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ABSTRACT 

A less variable measure than the IQ was investigated for assess

ing intellectual potential. Since educational experience may be con

tributory, several measures were compared on this variable. The differ

ential performance of children and adults was the dependent variable. 

Performance differences were hypothesized to be largest on language, 

intermediately sized on spatial problem-solving and smallest on rapid

ity and flexibility of thought measures. Results revealed the differ

ential on language to be significantly larger than that on spatial 

problem-solving (t = 2.62(4-8), p<.05) and rapidity and flexibility 

of thought measures (t = 3.16(48), p<.025). The latter differential 

was not significantly smaller than that on spatial problem-solving 

measures (t = 0.9386(48), p = n.s.). Since IQ tests assess several 

language abilities, it was concluded that performances on these 

measures are altered more by educational experiences than those on 

rapidity and flexibility of thought measures. This suggests that 

these latter performances are more reliable measures of intellectual 

potential. 
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INTRODUCTION 

Since standardized intelligence tests were initially developed, 

performances on these measures, as represented by an IQ, have been used 

by many investigators for the prediction of adult achievement potential 

in young children. The findings of numerous investigators, however, 

suggest this practice may not be justified; they indicate that an indi

vidual's IQ is not a constant value. 

The inconstancy of the IQ has been demonstrated in a variety of 

ways. Honzik, MacFarlane and Allen (1948) represented these changes 

through a simple description of their results. They evaluated a number 

of subjects several times between the ages of six and eighteen years and 

found IQ changes of 15 points or more in approximately 60 percent of the 

subjects, 20 points or more in a third of the subjects and 30 points 

or more in 9 percent of the subjects. After collecting data on subjects 

over a similar time span, Hindley and Owen (1979) fitted polynomial 

equations to the IQ curves of each and found that highly significant 

error reduction resulted as compared with the variance of individuals' 

scores around their own meanB. This indicated that the IQ curve was not 

horizontal and, therefore, that the IQ was not a constant value. While 

few investigators have assessed the inconstancy of the IQ past adoles

cence, this has been the focus of a more recent investigation by Bayley 

(1970). She found the IQ to be inconstant during the adult as well as 

the developmental years (Bayley, 1949). Other researchers have also 
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found evidence for IQ variability (Hilden, 1949; McCall & Appelbaum). 

Several sources of IQ variability have been postulated. In 

many of the early investigations of this issue, the method by which the 

IQ was computed appears to be one of these sources (Bayley, 194-9)• This 

IQ, referred to as a ratio IQ, was generally computed in the following 

way. First, the number of items passed by an individual on a standard

ized itelligence test waB determined. A "mental age" was then derived 

by consulting a normative table which indicated the number of items 

passed by the majority of subjects within each of a number of age 

groups. The next step was to divide the "mental age" value by the 

individual's chronological age; this yielded the IQ. The shortcoming 

of computing an IQ via thiB method was that it resulted in different 

standard deviations for each of the age groups. Thus an individual 

whose performance remained the same over time relative to that of his 

peers would not maintain a constant IQ. 

Not all studies in which ratio IQs were used for comparisons 

were plagued by the source of variability just described. As research

ers began to realize the contribution of varying standard deviations to 

IQ variability, a number of them corrected for this problem by convert

ing all performances into sigma scores (Bayley, 1949; Honzik, MacFar-

lane & Allen, 1948; Hindley & Owen, 1979)• On more recent standardized 

intelligence tests (e.g. the Wechsler Adult Intelligence Scale developed 

by Wechsler in 1955), the deviation IQ automatically corrects for this 

source of variability. Neither of these adjustments stabilizes the IQ, 

however. They are found to be quite variable. Individuals' IQ's 
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(and sigma scores) are still found to be highly variable. One reason 

is almost certainly the result of using different measures at the 

various age levels (Bayley, 194-9)? it is unlikely that the different 

measures assess exactly the same abilities. Different standardization 

samples may also be a source of variability (Bayley, 194-9)• 

All the types of variability thus far described can be consid

ered expressions of error. But not all of the variability in an 

individual's IQ appears to be of this nature; part of IQ inconstancy 

appears to be more systematic. For example, it will be recalled that 

Hindley and Owen (1979) fitted polynomial equations to the IQ curves of 

single individuals, a procedure which resulted in significant error 

reduction as compared with the variability of individuals' scores 

around their own means. This finding suggested that much of IQ varia

bility is not the result of error. 

Additional evidence for this contention are the findings of 

several investigators that educational experiences can alter the IQ. 

One of the earliest of these studies was conducted by Newman, Freeman 

and Holzinger (1937). When they examined th6 IQ's of 19 pairs of twins 

all of whom had been separated early in childhood, they found differ

ences as large as 24- points. Differences of 10 points or more were 

found in 7 pairs of twins. Correlational analyses indicated that 

differences in educational advantages accounted for 62% of the variance. 

