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ABSTRACT 

In this pilot study, generalizability theory was used as an exploratory analysis of 

the various sources of error in the scoring of the Communication and Symbolic Behavior 

Scales. The different score conversions, raters, and growth of participants were the facets 

used in a fully crossed, random effects design. The results indicated that the score 

conversions effectively controlled for the variability in typically developing children in the 

same age range. The results showed that the raters accounted for small amounts of the 

estimated variance. In addition, the results indicated that the CSBS was sensitive to the 

different rates of development in the participants in the study. The results suggested that 

the CSBS successfiilly controls for the variability in the development of communicative 

behaviors without sacrificing sensitivity to different rates of growth and uses cluster scores 

to effectively differentiate strengths and weaknesses in individual children. The findings 

and their implications for futures studies are discussed. 



CHAPTER 1 

INTRODUCTION 

Historically, classical test theory has been the primary method for examining 

measurement issues in education and psychology (Brennan, 1992a). Classical test theory 

postulates that the total observed score variance in a study can be partitioned into two 

components: "true" score variance and error variance. The "true" score variance reflects 

true differences among the individuals or collection of individuals. Error variance reflects 

undifferentiated random error. In classical test theory, error is assumed to be 

undifferentiated and univariate. Generalizability theory (G theory) is an extension of 

classical test theory and provides methods that allow an investigator to measure multiple 

sources of error that exist simultaneously in a measure. Shavelson and Webb (1991) state 

that the "strength of G theory is that multiple sources of error in a measurement can be 

estimated separately in a single analysis" (p. 2). The amount of error attributable to a 

variety of factors in a measurement procedure is partitioned into as many sources of 

measurement error as the design of the study allows (Cronbach, Gleser, Nanda, & 

Rajaratnam, 1972; see also Brennan, 1992b; Goodwin & Prescott, 1981; Shavelson & 

Webb, 1981; Webb, Rowley, & Shavelson, 1988). 

In classical test theory, reliability is defined as the ratio of true- to observed-score 

variance. In G theory, the concept of reliability is replaced by the notion of 

generalizability or dependability. "Instead of asking how accurately observ ed scores 

reflect their corresponding true scores, G theory asks how accurately observed scores 



permit us to generalize about persons' behavior in a defined universe of situations" 

(Shavelson, Webb, & Rowley, 1989, p. 922). Cronbach et al. (1972) state that the 

"question of'reliability' thus resolves into a question of accuracy of generalization, or 

generalizability" (p. 15). 

The generalizability ( g )  coefficient in G theory is considered to be analogous to the 

reliability coefficient in classical test theory (Fyans, 1983). The g coefficient is the ratio of 

the variance for the effect of interest to the average observed score for this effect and 

o t h e r  f a c e t s  o f  t h e  d e s i g n  ( C a r d i n e t ,  T o u r a e u r ,  &  A l l a l ,  1 9 7 6 ) .  T o  c o n s i d e r  t h e  g  

coefficient as analogous to a classical test theory reliability coefficient, the effect of 

interest is participants. "The g coefficient is considered superior to both the interobserver 

agreement formula and to the reliability coefficient because it accounts for error other than 

individual differences or measurement error" (McWilliam & Ware, 1994, p. 36). Berk 

( 1 9 7 9 )  r e v i e w e d  1 6  i n d i c e s  o f  i n t e r o b s e r v e r  a g r e e m e n t  a n d  f o u n d  t h a t  o n l y  t h e  g  

coefficient provided the precision and flexibility needed in dealing with the complexity of 

reliability assessment. 

The purpose of this study was to use generalizability theory as an exploratory 

analysis of the various sources of error in the scoring of a relatively new instrument, the 

Communication and Symbolic Behavior Scales (CSBS; Wetherby & Prizant, 1993a). 

