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Abstract 

The present.study utilized structural equation methods 
(LISREL) to estimate models of the pre-posttest paradigm, The 
data set comprised a group of 6 - 8th grade students involved 
in a gifted and talented program, 

Two types of analyses were conducted, The first analysis 
was applied to test the validity of Bloom's taxonomy under-
lying performance on the achievement measure used in the program, 
the Ross Teat of Higher Cognitive Thinking Skills, For the most 
part, the results demonstrated the exiatence of the atructure, 
such that analysis skills were preoNered with respect to synthesis 
and evaluation 1kill1, 

The aecond LISREL analysis waa applied to asseas the model of 
"beat fit" among a aet of alternative model• that varied in the 
correlation• specified among the Masurement error,. There was 
a aignificant improvement in model fit when measurement error, 
were allowed to correlate, aa compared to the zero correlation 
apecificatlon on th• error• in the null atructure, Generally 
apeaking, a nonzero covariation apeclfieation between error• 
a11ociated with all aimilar meaaurea aero•• the two occasions 
resulted in.the mo1t efficient eatlmate of ability change, The 
atudy pointed to the efficacy of LISREL-type analyaes in longitudinal 
data. 
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1. IDtroductiou

The recent emergence of gifted aud talented proarama across the 

uatiou has given considerable attention to the appropriate identificatio·

of iudividual• for such program&. Th• mov91H1lt ha• dmultaneoualy 

evokad couc•m ov•r the evaluation of student progr•H, ouce students 

ar• •el•ct•d into thaN cliffer•ntiat•d proarama. Various queatiomiairea, 

110m-r•f•r•uc•d atandardiz•d t••ta, aud crlt•rion-r•f•reuced tests 

h&ve been d�eloped &DJJ./or au11••ted for identification &DJJ. evaluative 

purpo••• <••I•, Ganopol•, 1982; P•rroue aucl Chen, 1982; lauulli, 1975; 
'· 

V•milye&, 1981). 

A uumb•r of diff•r•nt teclmiquea •hould b• •ployed in the 

••••••ent of •b:Llitiea aucl •kill• for sifted pro1r ... , A major 

criteria in th• choice of the in•cnaenta 1• that thy refl•ct cha 

objectiv•• •ud charact•ri•tic• of the irsdividual pro1raa (McFarland, 

1980). ror exampl•, • 1tudent 1elf-repon:in1 que•tiouuire might 

be wied to ucert&in 1cudenc1' perception• of activitie• :f.mplemented 

in the proarm. A criterion-referenced te•t, oo the other hand, will 

b• more auit•bl• to •••••• p•rformanc• on tho•• activitie•, and probably 

more appropriate th&n a alobal norm-referenced u••ur• of achieveunt, 

Gifted and talented proarame in the schools typically focus on 

th• academically or incellectually-ailted dimension of "creativity." 

(For atudie• on factora of creativity, ••e Davia, 1980; Guilford, 

66 



1975; Klein, 1982). Thus program objectives will oftentimes eaq,basize 

the development of higher cognitive thinking skills. These include 

such aptitudes u problem awareness (formulating a problem), fluency 

(generating many and new ideas), flexibility (producing a variety 

of ideas), problem solving (analyzing situations), and divergent 

thinkin& (exploring alternative solutiona). Valid standardized 

tuts for evaluating "creative" thinking may be useful to tap such 

dimeDSioDS of a gifted and talented program. Jlowever •' it is . extremely 

U1110rtant that the selected iDStrument(s) represent cognitive thinking 

levels that are indeed represented in the program's activities. 

The Rosa Test of Higher Cognitive.?roc•••••.(Roas,and Rose, 1976) 

is a standardized test used in gifted and talented programs. The 

Ross is designed to serve a general populatiou and sifted student.I. 