In his investigation, Thorndike (1948) found that while gains in IQ 

were common in college populations, they were much more infrequent in 

comparably aged individuals not continuing their educations. More 

recently, Jacobsen and his co-workers (Jacobsen, Berger, Bergman, 
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Millham & Greeson, 1971) demonstrated large IQ gains in children as the 

result of their having received special training for 20 hours. More 

specifically, when the group was divided into thirds on the basis of IQ 

and a mean IQ computed for each division, it was found that a mean of 

9.5 IQ points had been gained by the highest IQ group, 9.7 points had 

been gained by the middle IQ group and 20.1 had been gained by the 

lowest IQ group. Other investigators have also found evidence that 

educational experiences can alter the IQ (Bloom, 1964? Crissey, 1937; 

De Groot, 1951} Wellman, 194-0). 

The existence of IQ variability suggests the need for an alter

native means of assessing intellectual potential in young children. 

One possibility may be to continue using standardized intelligence 

tests, but to compute some value other than the IQ which will yield a 

more stable value. Unfortunately, there is some evidence to suggest 

this alternative will have shortcomings also. A number of investigators 

have demonstrated the IQ curve to differ for each individual (Hindley & 

Owen, 1979; Honzik et al., 1948; McCall & Appelbaum, 1973) and to be 

"one about the nature of which the tester is in ignorance" (Hindley & 

Owen, 1979> p. 290). Thus the degree and direction of change in the 

abilities assessed by standardized intelligence tests may be unpredict

able under any circumstances making it futile to attempt the prediction 

of future ability level using this measure. 

The foregoing studies suggest some instrument other than a 

standardized intelligence test would be needed if a more stable measure 

of intellectual potential is to be found. But what are some guidelines 

which could be used in this selection? In the present investigation, 
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the proposed sources of performance variability on standardized intel

ligence tests served this purpose; the kind of measure sought was one 

which possessed as few of these shortcomings as possible. To reiterate, 

these shortcomings were (1) the use of different measures at the various 

age levels and (2) the contingency of performances on standardized 

intelligence tests upon educational experiences. 

Two measures which were found to fulfill these criteria were 

Color Form and Progressive Figures developed by Reitan (1974.). Both 

tests are appropriate for individuals five years of age and older; 

they appear to be simple enough for young children, without there being 

a ceiling effect for adults. In addition, although performances on 

these measures are probably contingent upon educational experience to 

some degree, they appear to be much less so than those on standardized 

intelligence tests. This becomes apparent in a comparison of task re

quirements on Color Form (Progressive Figures is very similar and will 

not be described here) and standardized intelligence tests. Two items 

from a typical standardized intelligence test will be described, how

ever, because this measure is divided into two basic kinds of subtests 

which measure two entirely different kinds of abilities, spatial prob

lem-solving and language, and these abilities, in general, appear to be 

differentially enhanced by educational experiences. 

The measure of language abilities to be described is drawn from 

the Wechsler-Bellevue Form II (WB-II), a standardized intelligence test 

developed by Wechsler in This item requires the subject to define 

the term "mantis." Clearly, more adults than young children will res

pond correctly to this question. But for what reason? The contribution 



of educational experience seems obvious. Afterall, "mantis" is not a 

very difficult word to comprehend. It is a noun which refers to an 

insect and, thus, is no more abstract than "house" or "pie", two words 

which young children can usually understand very well. "Mantis" dif

fers, however, in the degree to which children are exposed to it. This 

is probably because it is hardly as essential to daily functioning aB 

the other two terms. Being less useful, "mantis" is more likely to be 

encountered in an advanced educational environment, a situation to which 

more adults will be exposed than young children. 

When the task requirements on language measures are compared 

with those on measures of spatial problem-solving included in standard

ized intelligence tests, the differential importance of educational 

experiences to performances on these measures becomes readily apparent. 

For example, on the Block Design subtest of the WB-II, the subject must 

combine tricolored blocks into configurations displayed in pictures. 

Two reasons are suggested as to why children may be better prepared for 

this task than they are for defining "mantis." First, performances 

appear to benefit from a wider variety of experiences; while general 

spatial skills would probably contribute considerably to performances on 

Block Design, the ability to define "mantis" may require experience with 

the exact same stimulus used to evaluate it. This would give children 

an advantage on Block Design; they may not be as handicapped by their 

limited repertoire of experience as they would be in defining "mantis." 

The second reason why children may perform relatively better on Block 

Design is that the skills required for performances appear to be more 

essential to everyday functioning. Since essential abilities are 
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probably learned earlier in life than those which are not so essential, 

they should be more highly developed in young children and thus increase 

their performances relative to those of adults on measures which evalu

ate them. 

The task requirements of Color Form make it clear why children 

should perform even better on this measure than they do on Block Design. 

Color Form begins with a presentation to the subject of a sheet of 

cardboard on which is printed stimuli of various colors and shapes. The 

subject's task is to make a sequence of moves from one stimulus to the 

other, first on the basis of shape, then on the basis of color, then 

shape, then color, etc., until reaching the final stimulus. Specifi

cally, the subject moves from the initial figure to one having the same 

shape even though the color is different then proceeds to the figure 

that differs in shape but has the same color, and continues to alternate 

in this fashion. The score is the time required to complete the task. 