Specifically, the analysis examined raters, different score conversions (items), and growth 

of the participants (observations). Of particular interest were the raters and score 

conversions. The CSBS was designed for one individual to administer and rate a behavior 
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sample. However, in this study two raters were used to examine the effects of raters on 

the dependability of the scores. Scaled scores, cluster scores, and normed scores were 

devised in the standardization of the CSBS. Although several statistical techniques were 

used on the standardization sample, G theory was not used to investigate the variance 

component estimates due to the participants, items, raters, or observations. Score 

conversions from scaled scores to cluster scores and finally, to the normed scores were 

investigated as part of the analysis for this study. 

The CSBS was created as an alternative to the currently available formal 

assessment tools for infants, toddlers, and preschool children. It was designed to 

"examine communicative, social-affective, and symbolic abilities of children whose 

functional communication age is between 8 months and 2 years" (Wetherby & Prizant, 

1993a, p. 1). Wetherby and Prizant (1993a) described the purposes of the instrument as 

being twofold. The instrument is used for early identification of children who have or are 

at risk for developing a communication impairment. The CSBS is also used for 

establishing a profile of communicative, social-affective, and symbolic functioning to 

monitor changes in a child's behavior over time and provide direction for intervention 

planning. The format for the CSBS is described as standard, but flexible, and data are 

gathered from the caregiver using a questionnaire and from the child using behavior 

sampling procedures designed to entice young children to communicate. The behavior 

sample is videotaped for later analysis and scoring. The caregiver is present throughout 

the entire evaluation and can serve to elicit response from and respond to the child. 



Pragmatic and social-interactive theories served as the basis of the sampling 

procedures used in the CSBS. The communication sampling procedures were developed 

from procedures used to sample communication in children with autism and severe 

communication disabilities (Wetherby & Pitting, 1984; Wetherby & Prizant, 1993a). 

The sampling procedures measure expressive language, as well as language 

comprehension. Both non-linguistic comprehension and one- and two-word linguistic 

comprehension are tapped with the CSBS. 

\ 
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CHAPTER 2 

METHOD 

Participants 

Six infants chosen on the basis of age participated in the study. The children were 

in the Prelinguistic to Early One-Word stage of language development at the time of the 

first observation. As defined by Wetherby and Prizant (1993a), these children would be 

expected to use zero to five different words and zero to one different word combinations 

in their communication. During the first observation the infants ranged in age from 14 

months 27 days to 18 months 18 days (M = 16 months 8 days). In the second observation 

the infants ranged in age from 20 months 6 days to 23 months 9 days (M = 21 months 8 

days). The change in status between the first observation and second observation ranged 

from 3 months 28 days to 5 months 21 days. The individual participant ages are presented 

in Table 2.1. 

Table 2.1 

Individual Participant Ages 

Participant ID Age of Participant 

Observation 1 Observation 2 

2 
3 
4 
5 
6 

15-6 
15-8 
14-27 
16-1 

18-18 
17-13 

20-21 
20-6 

20-13 
20-29 
23-9 
22-2 

Note. Ages are presented in months-days. 
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The parents of the participants were contacted through an advertisement placed in 

a local family resource center. Family resource centers were an outgrowth of the family 

resource and support movement that began in the early 1970s and consist of programs in 

which emphasis is on family support and participation is entirely voluntary (Family 

Resource Coalition, 1991). 

Of the six infants who participated in the study, one was male and five were 

female. The sample consisted of five Caucasians and one Hispanic. One of the infants 

was from a home in which the family constellation consisted of a single mother. The 

remaining five infants were from two-parent homes. None of the participants in the study 

attended any day care facilities and only one of the infants had an in-home baby-sitter one 

day a week for eight hours. All six infants were participating in play group programs at 

the local family resource center at the time of this study. 

Level of education for the parents was obtained. The infants came from homes 

where parental years of education ranged from 13 years to 22 years (M = 16.4; SD = 

3.65) for the fathers and 14 years to 20 years (M = 17; SD = 2.10) for the mothers. A 

description of parental education and the types of educational degrees achieved by the 

parents is summarized in Table 2.2. 
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Table 2.2 

Parental Education and Degrees Achieved 

Participant ID Years of Education Degree Achieved 

Mother Father Mother Father 

1 20 — Ph.D. — 

2 16 22 B.S. M.D. 
3 18 18 M.A. M.A. 
4 16 14 B.S. B.S. 
5 14 15 H.S. H.S. 
6 18 13 M.A. H.S. 

