




































































































  

MENTAL GROWTH CURVE 51 

error per 10,000 on 2 P. E. and 8 P. E. exist for the other predic- 

tion series, the only difference in each case being the size of the 

P. E. The P. E. of estimate for the second examination is very 

nearly the same as that reported by Rosenow (20) which was 

3.988. 
The size of the P. E. obviously depends on the size of the co- 

efficient of correlation for the particular comparison involved. 
At first thought one might expect that an increase of interval be- 

tween the examinations would result in a larger error of estimate. 

An increase in the probable error of estimate was, in fact, ob- 

served to take place in the prediction of the third from the first, 

where the interval was lengthened by one year. As was noted 
in connection with the correlations, however, the coefficient does 

not decrease regularly with an increase of the interval, but re- 

flects the general habituation and improvement that has taken 

place and the tendency for each individual to find and remain at 

his characteristic level. 

The calculation of the regressions and of the probable errors 

of estimate is of no special significance for this particular group, . 

since the later I. Q.’s are already known. The real value of the 

procedure lies in utilizing the knowledge in regard to the corre- 
lation between earlier and later examinations for predicting the 

later I. Q. of other children who have received only the earlier 
examination. Chart X shows there is a conspicuous increase in 

the positive and a decrease in the negative differences observable 

where the group has had considerable opportunity for becoming 

adjusted to the examinations. It is not possible from the data at 

hand to make an exact determination of the amount of error of 

prediction for various intervals of examination since all of the 

children in this group have had repeated measurements in be- 

tween, which influences the size of the correlations for the longer 
intervals. In order to determine how accurately one may pre- 

dict a child’s I. Q. one year later, two years later, etc., the corre- 
lations will have to be obtained on a sufficient number of children 
at each examination interval without intervening practice. In 
the absence of such long-time data, one can say that it is possible 

to predict a child’s I. Q. with a probable error of from 4 to 7 
points. Larger amounts of error would of course occur at the 
extremes of distribution. That such extreme variations do occur 
is shown by numerous cases in Table XII; for example in the
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ease of number 10, a difference of 23.2 exists between the pre- 

dicted and obtained third I. Q. 

The concept of a stable I. Q. involves a supplementary concept 

of a sort of initial acceleration or impetus of mental growth 

which predetermines the rate and level at which mental progress 

takes place and results in an approximately constant I. Q. The 

intelligence quotient could not, however, remain constant if 

serious fluctuations in the individual’s rate of mental growth 

occurred, 

If it should be proven that at certain ages children normally 
grow at an increased rate, the usefulness of the I. Q. would be 

considerably limited. It would always be of value still in de- 

termining the relative mental status of children of the same age 

but it would lose much of its prestige as a convenient diagnostic 

instrument for predicting the status of a child at later stages of 

its mental growth. In a previous chapter we have shown that 

considerable fluctuation in the rate of mental growth occurs, 

notably a sharp rise in the mental age curve at the approach of 

adolescence. This general intellectual renaissance is apparently 

a function of physiological age, occurring earlier in girls than in 

boys and earlier in children of superior intellectual endowment 

than in those of merely average ability. The inevitable result 

of this phenomenon is an increased I. Q. which in many cases 

could not have been predicted from the child’s intellectual status 

at an earlier age and which would be a very unsafe basis in 

certain instances for inferring at the age of puberty what his 

earlier I. Q. had been. Prediction would still be possible, however, 

if one had a complete knowledge of the normal irregularities in 

mental growth at different ages. 

Summary aNp CoNncLUsIONS 

1. The tabulated results of individual cases show that the I. 

Q. is only approximately constant during successive examinations. 

2. Considering each child’s deviation from his mean I. Q. ex- 

pressed as a per cent of his mean I. Q. there is a tendency for 
the girls to be more variable than the boys, for the superior chil- 
dren to be more variable than the average children, and for the 
older children to be more variable than the younger. 

3. Considering the difference between the first and second ex- 

amination the larger number of cases show a difference of less 

than five points (— or +) in I. Q.; between the first and other



  

MENTAL GROWTH CURVE 53 

later examinations with intervening practice, many more cases 

show greater amounts of difference, the positive differences be- 

coming more and more marked. 