Performances on Color Form appear to depend most heavily on 

rapidity and flexibility of thought. These abilities are suggested to 

be more fully developed in young children than those of spatial problem-

solving for the same reasons that spatial problem-solving abilities were 

suggested to be more developed than those of language. First, perform

ances on Color Form would appear to benefit from a wider variety of 

experience than performances on Block Design. While performances on 

this latter task would appear to be enhanced only by experience with 

other spatial tasks, performances on Color Form would seem to benefit 

from experience with spatial and non-spatial tasks alike because rapid

ity and flexibility of thought appear to be important to a wider variety 
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of intellectual endeavors. Another reason why children may perform 

better on Block Design is that the skills required for this task appear 

to be even more essential to daily activity than spatial abilities. It 

is difficult to imagine even a very simple intellectual activity which 

would not be affected by these abilities to some extent. 

How can the relative contingency of performances on each of 

these three kinds of measures be more definitively evaluated? One 

method would be to examine the comparative performances of young chil

dren and adults on each. If performances on these measures are differ

entially contingent upon educational experience, these differences may 

be reflected in the relative sizes of performance differences between 

age groups. The aim of the present investigation was to evaluate this 

possibility. Based on the extent to which each measure appeared to be 

contingent upon educational experience, the following predictions were 

made. It was hypothesized that performance differences between age 

groups would be largest on language measures, intermediate in size on 

measures of spatial problem-solving and smallest on measures which 

assess primarily rapidity and flexibility of thought. 



METHOD 

Subjects 

Subjects included 25 children (12 males; 13 females) and 25 

adults (25 males) selected from the files of Dr. Ralph M. Reitan, De

partment of Psychology, University of Arizona. The test performances 

of these individuals had been previously obtained for the purposes of 

another investigation and were thus available from the outset of the 

present study. Subjects were selected for the following characteris

tics. 

1) Age of subjects was appropriate for the present 

investigation. Mean age was 92.85 months (S. D. = 

11.15) for the female children; 94-*08 months (S. D. = 

8.39) for the male children; and 41*82 years (S. D. = 

6.63) for the adults. 

2) Absence of brain damage. In the adults, this deter

mination was based on success in occupation (these 

are listed in Table 1), lack of adjustmental diffi

culties and evidence of high achievement. In children, 

it was assessed on the basis of high achievement in 

school and lack of physical and emotional complaints. 

3) Superior IQs. This criterion was included in an effort 

to maximize the effects of education on the perfor

mances of adults on measures of rapidity and flexibility 

9 
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Table 1 

Occupational Categories 
of Adults 

Occupational Category No. of Subjects 

Personnel Representative 1 

Pharmacist 1 

Chemist 7 

Director of Major Department . 8 

Assistant Director of Major Department 1 

Microbiologist 2 

Engineer 2 

Pharmacologist 1 

Medical Writer 1 

Physician 1 



11 

of thought. If, as many studies suggest (Bloom, 

1964; Crissey, 1937; De Groot, 1951, Jacobsen et al., 

1971, Newman et al, 1937; Wellman, 194-0), IQs are 

substantially enhanced by educational experiences, then 

individuals with high IQs should be most likely to have 

the greatest degree of educational experience. It was 

not possible to obtain children whose IQs were as high 

as those of the adults. While the mean IQ for the 

adults was 128.88 (S. D. = 5.4-9)» It was only 119.5 

(S. D. = 5.30) for the male children and 118.69 (S. D. 

= 10.28) for the female children. This differential 

was considered advantageous for the assessment of 

performances on measures of rapidity and flexibility 

of thought, however, since it would provide the most 

stringent test of the effects of the adults' education

al advantage on improving test performance. 

Dependent Variables 

Subjects were administered 11 different measures (listed 

below). Full descriptions of these measures can be found in Appendix A. 

Combinations of these 11 measures were used to assess the performances 

of subjects on each of three major kinds of abilities. Language skills 

were assessed using the Information, Vocabulary, Comprehension, Arithme

tic and Digit Span subtests of the WB-II and the Wechsler Intelligence 

Scale for children (WISC) (Wechsler, 194-9). Spatial problem-solving 

abilities were assessed using the Object Assembly, Picture Arrangement 



and Block Design subtests of the WB-II and the WISC and the Tactual 

Performance Test (Reitan & Davidson, 1974> pp. 368-369). Rapidity and 

flexibility of thought were evaluated using the Color Form and 

Progressive Figures tests. 

Procedure 

The performances of children and adults were compared on 

measures of rapidity and flexibility of thought, spatial problem-

solving and language. Children and adult versions of most measures 

were either identical or very similar, but some alterations were requir

ed before comparisons between adults and children could be accomplished. 

No alterations were required on either Color Form or Progressive Figures 

because they were exactly the same for both age groups. All remaining 

measures differed to some extent, but contained enough identical items 

such that direct comparisons could be made simply by excluding those 

items which were not identical. For some of these remaining measures, 

the scoring procedure also differed for the two age groups, but 

comparability was achieved easily by rescoring the items using an 

identical scoring procedure for both groups. Detailed descriptions of 

test alterations are given in Appendix B. 