The tut can validly be used u a screening instrument to identify 

th• academically gifted, It can also be employed in ch• assessment 

of special proarama emphasizing critical tbillking inquiry methods, 

problem solving, acd loaical thickina, or the developmect of 1110r• 

cOlll)lex tbillkica skills, ADother major use of th• Roaa teat lies 

ic the asseaament of individual atudent perfol'UIICe. Such uaaa• 

may involve a pre-poatteat deaian to deteniic• arowth ic a atudent'• 

hiaher level thinkina 1kill1 over a period of time, 

While it• uaa;e may vary, the overall intact of the t••t is to 

measure ability ic levels of higher cognitive thicking, Th• apecific 

levels, named according to Bloom's taxonomy (Bloom, 1964), are analysis, 

synthesis, and evaluation, 
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Analysis relates to an individual'• ability to break down infonnation 

into it• constituent parts. Synthesis refers to the ability to 

form a new whole. And evaluation ia concerned with the ability 

to judge the value of material for a given purpoae. The learning 

outcomes in these three level• basically represent higher intellectual 

levels. Synthesis generally atr••••• crutive behaviors, with emi,hasis 

on the fonml.ation of new patterns or 1tructures. The behaviors 

in the taxonomy were attemi,ted to be �ategorized by complexity, with 

analy1ia representing a lower level than �yntheaia and evaluation. 

Evaluation represents the highest level in the cognitive hierarchy. 

The present 1tudy emi,irically examined the hierarchical structure 

of the RoH teat (as modified for the particular sifted and talentad 

proaram under ,cudy). Structural equation methods wre emi,loyed 

to aH••• the validity of Bloom'• taxonomy of hiaher akilla Ha 

ruaonable repraaantation of the teat'• underlyina atructur• for 

a given data aat. The model repreaanta a conlimatory factor analyais 

modal. That 11,' the atructure hypotheaiaed to underlie performance 

on the Ro•• ia apecified prior to the analyaia. Maximum likelihood 

••timation procedure, (Jore1ko1, 19691 1970 1 Joreakoa and Lawley, 1968);

of the LISRIL computer proar• (Jore1ko1 and Sorbom, 19781 1981) are then

applied directly to the model 1pecification1.

A 1econd objective of the atudy va• to aa1e11 atudent change 

in higher coanitive 1kill1 ability over the duration of th• program. 

A seriea of "nested" structural models described by the pre-poattest 

paradip were formulated. The models primarily varied in re■trictions 
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on correlation• between the errors usociated with the measurements 

across the two occasions, The USREL analyses were employed to 

identify the model of "best fit" in describing changes in ability 

(Sorboal, 1979), 

2, The Iutrument 

Th• Ross teat consists of 105 items designed to assess the higher 

level thinking skilla, analysis, synthesis, and evaluation. A 

description of the subtests and the number of itema are shown below 

by cognitive lavel. 

Analysis, Three aubteata relate to the analysis level: 

(l) analogies - ability to perceive analogowa relationships between

pairs of word• (14)

(2) miaaing 
1

p;�� .. - ab:llity to identify the miaaing premiaea needed

to complete a logical syllogism (8)

(3) analysis of relevant and irrelevant infot'1114tion - ability to

analyze data (14),

Synthesis. Three aubtaata relate to the synthesis levels 

(1) abstract relations• ability to atudy data and ayntheaize a

logically conaiatent acheme tor organizing them to form a conceptual

tramework (14)

(2) aequantial ayntheaia • ability to organiza 1entence1 in proper

aequence (10)

(3) analy1i1 of attribute• - ability to fonnulate and appropriately

modify hypotheaea (10),

In the ?resent study sequential synche1is �•• excluded, An 
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{'.evaluation of argumenta11. aubtaat o,f five items f:r,om�. _th�.· �•,�_,on-Glaser

Critical Thinking Teat (Wataon-Glaaer, 1964) was aubatituted, since 

the .itema related more appropriately to the objectives of t�e particular
gifted program iu the prHent atudy, Th• •valuation of arguments 

items aampla ability to diatinguiah batwaan atrong/ralavant and 

weak/in-alavant.argumauta to a particular question at iaaue. 

Evaluation. Two subtaats relate to th• evaluation level: 

(l) deductive reasoning - ability to analyze atatamants in logic (18)
·,

(2) questioning ·•tratagiaa - ability to evaluate methods of obtaining

data (17). 

