lack of knowledge produces failure. Durrell concluded 

that letter discrimination is a necessary but not sufficient skill for 

reading progress. 
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Oliver (1975) found that when three- to five-year-olds were 

presented with letters, the three-year-olds could not name the letters, 

four-year-olds could name only 12% of the letters, and five-year-olds 

could name 77% of the letters. When the children were asked to just 

point to a letter that was named by the experimenter, their performance 

was better. The three-year-olds recognized 12% of the letters, four

year-olds recognized 28% of the letters, and five-year-olds recognized 

97% of the letters. 

Mason's (1980) study of early readers provides such evidence 

for the notion that knowing letter names advances children in the 

learning to read process. She found that at an early point in learning 

to read, after children had mastered the names of the letters but 

before they knew many printed words, they first exhibited knowledge of 

consonant letter-sound relations in their attempts to read unfamiliar 

words., Of most interest, this appeared before teachers and parents 

reported teaching the children any letter sounds. Mason concluded that 

the beginners may have figured out the relations using letter name 

knowledge just as Read (1971, 1975) and others have observed them do in 

spelling words. Mason (1980) and Templeton (1980) suggest that 

letter-name knowledge, when taught as part of meaningful, interesting, 

and engaging activities, does increase children's interest in print and 

reading. 

Ehri's (1975) kindergarten subjects who were novice readers 

mastered letter names while, on the average, prereaders could identify 

only 77% of the letters. Masonheimer, Drum, & Ehri (1984) found 
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similar results. In their study, young readers were able to identify a 

mean of 98% of the letters correctly whereas the prereaders (S-year

olds) identified only 69% of the letters. Their results suggest that 

mastery of all letter names distinguished readers from prereaders even 

though the latter group knew more than half of the letter names. 

Phonemic Awareness. It remains unclear to what extent letter 

knowledge by itself is sufficient t? move a child into effective word 

learning. It may be that phonemic segmentation skill is needed to 

analyze mUltiple letter sound relations in spellings (Lewkowicz, 1980). 

Some evidence has appeared (Wallach & Wallach, 1976; Williams, 1980) 

showing that training in phonemic awareness tasks such as segmenting 

and blending does in fact contribute to success in beginning reading. 

For instance, Fox and Routh (1984) found that kindergarten children who 

were trained to segment words into initial phonemes significantly 

increased their scores on a task in decoding written words into speech. 

Phonemic awareness skills appear to be important components of 

readiness in beginning reading, rather than merely being an indication 

of it. Lewkowicz (1980) noted that there has been little comparison of 

one phonemic awareness task with another. She suggested that since 

segmentation and blending are basic phonemic awareness tasks, and 

segmentation appears to be easier than blending, then one task that 

serves as a preliminary activity in learning segmentation is isolation 

of the initial phoneme. Lewkowicz & Low (1979) provided evidence 

indicating that isolation of the initial phoneme is easier than phoneme 

segmentation, thus it should be treated separately from segmentation. 

- -- --_._-------------------------------------- -._-----------_. 
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They found that many of their kindergartners who did not immediately 

master segmentation of two-phoneme words. were nevertheless able to 

isolate the initial sound. 

Hierarchical Nature of Print-Related Knowledge 

While numerous studies on what preschool children know about 

reading have been conducted (e.g., Calfee, Venezky, & Chapman, 1972; 

Downing, 1970, 1972; Ehri, 1975) few have traced the development of 

pre-reading knowledge (exceptions being Durkin, 1966; Forester, 1975; 

Hiebert, 1981; Mason, 1980; Soderberg, 1977; Torrey, 1973). One 

exception was Mason's (1980) study of 38 middle-class preschool 

children's changing expertise in letter naming, printing, and sign and 

label reading. Based on parental information and assessment of the 

children, Mason proposed a very general hierarchy of beginning reading 

skills. Her observations suggested three stages labeled to reflect the 

different processes being used to identify written words: context 

dependency, visual recognition, and letter-sound analysis. The least 

mature, context dependent readers used the same learning process to 

recognize words as to identify pictures, by treating the words as 

unique visual patterns. They could read words only in their typical 

contexts, on signs or labels (e.g., stop, milk), but not in isolation. 

They were still mastering alphabet letters. They could learn to 

identify 3 or 4 printed words on a ten-item list but they could not 

read these words when the case of the letters was altered, and they 

forgot most of the words after a 1S-minute delay. Gooda11"s (1984) 

results support Mason's description of children who are context 

-- -- --_ .. _-.. ----- -------------------------------------------



25 

dependent. Visual recognition readers, in contrast to context readers, 

read a few words out of context and they had mastered letter names. 

Importantly, they appeared to use some letter-sound relations in 

processing words. They often preserved initial consonants when they 

misread words (e.g., cat for cut). They would attempt to spell words 

and were able to learn and remember words on the lO-item list better 

than context learners and could even recognize some of the words when 

letter cases were altered. Visual recognition readers seemed to be 

learning to analyze words into their letters. At the most advanced 

stage were the letter-sound analyzers who had mastered the orthographic 

system as a map for speech. They could use this knowledge to decode 

unfamiliar printed words accurately and could read multisyllabic 

words. In addition, they had no difficul1;.y ;Learning words on the ten 

item list and could read them almost perfectly even when letter cases 

were changed and after a fifteen minute delay. This stage includes a 

realization of letter-sound to word-sound patterns and using sounding 

out strategies for word recognition. Mason observed the children's 

acquisition of this last skill prior to any instruction in letter 

sounds. In summary, Mason concluded that letter knowledge and print 

and sign reading serve as precursors to more skilled reading (i.e., 

letter sound analysis). Mason's results suggest that qualitatively 

different characteristics distinguish these stages, but they do not 

clarify what experiences are critical for advancing children from one 

stage to the next. 

- .--- --------------------------------------
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Ehri and Wilce's (1985) findings contribute evidence bearing on 

Mason's (1980) general stages of printed word learnfng·. In Ehri and 

Wilce's study, kindergarten children were taught to read two kinds of 

word spellings: simplified phonet~c spellings whose letters 

corresponded to sounds (e.g., JRF for giraffe), and visual spellings 

whose letters bore no sound correspondence but were more distinctive 

visually. These visually distinctive spellings were created by varying 

the height and ascending or descending positions of letters to give 

each word a unique contour. None of the letters in visual spellings, 

corresponded to sounds in the words. Their results indicated that 

prereaders learned to read visual spellings more easily than the 

phonetic spellings, while novices and veteran readers learned to read 

phonetic spellings more easily. They suggested that when children move 

into reading, they shift from visual to phonetic cue processing and 

this shift is what enables children to begin reading their first words 

reliably. Furthermore, their results support Masons' description of 

Stage 1 children as context dependent learners who process words mainly 

by attending to visually distinctive cues. Their results also support 

Masons' description of children at Stage 2 who learn words by attending 

to letters. However, their findings indicate that the label for 

children at this stage (i.e., visual recognition learners) is 

inaccurate. Movement into Stage 2 according to their results involves 

a shift in the way that learners process visual letters in words. In 

contrast to Stage 1 readers who process letters like pictures as 

strictly visual stimuli, Stage 2 readers process letters as symbols for 

... -- .... --_ ......... - ._._--.--------



27 

sounds in pronunciations. In other words, visual processing shifts 

from being iconic to being symbolic (at a phonetic level). They 

suggested a more appropriate label, visual phonetic recognition 

learning rather than visual recognition learning. These results 

further support the claim that one prerequisite for being able to 

process graphic cues effectively is knowing shapes and names or sounds 

of alphabet letters. Ehri and Wi1ce concluded that movement into 

reading requires children to process print in a different manner from 

that done as prereaders. Thus, movement into reading cannot be 

regarded as evolving "naturally" out of encounters with print in the 

environment, contrary to the claims of Goodman and Goodman (1979) and 

Harste, Burke, and Woodward (1982). 

Masonheimer, Drum, and Ehri (1984) provided support to the 

claim that learning to identi.fy print in the environment may not be 
, 

sufficient in enabling children to move into effective word reading. 

An analysis of variance revealed that in identifying environmental 

print, readers focused on letters while prereaders ignored the letters 

and "read" the environment. They presented signs and labels both alone 

and accompanied by context cues and logos to 102 three- to five-year-

olds. These children were identified as experts at reading signs and 

labels in their environment (able to identify at least 80% of the 

presented labels and signs). Their results revealed that children who 

could read had no trouble reading labels in any condition. While 

nonreaders had no trouble when labels were accompanied by logos or 

context cues, when these cues were removed and only the stylized print 

--------------------------------------------
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remained, identification dropped to 23%. The results further revealed 

that when first and final letters in the print samples were altered 

(e.g., XEPSI for PEPSI), prereaders failed to notice any of the 

changes, even when they were asked whether there was anything wrong or 

strange in the pictures. Rather, they looked at the altered print and 

said the names associated with the logos. In contrast, readers 

detected these alterations even without being asked. Lastly, 

Masonheimer et al. found that when the children were presented with 

labels printed in manuscript type on cards along with preprimer words, 

94% of the children read few if any words. The remaining 6% of the 

children read most of the words. Rather than a continuous distribution 

of word reading ability, a bimodal distribution was revealed. They 

suggested that this finding contradicted the reasoning that if 

environmental print experiences lead to gradual decontextualization of 

graphic cues, then a normal distribution of scores in reading ability 

would be observed. Overall, these findings add support to the claim 

that movement into effective printed word learning requires a different 

way of processing printed words, one that prereaders do not naturally 

hit upon as they encounter print in their environment. Moreover, 

children need to have mastered the alphabet in order to process graphic 

cues (Ehri, 1973). 

Masonheimer et al.'s results are in contrast to Harste, Burke, 

& Woodward's (1982) and Goodman & Goodman's (1979) view that when 

printed words are encountered in meaningful contexts, the print becomes 

a distinctive feature of the context so that, when it is encountered 
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subsequently, it elicits by itself the label and meaning of that 

context. Rather Masonheimer et al. suggest that if children are not 

familiar with alphabet letter patterns within words, printed words will 

not be distinguished as separate features and will not enter memory as 

symbols for meanings. 

Hiebert (1981) also conducted a study that traced the 

development of prereading skills. She investigated preschool 

children's attainment of three conventional reading readiness measures 

and two concepts pertaining to print awareness. The reading readiness 

skills were letter naming, visual discrimination, and auditory 

discrimination (sound matching and sound blending). The two print 

awareness concepts of interest were children's knowledge about the 

processes involved in using print and their knowledge about the 

purposes of print. Tasks that required knowledge of processes (as 

labeled by Heibert) assessed whether the child could identify the act 

of reading, whether the child was aware of his ability to read (when 

given a page of text), and whether the child could identify what is 

read by someone who knows how to read. Tasks that required knowledge 

of purposes of print (as labeled by Heibert) assessed whether the child 

was able to identify the function of particular print (e.g., a tag on a 

present and a stop sign) using concrete aids. Abbreviated versions of 

the visual discrimination and auditory discrimination tasks of the 

Prereading Skills Tests (Venezky, Pittelman, Kamm, & Leslie, 1975) were 

selected to measure visual and auditory skills. For the visual 

discrimination task, a letter stimulus was presented and the child had 

. - -- ----------- ---- ---
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to identify an identical letter or word from three alternatives. The 

auditory discrimination tasks consisted of sound matching and sound 

blending tasks. On the sound matching tasks, the child was presented 

with three pictures and was asked to point to the picture that begins 

with a particular spoken letter sound. On the sound blending task, the 

child was presented'with a word and was asked to blend the sounds of 

the letters together to make the word and then to point to the 

appropriate picture. The le.tter naming task required the child to name 

a letter when presented with a letter stimulus. 

In contrast to the beginning school children interviewed by 

Reid (1966), Hiebert's results indicated that preschool children were 

quite knowledgeable about the processes and uses of print. While 

three-year-olds demonstrated some proficiency in these print awareness 

areas, knowledge increased significantly from the three-year-olds to 

the five year-olds. A factor analysis revealed the emergence of a 

single factor. This result depicts the various dimensions of print 

awareness as integrally related. For a scalogram analysis, subjects 

were given a "pass" on each measure if they achieved 60% of the total 

number possible on the measure. Fourteen subjects passed all measures, 

37 subjects passed from one to four measures, and 9 passed none. The 

variables were ranked by the program according to the percentage of 

subjects passing each measure: Process 68%, Purpose 58%, Visual 

Discrimination 47%, Letter Naming 47%, and Auditory Discrimination 45%. 