4, With the change expressed as a per cent of the previous 

I. Q. there is a slightly greater change in the positive direction 

for superior children, due probably to the fact that these profit 

more readily by practice. 

5. No final determination can be made of the effect of chrono- 

logical age or of the interval between examinations on the change 

inchs Qs: 

6. The coefficients of correlation between all examinations 

within the four groups are high and reliable, ranging from +.72 

+.05 to +.98 +.02, showing that they may be used as a basis for 

prediction. The correlations are probably only slightly modified 

by the personal equation of the examiners. 

7. The value of the probable error of prediction lies in utiliz- 

ing the knowledge in regard to the correlation between earlier 

and later examinations for predicting the later I. Q. of other chil- 

dren who have received only the earlier examinations. The P. E.’s of 

estimate range between 4.2 and 7.0 for the prediction of the 

second, third, fourth and fifth examination from the first. 

I. THE RELATION BETWEEN PHYSICAL AND MENTAL 

GROWTH 

1. Data. During the time that the psychological examinations 

were being made, physical measurements and x-ray photographs 
were taken with a view to analyzing the physical status and de- 

velopment of the children. A description has been given in an 

earlier study of the technique of taking the height and weight 

measurements and determining the area of the exposed surface 

of the carpal bones which serves as an index of anatomical de- 

velopment and is closely related to the physiological changes with 

their accompanying physical and mental phenomena. Mental 

measurements were also available for the children, some made 
on the same day as the physical examinations and others at vary- 

ing intervals with a few separated by as long a time as six 

months. 

2. Resemblances in the Mental and Physical Development of 

Brothers and Sisters. Among the children measured in the school 

in which our data were collected there happened to be a number 
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who were related to each other. Chart! XI shows the individual 

mental growth curves of two families in each of which three 

members had been given repeated measurements. Family A in- 

cludes a boy No.? 3, and two girls, Nos. 2 and 20, two of whom 

are superior to the mean for the superior children of this study. 

Family B includes two boys, Nos. 10 and 40, and one girl, No. 39. 

These children are closer to the mean, and the girl is below it for 

a considerable part of its course. The members of Family A 

show a certain resemblance in the smooth and even rise of their 

growth curves, whereas the curves for Family B are more irregu- 

lar and L. B. even shows periods of no measureable mental 

growth. There will be noted a similarity in the general trend 

1The norms on this chart are the mean for the superior and average children in this 

study. 
2These numbers correspond to those assigned to individuals in the tables of original 

data.
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of the mental growth curves of the brothers in Family B, and 
also of the sisters in Family A. 

8. Mean Mental Age of Physiologically Accelerated and Re- 

tarded Children. The children included in this study were di- 
vided into 4 groups on the basis of general physical development. 

Group 1 consisted of the boys whose height and weight were 

above the norms for their age, and Group 2 of the boys whose 

height and weight were below the norms, or very close to the 

norms in one or the other of these two measurements. Group 1 

consisted then of physiologically accelerated boys and Group 2 

of physiologically retarded boys, since it has been shown by Bald- 

win (1) and (3), that height and weight are closely correlated 

with physiological maturation. This division was made on the 

basis of the physical measurements without knowledge of the 

mental age of the child. A similar division into two groups was 

made for the girls. 

The corrected mental ages of the children in each of the four 

groups were then averaged for each chronological age as shown 

in Table XIV. The mean mental age of physiologically acceler- 

TABLE XIV 

Mean Mentat AGE IN MONTHS OF PHYSIOLOGICALLY ACCELERATED AND 
RETARDED Boys AND GIRLS 

Chronological Boys Girls 

Age Accelerated | Retarded | Accelerated | Retarded 

72.0 62.8 TAA 57.6 
89.4 83.2 81.3 79.0 

101.3 97.1 99.9 95.0 
118.2 110.8 114.6 107.0 
131.1 120.3 128.6 119.1 
142.4 131.0 141.1 181.0 
155.3 137.6 151.2 144.3 
171.1 150.1 176.7 168.2 
179.0 158.4 (182.5) 189.2 
194.2 166.2 194.9 183.7 