Date Analysis 

As a preliminary to inferential analyses, raw scores were 

converted into McCall's (1982) T-scores. Using T-scores, a multi

variate analysis of variance (MANOVA) was performed for an overall com

parison of male and female children in order to determine whether or not 

they could be combined into a single group of subjects for comparison 



with the adults. A MANOVA was next used to compare the overall 

performances of adults and children. In instances in which MANOVA's 

indicated significance, an analysis of variance (ANOVA) was performed 

for a comparison of groups within each ability category. T-tests for 

independent means were used to compare the differential performances of 

children and adults between ability categories. The values used in 

this comparison were the mean differences between children and adults. 

Alpha levels were adjusted using the Bonferroni -+ formula. 



RESULTS 

Means and standard deviations of the performances of male and 

female children are presented in Table 2. Differences between these 

means are displayed graphically in Figure 1. Although male children had 

slightly higher means in all areas, especially on measures involving 

spatial problem-solving abilities, a MANOVA indicated overall perfor

mance differences were insignificant (F = 1.75; p<.19) thus indicating 

that the null hypothesis could not be ruled out regarding differences 

between male and female children. These results permitted pooling of 

the data for boys and girls for comparison with the adult subjects. 

Means and standard deviations for the performances of children 

and adults are presented in Table 3. A MANOVA revealed an overall sig

nificant difference between children and adults (F = 69.4-6; p<.00001). 

ANOVAs also revealed significant differences between age groups when 

each of the three abilities was examined separately. The resulting 

univariate F-ratios were 28.57 (p<.00001) for measures of rapidity 

and flexibility of thought, 67.72 (p<.00001) for spatial problem-

solving measures and 205.94 (p<.00001) for language measures. 

Despite overall significant differences between children and 

adults, it is also apparent that the differences were not uniform. As 

expected, differences were largest on language measures, intermediate 

in size on spatial problem-solving measures and smallest on measures 

which assess rapidity and flexibility of thought. This trend is 

H 
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Table 2 

Means, and Standard Deviations for the Performances of Male and 
Female Children on Measures of Rapidity and Flexibility 

of Thought, Spatial Problem-Solving and Language 

Ability Category Mean Standard Deviation 

Rapidity and 
flexibility of Thought 

Males 45.25 5.35 

Females 4-4.31 7.30 

Spatial Problem-Solving 

Males 46.58 6.03 

Females 41>72 5.02 

Language 

Males 42.63 2.55 

Females 42.07 5.09 



L: Language Measures 

S: Spatial  Problem—Solving 

Measures 

R: Rapidity and Flexibi l i ty 

of  Thought Measures 

R 

Figure 1;  Dif ference in T—Scores between the mean 

performances of boys and gir ls.  
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Table 3 

Means and Standard Deviations for the Performances of Adults and 
Children on Measures of Rapidity and Flexibility 
of Thought, Spatial Problem-Solving and Language 

Ability Category Mean Standard Deviation 

Rapidity and 
Flexibility of Thought 

Adults 55.18 7.4-1 

Children 44.76 6.32 

Spatial Problem-Solving 

Adults 56.08 4.24 

Children 44.05 5.95 

Language 

Adults 57.71 3.56 

Children 42.34 4*00 
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apparent not only in the differential magnitudes of the univariate F-

ratios, but also in the differential T-scores of children and adults in 

each of the three ability areas. This difference was 15.37 on language 

measures, 12.03 on spatial problem-solving measures and 10.4.1 on meas

ures of rapidity and flexibility of thought. These differences are 

displayed graphically in Figure 2. 

When t-tests were performed to compare the differential perfor

mances of children and adults across ability areas, they did not reveal 

the differential between age groups on spatial problem-solving measures 

to be significantly larger than that on measures of rapidity and flex

ibility of thought (t = 0.9386; p = n. s.). However, the differential 

on language measures was shown to be significantly larger than that on 

both spatial problem-solving measures (t = 2.62} p<.05) and on measures 

of rapidity and flexibility of thought (t = 3.16; p<.025). 
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L -  Language Measures 

S:  Spatial  Problem — Solving 

Measures 

R: Rapidity and Flexibity 

of  Thought Measures 

Figure 2.  Dif ference in T — Scores between the mean 

perforrnances of chi ldren and adults.  



DISCUSSION 

The results of the present investigation did not conform entire

ly to expectations. Although there resulted a trend in which perfor

mance differences between children and adults were largest on language 

measures, intermediate in size on spatial problem-solving measures and 

smallest on measures assessing rapidity and flexibility of thought, 

statistical analyses did not reveal the differential on this last meas

ure to be significantly smaller than that on tests of spatial problem-

solving. However, all other comparisons were significant. The perfor

mance differential between age groups was significantly smaller on 

spatial problem-solving measures than on those of language and consid

erably smaller on measures assessing rapidity and flexibility of 

thought. 