The results indicated that this particular group of skills and concepts 

did not meet the criteria for a scalable set. Based on the scalogram 



analysis, Hiebert suggested that preschool children simultaneously 

acquire both general and specific information about print. Additional 

descriptive results indicated a tendency for processes and purpose~ of 

print to be acquired prior to the conventional skills, with 71% of the 

subjects who passed four measures passing both concepts, and 67% of 

those who passed three measures passing both concepts. However, only 

38% of those who passed two measures passed both concepts. Hiebert 

concluded that while there appeared to be a tendency for the children 

to acquire the concepts prior to the skills, the scalogram analysis 

failed to confirm the existence of a fixed order in the acquisition of 

this particular set of skills and concepts. There appeared to be no 

specific sequence in becoming knowledgeable about print. Furthermore, 

Hiebert notes'that the data support the suggestions of several writers 

(Goodman & Goodman , 1979; Smith, 1976) who have described young 

children as learning about print from environmental experiences as an 

interrelated, holistic process. 

The methodology in Heibert's study needs to be examined in 

relation to the findings. In applying a scalogram analysis, a 

deterministic model of cognitive development is assumed. Deterministic 

models assume that individual operations are acquired in the course of 

development in a certain sequence that is the same for all children. 

The level of development can then be assessed by determining the 

operation that was acquired last. It is assumed that the operations 

are applied in a deterministic fashion. A child who has learned a 

certain operation will apply it correctly to all problems that require 
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this operation. The child's performance is assumed to be deterministic 

in the following sense: A child can solve all those problems correctly 

for which he or she has acquired the necessary operations. However, 

the child is not capable'of solving any of the other problems. 

Hiebert used an arbitrary cutoff (60% of the items correctly 

performed) for assigning the children a passing or failing value for 

each of the measures. If the child performed correctly on 0% to 59% of 

the items for a measure, under this model, the child was considered to 

have not acquired any of the skills represented in the measure (i.e., 

assigned a failing score). This is probably an inaccurate assumption. 

It is more likely that children within the high end of this range 

possessed some skills assessed by the measure. 

It is ,not surprising that such restrictive requirements of the 

deterministic model cannot be met. Hambleton and Swaminathan (1985) 

stress that deterministic models are not likely to fit most achievement 

and aptitude test data adequately. Test items rarely discriminate well 

enough to be fit by a deterministic model (Lord, 1974). Probabilistic 

models which incorporate response error are probably more suitable in 

determining most hierarchical sequences of children's cognitive skills. 

Consequently, the skills investigated in Hiebert's study may in fact be 

hierarchically related. The notion of a hierarchical relationship 

among skills reflects a view espoused by the skill hierarchy and 

information processing theorists (e.g., Gagne, 1977; Klahr & Wallace, 

1976). Acquisition of a skill may occur through the integration of 

early emerging skills to promote the development of later skills. 

.. - ..• _--_._-- ._------ -------------------_.- -- -_._-.-----_ . 
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Development takes place in sequential steps as certain skills emerge 

and become consolidated prior to the appearance of related skills. 

Hierarchical ordering may also occur when a complex rule replaces a 

simple rule applied to a given set of tasks (Bergan, Stone, & Feld, 

1984). While some research is available on the order of acquisition of 

reading skills with formal reading instruction (e.g., Bourque, 1980), 

there is little, and equivocal empirical evidence on hierarchical skill 

sequences in the domain of print related knowledge. 

Hypothesized Hierarchical Skill Sequences 

The present study is a systematic investigation of hierarchical 

skill sequences within the beginning reading domain. The hypothesized 

skill sequences are more comprehensive than those found in previous 

research in that they: 1) reflect both bottom-up and top-down 

processing views of reading; 2) are both within and across skill 

concepts; and 3) more specifically identify the variables that affect 

the acquisition of each skill. The developmental skill sequences are 

formed by first identifying the cognitive procedures within the 

beginning reading domain and specifying their demand attributes. Items 

reflecting a particular skill sequence are then formed by varying the 

values of the attributes within a cognitive procedure. Following this 

procedure, a more comprehensive set of developmental skill sequences 

related to reading acquisition can be systematically identified and 

tested. This will provide more insightful information about young 

children's cognitive abilities in the beginning reading domain. 
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Hierarchical skill sequences are hypothesized pertaining to the 

conceptual view of print awareness, pertaining to the traditional view 

of reading readiness, and across these two print-related areas. The 

proposed hierarchical skill sequences based on the conceptual view of 

print awareness are as follows: 

1. There is a hierarchical ordering of tasks requiring the 

identification of print from pictures, print from a picture and 

scribble, and print from a picture, scribble, and pseudo-letters. In 

addition, identifying where·a child's name is printed on a page is 

easier than identifying a printed sent~nce on a page. Pre-school 

children practice writing their names; and, therefore are more capable 

of identifying names than other types of print, which they do not have 

direct involvement with (e.g., a sentence). 

2. There is a hierarchical ordering of tasks requiring the 

identification of a word in full environmental context and story 

context to tasks requiring the identification of a word out of context. 

It is reasonable to conceptualize these two extreme tasks as 

representing 2 levels of cognitive activity. In the first task, the 

child is merely "reading" the environment, whereas in the latter task, 

the child needs to identify and analyze the graphic information. As 

the environmental cues decrease the child becomes more dependent on his 

or her skills to process the graphic information. 

3. There is a hierarchical ordering of tasks requiring the 

identification of where text begins and ends when there is only one 

line of text on one page and one line of text on two pages. Successful 



performance on these tasks requires the knowledge of how print is 

arranged in books; more specifically, the knowledge that books have a 

beginning and end, pages go from left to right, and print on a page 

goes from left to right. 
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, 4. There is a hierarchical ordering of tasks requiring the 

application of book directionality concepts involving knowledge of left 

to right return sweep when the number of lines of text and number of 

pages of text are varied. The easiest task requires the child to apply 

the rule that print goes from left to right when the print is just one 

line of text on one page. The next task requires the child to apply 

this rule when there is one line of text on two adjacent 

pages. To successfully perform this task the child must also apply the 

rule that the first page is read prior to the second page. The third 

task requires the child to apply the rule that print goes from left to 

right and an additional rule. In this task the print is two lines of 

text on one page. This third task requires the child to sweep across 

the first line and then to return to the beginning of the second line 

in order to sweep across that line of text. That is the child must 

apply the additional rule that after reading a line of text, the reader 

needs to return to the left side of the page to read the next line of 

text. The last task requires the application of all of the above print 

directionality rules. The print is two lines of text on each of two 

adjacent pages. This task encompasses the same demands as the third 

task plus it embodies the rule that the first page is read prior to the 

second page. 



The proposed hierarchical skill sequences based on the 

traditional view of reading readiness are as follows: 

5. A task that requires the child to recognize a letter is 

hierarchically related to a task that requires the child to name a 

letter, the latter being the more difficult task. In addition, based 

on Gibson and Levin's (1975) research, for both of these tasks as the 

complexity of the features of the letter increases, the task becomes 

more difficult. 
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6. A task that requires the identification of the initial 

"letter-sound" of a spoken word is easier than a task that requires the 

child to identify the initial phoneme of a word. The first task 

requires the child to be able to recognize the spoken letter (e.g., "d" 

in deep) whereas the more difficult task requires the child to identify 

a phoneme (e.g., "puh" in pig). 

The proposed hierarchical sequence across the two print related 

areas is as follows: 

7. There is a hierarchical ordering of tasks that require the 

identification of print, identification of words in environmental 

context, identification of letter names, production of initial letter

names in spoken words, production of initial phonemes in spoken words, 

and identification of words out of context. One of the most basic 

skills in the beginning reading domain is the ability to categorize 

print, that is, the ability to discriminate print from pictures. For 

the next task the child needs to know that print serves a meaningful 

purpose. The third task requires the child to name letters. The next 

---------------------------------------- ---
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two tasks requires the child to identify initial sounds in a word. The 

easier task of the two, requires the child to be able to identify the 

initial letter name of a word (e.g., "a" in apron). The more difficult 

task requires the child to be able to identify the initial phoneme of 

a word (e.g., "duh" in dog). The last and most challenging task 

requires the child to identify a word out of context. It is 

hypothesized that this task involves the processing of letters, their 

corresponding phonemes, and then blending the phonemes to form a word. 

Statistical Model 

Latent structure analysis, which provides a method to study the 

relationship between latent and manifest variables, was introduced by 

Lazarsfe1d (1950a, 1950b) and was studied ~ost extensively by 

Lazarsfe1d and Henry (1968). One group of models which have evolved 

from Lazarsfe1d's work are the latent trait models. An advantage of 

latent trait models for developmental assessment is that they can be 

used to link item pools appropriate for individuals of different age 

levels (Stocking & Lord, 1983). This makes it possible to reflect 

developmental progress across extended age spans. Moreover, recent 

technological advances have proven latent trait models to be useful for 

testing hypotheses regarding the ordering of cognitive skills in a 

developmental sequence (Bergan & Stone, 1985; Thissen, 1985). Latent 

trait models not only test the assumption that a model adequately 

represents the data but also provide a way to choose between models 

reflecting different hypotheses about the Qrdering of skills. 

---------------------- ------ -------------_._-
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Introduction to Latent Trait Theory 

Latent trait theory (also referred to as Item Response Theory 

(IRT» is based on the notion that the probability of a response to an 

item can be determined by the individual's ability and the item 

characteristic(s). Latent trait models provide a probabilistic way of 

linking examinees' item responses to theoretical constructs. Item 

responses are used in estimating an individual's standing on a latent 

trait, or a latent ability. They provide a mathematical representation 

of an a pri~ri theoretical developmental model which specifies the 

ordering of skills in a developmental sequence. The latent trait scale 

composed of tasks ordered by difficulty define the developmental 

sequence. The latent ability is linked directly to the examinee's 

position in the sequence because ability is measured on the same scale 

as task difficulty. Thus, ability provides a measure of developmental 

level by indicating an examinee's position in the sequence. The 

developmen~al level specifies the probability that the examinee will be 

able to perform tasks of varying difficulty in the developmental 

sequence. 

Latent trait models assume a unidimensional latent continuum. 

The particular form of this distribution is not specified. The basic 

mechanism for defining this scale lies in the S-shaped item 

characteristic curve (ICC). The ICC connects the means of the 

conditional distributions of item scores at fixed ability levels. It 

represents a mathematical function that relates the probability of 

answering an item correctly and the parameters that correspond to the 

. -- - ----------------



ability of the individual and the characteristics of the item. In 

other wo~ds, the ICC represents the non-linear regression of item 

response on the latent trait measured by the test. Lazarsfeld (1959) 

refers to the ICC as the "item trace line" because it traces "the 

probability for an item as a 'respondent' moves along the latent 

continuum" (Lazarsfeld, 1959, p. 493). The item response function is 

expressed by either the normal ogive or the logistic ogive function. 

Normal ogive function. The form of the normal ogive curve is 

1 a·(e-b.) 
(J J e-z dz, 

(2~)1/2 )-00 
(1) 

where p(xj=1Ie) is the probability that an examinee with ability e 
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answers item j correctly, bj and aj are parameters characterizing j, 

and z is a normal deviate from a distribution with mean bj and standard 

deviation 1/aj' 

The three parameter logistic model. The three parameter 

logistic model was developed by Birnbaum (1968) and has received a 

substantial amount of study (Lord, 1968, 1970, 1974, 1975, 1980; 

Hambleton & Traub, 1973) as well as criticism (Wright, 1977). The 

model is particularly appropriate when individuals with low standings 

on the latent trait can occasionally respond correctly to difficult 

items. An ability test using a multiple-choice format is an example of 

a situation in which the three-parameter model might be especially 

useful. 



The form of the three-parameter logistic model is 

1 - c 
P(xj=ll e) = C + 

1 + e 
-a.(e-b.)· 

J J 
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(2) 

Unlike the normal ogive model, there is no integral in the equation for 

the logistic model. This equation is virtually identical to the normal 

ogive equation (Birnbaum, 1968; Haley, 1952). Consequently, the 

logistic ogive can be used as an approximation of the normal ogive 

and likewise, the normal ogive can be used as an approximation of the 

logistic ogive. Lord (1980, p.12) and others include D, a 

mUltiplicative factor of 1.7, to maximize the similarity between the 

normal ogive models and the corresponding logistic models. 

In equation 2, the P(xj=lle) is the probability that an 

examinee with ability e answers item j correctly. The mathematical 

constant, e, is approximately equal to 2.71828. The item 

discrimination parameter, aj' reflects the steepness of the item 

characteristic curve at its inflection point. That is, it reflects the 

speed with which the probability of a positive response changes as e 

increases. The item discrimination index can also be conceptualized as 

a measure of the degree to which the item relates to the underlying 

latent trait. The index of item difficulty, bj , represents the point 

on the ability scale at which an examinee has a (1 + cj)/2 probability 

of correctly answering item i. The pseudoguessing index, Cj' is the 

lower asymptote of the ICC and corresponds to the probability of a 

correct response among respondents with very low levels of e. It is 

important to note that while Cj is affected by guessing, these guesses 
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are frequently nonrandom. Lord (1974) notes that estimates of care 

frequently less than the probability of randomly guessing the correct 

response, and attributes this phenomenon to the attractiveness of one 

or more incorrect options to low-ability individuals. 