Measure 

The instrument under investigation was the Communication and Symbolic 

Behavior Scales (CSBS; Wetherby & Prizant, 1993a). The CSBS is an individually 

administered assessment tool designed to provide quantitative and qualitative information 

about a child's communication, symbolic, social, and affective abilities. Although the 

CSBS was designed for assessment of infants, toddlers, and preschool children whose 

functional age is between 8 months and 2 years, it can be used with children up to 6 years 

of age whose abilities fall within the 8-24 month developmental range of expressive 

communication (Prizant & Wetherby, 1990; Wetherby & Prizant, 1993a). 

The CSBS is used to sample children's communicative and symbolic behaviors free 

from task requirements. Rather than attempting to elicit specific responses from the-. 

individual, this measure scores a sample of behaviors. The behaviors are sampled in six 

different contexts: Warm-Up, Communicative Temptations, Sharing Books, Symbolic 
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Play Probes, Language Comprehension Probes, and Constructive Play Probes. The 

piupose of the Warm-Up is to allow the child and the caregiver to settle in and to develop 

familiarity between the child and the examiner. Communicative Temptations involve 

presenting a series of situations designed to entice the child to interact and communicate. 

Sharing Books allow the child to examine a book and is intended to tempt the child to 

initiate communication. The Symbolic Play Probes portion consists of toy sets that 

encourage pretend play with objects. Language Comprehension Probes are used to 

measure nonlinguistic comprehension and linguistic comprehension. Nonlinguistic 

comprehension is measured by documenting the child's response to nonlinguistic cues 

(with or without speech). This task is accomplished by directing the child to put objects in 

a bag as the last toy set from the Symbolic Play context is being put away. Linguistic 

comprehension is probed by asking the child to identify different body parts. The 

Constructive Play Probes portion, used to assess constructive or combinatorial play, 

includes materials that encourage building with objects or combining objects in sequence. 

The caregiver is present during the entire behavior sample and is encouraged to 

respond naturally to the child's communicative behaviors; sometimes presenting materials 

in lieu of the examiner if the child is responding more to the caregiver than the examiner. 

In addition to the sampling contexts, the CSBS also includes a Caregiver Questionnaire 

and a Caregiver Perception Form. The Caregiver Questionnaire is used to gather 

information about the child's current communication and symbolic abilities. After the 

sample is collected the Caregiver Perception Form is completed. On this form, the 
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caregiver rates the child's behavior during the sample in terms of how typical it was. For 

the purposes of this study, data from the Caregiver Questionnaire and the Caregiver 

Perception Form were not used. 

The child assessment can be completed in approximately one hour and is 

videotaped for analysis and scoring. Wetherby and Prizant (1993a) state that a trained 

evaluator can score the videotape in about one hour. The author found the analysis of the 

videotape to take approximately one hour and 45 minutes, after training in scoring had 

been completed. 

The behaviors sampled during the CSBS assessment are initially rated according to 

22 subscales that yield raw scores. The raw scores are converted to twenty-two 5-point 

scaled scores. The 22 CSBS scaled scores are summarized in eight cluster scores. Both 

age- and language-stage normed scores are reported for the eight clusters and the 

communication composite score. The 22 scaled scores, eight cluster scores, and nine age-

normed scores were used in the study. 

Procedure 

All subjects were administered the CSBS using the standard procedures outlined in 

the manual and illustrated on the CSBS Sampling Videotape (Wetherby & Prizant, 

1993a). All behavior samples were recorded on a videocassette recorder. The behavior 

sampling took place in a private room at the family resource center. The child sat in a 

"sassy" seat attached to a sturdy table. The caregiver sat on the child's right, and the 

researcher on the child's left. The video camera was set up across the room facing the 
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child focused closely on the child's upper body and face. A new video tape was used for 

each child. The tapes were labeled with pertinent information to facilitate subsequent use 

of the tape in the scoring procedure. All sampling materials were kept out of the child's 

sight and reach when they were not in use; the CSBS kit bag was placed under the table 

on the examiner's left. 