While these findings diverged somewhat from those which were 

predicted, they nevertheless suggest that performances on standardized 

intelligence tests are more contingent upon educational experiences 

than those on Color Form and Progressive Figures. In fact, the differ

ence between age groups in the rank orders is so small on these latter 

measures as to suggest almost no effect of educational experience, at 

least after seven years of age on the average. Although spatial 

problem-solving measures do not, by themselves, appear to differ from 

Color Form and Progressive Figures in this respect, they comprise only 

a portion of standardized intelligence tests; measures of language 

20 



21 

ability comprise a substantial portion also. Thus overall performances 

on standardized intelligence tests appear to be more highly contingent 

upon educational experience than those on Color Form or Progressive 

Figures. 

One implication of this finding is that Color Form and Progres

sive Figures may yield more stable performances over time than stand

ardized intelligence tests. This suggestion is made because of studies 

which indicate that the inconstancy of the IQ may, in part, result from 

the influence of educational experiences on test performances. (Bloom, 

1964.5 Crissey, 1937; De Groot, 1951; Jacobsen et al., 1971; Newman, et 

al., 1937; Wellman, 194-0*) If so, Color Form and Progressive Figures 

could be more accurate for the prediction of adult achievement potential 

in young children. The results of the present investigation, however, 

represent only a beginning in determining the utility of Color Form and 

Progressive Figures for this purpose. Many aspects of the issue remain 

to be evaluated. 

One step in a further assessment of these measures would be to 

evaluate Color Form and Progressive Figures separately. Although these 

measures are very similar in their task requirements, those of Progres

sive are somewhat more complex and performances may be more contingent 

than those of Color Form upon educational experience. If this is the 

case, than performances on Progressive Figures may not be as stable as 

those on Color Form and therefore not as useful in the assessment of 

intellectual potential. 

A longitudinal investigation would also provide important 

information concerning Color Form and Progressive Figures. Although 



22 

the results of the present investigation clearly suggest that group 

differences between children and adults are smaller on Color Form and 

Progressive Figures than on standardized intelligence tests, all indi

vidual differences may not be. As occurs in any cross-sectional 

investigation, these differences have been "averaged out;" they can be 

brought to light only by measuring the child and adult IQ's of each 

individual. A more important procedure would be to assess each individ

ual between childhood and adulthood a number of times; in fact, this 

would be the only definitive means of determining the longterm relia

bility of performances on Color Form and Progressive Figures. 

A longitudinal study would also reveal whether or not all 

children's performances on Color Form and Progressive Figures tend to 

stabilize at or near seven years of age. If they do not, the lowest 

cut-off at which an individual's performance could be reasonably 

assumed to be at its highest level would need to be determined. This 

would be especially important if the longitudinal evaluation revealed 

that the curve of a child's performance is very steep on Color Form 

and Progressive Figures before it reaches its ultimate level. In this 

instance, a slight error in estimating the appropriate age for evaluat

ing a child's performance on these measures could result in a gross 

underestimation of his or her intellectual potential. 

Another factor which will affect the utility of Color Form and 

Progressive Figures for the prediction of intellectual potential is 

their sensitivity to differences in levels of intellectual ability. In 

the present investigation, this is particularly questionable since the 

small performance differences between age groups on Color Form and 
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Progressive Figures may be an indication that these measures are not at 

all discriminating. If they are not, they will obviously be useless for 

the prediction of adult achievement potential regardless of how stable 

performances on these measures may be. 

Although indirect, the results of an investigation by Reitan 

(1974) provide some evidence to the contrary. He compared the perfor

mances of normal and brain damaged children on 41 different measures and 

found Color Form to rank 18th and Progressive Figures 12th in its capac

ity to distinguish between the two groups. This finding suggests that 

both measures may be highly sensitive to differences in intellectual 

functioning. That they may be even more so than standardized intel

ligence tests is suggested in the results of another study conducted by 

Reitan (1974)• He demonstrated that a measure which is similar to Color 

Form and Progressive Figures, the Trail Making Test (Reitan 1974)> 

distinguishes better than standardized intelligence tests between 

normal and brain damaged individuals. Both Color Form and Progressive 

Figures were developed to be similar to the Trail Making Test in their 

task requirements (Reitan, 1974)* 

An additional source of evidence which has implications for the 

discriminability of Color Form and Progressive Figures is the present 

investigation. Since they support the hypothesis that performances on 

Color Form and Progressive Figures are less enhanced by educational 

experiences than those on standardized intelligence tests, they suggest 

that these measures may be more sensitive than standardized intelligence 

tests to differences in intellectual ability. This is because a number 

of investigations have indicated that the sensitivity of a measure to 



brain damage may be inversely related to the contingency of performances 

on educational experiences. Halstead (194V) first suggested this possi

bility after studying a number of subjects with up to one-fourth of 

their cerebral hemispheres removed. He found that while their perfor

mances on standardized intelligence tests were in the normal to superior 

range, their performances on a measure much less contingent upon educa

tional experiences, the Halstead Category Test (Halstead, 1947), were 

clearly abnormal. The findings of Cattell (1963) support the distinc

tion between abilities which are contingent upon education and those 

which are not. Cattell suggests the latter are more susceptible to 

brain damage. 