Estimated aj parameters are positive values and, the higher the 

value, the more discriminating the item. The bj is usually estimated 

to be between -3.0 and 3.0. The lower the value, the easier the item 

and conversely, the higher the value, the more difficult the item. The 

lower asymptote is restricted to the interval 0.0 <= Cj >= 1.0. 

Estimating Cj is usually difficult because there are very few 

individuals with extremely low values of 8 whose item responses can be 

used to help determine Cj' 

The two-parameter logistic model. This model is a special case 

of the three-parameter model where all Cj parameters are set to zero. 

Consequently, the lower asymptotes of two-parameter ICC curves are 

zero, indicating that very low-ability individuals have almost no 

chance of making a correct response to difficult items. The equation 

for the two-parameter logistic model is expressed as: 

1 
P(x.=118) = -a·(8-b·) 

J 1 + e J J 
(3) 

The one-parameter logistic model. The one-parameter model is 

commonly referred to as the Rasch model and results from setting Cj 

equal to zero, and aj equal to one for all items. Rather than setting 

all aj parameters equal to one, Thissen (1985) incorporates a modified 

one-parameter model and estimates only one parameter for all aj 

'----------------------,~-----.- --~ .. --.----.- .. -
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parameters. The one-parameter model is perhaps most useful when the 

probability of guessing correctly to the items is minimal and the items 

-have approximately equal discrimination indices. The one-parameter 

model was developed by Rasch (1960) and is expressed as: 

1 
P(x.=ljS) = -(S-bj ) 

J 1 + e 
(4) 

The one-parameter logistic model is the simplest of the 

logistic model and is attractive to practitioners for its simplicity 

and economical benefits. However, a major weakness of the model is a 

result of its simple form. Empirical ICCs probably do not have equal 

slopes, nor do they necessarily have lower asymptotes of zero unless 

tests are deliberately constructed to reflect items with equal slopes 

and lower asymptotes of zero. 

Probability of theta. Lord (1980) defined the probability of 

theta, Pi(S), as the probability of a positive response to item i among 

examinees with ability S, that is, the height of the ICC at S is 

interpreted as the relative frequency of positive responses in the 

subpopulation of individuals with that particular value of 9. Another 

interpretation is that the Pi(S) is the probability of a correct 

response for a given individual with ability S. Hambleton and 

Swaminathan (1985) offer a third interpretation: Pi (9) can be viewed 

as the probability associated with a randomly selected examinee with 

ability S responding correctly to item 1. 

-- - -------.. -----------------
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Assumptions of Latent Trait Models \ 

Unidimensional latent trait space. Latent trait theory is 

based on the asswnption that the probability of an item response is a 

function of a single latent trait of the individual. It is assumed 

that the response probabilities are a function of a single ability of 

the individual. Lord and Novick suggested that a one-dimensional model 

may be appropriate "for tests that appear as though they ought to be 

homogeneous: for example, certain tests of vocabulary, reading, 

spelling and some kinds of spatial ability" (1968, p. 381). Factor 

analysis is a common technique applied to study the dimensionality of 

an instrument (Hambleton & Traub, 1973). 

Local independence. A major assumption of latent trait models 

is the local independence assumption which holds that at a particular 

value of theta, the error component for the different items are 

independent of each other (Hambleton, 1983), the examinees' (at that 

theta) responses to different items in a test are statistically 

independent. To ensure that local independence holds, the errors 

should not be correlated across items at a given level of 9. An 

examinee's performance on one item should not affect his/her 

performance on any other items in the test. This implies that when 

responding to any given item only the examinee's 9 is influential. All 

the information that we are capable of knowing about the probability of 

a correct (or incorrect) response is contained in the examinee's 9. If 

local independence holds, a single score is sufficient to predict 

his/her performance, and we may assume tha~ the test is unidimensional. 

-------------------~--- ... ~~.- -_._----_ ... 



Lord (1980, p. 19) has noted that "local independence follows 

automatically from unidimensionality." 
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Speediness. An implicit assumption of latent trait theory is 

that the test is not administered under speeded conditions (Hambleton & 

Swaminathan, 1985). Examinees who fail to answer test items do so 

because of limited ability and not because they failed to reach those 

items. This assumption is implicit in the assumptions of 

unidimensionality and local independence. When speed affects test 

performance at least two traits are being measured: performance speed 

and the ability measured by the content of the test. 

Advantages of Latent Trait Theory 

There are three major advantages in using latent trait models: 

invariance of item parameters, invariance of ability parameters, and 

the availab~lity of a local measure of precision. These advantages 

contribute to the usefulness of latent trait models for item banking 

and for equating test scores across different item subsets. Item 

parameter invariance means that regardless of the distribution of 

ability of the sample on which we estimate the parameters of the model, 

the parameter estimates will be linearly related to the parameters 

estimated with some other sample drawn from the same population. In 

other words, the_parameters of a test item (e.g., item difficulty and 

item discrimination indices) are independent of the particular sample 

of examinees drawn for the purpose of item calibration. In classical 

test theory, the difficulty parameter of an item, Pi' is defined as the 

proportion of correct responses to the item for that sample. 

--- --- - --- ------------ ---------------------- -------- ---



Consequently, Pi is sample dependent. The value of Pi will be larger 

for samples of more able" students and smaller for less able samples. 
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As a consequence, it is a measure of item difficulty for a specific 

sUbpopulation. A second advantage of latent trait models is that it is 

possible to compare two individual's ability estimates even though they 

may have taken different items. The estimate of an examinee's ability 

is independent of the particular sample of test items administered to 

the examinee. 

Another advantage is the availaQility of a local measure of 

precision. Unlike the typical use of classical test theory in which 

the imprecision of test scores is characterized by a single value, the 

average standard error of measurement, latent trait theory 

characterizes precision of measurement by a function known as the 

information function, which is an index of how precise different scores 

are. This specifically allows for the fact that precision may be 

higher for certain levels of ability (see Hambleton, 1979). The 

information at a particular value of 8 depends on the number and 

attributes of items used to estimate 8. For example, little 

information about ability is provided at high levels of 8 by very easy 

items which nearly all high-ability individuals answer correctly, 

whereas, these same items may provide a substantial amount of 

information about ability at low levels of 8. The information function 

is expressed as the squared standard error of 8. The smaller this 

squared standard error, the greater the information. 

----------------- --_., -.-- ---------.... 
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Validating Hierarchical Skill Sequences 

Until recently, latent trait models did not provide a means to 

assess the validity of hypotheses about the ordering of skills in a 

developmental sequence (see Bergan & Stone, 1985). For example, 

suppose the difficulty estimates of two items are very close, but not 

equal. Item response models did not afford a way to determine whether 

there would be any significant decrement in the fit of the model to the 

data if the item difficulties were restricted to be equal rather than 

being allowed to be free to vary. Similarly, such models were unable 

to examine hypotheses regarding the extent to which items relate to the 

same degree to the underlying latent trait. Traditionally, model

fitting generally involved choosing either the one-parameter model, the 

two-parameter model, or the three-parameter model. There is now a 

means to compare a set of hierarchically related latent trait models 

that place restrictions on the aj and bj parameters (Bergan & Stone, 

1985; Thissen, 1985). Restricted item response models that constrain 

slope and difficulty item parameters can be used to test hypotheses 

about difficulty ordering and slope uniformity for item sets used to 

represent skill sequences; for example, in the case in which two items 

in a domain are hypothesized to be ordered by difficulty. This 

hypothesis could be tested by constructing two models, one which 

restricts the estimated item difficulties to be equal and one which 

allows the estimated item difficulties to vary. The restricted model 

contains fewer estimated item parameters than the unrestricted models, 

in that only one item difficulty parameter would be estimated for the 
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item pair. The other. item's difficulty parameter would be determined. 

Because the restricted model contains fewer estimated parameters than 

the unrestricted model, it can be conceptualized as being more 

parsimonious than the unrestricted model. The two models can be viewed 

as being hierarchical in the sense that the unrestricted model contains 

all of the estimated parameters in the restricted model plus additional 

estimated parameters. Because the models are hierarchical, they can be 

statistically compared. The restricted model being more parsimonious 

than the unrestricted model would be the preferred model unless it is 

shown that the unrestricted model offered a significant improvement in 

fit over the restricted model. The selection of a preferred model that 

provides an adequate fit for the data and improves on the fit offered 

by more parsimonious models is the objective of testing hierarchical 

models. Acceptance of the unrestricted model as the preferred model 

would support the hypothesized sequence. This restriction approach can 

be applied to more complex models involving variations in restrictions 

on large numbers of bj parameters. 

In addition, models involving restrictions for several subsets 

of a parameters can be constructed. Models restricting the item 

discrimination parameters may be constructed in the same fashion as 

models restricting the item difficulty parameters. The hypothesis of 

interest is that the discriminating power of the items under 

examination is the same for all items. This implies that all of the 

items in the set are related to the same degree to the underlying 

latent trait. This hypothesis may be accepted if the restricted model, 



which restricts the estimates of the discrimination parameters to be 

equal, is preferred over the unrestricted model, which allows the 

discrimination parameters to be free to vary. 
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Models placing restrictions on the aj parameters are of 

interest in developmental assessment because in the case of equal 

slopes the ordering of items in terms of the probability of answering 

correctly is constant throughout the range of abilities. For instance, 

in Figure 1, the probability of answering item 1 correct is greater 

than the probability of answering item 2 correct throughout the ability 

range. When slopes vary, the probability of answering one item 

correctly may be lower than the probability of answering another item 

correctly at one range of ability and higher at another range of 

ability. Figure 2 represents this situation. The probability of 

answering item 1 correctly is greater than the probability of answering 

item 2 correctly at the high end of the ability range, however, the 

probability of answering item 1 correctly is less than the probability 

of answering item 2 correctly at the low end of the ability range. 

Parameter Estimation. The marginal maximum likelihood 

procedure proposed by Bock and Aitkin (1981) is appropriate for such 

model fitting. An advantage of this technique is that it provides 

accurate estimates of item parameters with small numbers of items (Bock 

& Aitkin, 1981). Moreover, the Bock and Aitkin procedure deals with a 

major parameter estimation problem associated with two- and three-

... - ... ---------- ---_._-- ------------------ --.- -.------ ---
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parameter models. In these models, it is not possible to eliminate 

individual ability from the likelihood by conditioning on a sufficient 

statistic. Consequently, the number of ability parameters to be 

estimated increases without limit as the number of examinees increase. 

Bock and Aitkin (1981) address this problem by integrating over the 

parameter distribution and estimating parameters using the marginal 

distribution. They make the assumption that the item response function 

is a normal continuous distribution function. In the case for the two-

parameter model, the probability of a correct response to item j is 

expressed as: 

p(x··=118·)=~·(8.) = 
1J 1 J 1 

exp dt, (5) 

where 

(6) 

Under the assumption of local independence, Bock and Aitkin specify the 

probability that individual i will respond in pattern xi=[xi1 xi2 ••• 

Xin]' conditioned on ability 8i as: 
n Xij 

p(x=xiI 8i) = ~[~j(8i) ] 
J 

For a subject randomly sampled from a population with a continuous 

ability distribution g(8), the unconditional probability of pattern Xi 

is expressed as: 

(8) 



Bock and Aitkin approximate the probability using Gauss-Hermite 

quadrature, that is, by the sum: 
q 
~ P(x=xi Xk)A(Xk)' 
k 

(9) 

where Xk is a quadrature point and A(Xk) is the corresponding weight 

for that point (Stroud & Sechrest, 1966). 

52 

Item parameter estimation is accomplished by maximizing the log 

of the likelihood function and setting the partial derivatives of aj 

and bj to O. The log likelihood given by Bock and Aitkin is: 

s 
log L = C + ~rllogPl' 

t 

where C does not depend on the item parameters, r indicates score 

pattern, and P=P(x=xi)' 

The partial derivatives for the item parameters are 

approximated by the sum: 

(10) 

(11) 

which is approximately equal to: 

s X· ·+1 
~(-1) 1J 
t 

rl q aZj(Xk)~n xlh 1-xlh ~ 
__ ~ ~ [~h(Xk)] [1-~h(Xk)] $h(Xk) A(Xk)=O 
PI k aUj h~j . 

(12) 

For a large number of items, the solution for this equation is 

impractical because it requires a separate equation for each score 

pattern. Bock and Aitkin provide an alternative to this equation. 

In the restricted models, maximum likelihood estimates for the 

item parameters are produced by imposing restrictions on the values of 



the aj and bj parameters in the likelihood equations provided by Bock 

and Aitkin. Parameters may be restricted to be equal across sets of 

items by estimating one parameter for the entire set rather than 

estimating a parameter for each item in the set. For example, if two 

item difficulty parameters are restricted to be equal, bj , is the 

estimate for both items. The partial derivatives for these items are 

expressed as: 

a log L 
a bj = 0 (13) 

The estimate of bj is a maximum likelihood estimate giving the 

estimated value of bj under the hypothesis that bi equals b2. 