The behavior samples were collected using the following standard procedures 

described by Wetherby and Prizant (1993a). The sampling procedures consisted of 

Warm-Up, Communicative Temptations, Sharing Books, Symbolic Play Probes, Language 

Comprehension Probes, and Constructive Play Probes. 

Analysis of the Behavior Samples 

The videotaped samples of communicative and symbolic behavior were analyzed 

using the procedures described by Wetherby and Prizant (1993a). The resulting scores 

from the Worksheet for Rating Communicative Parameters and the Worksheet for Rating 

Symbolic Behaviors were summarized in the Score Summary Grid on the Record Form. 

The raw scores for the 22 scales were then converted into scaled scores, cluster scores, 

normed scores, and a communication composite score. 

The raters were trained over a four week period. Training consisted of the two 

raters watching behavior samples on tape together and reviewing the scoring procedures 

in the manual. At the time of training, the Scoring Tutorial Videotape was not available 

from the test company. Upon completion of the training period the raters independently 

rated four children's tapes and a generalizability analysis of the scaled scores for the four 
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tapes was completed to assess the dependability of scores. The design for this analysis 

was a random effects, completely crossed design: participants by raters by items, or 

p x r x i. Rather than using a more traditional coefficient for rater agreement, a g 

coefficient was calculated to investigate the generalizability of the scores for an individual 

participant. This coefficient uses the component for the object of measurement 

(participants) divided by the object of measurement plus each interaction term that has the 

object of measurement in it. The following formula was used to compute the g coefficient 

(Shavelson & Webb, 1991). 

EP2 = 
o^p + cr2,,, + cr2^ + cy^e 

nr n, nrn, 

In this formula for relative (as opposed to absolute) decisions, cr^is the variance 

component for participants, cTpI is the variance component for the interaction of 

participants by raters, cr^; is the variance component for the interaction of participants by 

items, and cr2^ is the estimated error variance or residual. The results from the analysis 

of the training data indicated that the estimated variance component for the participants x 

rater interaction was .0261. The g coefficient at completion of training was .948. 

Because a time lapse of six months occurred between the time of training and the time of 

the present study, a refresher course was conducted to review the scoring of the tapes. 

This course consisted of watching a CSBS behavior sample and reviewing the terminology 



and procedures in the manual. Due to time constraints, a second coefficient of agreement 

was not obtained upon completion of the refresher course. Following the refresher 

course, the raters independently scored all behavior samples. To control for rater practice 

effects, the 12 behavior samples were scored in the same order by both raters. In addition, 

the behavior samples were counterbalanced for scoring to control for order-of-

presentation effects. 

Data Analysis 

Generalizability theory uses ANOVA to partition data according to effects and the 

interactions of effects specified in the design of the study (Shavelson & Webb, 1991). 

Variance components are estimated by substituting sample mean squares into the 

equations for expected mean squares, which are the sums of weighted variance 

components. After sample mean squares are substituted in the equations, the variance 

components of interest are then estimated by solving the equations. 

The generalizability design for the study fully crossed participants (the object of 

measurement) with items, observations, and raters; denoted as p x r x i x o. The design 

was the same for each analysis of the scaled, cluster, and normed scores. Repeated 

measures analysis of variance (ANOVA) was used to estimate the variance components 

for participants (p) and the three facets, raters (r), items (i), and observations (o). The 

total variability was partitioned into separate sources (objects of measurement and facets) 

and all possible interactions. Thus, variance components for 15 sources were estimated: 

p, r, i, o, pr, pi, po, ri, ro, io, pri, pro, pio, rio, and [prio, e] (the residual). The first four 
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variance estimates are for the four main effects for the participants, items, raters, and 

observations. The next six estimates are of variance due to all possible two-way 

interactions among the facets. The next three estimates are the variance due to all three-

way interactions among the facets. The final variance estimate is of the four-way 

interaction among the facets. This final estimate is known as the residual: the participant-

by-item-by-rater-by-observation interaction confounded with other unidentified sources of 

variance, denoted by the letter e. This component is often referred to as "error" in the 

context of analysis of variance. However, since error has other meanings in 

generalizability theory, this interaction is termed residual (Goodwin & Prescott, 1981). 