One obvious limitation of the foregoing studies lies in the 

subjects which were used for comparisons; while in the present investi

gation it is of interest to know how Color Form and Progressive Figures 

distinguish levels of intellectual ability in normal individuals, the 

comparisons made have been between normal individuals and persons who 

have sustained brain damage. Although the findings of such studies 

represent some basis for hope that Color Form and Progressive Figures 

will meet the criteria specified, they must still be viewed with consid

erable caution. One reason is provided by Goldstein (1942). He main

tains that brain damage results in qualitative changes in brain func

tioning. If so, Color Form and Progressive Figures may not be suitable 

for distinguishing between individuals of normal brain functioning whose 

differences in intellect, as implied by Goldstein, are primarily quanti

tative. Another limitation is that differences between the levels of 

intellectual functioning of two normal individuals are obviously smaller 



and more subtle than they are between most normal and brain damaged 

individuals. Thus a measure which distinguishes between the functioning 

of a normal and brain damaged individual may not be sensitive enough to 

discriminate between two persons of normal brain functioning. Addition

al research will be required to further clarify this issue. 

Another important issue is whether or not performances on Color 

Form and Progressive Figures correspond to those in areas of intellec

tual functioning which are considered to constitute achievement. This 

might be investigated by examining the correlation of an individual's 

performance as a child on Color Form and Progressive Figures with his 

performance as an adult on a measure of achievement. While one short

coming with this procedure is that individuals do not always develop to 

their fullest potential, this could be partly compensated for by includ

ing only highly motivated children in the investigation. This minor 

alteration would help to more definitively reveal the validity of Color 

Form and Progressive Figures for the prediction of adult achievement 

potential. 

One shortcoming of the present investigation which deserves 

consideration concerns the selection of subjects. Chemists and direc

tors of departments far outnumber all other occupational categories. 

The possibility must be considered that this circumstance produced a 

bias in the intellectual characteristics of the adult subjects. In 

any future investigations similar to the present one, an attempt should 

be made to represent the different occupational categories equally. 

Another shortcoming concerns the use of McCall's T-scores. 

After completion of the present investigation, it became apparent that 
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the ranking of scores involved in this procedure might have resulted in 

bias. In addition, this bias could have occurred in either direction. 

If the variability in raw scores was great, ranking would have reduced 

this variability and thus brought the mean performances of the two age 

groups closer together. This reduction could have been especially great 

if there were an absence of overlap in the raw score performances of 

children and adults. No matter how far apart these raw scores were, 

ranking would have reduced this difference to one rank. Bias in the 

opposite direction could have resulted if the raw score performances for 

one age group were skewed toward the combined age group mean and the raw 

score performances of the other group were either normally distributed 

or also skewed toward the combined group mean. Ranking would have 

eliminated the skew, thus making the mean performances of children and 

adults further apart. The use of McCall's T-scores is thus a serious 

flaw in the present investigation. A better procedure would have been 

to convert raw scores directly into standardized scores without ranking. 

How generalizable are the results of the present investigation? 

While subtests from only two standardized intelligence tests were used 

for a comparison of age groups, the finding that performance differ

ences between children and adults may be much smaller on Color Form and 

Progressive Figures should hold true when Color Form and Progressive 

Figures are compared with other standardized intelligence tests as well; 

most standardized intelligence tests are very similar in the measures 

which comprise them. 

Other generalizations also seem warranted. Since a variety of 

language abilities were evaluated, there appears to be an adequate basis 



for expecting performance differences between age groups on Color Form 

and Progressive Figures to be smaller than those on many other, but not 

all, measures which emphasize language abilities. The variety of 

spatial problem-solving measures used suggests that many other spatial 

problem-solving measures may show performance differences between 

children and adults which are much closer to those found on measures of 

rapidity and flexibility of thought than are performance differences 

between age groups on language measures. 

Much less justifiable are any generalizations concerning the 

characteristics of those measures which will yield small performance 

differences between children and adultB. While in the present investi

gation, these measures were those which emphasize the assessment of 

rapidity and flexibility of thought, tests of other abilities may yield 

comparable results. The finding that the differential between age 

groups on measures like Color Form and Progressive Figures were not 

significantly smaller than those on measures of spatial problem-

solving suggests one possibility. Also unwarranted is the conclusion 

that small performance differences will result using any measure on 

which performances are only minimally enhanced by educational exper

iences. It may be that other abilities exist which are equally 

immune to these factors after Beven years of age, but which will 

continue to develop as a result of genetically determined biological 

factors. Some evidence for this possibility are the findings of 

lakovlev (1976). He has found that changes in the tertiary sulcation 

of the brain continue until the tenth year of life. Thompson (1982) 

maintains that myelination, synaptogenesis and elaboration of dendrites 



continue until the age of 30. While these physical changes are not 

necessarily accompanied by changes in intellectual ability, their occur-

rance is sufficiently compelling to warrant a serious consideration of 

the contribution of biological factors to the development of certain 

abilities even into the adult years. 