Restrictions on the aj parameters can be imposed in a similar fashion 

by estimating one a parameter for both items, thus restricting the aj 

parameters for the two items to be equal. 

Model Testing 

The likelihood ratio chi-square statistic may be used to test 

the fit of a given model to the data. It is expressed as: 

(14) 

The degrees of freedom are obtained by subtracting the number of 

estimated parameter plus one from the number of score patterns with 

observed counts greater than O. Bock and Aitkin indicate that 2*n 

patterns are needed for a conservative test of fit where n is the 
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number of items. They also suggest pooling cells with counts less than 

5. 

------------------ ---... - -.. -.------ .... 
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Employing likelihood ratio statistics facilitates hierarchical 

comparisons among models. Because the statistic partitions exactly, it 

is possible to use it to make hierarchical statistical comparisons 

between models to arrive at a preferred model (Bishop, Fienberg, & 

Holland, 1975). Two models are considered to be hierarchical when one 

contains all of the estimated parameters of the other plus one or more 

additional parameter estimates. The model with the fewer estimated 

parameters can be conceptualized as the more parsimonious model. Under 

these conditions, the L2 for the model with the smaller number of 

degrees of freedom may be subtracted from the L2 for the model with the 

larger number of degrees of freedom. The resultant L2 can be referred 

to the chi-square distribution to determine whether the additional 

parameters included in the less parsimonious model afford a significant 

improvement in the fit of the model to the data. The degrees of 

freedom associated with the resultant L2 are determined by subtracting 

the degrees of freedom for the less parsimonious model from the degrees 

of freedom for the more parsimonious model. 



CHAPTER 3 

METHODOLOGY 

Sample 

The Head Start Measures Battery (HSMB) Reading Scale 

(Hestand, Lane, & Johnson, 1985) was administered to 14,218 examinees 

in Head Start ranging from 3- to 6-years of age. The number of 

examinees who were administered a particular item varied. The HSMB 

Reading Scale consists of 2 levels with 8 items in each level: Level II 

which is comprised of more difficult items is appropriate for more able 

examinees and Level I containing less difficult items is appropriate 

for less able examinees. Performance on a subset of 10 items (i.e., 

routing items) determined which level was subsequently administered to 

an examinee. Each examinee was administered 4 additional items (i.e., 

alternate items) which varied across Head Start programs. 

Quality control procedures were used to obtain a sample for the 

present study. Those examinees who had 4 or fewer blanks on the 

routing items and 3 or fewer blanks on items in the level were selected 

for the sample. This resulted in a sample of 13,148 examinees. All of 

the examinees responded to the routing items, 8,876 examinees were 

administered Level I, and 4,272 examinees were administered Level II. 

Each alternate item was administered to approximately 500 examinees. 

The average time for scale administration was approximately 10.8 

minutes. 
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The number of examinees within I-year age ranges is presented 

in Table 1. The majority of the examinees were between 4- and 5-years 

of age (n=8,355). There were approximately equal numbers of males and 

females (n=6,588 and n=6,475, respectively, 85 provided no information 

on gender). The examinees were from urban, suburban, and rural 

communities across the nation. Table 2 shows the number of examinees 

within various ethnic groups. There was approximately equal numbers of 

Black and Caucasian examinees (n=4,665 and n=4,907, respectively). 

There was a smaller number of Mexican American and Native American 

examinees (n=I,551 and n=945, respectively). The Hispanic Other group 

(n=758) included Puerto Rican, Cuban, and other Hispanic examinees. 
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Table 1 

Age of Examinees 

Age Range Number of Examinees 

under 3 yrs 95 

3 yrs - 3 yrs 11 months 1843 

4 yrs - 4 yrs 11 months 8355 

5 yrs - 5 yrs 11 months 2547 

6 yrs - 6 yrs 11 months 308 

.... ----.-.-----.--~--------------------------



Ethnic Group 

Black 

Caucasian 

Mexican American 

Native American 

Hispanic Other 

Other 

Not Available 

Table 2 

Ethnicity of Examinees 

Number of Examinees 

4665 

4907 

1551 

945 

758 

192 

130 
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Instrumentation 

The HSMB Reading Scale is a path-referenced assessment 

instrument specifically designed for the Head Start population. The 

primary intended use of the scale is to provide for teachers the 

ability (i.e., developmental level) of the examinee and to help the 

teachers plan instruction commensurate with the examinee's ability. 

The path-referenced approach to assessment provides a means to link 

developmental phenomena to measurement theory and practice (Bergan, 

1985). It is based on the proposition that learning and development 

involve sequential changes in ability reflecting successively higher 

levels of cognitive functioning (see Gagne, 1962; Piaget, 1952). 

Because the examinee's performance is explained in terms of a latent 

trait or ability, path-referenced assessment involves the direct 

application of latent trait theory (Bock & Liebermann, 1970; Lord, 

1980) to the assessment of developmental phenomena. 

Item Development 

Cognitive procedures and their demand attributes were 

identified in the beginning reading domain. The cognitive procedures 

which support the present hypothesized skill sequences are provided in 

Appendix A. As an example, Table 3 shows the attributes and values 

associated with cognitive procedure, Identify Print. This cognitive 

procedure has 2 demand attributes, distractor types and print type. 
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The values of the attribute, distractor types, are pictures, scribbles, 

and pseudo-letters. The values of the attribute, print type, are a 

child's name and a sentence. To reflect the skills in the hypothesized 



hierarchies items were systematically developed by varying the values 

of the attributes. 

Appendix B shows the attribute values for each of the items 

developed to represent the skills in the hypothesized hierarchies. As 

an example, Table 4 provides the attribute values for each of the 4 

items developed for the cognitive procedure, Identify Print. For the 

first item, IDP1, 2 pictures served as the distractor types and the 

print to be identified was a child's name. The second item, IDP2, had 

a picture and scribbles as the distractor types; and the examinee had 

to identify a child's name. The third item, IDP3, had a picture, 

scribble, and pseudo-letters as the distractor types; and the print to 

be identified was a child's name. The last item, IDP4, had a picture 

and scribble as the distractor types; and the print to be identified 

was a sentence. 

-- ----------------- ---- ---------------------
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Table 3 

Identify Print Cognitive Procedure and Demand Attributes 

Cognitive Procedure Demand Attribute 

Identify Print Distractor Types 

Print Type 

Value 

Pictures 

Scribbles 

Pseudo-letters 

Child's name 

Sentence 
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Table 4 

Identify Print Items and Their Demand Attribute Values 

Items Demand Attribute Value 

IDPI Distractor Types 2 Pictures 

Print Type Child's name 

IDP2 Distractor Types 1 Picture, Scribble 

Print Type Child's name 

IDP3 Distractor Types. 1 Picture, Scribble, 

Pseudo-letters 

Print Type Child's name 

IDP4 Distractor Types 1 Picture, Scribble 

Print Type Sentence 
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Table 5 describes the items that were developed within a 

cognitive procedure for validating the hierarchical skill sequences. 

For example, in order to validate the first hierarchy, four items were 

developed within the Identify Print cognitive procedure. These items 

were developed to test the hypothesis that the ability to identify 

print becomes more difficult as the distractors become more appealing 

to the child. In addition the last item in this cognitive procedure 

was developed to determine whether print is easier to identify when it 

is more familiar to the child, that is, a child's name as compared to a 

sentence. 

-- - -.. _-----------
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archy 

Hl 

H2 

Table 5 

Items for Hierarchical Skill Sequences and 
Hypothesized Parameter Restrictions 

Cognitive Item Number and Description a b 
Procedure 

Identify Print IDPl. Identify where a child put al bl 

Infer a word 

his/her name on a page from a 
choice of a name and two pictures. 

IDP2. Identify where a child put al b2 
his/her name on a page from a 
choice of a name, a picture, and 
scribble. 

IDP3. Identify where a child put al b3 
his/her name on a page from a 
choice of a name, a picture, 
scribble, and pseudo-letters. 

IDP4. Identify print in the form al b4 
of a sentence from a choice of a 
sentence, a picture, and scribble. 

INFl. Identify the word "STOP" al 
in full pictorial environmental 
context after a story is read with 
the target word stated. 

bl 

INF2. Identify the word "MILK" al b2 
in full pictorial environmental 
context with no story. 

INF3. Identify the word "STOP" al b3 
in partial pictorial environmental 
context with no story. 

Note. Restrictions are placed on the a· (discrimination) and b· 
(difficulty) parameters which reflect tlie hypothesized model. ~or 
example, under Hl the aj parameters for the four items are restricted 
to be equal (i.e., all aj parameters are set to al) and the bj 
parameters are allowed to be free to vary. The restrictions tor the 
ai and bj parameters across the hierarchies are independent, that is, 
tne parameter estimates across the hierarchies are not associated. 
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·archy 

H3 

H4 

Table 5 Continued 

Items for Hierarchical Skill Sequences and 
Hypothesized Parameter Restrictions 

Cognitive 
Procedure 

Identify 
Beginning and 
End of Text 

Identify 
Direction of 
Print 

Item Number and Description 

INF4. Identify the word "MILK" 
in no pictorial environmental 
context after a story is read 
with the target word not stated. 

a 

al 

BEl. Identify beginning of text al 
when text is one line on one page. 

b 

b4 

bl 

BE2. Identify end of text when al bl 
text is one line on one page. 

BE3. Identify beginning of text al b3 
when text is on two adjacent pages 
with one line on each page. 

BE4. Identify end of text when al b3 
text is on two adjacent pages 
with one line on each page. 

DP1. Identify that print goes 
from left to right when print is 
one line on one page. 

DP2. Identify that print goes 
from left to right when print is 
on two adjacent pages with one 
line on each page. 

DP3. Identify that print goes 
from left to right and after 
reading one line, one returns 
to the left side of the page and 
reads the next line. Print is 
on two lines on one page. 

al bl 

al b2 

al b3 
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HS 

H6 

H7 

Table 5 Continued 

Items for Hierarchical Skill Sequences and 
Hypothesized Parameter Restrictions 

Cognitive 
Procedure 

Item Number and Description 

DP4. Identify that print goes 
from left to right and after 
reading one line, one returns to 
the left side of the page and 
reads the next line. After 
reading one page, one goes to 
the next page. Print is on 
two lines on each of two pages. 

a 

a1 

Letter 
Recognition 

LR1. Recognize the letter "c" when a1 
the distractors are not similar 
in features (Le., "1", "f", "t"). 

b 

b4 

b1 

LR2. Recognize the letter "0" when a1 b2 
2 of the 3 distractors are similar 
in features (i.e., "n", "e", "t"). 

Letter Naming LN1. Name the letter "0". a3 

LN2. Name the letter "s". a3 

Identify 
Letter-Sound 

LS1. Identify the initial letter a1 
of a word (the letter "D" in Deep). 

b3 

b4 

b1 

LS2. Identify the initial letter a1 b1 

Identify 
Phoneme 

of a word (the letter "E" in Even). 

Pl. Identify the initial phoneme of a3 
a word (the phoneme "kuh" in Key). 

b3 

P2. Identify the initial phoneme of a3 b3 
a word (the phoneme "muh" in Man). 

Identify Print IDP2. Identify where a child put 
his/her name on a page from a 
choice of a name, a picture, and 
scribble. 

a1 b1 
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Table S Continued 

Items for Hierarchical Skill Sequences and 
Hypothesized Parameter Restrictions 

Cognitive 
Procedure 

Item Number and Description a b 

Infer a Word INF!. Identify the word "STOP in a2 b2 
full environmental context 
after a story is read with the 
target word stated. 

Identify Print IDP4. Identify print in the form a! b3 

Letter Naming 

Identify 
Letter-Sound 

Identify 
Phoneme 

Infer a 
Word 

of a sentence from a choice of a 
sentence, a picture, and scribble. 

LNI. Name the letter "0". a3 b4 

LN2. Name the letter "s". a3 bS 

LN3. Name the letter "M". a3 b6 

LN4. Name the letter "L". a3 b6 

LSI. Identify the initial letter a4 b7 
of a word (the letter "D" in Deep). 

LS2. Identify the initial letter a4 b7 
of a word (the letter "E" in Even). 

LS3. Identify the initial letter a4 b7 
of a word (the letter "T" in 
Teacher) • 

Pl. Identify the initial phoneme of as 
a word (the phoneme "kuh" in Key). 

b8 

P2. Identify the initial phoneme of as b8 
a word (the phoneme "muh" in Man). 

INF4. Identify the word "MILK" in a2 
no environmental context after a 
story is read with the target 
word not stated. 

b9 
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Procedures for Scale Administration 

The HSMB Reading Scale was individually administered to each 

child. Classroom teachers, teacher aides, and/or volunteers 

administered the scale to the examinees. The examiners were trained in 

scale administration prior to the testing period. Test results were 

then sent to the University of Arizona for computer scoring. All items 

were scored dichotomously: "0" for a fail, and "1" for a pass. 