VARCOMP in SAS (SAS Institute, 1979) was used to obtain the estimated 

variance components using two estimation methods: Typel SS and MIVQUEO. These 

methods produce similar results for random effects models and do not constrain negative 

estimates to zero, rather, negative estimates are used in the computation of other 

components to produce unbiased estimates of variance components. Negative estimates 

occur in g theory analyses and present a problem in that variance can not be negative by 

definition. Causes of negative estimates are sampling error or misspecification of the 

measurement model (Brennan, 1992b; Shavelson & Webb, 1991). Brennan (1992b) 

suggested setting negative variance estimates equal to zero for reporting purposes. 

Brennan's (1992b) suggestion has been used in the reporting of results in the present 

study. 
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CHAPTER 3 

RESULTS 

G theory concentrates on the size of the variance component estimates for each 

facet and interaction in the design. For purposes of interpreting the relative magnitude of 

estimated variance components and comparing results across the three analyses, each 

variance component estimate was converted to a percentage of the total variance. This is 

a useful heuristic (Shavelson & Webb, 1991) that allows comparison across analyses. The 

percentages show how much of the total variance is accounted for by each facet or each 

interaction between facets. 

The variance component for participants (o^p) is called the universe-score variance 

and shows how much the children differed in their communication and symbolic behaviors. 

The variance component for raters (cv^) shows the extent to which the raters saw differing 

amounts of communicative and symbolic behaviors. The variance component for items 

(cr21) shows the extent to which there are differences in the items. The variance component 

for observations (cr2,,) shows the extent to which the level of communicative and symbolic 

behavior is higher on one occasion than another. 

The variance component for the participant-by-rater interaction (cTpr) shows the 

extent to which the relative standing of children in their communicative behaviors changes 

from one rater to another. The variance component for the participant-by-item interaction 

(or2
Pi) indicates whether the relative standing of participants differs from item to item. The 



variance component for the participant-by-observation (cr^o) shows the inconsistency in 

relative standing of children from one occasion to the next. The variance component for 

the rater-by-item (cTn) interaction shows the inconsistency of raters' ratings on the 

different items. The variance component for the rater-by-observation (err„) interaction 

shows the inconsistency in raters' average ratings of children from one occasion to the 

next. The variance component for the observation-by-item (cr2,„) interaction shows the 

inconsistency of items from one occasion to another. 

The variance component for the participant-by-rater-by-item interaction (crpn) 

shows whether the relative standing of participants differs from item to item and from one 

rater to another. The variance component for the participant-by-rater-by-observation 

interaction (cr2,,,,,) shows the extent to which the relative standing of children in their 

communicative behavior changes from one rater to another and from one occasion to the 

next. The variance component for the participant-by-observation-by-item interaction 

(c^pio) shows the inconsistency in relative standing of children from one occasion to the 

next and item to item. The variance component for the rater-by-observation-by-item 

interaction (crno) shows the inconsistency of raters' ratings on the different items from one 

occasion to the next. Finally, the residual component (crpno.e) reflects the four way 

interaction between participant, items, raters, and observations confounded with 

unmeasured sources of variation. The unmeasured sources of variation may be 



unsystematic or random (e.g., a child feeling fussy on one occasion and choosing not to 

communicate) or they may be systematic sources of variability not specified in this study. 