CONCLUSION 

It has been suggested that Color Form and Progressive Figures 

may differ from standardized intelligence tests in showing (1) less 

susceptibility to the influences of educational experiences and (2) 

more sensitivity to differences in intellectual ability. Together, 

these findings strongly suggest that measures like Color Form and 

Progressive Figures may have advantages over standardized intelligence 

tests for the prediction of adult achievement potential. However, if 

as suggested earlier, a child's potential to achieve does not neces

sarily correspond to his ultimate level of achievement, it remains to 

be determined how a measure of potential may be useful. 

One possibility would be to compare performances on these 

measures with those on standardized intelligence tests. By comparing 

a measure of potential with one of achievement, one could possibly 

determine the extent to which an individual has developed his or her 

inherent capabilities. For example, the finding that an individual 

has performed well on a measure of intellectual potential but poorly 

on a measure of intellectual achievement would indicate that he has 

not developed his potential as fully as possible. The opposite 

finding, i.e. that an individual has performed poorly on a measure 

of intellectual potential but well on a measure of achievement 

would be indicative of overachievement. 
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Why would this information be important? In the case of the 

underachiever, it would be apparent that a further evaluation was needed 

to determine why the individual was not performing as well as possible. 

Provisions could then be made to place him in an environment more condu

cive to the development of his abilities. The overachiever might be 

helped through the alleviation of pressure to perform. When expecta

tions are too high, the result can be the opposite of that which was 

intended; an individual may perform more poorly than he would have 

otherwise. 

A comparison of intellectual potential with intellectual 

achievement is not a new idea. In the Diagnostic and Statistical Manual 

of Mental Disorders (American Psychiatric Association, 1980), the sug

gestion is made that intellectual potential and achievement be compared 

in order to diagnose developmental disorder. But all similarities with 

the suggestions made in the present investigation end here. The measure 

suggested for the assessment of intellectual potential is a standardized 

intelligence test. 

The work of Kaufman, Kaufman, Kamphaus, and Naglieri (1982) 

represents a step forward in viewing IQs as measures of achievement. 

But his recommended measures of intellectual potential still appear to 

possess shortcomings. Several of them are almost identical to subtests 

found on such standardized intelligence tests as the Wechsler Adult 

Intelligence Scale (Wechsler, 1955). His Triangles Test, for example, 

differs from the Block Design subtest primarily in its use of triangular 

rather than cubic stimuli; otherwise, the demand characteristics of the 

tasks are the same. Other measures used by Kaufman et al. are not 



scored along a continuum of performance but simply assess whether a sub

ject passes or fails the test. For example, his Face Recognition test 

requires that the subject select from a photograph the one or two faces 

that were briefly exposed in a preceding photograph. Such measures 

appear to have too low a ceiling for performance and a very limited 

capacity for distinguishing between levels of intellectual ability. 

This shortcoming does not exist for Color Form or Progressive Figures 

since levels of performance are measured in the time required to com

plete the task. Thus, performance falls on a continuum and is not 

restricted by a ceiling effect. 

Clearly much research remains to be done concerning the valid

ity of Color Form and Progressive Figures for the purpose of assessing 

adult achievement potential in young children. While the efforts 

required for this endeavor could prove considerable, they would also 

be highly worthwhile. An evaluation of an individual's intellectual 

capabilities often has considerable influence in determining his future. 

Any means of improving the accuracy of these assessments would have 

obvious importance. While no measure will ever be able to insure 

against all inaccuracies, the research of the present investigation 

suggest that measures like Color Form and Progressive Figures have 

considerable promise for reducing errors in prediction below that which 

occurs using standardized intelligence tests. 



APPENDIX A 

DESCRIPTIONS OF MEASURES 

The following represent descriptions of measures used in the 

present investigation. 

Color Form (Reitan & Davison, 1974) 

The material for the Color Form test is an 8&" by 11" sheet of 

cardboard printed with stimuli of various geometrical shapes and colors. 

The subject's task is to trace an imaginary line from one stimulus to 

another, first on the basis of shape, then on the basis of color, then 

shape, then color and so on until reaching the final stimulus. Thus the 

subject moves from the initial figure to one having the same shape even 

though the color is different, then proceeds to a figure that is differ

ent in shape but which has the same color, and continues to alternate in 

this fashion until touching the last figure. The subject's score is the 

time it takes to trace a line from the first to the last figure. 

Progressive Figures (Reitan & Davison, 1974) 

The material for the Progressive Figures test is an 8|" by 11" 

sheet of paper on which is printed eight stimulus figures. Each figure 

consists of a large outside figure (such as a circle) and a smaller 

figure of another shape inside (such as a square). The subject's task 

is to trace a line from one stimulus to the next using the smaller 

inside figure as the clue for progressing to the outside shape of the 
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next stimulus figure. For example, if the subject's pencil were to be 

resting on a large circle enclosing a small square, the next move would 

be to a figure which had a large square enclosing another smaller fig

ure. In this way, the subject progresses from inside figure to outside 

figure until reaching the last stimulus. The subject's score is the 

time it takes to connect all of the figures. 