Computer Program 

Thissen's (1985) MULTILOG computer program was used for 

calculating the aj and bj item parameter estimates needed for 

validating the proposed hierarchical skill sequences. It produces 

marginal maximum likelihood parameter estimates following the Bock and 

Aitkin algorithm. Moreover, MULTILOG is capable of producing estimates 

of aj and bj item parameters under restrictions which are imperative 

for testing hierarchical models. The program recodes the items as a 

. "1" for a fail and a "2" for a pass. 

Models for Validating the Hypothesized Hierarchies 

Latent trait models were parameterized according to the 

hypothesized hierarchies. This was accomplished by either allowing the 

parameters of the latent trait model to be free to vary or constraining 

them to be equal to other parameters. Table 5 presents the 

restrictions on the aj and bj item parameters for the hypothesized 

model for each of the proposed hierarchies. For instance, it was 

hypothesized that the aj parameters for the 4 items in the first 



69 

hierarchy (Hl) are the same, thus only 1 aj parameter is estimated 

under the hypothesized model. In addition, it is hypothesized that the 

4 items within Hl are ordered by difficulty, thus 4 bj parameters are 

estimated under the hypothesized model. 

A hypothesized latent trait model is evaluated by statistically 

comparing the fit of the model to the data against alternative latent 

trait models. In order to make model comparisons, hierarchical models 

must be used. Recall from Chapter 2 that two mo4els are hierarchical 

if one contains all of the estimated parameters in the other plus 

additional estimated parameters. For example, a model (Ml) may be 

constructed such that all aj and bj item parameters are free to vary. 

This model may be compared against a hierarchical model (M2), which 

restricts all aj parameters to be equal and allows all bj parameters to 

be free to vary. Ml is the more parsimonious model in that it 

estimates fewer parameters. Therefore, Ml is the preferred model 

unless M2 improves significantly on the model-data fit afforded by Ml. 

The following section identifies the hypothesized models for 

each of the hierarchies as well as specific alternative models that 

were used for model comparisons. As illustrated above, it may be of 

interest to compare a model (Ml) in which the aj and bj parameters are 

free to vary against a model (M2) in which all aj parameters are 

restricted to be equal and the bj parameters are free to vary. It may 

also be necessary to incorporate other alternative models in order to 

further evaluate the fit of a model. Consider the case where Ml does 

improve significantly upon the fit afforded by M2 but there is an 



indication that the values of two aj parame~ers are very close. A 

third model (M3) may be constructed which restricts thes~ two aj 

parameters to be equal. M3 can then be compared with MI in order to 

further assess the underlying structure of the items. In the present 
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study, additional alternative models may have to be constructed. It is 

not practical to identify the numerous possible alternative models, 

therefore all possibilities will not be delineated below. Note that 

the models across the hierarchies are independent. 

Validation of hierarchy I 

For the validation of the first hierarchy (HI), two models are 

of primary interest. Model I (MI) allows all aj and bj parameters for 

the items to be free to vary. Model 2 (M2) restricts all the aj 

parameters to be equal for the items and allows all the bj parameters 

to be free to vary (see Table 5). 

M2 is the hypothesized model which reflects the assumption that 

all of the items within the cognitive procedure, Identify Print, relate 

to the same degree to the underlying ability. Moreover, M2 assumes 

that the items are ordered by difficulty. M2 will be validated by 

statistically comparing it against MI which allows all aj and bj 

parameters for the items to be free to vary. MI differs from M2 in 

that the items are not assumed to have equal slopes under MI, that is, 

they do not relate to the same degree to the underlying ability. 



Validation of hierarchy 2 

Two models are of primary interest for validating the second 

hierarchical skill sequence (H2). Modell (Ml) allows all aj and bj 

parameters for the items to be free to vary. Model 2 (M2) restricts 

all aj parameters to be equal and allows the bj parameters to be free 

to vary (see Table 5). 
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Model 2 is the hypothesized model for the cognitive procedure, 

Infer a Word. If M2 is accepted as the preferred model then the 

hypothesis that the items relate to the same degree to the underlying 

trait is supported. Acceptance of M2 would also support the hypothesis 

that the items are ordered by difficulty. 

Validation of Hierarchy 3 

Three models are of primary interest for validating the third 

proposed hierarchical skill sequence (H3). Modell (Ml) allows all the 

aj and bj parameters to be free to vary. Model 2 (M2) restricts all 

the aj parameters to be equal and allows all the bj parameters to be 

free to vary. Model 3 (M3) restricts all the aj parameters to be 

equal; and restricts bl to be equal to b2, and b3 to be equal to b4 

(see Table 5). 

Model 3 is the hypothesized model indicating that the items 

within the cognitive procedure, Identify the Beginning and End of Text, 

are related to the same degree to the underlying ability. Moreover, if 

M3 is accepted as the preferred model it supports the hypothesis that: 

1) Items BEl and BE2 are of equal difficulty and are the easiest items; 



and 2) Items BE3 and BE4 are of equal difficulty and are more 

difficulty. 

Validation of hierarchy 4 
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For the fourth hierarchy (H4), models similar to those needed 

for validating Hi will be used. Ml allows all the aj and bj parameters 

to be free to vary. M2 restricts all the aj parameters to be equal and 

allows all the bj parameters to be free to vary (see Table 5). M2 is 

the hypothesized model indicating that the items within the cognitive 

procedure, Identify Direction of Print, have equal slopes and are 

ordered by difficulty. 

Validation of hierarchy 5 

Two models are of primary interest for validating the fifth 

hierarchical skill sequence (H5). The first model (Ml) allows all the 

aj and bj parameters to be free' to vary. Model 2 (M2) restricts al to 

be equal to a2 and a3 to be equal to a4; and allows all the bj 

parameters to be free to vary (see Table 5). 

If the hypothesized model, M2, is accepted as the preferred 

model, the following hypotheses will be confirmed: 1) Items LRl and 

LR2, which are within the Letter Recognition cognitive procedure, 

relate to the same degree to the underlying ability; 2) items LNl and 

LN2, which are within the Letter Naming cognitive procedure, relate to 

the same degree to the underlying ability; and 3) the four items are 

ordered by difficulty. Alternative models will be used to test the 



hypothesized hierarchy by imposing various restrictions on the aj and 

bj parameters. 

Validation of hierarchy 6 
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For testing the sixth hierarchical skill sequence (H6), 3 

models are of primary interest. The first model (H1) allows all the aj 

and bj parameters to be free to vary. Hodel 2 (H2) restricts a1 to be 

equal to a2 and a3 to be equal to a4; and allows all the bj parameters 

to be free to vary. Hodel 3 (H3) restricts a1 to be equal to a2 and a3 

to be equal to a4. It also restricts b1 to be equal to b2 and b3 to be 

equal to b4 (see Table 5). 

Hodel 3 is the hypothesized preferred model and if accepted, it 

will validate the following hypotheses: 1) Items LS1 and LS2 of the 

Identify Letter-Sound cognitive procedure have equal slopes and are 

parallel items; 2) items P1 and P2 of the Identify Phoneme cognitive 

procedure have equal slopes and are parallel items; and 3) the items 

within the Identify Letter-Sound procedure are easier than the item in 

the Identify Phoneme procedure. 

Validation of Hierarchy 7 

The hypothesized model for the last hierarchy (H7) constrains 

the aj parameters for items within a particular cognitive procedure to 

be equal. The model also assumes the following item difficulty 

ordering: 1) identifying print from pictures; 2) identifying a word in 

context; 3) identifying print from scribble; 4) naming a letter; 5) 

identifying the letter name of an initial sound in a word; 6) 
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identifying the initial phoneme in a word; and 4) identifying a word 

out of context. This model will be tested against various models which 

impose equality restrictions on the aj and bj parameters. 

...._ .. __ ._._--_._------_._------------------



CHAPTER 4 

RESULTS 

The results from the hierarchical model comparisons for the 

skill sequences are shown in Tables 6 through 20. The estimated item 

parameters and degrees of freedom (df) are shown for each model. In 

addition, the difference L2 for each model comparison and its df are 

presented. 

Hierarchy 1 Model Comparison Results 

Tables 6 and 7 show the item parameter estimates and results 

from model comparisons for Hierarchy 1, which involves items IDP1,· 

IDP2, IDP3, and IDP4. The first model (M1) examined was the 

unrestricted two parameter model (n=590). Eight parameters were 

estimated under this model, 4 aj parameters and 4 bj parameters. Thus 

there were 16 - (8 + 1) = 7 df for this model. 

The second model (M2), the hypothesized model, imposed 

constraints on the slope parameters and allowed the difficulty 

parameters to be free to vary. The slopes for all 4 items were 

restricted to be equal. Five parameters were estimated under this 

model, 1 aj parameter and 4 bj parameters. Thus there were 10 df under 

M2. The difference L2 for the comparison of M1 and M2 was .5 with 3 df 

(p >.10), indicating that M1 did not improve significantly on the fit 
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afforded by M2. Since M2 is more parsimonious than Ml and since Ml did 

not offer a significant improvement in fit, M2 was preferred over MI. 

Models 3, 4, and 5 each included restrictions on the difficulty 

parameters designed to test hypotheses about the ordering of items 

according to their difficulty values. In addition, each of these 

models restricted the slopes for all four items to be equal. M3 

constrained the bj parameters for items IDPI and IDP2 to be equal 

(df=II). M3 is hierarchically related to M2. The difference L2 for 

the comparison of M2 and M3 was .5 with 1 df (p >.10). This indicated 

that M2, the hypothesized model, did not improve significantly on the 

fit of M3. Since M3 is more parsimonious than M2 and since M2 did not 

offer a significant improvement in fit, M3 was the preferred model. 

Model 4 constrained the bj parameters for the items IDPl, IDP2, 

and IDP3 to be equal (df=12). M3 and M4 are hierarchically related. 

The difference L2 for the comparison of M3 and M4 was 9.4 with 1 df (p 

<.01), indicating that M3 improved significantly on the fit of M4. 

Model 5 constrained the bj parameters for items IDPI and IDP2 

to be equal and similarly the bj parameters for items IDP3 and IDP4 to 

be equal (df=12). M3 and M5 are hierarchically related. The 

difference L2 for the comparison was 13.7 with 1 df which is 

significant beyond the .• 01 level. From this set of model comparisons, 

M3 was found to be the preferred model supporting the assumption that 

all four items in the Identify Print cognitive procedure relate to the 

same degree to the underlying ability. Moreover, items IDPI and IDP2 

are of equal difficulty while item IDP3 is more difficult and item IDP4 



77 

is the most difficult item. This result suggests that identifying a 

child's name on a page when the distractors are pictures is as 

difficult as when the distractors include scribbles. However, when the 

distractors include pseudo-letters the task becomes significantly more 

difficult. Lastly, when the print is in the form of a sentence, the 

task becomes even more difficult. 

------------------------------------------------
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Table 6 

Hierarchy 1 Models and Estimated Parameters 

Model a1 a2 a3 a4 b1 b2 b3 b4 df 

M1 1.59 2.99 2.22 1.65 -2.96 -1.95 -1.64 -1.06 7 

M2 2.12 2.12 2.12 2.12 -2.41 -2.17 -1.61 -.94 10 

M3 2.10 2.10 2.10 2.10 -2.30 -2.30 -1.62 -.94 11 

M4 1.97 1.97 1.97 1.97 -2.08 -2.08 -2.08 -.97 12 

M5 3.52 3.52 3.52 3.52 -1.54 -1.54 -.86 -.86 12 

Table 7 

Hierarchy 1 Model Comparisons 

Difference 
Models df L2 P 

M1, M2 3 .5 >.10 

M2, M3 1 .5 >.10 

M3, M4 1 9.4 <.01 

M3, M5 1 13.7 <.01 

----------------_ ... __ .... _. __ . __ ._----_ .. 



Hierarchy 2 Model Comparison Results 

The results from model comparisons for Hierarchy 2 are shown 

in Tables 8 and 9. H2 consisted of four items from the cognitive 

procedure, Infer a Word (i.e., INF1, INF2, INf3, and INF4). The first 

model (M1) examined was a two parameter unrestricted model with 7 

degrees of freedom (n=746). The second model (M2), the hypothesized 

model, imposed constraints on the aj parameters. The slopes for all 

four items were restricted to be equal. Thus there were 10 degrees of 

freedom. The difference L2 for the comparison of M1 and M2 was 6.2 

with 3 df (p >.10). This indicated that M1 did not improve 

significantly on the fit of M2. 