Examination of Table 3.1, the analysis of the 22 scaled scores, reveals that the 

largest component of variability in the scaled scores was the participant-by-observation-

by-item interaction. This interaction, which accounted for 23.1% of the variance, 

indicates changes in the relative standing of participants across items from one occasion to 

the next. 

Table 3 .1 

Scaled Scores; Variance Component Estimates 

Source of 
Variance 

Variance 
Component 

Variance 
Component 
Estimates 

Brennan's 
Method 

Percent of 
Total Variance 

Estimated 
Participants (p) .03044733 .03044733 3.4 

Raters (r) 
*> 

cr, -.00490620 0.0 0.0 

Items (i) CTi .17774170 .17774170 19.8 

Observations (o) -.00638528 0.0 0.0 

P x R  .01446609 .01446609 1.6 

Px I .11879509 .11879509 13.0 

P x O  CT"po .07312410 .07312410 8.0 

Rx I <Tri .05414863 .05415863 6.0 

R x O  o2™ -.00241703 0.0 0.0 

I x O C^io -.00119048 0.0 0.0 

Px Rx I .01583694 .01583694 1.8 

Px Rx O ^pro .00043290 .00043290 0.05 

Px Ix 0 ^pio .20717893 .20717893 23.1 

R x  I x O  ^~rio .02211400 .02211400 2.5 

P X R X I X O (residual) p ti (i. e .18441558 .18441558 20.5 
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The other relatively large contributors of estimated variance are the residual 

component and the items component, which accounted for 20.5% and 19.8% of the 

estimated variance, respectively. The participant-by-item interaction accounted for 

approximately 13.0% of the variance, indicating that the participants differed across the 

items. Small amounts of variance were accounted for by the participants, participants-by-

raters interaction, participants-by-raters-by-items interaction, participants-by-raters-by-

observations, and by the rater-by-observation-by item interaction. Raters, observations, 

rater-by-observation interaction, and observation-by-item interaction accounted for none 

of the estimated variance. 

Table 3.2 shows the estimated variance components and corresponding 

percentages of total variance for the eight cluster scores. The major source of variance for 

cluster scores was items, which accounted for approximately 46.5% of the total variance. 

The high variance component for items suggests that the items greatly differ from one 

another on the cluster scores. This large variance component might be explained by the 

calculation of cluster scores, which consists of summing the child's scaled scores for the 

two, three, or four scales that make up each cluster (Wetherby & Prizant, 1993a). Since 

the cluster scores differ in the number of scaled scores included in the calculation, having 

large amounts of variability between the cluster scores would be expected. The next 

largest components in the analysis were the p x r and p x r x i interactions. The 

participant-by-rater interaction indicates the extent to which the raters were inconsistent in 

the relative standing of children in their communicative behaviors. The participant-by-
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rater-by-item interaction shows the relative standing of participants differs from item to 

item and from one rater to another. 

Table 3.2 

Cluster Scores: Variance Component Estimates 

Source of 
Variance 

Variance 
Component 

Variance 
Component 
Estimates 

Brennan's 
Method 

Percent of 
Total Variance 

Estimated 
Participants (p) * .05754019 .05754019 0.53 

Raters (r) Ow -.02203609 0.0 0.0 

Items (i) O2! 5.01288792 5.01288792 46.5 

Observations (o) <?o .61754488 .61754488 5.7 

P x R  ^ pr 1.51574086 1.51574086 14.1 

Px I .65486877 .65486877 6.1 

P x O  
-> 

^ po .04372211 .04372211 0.41 

Rx 1 -.12074337 0.0 0.0 

R x O  O^ro -.11703620 0.0 0.0 

I x O er,o .08511679 .08511679 0.79 

Px Rx I ^**pri 1.31953580 1.31953580 12.2 

P x  R x O  pro -.82804854 0.0 0.0 

P x  I x O  O^ ' w pio .88366794 .88366794 8.2 

R x  I x O  .09867575 .09867575 0.92 

P X R X I X O (residual) 
-> 

^"prio.e .49119053 .49119053 4.6 

Table 3.3 includes the estimated variance components and corresponding 

percentages of total variance for the nine normed scores. The participant-by-item 

interaction accounted for approximately 25.5% of the variance, indicating that the 