Tactual Performance Test (Reitan & Davison, 197-4) 

This measure represents a modification of the Sequin-Goddard 

Form Board. Before beginning the test, the subject is blindfolded and 

is not permitted to see the form board or blocks at any time. The sub

ject begins the test by placing the blocks into their proper spaces on 

the board using only the preferred hand. Next, without having had 

prior warning, the subject performs the same task again, but this time 

using the other hand. Finally, the subject performs the task once more 

using both hands. The times required for completion of each part of the 

task are recorded and used to derive a number of scores. Memory of the 

blocks and their locations are also used as measures of performance. 

Wechsler-Bellevue Form II (Wechsler, 194-4) 

This test is an individual measure of intelligence for adults. 

It is comprised of a number of verbal and performance subtests. They 

are the following. The verbal subtests are Information (a test of 

general information), Comprehension (understanding of statements that 

have a certain degree of complexity or social significance), Digit Span 

(repetition of digits in both a forward and backward order), Arithmetic 

(solution of arithmetical word problems presented orally), Similarities 



(explanations of the common category or meaning of pairs of words), and 

Vocabulary (definitions of words). The performance subtests are Picture 

Arrangement (requires the subject to arrange pictures in a proper se

quence to tell a meaningful story), Block Design (requires the subject 

to duplicate spatial configurations shown on cards using a set of col

ored blocks), Object Assembly (similar to a jigsaw puzzle and requires 

the subject to put the parts together to complete a whole figure), 

Picture Completion (requires the subject to identify a missing part in 

each of a series of pictures) and Digit Symbol (requires the subject to 

substitute symbols for numbers using a code that is presented with the 

test). 

Wechsler Intelligence Scale for Children (Wechsler, 194-9) 

This test is an individual measure of intelligence for children 

ages 5 to 15 years. It contains similar versions of all the subtests 

included in the Wechsler-Bellevue Form II with the exception of Digit 

Symbol. In addition, this measure contains two subtests not included 

in the Wechsler-Bellevue Form II, Coding and Mazes (neither measure was 

used in the present investigation and will not be described). 



APPENDIX B 

DESCRIPTIONS OF ALTERATIONS IN THE MEASURES 

The following describe alterations in the measures used in the 

present investigation. 

Color Form. Adults and children were administered identical 

tests. No alterations for comparability were necessary. 

Progressive Figures. Adults and children were administered 

identical tests. No alterations for comparability were necessary. 

Tactual Performance Test. Children and adult versions differ 

only in the number of blocks requiring placement. Six blocks are 

utilized in the former, while 10 blocks must be manipulated in the lat

ter. Also, the children's board is placed in a horizontal position, 

while the adult's board is vertical. The arrangement of geometrical 

shapes on the form board is identical for both versions. Comparability 

between measures was achieved by converting the total performance time 

into time required for placement of individual blocks. 

Wechsler-Bellevue Form II and Wechsler Intelligence Scale for 

Children. Only some of the subtests from these measures were used in 

the present investigation. They were the following. 

1) Arithmetic: Eight items from the WB-II are identical to 

those in the WISC. One additional problem differs only in 
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the nouns to which the numbers refer and was thus included 

in the comparison. All answers of both children and adults 

were rescored according to WB-II criteria. This was done 

for greater discriminability since extra credits are possi

ble for some questions in the WB-II but not the WISC. 

2) Block Design: Seven items in the WB-II are identical to 

those in the WISC. Scoring of responses was based on 

criteria for the children's test, but such a choice was 

arbitrary since both versions allot time credits and thus 

are similar in terms of discriminability potential. 

3) Comprehension: Seven items from the WB-II are identical to 

those on the WISC. Although specific examples of acceptable 

answers are not exactly the same in both versions, the 

general guidelines for assessing the quality of responses 

are identical. Original scores were thus retained since 

the amount of credit assigned responses was identical for 

both versions. 

4) Digit Span: Twenty-eight items from the WB-II are identi

cal to those in the WISC. Two items differ only in the 

sequence of numbers used and were thus included in the 

comparison. Original scores were utilized. 

5) Information: Twenty-eight items in the WB-II are identical 

or very similar to items in the WISC. Those items which 

are not identical differ only subtly in their wording or 

syntax. Scoring for the two versions of this subtest also 



differ. Thus all answers for both children and adults were 

rescored according to WB-II criteria. 

6) Object Assembly: Three items on the WB-II are identical to 

those on the WISC. Both children and adult versions were 

arbitrarily scored almost exactly according to WB-II crite

ria. Non-perfect performances, however, were assigned 

scores of zero because rules for deducting points were not 

equivalent for both test versions and because there was no 

way of determining each subject's arrangement of pictures. 

7) Picture Arrangement: Six items from the WB-II are identical 

to those on the WISC. Scoring was done according to WB-II 

criteria because of greater potential for discriminability 

between performances. 

8) Vocabulary: Fourty words in the WB-II are identical to 

those in the WISC. Although scoring criteria differ in 

terms of some of the specific examples of acceptable an

swers, the general requirements for assigning credit are 

the same. Original scores were used for comparisons. 
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