Models 3, 4, and S, each included restrictions on the 
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difficulty parameters designed to test hypotheses about the ordering of 

items according to their difficulty values. In addition, each of these 

models restricted all four aj parameters to be equal. M3 constrained 

the bj parameters for items INF1 and INF2 to be equal (df=ll). M2 and 

M3 are hierarchically related and the difference L2 was 14.2 with 1 df 

(p <.01) indicating that M2 significantly improved on the fit of M3. 

M4 constrained the difficulty parameters for items INF2 and INF3 to be 

equal (df=ll). M2 and M4 are hierarchically related and the comparison 

yielded a difference L2 of 17.S with 1 df which is significant beyond 

the .01 level. Because M2 improved on the fit afforded by M4 and 

because it was more parsimonious than M4 it is the preferred model. 

MS constrained the difficulty parameters of items INF3 and 

INF4 to be equal (df=ll). M2 and MS are hierarchically related. The 
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difference L2 of 25.7 with 1 df is significant beyond the .01 level 

indicating that M2 improved significantly on the fit afforded by MS. 

From this set of model comparisons for H2, the hypothesized model, M2, 

is the preferred model, supporting the hypothesis that the four items 

relate to the same degree to the underlying ability and that they are 

ordered by difficulty. The task of identifying a familiar word in full 

pictorial environmental context and a story context is less difficult 

than the task of identifying a familiar word in full pictorial 

environmental context with no story context. The task of identifying a 

word in partial pictorial environmental context with no story is more 

difficult than the former tasks, while identifying a word with no 

context is the most difficult task. 



Model a1 

M1 2.78 

M2 1.60 

M3 1.60 

M4 1.53 

M5 1.59 

Models 

M1, M2 

M2, M3 

M2, M4 

M2, M5 

Table 8 

Hierarch~ 2 Models and Estimated Parameters 

a2 

1.42 

1.60 

1.60 

1.53 

1.59 

df 

3 

1 

1 

1 

a3 a4 b1 b2 

1.4 2.72 -.78 -.44 

1.60 1.60 -.99 -.43 

1.60 1.60 -.59 -.59 

1.53 1.53 -1.01 -.23 

1.59 1.59 -1.15 -.34 

Table 9 

Hierarch~ 2 Model Comparisons 

Difference 
L2 

6.2 

14.2 

17.5 

25.7 

p 

>.10 

<.01 

<.01 

<.01 

b3 

-.04 

-.04 

-.09 

-.23 

.24 
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b4 df 

.70 7 

.88 10 

.97 11 

.90 11 

.24 11 

- -- -- -_.------.---------. --------------------------- -._--- -_._---_._. 



Hierarchy 3 Model Comparison Results 

The results from model comparisons for Hierarchy 3 are shown 

in Tables 10 and 11. H3 consisted of four items from the cognitive 

procedure, Beginning and End of Print (i.e., BEl, BE2, BE3, and BE4). 

The first model (M1) examined was a two parameter unrestricted model 

with 7 degrees of freedom (n=383). The second model (M2) imposed 

constraints on the aj parameters. The slopes for all four items were 

restricted to be equal. Thus there were 10 degrees of freedom. The 

difference L2 for the comparison of M1 and M2 was 2.4 with 3 df (p 

>.10), indicating that M1 did not i~prove significantly on the fit of 

M2. 

Models 3 and 4 each included restrictions on the difficulty 

parameters designed to test hypotheses about the ordering Qf items 

according to their difficulty values. In addition, each of these 

models restricted all four aj parameters to be equal. Under M3, the 

hypothesized model, the bj parameters for items BEl and BE2 were 

restricted to be equal and similarly, the bj parameters for items BE3 

and BE4 were restricted to be equal. M2 and M3 are hierarchical and 

the comparison yielded a L2 of .7 with 2 df (p >.10), indicating that 

M2, the hypothesized model, did not improve on the fit of M3. 
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M4 constrained· the bj parameters for all four items to be 

equal. M3 and M4 are hierarchically related and the comparison yielded 

a difference L2 of .9 with 1 df (p >.10). This set of model comparis

ons did not support the hypothesis that identifying the beginning and 

end of text is easier when the text is on one page rather than on two 



pages. Rather the preferred model, M4, indicated that all four items 

relate to the same degree to the underlying ability and all four items 

are approximately of equal difficulty. 

83 
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Table 10 

Hierarchy 3 Models and Estimated Parameters 

Model a1 a2 a3 a4 b1 b2 b3 b4 df 

M1 2.71 2.82 4.10 2.89 .98 1. 04 .86 .93 7 

M2 3.29 3.29 3.29 3.29 .86 .93 .85 .83 10 

M3 3.28 3.28 3.28 3.28 .90 .90 .84 .84 12 

M4 3.28 3.28 3.28 3.28 .87 .87 .87 .87 13 

Table 11 

Hierarchy 3 Model Comparisons 

Difference 
Models df L2 P 

M1, M2 3 2.4 >.10 

M2, M3 2 .7 >.10 

M3, M4 1 .9 >.10 

------------------------- ----- ------._-----.-



Hierarchy 4 Model Comparison Results 

Tables 12 and 13 show the results from the model comparisons 

for H4 which involves items DP1, DP2, DP3, and DP4. The first model 

(M1) examined was the unrestricted two parameter model (n=391). Eight 

parameters were estimated under this model, 4 aj parameters and 4 bj 

parameters (df=7). 

The second model (M2), the hypothesized model, imposed 

constraints on the slope parameters and allowed the difficulty 

parameters to be free to vary. The slopes for all 4 items were 

restricted to be equal under M2. Five parameters were estimated under 
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this model, 1 aj parameter and 4 bj parameters. Thus there were 10 df. 

The difference L2 for the comparis~n of M1 and M2 was 5.4 with 3 df 

(p >.10) indicating that M1 did not improve significantly on the fit 

afforded by M2. Since M2 is more parsimonious than M1 and since M1 did 

not offer a significant improvement in fit, M2 was preferred over M1. 

Models 3, 4, and 5 each included restrictions on the 

difficulty parameters designed to test hypotheses about the ordering of 

items according to their difficulty values. In addition, each of these 

models restricted the slopes for all 4 items to be equal. M3 

constrained the bj parameters for items DP1 and DP2 to be equal 

(df=ll). M3 is hierarchically related to M2. The difference L2 for 

the comparison of M2 and M3 was 2.7 with 1 df (p >.10). This indicated 

that M2, the hypothesized model, did not improve significantly on the 

fit of M3. Since M3 is more parsimonious than M2 "and since M2 did not 

offer a significant improvement in fit, M3 was the preferred model. 



Model 4 constrained the bj parameters for items DP1, DP2, and 

DP3 to be equal (df=12). M3 and M4 are hierarchically' related. The 

difference L2 for the comparison of M3 and M4 was 1.1 with 1 df 

(p >.10), indicating that M3 did not improve significantly on the fit 

of M4. Since M4 is more parsimonious than M3 and since M3 did not 

offer a significant improvement in fit, M4 was the preferred model. 
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Model 5 constrained the bj parameters for all four items to be 

equal (df=13). M4 and MS are hierarchically related. The difference 

L2 for the comparison was 49.4 with 1 df which is significant well 

beyond the .01 level. From this set of model comparisons, M4 was found 

to be the preferred model, indicating that the 4 items relate to the 

same degree to the underlying ability and that items DP1, DP2, and DP3 

are of equal difficulty with item DP4 being more difficult. This 

result suggests that identifying the direction of print when the print 

is one line of text on one page is as difficult as identifying the 

direction of print when the print is a line of text on each of two 

adjacent pages. Moreover, the task of identifying the direction of 

print when it is two lines of text on one page, which requires a return 

sweep, is no more difficult than the two former tasks. Of particular 

interest is that when all of these attributes are combined into one 

task (i.e., one reads the left page prior to the right and the return 

sweep rule), the task is significantly more difficult than the other 

tasks. 

- -- ---- --.-.--.. _- -----------_._------------------
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Table 12 

Hierarchy 4 Models and Estimated Parameters 

Model a1 a2 a3 a4 b1 b2 b3 b4 df 

M1 2.12 3.18 3.03 2.48 -.35 -.22 -.21 .21 7 

M2 2.65 2.65 2.65 2.65 -.34 -.21 -.20 .20 10 

M3 2.65 2.65 2.65 2.65 -.28 -.28 -.21 .20 11 

M4 2.64 2.64 2.64 2.64 -.25 -.25 -.25 .20 12 

M5 2.45 2.45 2.45 2.45 -.12 -.12 -.12 -.12 13 

Table 13 

Hierarchy 4 Model Comparisons 

Difference 
Models df L2 P 

M1, M2 3 5.4 >.10 

M2, M3 1 2.7 >.10 

M3, M4 1 1.1 >.10 

M4, M5 1 49.4 <.01 



Hierarchy 5 Model Comparison Results 

Hierarchy 5 involves items LR1 and LR2 from the cognitive 

procedure, Letter Recognition as well as items LN1 and LN2 from the 

cognitive procedure, Letter Naming. Tables 14 and 15 show the results 

from the model comparisons for this hierarchy. The first model (M1) 

examined was a two parameter unrestricted model with 7 degrees of 

freedom (n=681). The second model (M2), the hypothesized model, 

. imposed constraints on the aj parameters. The slopes for the items 

LR1 and LR2 were set equal and similarly, the slopes for items LN1 and 

LN2 were set equal. M2 had 9 df and was hierarchically related to MI. 

The difference L2 from the comparison of M1 and M2 was 13.9 with 2 df 

(p <.01) which indicated that M1 improved significantly on the fit 

afforded by the more parsimonious model, M2. 

M3 restricted the aj parameters for just items LN1 and LN2 to 

be equal. The difference L2 from the comparison of M1 and M3 was 1.9 

with 1 df (p >.10). This indicated that M1 did not improve 

significantly on the fit of M3. 

M4 restricted the aj parameters for items LN1 and LN2 to be 

equal. In addition, M4 restricted the bj parameters for items LN1 and 

LN2 to be equal and the bj parameters for items LN3 and LN4 to be 

equal. M3 and M4 are hierarchically related. The difference L2 of 

14.1 with 1 df is significant at the .01 level, indicating that M3 

improved on the fit afforded by M4. 

M5 restricted the aj parameters for items LN1 and LN2 to be 

equal and constrained the bj parameters for items LR1 and LR2 to be 
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equal. M3 and MS are hierarchical and their comparison yielded a 

difference t 2 of 3.7 which is not significant (p >.10). M3 did not 

improve significantly on the fit of MS. From this set of model 

comparisons, MS was the preferred model indicating that the letter 

recognition items (i.e., LR1 and LR2) are of equal difficulty and are 

less difficult than LN1 which is less difficulty than item LN2. In 

addition, these results indicate that the letter naming items (i.e., 

LN1 and LN2) are related to the same degree to the underling ability 

whereas the letter recognition items are not. The task of recognizing 

the letter "c" (Le., "1", "f", "t") when the distractors have 

dissimilar features is as difficult as recognizing the letter "0" when 

2 of the 3 distractors have similar features (Le., "n", "e", "t"). In 

addition, identifying the letter "0" is a more discriminating item than 

identifying the letter "c". Furthermore, while naming the letters "0" 

and "s" have equal discriminating power, naming the letter "0" is an 

easier task than naming the letter "s", and these two tasks are more 

difficult than the task of recognizing letters. 
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Table 14 

Hierarchy 5 Models and Estimated Parameters 

Model a1 a2 a3 a4 b1 b2 b3 b4 df 

M1 1.15 3.14 1.53 1.13 -.22 -.01 .62 1.10 7 

M2 1.65 1.65 1.34 1.34 -.18 -.02 .66 .99 9 

M3 1.17 3.19 1.31 1.31 -.21 -.01 .68 1.01 8 

M4 1.23 3.43 1.24 1.24 -.08 -.08 .86 .86 10 

M5 1.20 3.16 1.30 1.30 -.08 -.08 .67 1.01 9 

Table 15 

Hierarchy 5 Model Comparisons 

Difference 
Models df L2 P 

M1, M2 2 13.9 <.01 

M1, M3 1 1.9 >.10 

M3, M4 2 14.1 <.01 

M3, M5 1 3.7 >.10 

,--------------- -------------------
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Hierarchy 6 Model Comparison Results 

Hierarchy 6 involves items LS1 and LS2 from the cognitive 

procedure, Identify Letter-Sound and items P1 and P2 from the cognitive 

procedure, Identify Phoneme. Tables 16 and 17 show the results from 

the model comparisons for this hierarchy. The first model (M1) 

examined was a two parameter unrestricted model with 7 degrees of 

freedom (n=1334). The second model (M2) imposed constraints on the aj 

parameters. The slopes for the items LS1 and LS2 were set equal and 

similarly, the slopes for items PI and P2 were set equal. M2 had 9 df 

and was hierarchically related to M1. The difference L2 from the 

comparison of Ml and M2 was .6 with 2 df (p >.10). This indicated that 

Ml did not improve significantly on the fit afforded by the "more 

parsimonious model, M2. 