25 

participants differed across the items. The residual component, or four-way interaction, 

accounted for approximately 20.4% of the variance. The residual variance component 

shows the variance that was due to the four way interaction between participants, items, 

raters, and observations and/or other unsystematic or systematic sources that were not 

specified in this study. The other relatively large contributors of estimated variance are 

the participant-by-observation interaction, items component, and participant-by-item-by-

observation interaction, which accounted for 17.2%, 13.3%, and 11.1% of the estimated 

variance, respectively. The variance component for observations accounted for 

approximately 7.1% of the estimated variance. The remainder of the variance components 

for normed scores account for trivial to zero amounts of the variance. 
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Table 3.3 

Normed Scores: Variance Component Estimates 

Variance Brennan's Percent of 
Source of Variance Component Method Total Variance 
Variance Component Estimates Estimated 
Participants (p) 

•> 
<rp .16111111 .16111111 1.5 

Raters (r) 
-> 

er, -.05717593 0.0 0.0 

Items (i) «Ti 1.45370370 1.45370370 13.3 

Observations (o) .77662037 .77662037 7.1 

Px R ^pr .35347222 .35347222 3.2 

Px I i 
^ pi 2.78703704 2.78703704 25.5 

Px 0 O-po 1.87847222 1.87847222 17.2 

Rx I .03680556 .03680556 0.34 

R x O  trIO .02615741 .02615741 0.24 

I x O -.21365741 0.0 0.0 

Px Rx I ^"~pri -.31458333 0.0 0.0 

Px Rx O ®^pro -.15115741 0.0 0.0 

P x  I x O  ®^pio 1.21597222 1.21597222 11.1 

Rx Ix O ^"*rio .02754630 .02754630 0.25 

P X R X I X O (residual) ^^prio.e 2.23171296 2.23171296 20.4 

Table 3.4 offers an easy comparison for the three types of scores. For purposes of 

interpreting the relative magnitude of the estimated variance components, the variance 

component estimates were converted to a percentage of the total variance (Shavelson & 

Webb, 1991). Table 3.4 shows the changes in the variance component estimates as a 

result of the conversion from scaled scores to cluster scores and finally, to normed scores. 
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Table 3.4 

All Scores: Variance Component Estimates 

Source of 
Variance 

Percent of Total Variance Estimated 

Scaled Scores Cluster Scores Normed Scores 
Participants (p) 3.4 0.53 1.5 

Raters (r) 0.0 0.0 0.0 

Items (i) 19.8 46.5 13.3 

Observations (o) 0.0 5.7 7.1 

P x R  1.6 14.1 3.2 

Px I 13.0 6.1 25.5 

P x O  8.0 0.41 17.2 

Rx I 6.0 0.0 0.34 

R x O  0.0 0.0 0.24 

I x O 0.0 0.79 0.0 

Px Rx I 1.8 12.2 0.0 

Px Rx O 0.05 0.0 0.0 

P x I x O  23.1 8.2 11.1 

R x  I x O  2.5 0.92 0.25 

P  X R  X I x O  (residual) 20.5 4.6 : 20.4 
i 
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CHAPTER 4 

DISCUSSION 

The study was designed to be a preliminary investigation of the different score 

conversions, the use of two raters, and growth of participants on a relatively new 

instrument, the Communication and Symbolic Behavior Scales. G theory was used to 

explore the various sources of error related to the facets of interest. The three analyses 

for the different types of scores in the CSBS indicated via negative variance components 

that sampling error was present. In each analysis 27% of the variance components were 

negative; therefore, results should be interpreted with caution. Although sampling error 

could be expected in a sample size of six, this studied was designed to be a pilot study and 

the results will be interpreted within that context. 