3. Th• Modale

A structural equation modal waa formulated to rapraaant the 

stl:Uetura of Bloom'• taxonomy aaid to underlie performance on the 

RoH taat. Saa Fiaur• 1. Th• modal above thrH constructs, 

·analyaia, l)"lltheaia, aad evaluation, 10 ordered by complu:ity. Th•

modal ralataa thr•• indicator• for analyaia and aynthaaia, and

two for evaluation. De1cription1 of th• indicator• haa bean provided

in the pravioua aection. Poattaat 1cora1 on the Ro••• rapraaantina

1tudant acbievamant after nine month• in th• program, constituted

th• data ba•• for thia analy1i1.

Th• change in ability modal• are 1hown in Figura• 2 and 3, 

Th• 1ubtaat1 of th• three 1kill1 domain•• analy1i1, 1ynthaai1, 

and evaluation • were 111ragatad, Thua, the baaic atructura 

reflect• pre and poatt11t •• latent variables, with the ••me three 

domain••• indicators for both occasiona, 
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Model A specified zero covariation• between •nors (measurement 

errors or residuals existing after variance due to true scores is 

extracted), Model B allowed errors to correlate between measures on 

the same occasions. The assumption is that the tests measure c011111on 

traits not included in the model, Models, C, D, and E additionally 

allowed for covariations between the same measures across the occasions. 

Such covariation is likely to exist in longitudinal data, due to the 

correlation between the abilities at th• two occasions as well as 

extraneous influences due to the similarity of ·testing at both times 

(e.g., recall-of test items; .practice effect; nature �f the teats 

themael ves) 

4, TechniqU,H 

The study'• sample constituted 337 6..Sth grade students enrolled 

in a gifted and talented program in a southeastern school district. 

Th• program is oriented toward academically gifted children. Among 

other 1election criteri&, students in th• program scored at the 95th or 

higher percentile ou the Comprehensive Test of Basic Skills (CTBS) 

(McGraw-Kill, 1974), 

Pre and po1ttest adminiatrations of th• Rosa teat took place 

in the Fall 1981 and Spring 1982, The maximum likelihood estimation 

procedures of LIS'R!L
l 

were applied to the po1tte1t data to evaluate

the hierarchical atncture aaid to underlie test performance, 

l !ha LISREL IV c0111puter program was used in the pre1ant analysis since
LISREL V was unavailable at the time of the analyses,
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. . . . . -i��l:''f}f,:i:tf; . . . 
LISREI. aaalyses were conducted to asses• p�e--pc>sttest 

;t,r,!itc'.1t,"f'l"tt11w:Mchanges ;across the ,two ;occasions. i;,; 1·•.:>.til':::<ll<•:'f.tl. ,,··1��;;.i:•:.:;''<.

Table l 1how1 the mean• and 1tandard deviations :for:,;the subtests 

-- of th• analylis, aynthelia, and evaluation 1kills domains�"' • The covariance 

.matrix for the variables appear, in Table 2. 

The LISREI. estimates (unstandardized) have been included in 

Fiaure l, along with their associated 1tandard enora. Some of the 

error variance e1timate1 are questionable, due to the Nlatively 

l.&rge standard errors. The Yi1-path (analysis to synthesis) loses 

importance, u we11;·'w1tfi' the' large standard arror. 

Overall, bowver, the model waa accepted as a plauaibla 1tructure 

for th• data, baaed on th• obtained chi•1quare value of 18.116, df•l7, 

(p•,38), Nota that
_.
th• path dia1i-ua poi-tnys a nonano correlation 

·aero,, the equations, The apecification was necesaary to obtain a

teturbl• atructui-e. ·-conceptually, th• 1peciticat1on was reaeonable line•

the data were lon1itudinal. A aero •p•cification resulted in a poor

model fit, with a cbi•tquare of 31,773, df•lS (p•,02),

Th• 1econd ••t of analy••• waa conducted to determine th• model

that be1t repre11nted ability chana• amon1 the 1tudant1 during their

participation in the pi-01i-am, Table 3 1how1 th• means and 1tanda�d
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Y3
Y4
Y5