M3, the hypothesized model, restricted the aj parameters for 

items LSI and LS2 to be equal and restricted the aj parameters for 

items P1 and P2 to be equal. In addition, under M3 the bj parameters 

for items LS1 and LS2 were set equal and similarly the bj parameters 

for items PI and P2 were set equal. The difference L2 from the 

comparison of M2 and M3 was .9 with 2 df (p >.10), indicating that M2 

did not improve significantly on the fit of M3. From this set of model 

comparisons for hierarchy 3, the hypothesized model, M3, was the 

preferred model indicating that: 1) the two items within the Identify 

Letter-Sound cognitive procedure are equally discriminating and are of 

equal difficulty; 2) the two items within the Identify Phoneme 

cognitive procedure are equally discriminating and are of equal 

------------------------------ ----------------



difficulty; and 3) the Identify Letter-Sound items are less difficult 

than the Identify Phoneme items. 
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Table 16 

Hierarchy 6 Models and Estimated Parameters 

Model a1 a2 a3 a4 b1 b2 

M1 5.87 5.24 1.21 1.34 .63 .63 

M2 5.41 5.41 1.27 1.27 .64 .63 

M3 5.44 5.44 1.27 1.27 .63 .63 

Table 17 

Hierarchy 6 Model Comparisons 

Models df 

M1, M2 2 

M2, M3 2 

Difference 
L2 

.6 

.9 

p 

>.10 

>.10 

b3 b4 df 

1.62 1.44 7 

1.57 1.49 9 

1.53 1.53 11 
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Hierarchy 7 Model Comparison Results 

Hierarchy 7 included skills across five cognitive procedures: 

1) Identify Print; 2) Infer a Word; 3) Letter Namingj 4) Identify 

Letter-Soundj and 5) Identify Phoneme. The parameter estimates for 

each of the models examined are presented in Tables 18 and 19 (n=1295). 

The results from the model comparisons are presented in Table 20. The 

first 7 models (M1 - M7) examined placed various restrictions on the aj 

parameters and allowed the bj parameters to be free to vary. For 

example, M1 allowed all the aj parameters to be free to vary while M2 

restricted the aj parameters for the two items within the Identify 

Print cognitive procedure, IDP2 and IDP4, to be equal. The difference 

L2 from the comparison of M1 and M2 was .6 with 1 df (p >.10) 

indicating that M1 did not improve on the fit of M2. By systematically 

comparing these 7 models, M6 was found to be the preferred model. M6 

restricted the aj parameters for the following items to be equal: 1) 

IDP2 and IDP4j 2) INF1 and INF4j 3) LN1, LN2, LN3, and LN4j 4) LS1, 

LS2, and LS3; and 5) P1 and P2. This result confirmed the hypothesized 

restrictions on the aj parameters, indicating that the items within a 

particular cognitive procedure relate to the same degree to the 

underlying ability. 

Models 8 - 14 imposed various constraints on the bj parameters 

to test hypotheses about the ordering of items according to their 

difficulty. In addition, M8 - M14 imposed M6's restrictions on the aj 

parameters since M6 was found to be the preferred model from the 

previous comparisons. The hypothesized model was not tested since the 
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data revealed that the ordering of the items was not consistent with 

the hypothesized model. Table 19 indicates the constraints that were 

placed on the bj parameters for each of the models. From the 

statistical comparisons of these models, M14 was the preferred model. 

M14 restricted the bj parameters in the following manner: IDP2 < INF1 

= IDP4 < LN1 < LN2 < INF4 = LS1 = LS2 = LS3 < LN3 = LN4 = P1 = P2. The 

task of identifying print from pictures proved to be the easiest skill . 

. The next two tasks, identifying a word in full pictorial environmental 

context and identifying print from scribbles, were of equal difficulty. 

Next were the items that required the child to name lower-case letters. 

The next two tasks, identifying a word in no pictorial context and 

identifying the name of an initial sound in a spoken word (e.g. "d" in 

deep), were of equal difficulty. The.two most difficult tasks required 

the child to name upper-case letters and identify the initial phoneme 

of a spoken word (e.g., "puh" in pig). 



Table 18 

Hierarchy 7 Models and Estimated Discrimination Parameters 

Model a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 all a12 a13 

M1 1.42 .76 .74 1.16 1.05 1.34 1.48 2.67 2.48 2.75 .83 .85 1.02 

M2 .76 .76 .76 1.17 1.05 1.34 1.47 2.67 2.47 2.75 .83 .84 1.01 

M3 .76 .85 .76 1.17 1.05 1.34 1.47 2.67 2.48 2.75 .83 .84 .85 

M4 .77 .83 .77 1.22 1.22 1. 22 1.22 2.65 2.45 2.71 .80 .83 .83 

M5 .78 .84 .78 1.22 1.22 1.22 1.22 2.60 2.60 2.60 .79 .83 .84 

M6 .78 .84 .78 1.22 1.22 1.22 1.22 2.60 2.60 2.60 .81 .81 .84 

M7 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 

M8 .78 .84 .78 1. 22 1.22 1.22 1.22 2.60 2.60 2.60 .81 .81 .84 

M9 .78 .76 .78 1.22 1.22 1. 22 1.22 2.60 2.60 2.60 .81 .81 .76 

M10 1.25 .60 1.25 1.20 1.20 1.20 1.20 2.58 2.58 2.58 .81 .81 .60 

MIl .61 .80 .61 1.22 1. 22 1.22 1.22 2.61 2.61 2.61 .81 .81 .80 

M12 .65 .85 .65 .88 .88 '.88 .88 3.08 3.08 3.08 .89 .89 .85 

M13 .54 .70 .54 1.60 1.60 1.60 1.60 1. 86 1.86 1. 86 .70 .70 .70 

M14 .61 .81 .61 1.18 1.18 1.18 1.18 2.64 2.64 2.64 1.04 1.04 .81 \0 
0\ 



Table 19 

Hierarchy 7 Models and Estimated Difficulty Parameters 

Model b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 b13 

M1 -2.75 -1.73 -1.27 1.06 1.22 2.23 2.38 1. 71 1. 71 1. 77 3.08 3.13 1.31 

M2 -4.51 -1.73 -1.24 1.06 1.23 2.23 2.39 1. 71 1. 72 1. 78 3.09 3.13 1.31 

M3 -4.51 -1.59 -1.24 1.06 1.23 2.23 2.38 1. 71 1. 71 1. 77 3.09 3.13 1.53 

M4 -4.44 -1.61 -1.23 1.03 1.10 2.36 2.67 1. 71 1. 72 1. 77 3.19 3.19 1.55 

M5 -4.41 -1.61 -1.22 1.03 1.10 2.36 2.67 1. 72 1.68 1. 79 3.20 3.20 1.55 

M6 -4.41 -1.61 -1.22 1.03 1.10 2.36 2.67 1. 71 1.68 1. 79 3.14 3.24 1.55 

M7 -2.59 -1.12 -.80 .91 .97 2.10 2.37 2.19 2.14 2.29 2.04 2.11 .98 

M8 -4.41 -1.61 -1.22 1.03 1.10 2.51 2.51 1. 73 1. 73 1. 73 3.19 3.19 1.55 

M9 -4.41 -1.72 -1.22 1.03 1.10 2.51 2.51 1. 73 1. 73 1. 73 3.19 3.19 1. 73 

M10 -2.37 -2.37 -.85 1.04 1.11 2.53 2.53 1. 74 1. 74 1. 74 3.19 3.19 1. 74 

M11 -5.58 -1.59 -1.59 1.03 1.10 2.50 2.50 1. 73 1. 73 1. 73 3.19 3.19 1. 73 

M12 -5.23 -1.51 -1.51 1.29 1.63 3.16 3.16 1.63 1.63 1.63 2.95 2.95 1.63 

M13 -6.24 -1.77 -1.77 .87 .94 2.00 2.00 2.00 2.00 2.00 3.59 3.59 2.00 

M14 -5.50 -1.59 -1.59 1.05 1.13 2.58 2.58 1. 72 1. 72 1. 72 2.58 2.58 1. 72 \0 
'-I 

• 



Models df 

M1, M2 1 

M2, M3 1 

M3, M4 3 

M4, MS 2 

MS, M6 1 

M6, M7 4 

M6, MS 4 

MS,. M9 1 

M9, M10 1 

M9, MU 1 

MU, M12 1 

MU, M13 1 

MU, M14 1 

Table 20 

Hierarchy 7 Model Comparisons 

Difference 
L2 

.6 

.4 

4.2 

.5 

0 

80.S 

8.4 

.1 

9.9 

1.2 

69.3 

35.4 

1.9 

p 

>.10 

>.10 

>.10 

>.10 

>.10 

<.01 

>.10 

>.10 

<.01 

>.10 

<.01 

<.01 

>.10 

9S 



CHAPTER 5 

DISCUSSION 

The present study was a systematic investigation of beginning 

reading skill hierarchies incorporating both reading readiness skills 

requiring bottom-up processing and print awareness skills requiring 

top-down processing. In general, the results support the claim that 

preschool children accumulate various beginning reading skills prior to 

any formal reading instruction (Clay, 1972b; Chall, 1983; Gibson, 1970; 

Hiebert, 1983). Moreover, preschool children possess skills that 

require both bottom-up and top-down processes. The results suggest 

that beginning reading ability requires processes which are controlled 

by textual input as well as higher level cognitive processes such as 

making inferences. More specifically, the results from the present 

study support the assumption that learning and development involve 

sequential changes in capability reflecting successively higher levels 

of functioning (Gagne, 1962; Piaget, 1952), that is, the claim that 

there is a hierarchical nature of learning (Glaser, 1963; Nitko, 1980) 

is supported. 

A small body of research in the beginning reading domain has 

eluded to a general hierarchical skill sequence in beginning reading. 

Mason (1980) suggested 3 general stages reflecting the capabilities of 

the child: 1) context dependency; 2) visual recognition; 3) letter-
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sound analysis. Mason claimed that print and sign reading and letter 

knowledge serve as precursors to more skilled reading which involves 

letter sound analysis. Ehri and Wilce's (1985) research supported 

Mason's 3 stages but they suggested that movement into Stage 2 involves 

a shift in the way that learners process visual letters into words. 

Stage 2 readers process letters as symbols for sounds which differs 

from Stage 1 readers who process letters as strictly visual stimuli. 

Other research efforts in the beginning reading domain did not 

support this hierarchical sequence. Hiebert (1981) using a 

deterministic model (i.e., scalogram analysis) failed to confirm the 

existence of a fixed order in the acquisition of a set of skills 

related to both bottom-up and top-down processing. The present study 

in an attempt to verify hierarchical skill sequences in the beginning 

reading used probabilistic models (i.e., latent trait models), which 

are more suited for validating cognitive sKill sequences (see Hambleton 

& Swaminathon, 1985). By statistically comparing the hypothesized 

model with alternate hierarchical models that constrained the aj 

(discrimination) and bj (difficulty) parameters, a preferred model was 

determined for each of the hierarchical skill sequences. 

Four hierarchies, each related to a cognitive procedure in the 

conceptual area of print awareness, were examined: 1) Identify Print; 

2) Infer a word; 3) Identify Beginning and End of Text; and 4) Identify 

Direction of Print. Each of the two hierarchies in the more 

traditional area of reading readiness included skills from two 

cognitive procedures. One of the hierarchies consisted of skills from 

..•... '- .... _. - .... _ ... _-_._----- -------------------------
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the Letter Recognition and Letter Naming cognitive procedures; and the 

other hierarchy included skills from the Identify Letter-Sound and 

Identify Phoneme cognitive procedures. In addition, a hierarchy was 

examined that included skills from both the reading readiness and print 

awareness domains. 

The model testing for the hypothesis representing the Identify 

Print cognitive procedure (HI) revealed several interesting findings. 

First, the difficulty ordering of the 4 skills represented in this 

hierarchy is constant throughout the ability range. Second, the 

familiarity of print to the child affects the ease in which the child 

is able to discriminate it from pictures, scribble, and pseudo-letters. 

Identifying a child's name on a page is an easier task than identifying 

a sentence on a page. .This provides support for Clay's (1970) 

assertion that the attainment of print concepts depends upon the 

child's opportunity to share book experiences with adults, and trying 

his/her hand at written language •. One of the first experiences the 

preschool child has with the writing process is in writing his/her 

name. The child is actively involved in this task and therefore, has 

probably assimilated this information, making it a very familiar 

experience. Lastly, and for the most part, as the distractors become 

more appealing, it becomes more difficult to successfully perform the 

task of identifying print. The hypothesized model (M2) assumed that 

the ease of identifying print would become more difficult when the 

distractors would alter from pictures to scribbles to pseudo-letter,s. 

However, the hypothesized model was not supported by the data. The 

. ---------------------- ----------------------_ ... ---- ---------.. 