The profiles in the CSBS are designed to illustrate the strengths and weaknesses 

for a child across communicative, social-affective, and symbolic domains of development 

(Wetherby & Prizant, 1993a). Because of the well documented variability in normal 

development of language, the conversion of raw scores to scaled scores is an important 

part of the CSBS. In order for abnormal variability to be detected, normal variability has 

to be worked into the CSBS scoring rubric. The scaled scores represent one part of this 

control for variability and the normed scores are the other way of controlling the 

variability. 

The CSBS was designed to generate profiles of strengths and weaknesses for a 

child to be used for diagnostic assessment and intervention planning. Wetherby and 
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Prizant (1993b) state that "multiple measures across communicative and symbolic domains 

are necessary for early identification and differentiation of children who will outgrow their 

delay, from those children who have specific versus more pervasive social or cognitive 

impairments" (p. 26). Profiling a child's relative strengths and weaknesses in 

communicative, social-affective, and symbolic abilities provides valuable information that 

may assist in the early identification of children at-risk for communication or language 

impairments, as well as, provide guidelines for intervention planning. The results of this 

study indicated that the participants scored differently across the items, generating profiles 

for the participants. In the normed scores analysis, the participant-by-item interaction 

accounted for 25.5% of the estimated variance. In addition, the participant by-item-by-

observation interaction for the normed scores accounted for 11.1 % of the estimated 

variance. This suggests that the participants' profiles changed over time and supports one 

of the purposes of the instrument which is to allow for a child's changes in communicative 

behavior to be monitored over time. 

Measuring communicative and symbolic behaviors is difficult due, at least in part, 

to the large amount of variability in the age of emergence of first sounds or words and in 

the rate of language acquisition even in typically developing children. One of the strengths 

of the CSBS is that this test has made efforts to deal with such variability. The results 

suggest that the instrument is sensitive to the varying rates of development in children, as 

indicated by participant-by-observation interaction which accounted for 17.2% of the 
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estimated variance for the normed scores. This result suggests differential growth among 

the participants, which is expected at this stage in development. 

The raters facet in this study indicated that the raters were consistent in their 

ratings of communicative behavior. The results indicated that the raters component 

accounted for small amounts of variance estimated in the three analyses. The rater-by-

item interaction for the scaled scores accounted for 6.0% of the estimated variance, and 

indicates that the raters were inconsistent in rating the different items. Interesting to note 

is that this interaction accounts for trivial to zero amounts of the estimated variance for 

the cluster scores and normed scores analyses. The results from this study suggest that 

the two raters were trained well enough as to not contribute much variance to the data set, 

especially the rater component by itself. However, further investigation of this facet with 

a larger sample may provide valuable information on whether having more than one rater 

affects the dependability of the measure. 

The small sample size in this study and the relatively small number of levels for the 

raters and observation facets were due to the pilot nature of the study. Increasing the 

sample size overall and the numbers of levels of facets would have decreased the sampling 

error of the variance components, maximizing the efficiency of the design (Smith, 1978). 

Although the sample size was small and generalizations are limited, the small sample 

allowed exploration of using generalizability analysis to examine the CSBS. 

Future directions for this type of study would be to use the same model with a 

larger and more heterogeneous sample of children that includes atypically developing 
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children. Differences in the patterns of communicative and symbolic abilities would be 

expected. For example, compared to language-matched controls, children with autism 

perform at lower levels on symbolic play but at higher levels on constructive play 

(Wetherby & Prizant, 1993b). In addition, differences in the variance components would 

be expected with larger amounts of estimated variance being reflected in the participants 

component. The results from this study showed that the participants were homogeneous, 

accounting for trivial amounts of estimated variance in the three analyses. This result was 

expected because the participants in this study were all typically developing and were 

approximately the same age. 

The results of this study demonstrate that generalizability analysis offers a good 

way of looking at data, like that of the CSBS, because g theory partitions the various 

sources of variance specified in a model. This method of analysis allowed exploration of 

the test, score conversions, raters, and the sample in the study. Although generalizability 

analysis is not used very often as an exploratory tool, it was quite useful in examining the 

desired aspects of the CSBS in this study. 
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