Table 1 
Mun• and Standud Deviation• 

Bigbar Cognitive Thinking Skills Vuiablaa 

AnalogiH 

Irrelevant Infomation 

Abstract Relation• 

Attribute Analyais 

Evaluation of Arguments 

Deductive Reasoning 

Questioning Strategies

Mean 

10.715 

4.59 

6.598 

11,569 

10.263 

3.161 

13.445 

8.751 
' •·

Table 2 
Covariance Matrix for th• Subteat• of 

Standard 
O.Viation 

1,753 

1,817 

2.539 

2.291 

2.576 

l.373

2.882

1.834

th• Higher Coanitive Thinking Skill• tn.trumeut 

:;, x2 X3 Y1 Y2 Y3 Y4 Y5 

3,073 

1.098 3.301 

1,627 1.698 6.448 

,796 .767 1.399 5.247 

,693 .790 2.797 1,232 6.636 

.21, .072 .433 .481 ,693 1,886 

l.495 l,91, 1,820 1.201 l.801 .481 8.308 

1,1'7 l.032 1.804 1.02, .867 - .099 1.611 3.364 
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Tabla 3 
Muna and Standard Davi&tioua 

of th.a ThrH Skill• 
Domaina for Pre and Poat Adminiatrationa 

Domain �ean Standard Deviation 

�re-Allalyaia 21.912 4.�s

Pre-SynthHia 21.832 3.79 

Pre-Evaluation 22.197 3.86 

Post-Analyaia 25.474 4.15 

Poat-Synthaaia 23.912 3.18 

Poat-Evaluation 24.289 3.039 

Tabla 4 
Covadarac• Hatd.x for th.a Cosnitifl 
SWla Domaina of Both Occaaiona 

!I!... ?.2!S. 

Analylia Synthaaia !valuation .\nalyaia Synthalia !valuation
1 2 3 4 ' 6 

21.669 

7.242 14.347 

9.223 4.894 14,894 

13.894 5.832 7,662 17,266 

5,928 4.711 3,586 6.410 11.001 

7.560 2.830 6.010 '7. 796 4.271 9.237 
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l!. .. U.::'• 

deviations for the pre-and post-analysis, ayntheaia, and evaluation 

�'skills.· Table 4 provides the covariance matrix for the variablea. 

Each pre-poatteat model structure was evaluated for ov�rall fit 

to the data. Th• individual chi-square values obtained from LISREL are 

reported in Table 5. 

The zero covariation specification in the variable errors for pre 

and poatteat administrations led to a rejection of both models A and 

B (p <,Ol). See Figure 2. Thia is not surpriaina, aiven the nature 

of the data. In addition, the first-order derivatives suggested moat 

of the off-diaaonal terms in the error covariance matrix were nonzero. 

Model C included a correlation between the errors in the analysis 

variable at both t:lm.ea,·but the model w .. rejected 6urainally at p<.01). 
; ' ,  

t 

Therefore, it became nece•sary to add a covariation betwen the synthesis 

errors, as shown in model D. (See Figure 3. However, model! yielded 

the best fit in allowina for covariation• between all three aimilar 

meaaurea aero•• time. 

All four model• (B-E) that allowed for 1oaie dear•• of correlation 

between the variable errors offered 1ianificant improvuent over 

model A, with model! 1howin1 the areaceat dear•• of improvement 

for the aaaociated dear••• ot freedom (ch1•1quara difference of 

30.467, df•5). !able 6 ahowa the chi-square difference statistics 
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A: ao con-elations 
becwen enors 

B: error con-elation. 
within occuiona 

Table 5 
Individual Fit for the Models 

of Ability Change 

X -value p....,elue 

30.662 8 .0002 

2!1.275 6 .0003 

lnor Conelactona Aero .. 
Occadonai 

C: con-elation 15.433 s ,0087 
betve•.41c1 

DI add 42c2 7.440 4 .1144 

cou.iation 

1£1 add 41c, .u,2 3 ,9784 
con-3.ation 
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Model A 

A: no conelationa between meaaur-ent errora 

Hodel B 

,84 ,150 

,969 

B: correlation• between mea1ur1ment error• within a 1iven occa1ion 

"'risure 2, Prete1t-Po1tt11t Structural Equation Model11 A null model and 
an alternative to the null, 

The ability change path coe!!icient i• 1hown, The value above the arrow is 
the un1tandardized LISR!L ••timate and it• a1sociated 1tandard error; the 
value below is the standardized ••timate. 
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Model C 

.998 (.173) 

. 774 

Hodel D 

1.001(.173) 

• 791

Model ! 