102 

preferred model (M3) indicated that the task did not differ in 

difficulty when scribbles were used as distractors rather than 

pictures. However, the task did become more difficult when pseudo

letters were used as a distractor, supporting previous research efforts 

(Clay, 1972b). 

Reid's (1966) claim that pre-school children are not clear as 

to whether one reads print or pictures is clearly not supported from 

these results. Rather, the results support Gibson's (1970) finding 

that very young children can in fact separate print from pictures. 

However, Gibson claimed that identifying print from scribbles was a 

more difficult task. In the present study, which empirically compared 

a specified set of models, this latter finding was not supported. 

The model testing supported the hypothesized model for the 

Infer a Word cognitive procedure (H2). The assumption that the four 

items relate to the same degree to the underlying ability and that the 

four items are ordered by difficulty was supported. This confirms 

Hiebert's (1978) finding that children use the environment to make 

sense of written language even though they are not yet able to read the 

words when the environment is absent. The young child expects print to 

be meaningful (Goodman & Goodman, 1979; Harste & Burke, 1980; Smith, 

1976). As the pictorial context is removed, the task of identifying a 

word becomes more difficult. In addition, when a story related to the 

word is presented, the task becomes easier. The story provides 

additional context for the child to help him/her identify the word. 

From these results, there is no clear information to support Goodall's 

----------------- --- -.. -- ... -.------.--
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(1984) claim that the skills which are needed to identify a word in 

context may not be a part of a hierarchy of word knowledge. However, 

it is the author's contention that to some extent the child does begin 

to acquire advanced skills such as letter recognition and phoneme 

analysis when identifying words in context. Further research is needed 

to support this ,notion. 

Johns (1980) found that first grade children knew that: 1) 

print goes from left to right; 2) the left page is read prior to the 

right page; 3) the reader starts at the top left line of print; and 4) 

the reader makes a left to right return sweep. Clay (1979) reported 

that identifying the way print goes when the print is two lines of text 

on one page is a much more difficult task than identifying the way 

print goes when the print is just one line of text. Clay claims that 

this increase in difficulty is because the former task requires the 

child to make a left to right return swe~p. The results from model 

testing for hierarchy 4 did not support Clay's assertion. Rather, the 

results revealed that the following rules are acquired at approximately 

the same time: 1) print goes from left to right; 2) the left page is 

read prior to the right page; and 3) the reader makes a left to right 

return sweep. Of particular interest is that when all of these rules 

are necessary to successfully perform one task (i.e., print is two 

lines of text on each of two pages), this task is significantly more 

difficult than the previous tasks. A task that requires the child to 

apply all of the rules is a more complex task than those tasks that 

require only one or two of the rules. 

....- --------_._--- ---------------------------
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The results indicating that the print directionality rules are 

approximately equal in difficulty, as stated above, is further 

supported by the results from the model testing for hierarchy 3. H3 

included skills that required the child to identify the beginning and 

end of text. It was hypothesized that the task of identifying the 

beginning and end of text when the print is one line on each of two 

pages is more difficult than when the print is just one line on on~ 

page. The former task required the child to apply the rule that the 

left page is read prior to the right page as well as the rule that 

print goes from left to right. The hypothesized model (M3) which 

incorporated this assumption was not supported by the data. Rath~r, 

the model that provided the best fit to the data indicated that the 4 

skills within this hypothesis did not differ in difficulty. 

The next two hierarchies that were of interest included skills 

from the more traditional approach to reading. Research supports the 

view that the ability to discriminate letters, name letters, and 

identify phonemes provides the foundation for reading ability (e.g., 

Calfee, Lindamood, & Lindamood, 1973; Ehrt, 1979; Fox & Routh, 1975; 

Liberman, 1973; Mason, 1980). If this is the case, then knowledge of 

the ordering of these skills will provide a deeper understanding of how 

children learn to read and such information may help adults promote 

children's reading ability. 

The hyp6thesized model for the hierarchy which assumed letter 

recognition was an easier task than letter naming was the preferred 

model. This result supports Oliver's (1975) findings that recognizing 
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letters is a less difficult task than naming letters. Moreover, while 

recognizing the letters "c" and "0" were of equal difficulty, their 

discrimination parameters were significantly different. Recognizing 

the letter "0" was a much more discriminating item than recognizing the 

letter "c". Whereas, naming the letters "0" and "s" were equally 

discriminating. Gibson and Levin's (1975) research on feature analysis 

provides some insight into this result. Gibson claims that letters 

that have fewer features are learned earlier than those letters with 

more features. The present result may be explained in part by the 

distractors used in the two letter recognition items. For the item 

that required the child to recognize the letter "c", the distractors 

had dissimilar features to the letter "c" ("1", "f", and "t") • 

Whereas, for the item that required the child to recognize the letter 

"0", two of the distractors shared features common to the letter "0" 

("n" and "e"). While "0" is an easier letter to learn than "c" since 

it has fewer features, when its distractors have common features the 

child may find those distractors to be attractive choices. Therefore, 

this item may highly discriminate between those children who have fully 

mastered the letter "0" and those children who have only partially 

mastered the letter "0". 

The sixth hierarchy examined the ordering of skills which 

required the child to identify letter-sounds and identify phonemes. 

In the first task, the child had to identify the letter name of the 

initial sound when the sound and name of the letter were identical 

(e.g., "t" in teacher). The latter task required the child to identify 
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the initial phoneme of a word (e.g., "kuh" in key). While both of 

these tasks required the isolation of an initial sound in a word, the 

latter task required phoneme analysis and the former required just a 

reproduction of the initial sound. The results supported the 

hypothesized model indicating that the phoneme analysis task is more 

difficult than the letter-sound task. 
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The results from the model testing for the last hierarchical 

skill sequence provide a deeper understanding of the sequencing of 

skills from both the reading readiness area and the print awareness 

area. The hypothesized model was not the preferred model for hierarchy 

7. The model that was supported by the data indicated the following 

sequence, from easy to difficult. The most basic task is identifying 

print'in the'form of a child's name when the distractors are pictures 

and scribbles. The next two tasks, of approximately equal difficulty, 

are identifying print in the form of a sentence with pictures and 

scribbles as distractors and identifying a familiar word in full 

pictorial environmental context and story context. These results 

suggest that children first are able to categorize print and ~re aware 

of the functional nature of print (i.e., print serves a meaningful 

purpose; Goodman & Goodman, 1979) prior to acquiring higher level 

reading skills. Once t~ey have attained these concepts, the child 

begins to gain letter knowledge. The results indicate that next the 

child is able to identify lower-case letters that have few features. 

This skill probably develops as the child has more opportunity to share 

print-related experiences with adults. 



The next two difficult skills for the child is identifying a 

word in no pictorial context and identifying letter-sounds. 

Identifying a word in no pictorial context was hypothesized to be the 
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.most difficult task in this hierarchy, however, this hypothesis was not 

supported. The item representing this task included a short story 

which was related to the printed word. The story appears to have 

provided a very strong cue to the child and may have prompted the child 

to recall the whole word in its environmental context. Since the 

phoneme analysis task proved to be more difficult than this task, the 

hypothesis that the child needed to process the letters and identify 

their respective phonemes ~o perform the task successfully was clearly 

not supported. The two most difficult tasks were naming upper-case 

letters with some complexity in features and identifying the initial 

phoneme in a spoken word. 

Overall, these results provide a deeper understanding of the 

general hierarchy proposed by Mason (1980), which, for the most part, 

was supported by Ehri and Wilce (1985). Furthermore, the present 

results clearly are in contrast to Hiebert's (1981) results which 

failed to confirm a hypothesized sequence in the beginning reading 

domain. Future research efforts need to further determine the degree 

to which skills in the traditional reading readiness area and the 

conceptual area of print awareness affect reading ability as the child 

enters formal reading instruction. The results of such efforts would 

enable preschool teachers and parents to help children gain relevant 

skills related to print. 

------------------------------ ---------------



APPENDIX A 

COGNITIVE PROCEDURES AND THEIR DEMAND ATTRIBUTES 

Cognitive Procedure 

Identify Print 

Infer a Word 

Identify Beginning 
and End of Text 

Demand Attribute 

Distractor types 

Print type 

Environmental 
context 

Story context 

Read from top to 
bottom 

Value 

Pictures 

Scribbles 

Pseudo-letters 

Child's name 

Sentence 

Event (full picture) 

Object (partial picture) 

None 

Story- target word stated 

Story- target word not 
stated 

No story 

No (one line of text) 

Yes (two lines of text) 

Read left page No (print on left page 
prior to right page 
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Yes (print on left and 
right page) 



Cognitive Procedure 

Identify Direction 
of Print 

Letter Recognition 

Letter Naming 

Demand Attribute Value 

Read text from left No 
to right 

Yes 

Text identification Beginning 

End 

Line to line return No (one line of text on 
sweep one page) 
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Yes (two lines of text on 
page) 

Read left page prior 
right page 

No (print on left page to 
only) 

Yes (print on left and 
right page) 

Read text from left No 
to right 

Yes 

Feature complexity High 

Medium 

Low 

Distractor types Very similar features 

Similar features 

Dissimilar features 

Feature complexity High 

Medium 

Low 

-----------------------------------
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Cognitive Procedure Demand Attribute Value 

Case Upper 

Lower 

Identify Letter- Position of sound Initial 
Sound 

Last 

Middle 

Identify Phon~me Position of phoneme Initial 

Last 

Middle 



APPENDIX B 

COGNITIVE PROCEDURE ITEMS AND THEIR DEMAND ATTRIBUTE VALUES 

Procedure/ 
Items 

Identify Print 
IDP1 

IDP2 

IDP3 

IDP4 

Infer a Word 
INF1 

INF2 

INF3 

Demand Attribute 

Distractor types 

Print type 

Distractor types 

Print type 

Distractor types 

Print type 

Distractor types 

Print type 

Environmental context 

Story context 

Environmental context 

Story context 

Environmental context 

Story context 
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Value 

2 Pictures 

Child's name 

1 Picture, Scribble 

Child's name 

1 Picture, Scribble, 

Pseudo-letters 

Child's name 

1 Picture, Scribble 

Sentence 

Event (Full) 

Story - target word 
stated 

Event (Full) 

None 

Object (Partial) 

None 



Procedure! 
Items 

INF4 

Identify Beginning 
and End of Text 

BEl 

BE2 

BE3 

Demand Attribute 

Environmental context 

Story context 

Read from top to 
bottom 

Read left page 
prior to right page 

Read text from left 
to right 

Text -identification 

Read from top to 
bottom 

Read left page 
prior to right page 

Read text from left 
to right 

Text identification 

Read from top to 
bottom 

Read left page 
prior to right page 

Read text from left 
to right 

Text identification 
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Value 

None 

Story - target word 
stated 

No (one line of 
text) 

No (print on left 
page only) 

Yes 

Beginning 

No (one line of 
text) 

No (print on left 
page only) 

Yes 

End 

No (one line of 
text) 

Yes (print on left 
and right page) 

Yes 

Beginning 



Procedure! 
Items 

BE4 

Identify Direction 
of Print 

DP! 

DP2 

DP3 

Demand Attribute 

Read from top to 
bottom 

Read left page 
prior to right page 

Read text from left 
to right 

Text identification 

Line to line return 
sweep 

Read left page prior 
to right page 

Read text from left 
to right 

Line to line return 
sweep 

Read left page prior 
to right page 

Read text from left 
to right 

Line to line return 
sweep 

Read left page prior 
to right page 

Read text from left 
to right 

Value 

No (one line of 
text) 

Yes (print on left 
and right page) 

Yes 

End 

No (one line of 
text on one page) 

No (print on left 
page only) 

Yes 

No (one line of 
text on page) 

Yes (print on left 
and right page) 

Yes 

Yes (two lines of 
text on one page) 

No (print on left 
page only) 

Yes 
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Procedure! 
Items 

DP4 

Letter Recognition 
LRl 

LR2 

Letter Naming 
LNl 

LN2 

LN3 

LN4 

Demand Attribute 

Line to line return 
sweep 

Read left page prior 
to right page 

Read text from left 
to right 

Feature complexity 

Distractor types 

Feature complexity 

Distractor types 

Feature complexity 

Case 

Feature complexity 

Case 

Feature complexity 

Case 

Feature complexity 

Case 

Value 

Yes (two lines of 
text on one page) 

Yes (print on left 
and right page) 

Yes 

Medium 

114 

3 distractors with 
dissimilar features 

Low 

1 distractor with 
dissimilar features 

2 distractors with 
similar features 

Low 

Lower 

Medium 

Lower 

Medium 

Upper 

Medium 

Upper 
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Procedure! 
Items Demand Attribute Value 

Identify Letter-
Sound 

LSI Position of sound Initial 

LS2 Position of sound Initial 

LS3 Position of sound Initial 

Identify Phoneme 
PI ~Position of phoneme Initial 

P2 Position of phoneme Initial 

.... _._----------------------------------
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