. 713(.062) 

.925 

!: Th• 33c3corr•lation is added. 

tion+c3

•11gur• J. Pr•t•st-Post:est Structural Equatio� �odels: Correlated
�easurement Errors across the !'wo Occasions, 

The ability change ?ath coefficient is shown. 
unstandardized LISREL estimate and itl standard 
9tandardized LISREL estimate. 79

!he value above the arrow is
er-::or; the •1alue °Jel.:,w is :he

the 



, Table 6 
Model , Compariaona, 

Model Comparison difference df* 

A-B S.387 2 
A-C 15.229 3 

A-D 23.222 4 

A - E 30.467 s 

B - C 10.139 1 

B - D 17.835 2 

B - E 25.077 3 

C -D 7,993 1 

C - E 15.2378 2 

D • E • 7 .2448 1 

*P < .Ol, with the exception of the A-B compariaon (p <.05) 
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for th• modal COlllt)ari•on tests. 

6. Discussion

The study'• findings lent support to Bloom'• taxonomy of higher 

cognitive thinking •ldlla as the undarlying structure of the Ross 

test (as 1110difiad for the particular program). Further analyses 

should follow in an effort to obtain more afficiant ••timates. 

Confirmatory factor analytic mathod• ware applied to a pr-

1pecifiad model rapresanting th• hiararchy of analysis, synthesis, 

and ..,aluation 11dlls. Th• direct path betwean 1ynthesis and 

evaluation waa relatively lara•• Th• ra1ult• aava cradanc• to the 

theoretical notion about vertical laamina (Gapul, 1970), That is, 

th• learning of subordinate rules facilitate th• occunanc• of 

higher-order laamina. Mqra importantly, th• results have implications 

for the importance of proper aaquancina of instruction so that such 

transfer of laarnina doe• occur. 

Th•r• was sou departure, howavQr, in support to the above 

premise. lleferance ia uda hare to the nak direct path batwean 

analy1ia to 1yntheaia. tt ia po11ible that IOIM modifications ude 

in th• 1yntheai1 coaponent of th• llo•• ta1t for the aivan sample 

could in part have contributed to the departures. Another plausible 

uplanation ia perhap• th• iall>lemantad curriculum did not nac••••rily 

pracade 1yntheti1 activiti•• with analysis activiti••• 

Addition.al hypoth•••• ware investigated ragardina correlation 

between th• errors in th• longitudinal data sat, Conventional 
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models used in data analysis (i.e., classicel factor analysis, single

equation resruaion) impose restrictions on th• •nor terma. However, 

the general LISllEL approach to covariance structural analysis can be 

used to detect nonzero covariation• between error terms and consequently 
' 

' 

identify th• musureMnt model of "best" fit. Th• evaluati�ns of 

longitudinal data sets generally offer better representations of reality 

by allowing correlations across the obie:rved occasions. That is, the 

effects of previous testing are likely to carry over to the posttest 

situation and contribute to nonrandom or systematic error. In the 

present models, the.ability change path coefficient (standardized) 

ranged from a . 77 4 to a . 969. The model th�t allowed for correlations 

between all three similar m..:.ur•• across the two occasions yielded 
'':" < ' 

a relatively higher effects path than did the model with the zero 

con-elation constraint. More importantly, the standard error associated 

with the altenative 1tructure wa1 smaller. Tb• consideration of 

infomation that contribute• to 1y1tematic error in the e1tilllations 

1hould re1ult in a more accurate u1e111UDt of ability chan1• over 

time. 
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