  

ated boys is uniformly higher than the mean mental age of re- 
tarded boys. For the girls the same holds true with the exception 

of age 13, where the mean (printed in parenthesis) is too low 

because of the inclusion of the measurements of some girls who 

were of superior intellectual ability but of the very tall, thin type. 
This table confirms the findings of other investigators summar- 

ized in (2), who in general agree that superior mental develop- 
ment accompanies superior physical development as a rule. The 

first investigation to trace the correspondence between pedagog-
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ical acceleration and physical development by means of consecu- 

tive school marks and physical measurements was made by Bald- 
win (1) in 1914. 'The present study is the first to determine for 

the same individuals the relation between general physical status 

and mental growth as indicated by consecutive intelligence 

examinations. 

4. The Relation between Physical Traits and Mental Age. A 

correlation between height and mental age previously reported 

by Baldwin (2) was +.71+.04 for boys and +.62+.05 for girls. In 

the present study the particular mental age selected for each child 

was the one which had been determined nearest to the time of 

physical measurement. In no case was there more than a few 

months interval between the physical and mental measurement. 

The correlations obtained between height and mental age are for 

72 boys +.84 +.02, and for 61 girls +.89 +.02. The correlation 

between weight and mental age by Baldwin (2) was for boys 

+.68 +.04 and for girls +.56 +.06. In the present study the cor- 

relations for weight and mental age are higher, that is, for boys 

-+.86+.02 and for girls +-.77+.04. 

The significance of the growth of the carpal bones in rela- 
tion to general physical development was first emphasized by 
Rotch in 1910 and is summarized by Baldwin (3). In order to 

determine the relationship between anatomical age as indicated 

by the comparative development of the carpal bones and mental 

development as shown by the mental age rating, Pearson coef- 

ficients of correlation have been worked out by us. These coef- 

ficients give the first determination of the interdependence of 

these physical and mental traits. The coefficient of correlation 

between mental age and an index of anatomical age, (exposed 

area of the carpal bones of the right wrist) was for 54 boys 

+.873 +.021; for 50 girls +-.869 +.023. 
Earlier correlations between height and weight and the exposed 

area of carpal bones for a group of children were reported by Bald- 

win (8). The correlations between height and total exposed area 

of carpal bones of the right wrist were for boys +.88 +.03 and 

for girls +.73 +.05. The correlation between weight and area of 

carpal bones was for boys +.76 +.05 and for girls +.77 +.05. For 

this study the correlations between height and weight for boys 

was +.92 +.01, and for girls +.89 +.02. 

As has previously been pointed out by Baldwin (2) the size of 

these coefficients is increased by the wide range of ages. It is 
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possible to gain some knowledge of the influence of the age factor 

by the method of partial correlation. The results for 49 girls 

selected because of the completeness of the data, show the follow- 
ing intercorrelations of height, weight, X-Rays, mental and chrono- 

logical age. t bigs Rau 

TABLE XV 

INTERCORRELATIONS BETWEEN PHYSICAL TRAITS, CHRONOLOGICAL AND 

MENTAL AGE 

Chr. Age Weight Height Mental Age 

Age 
Weight 84 
Height 88 86 
‘Mental Age 88 ‘71 «89 
X-Ray 92 88 92 83 

  

The partial correlations with one factor constant for these same 
girls are given in Table XVI. 

  

TABLE XVI 

[PARTIAL CORRELATIONS BETWEEN PHYSICAL TRAITS, CHRONOLOGICAL AND 
MENTAL AGE 
  

  

  
Constants 

Traits Chron. ) Mental 
Age Age Height Weight X-Ray 

Height-Weight 57 -80 38 
Height-Chr. Age 41 52 16 
Height-Ment. Age 53 81 59 
\Height-X-Ray 62 73 65 
Weight-Chr. Age 66 30 14 
Weight-Ment. Age| —.15 —40 AL 
Weight-X-Ray 52 76 Bf 
X-Ray-Chr. Age 12, 62 ok 
'X-Ray-Ment. Age .09 04 63 
Chr.-Ment. Age AT 76 54 

  

The influence of chronological age is more important with some 
traits than others. For example the correlations between physical 
traits are very little influenced by keeping chronological age con- 
stant (+.89 to +.53). Although there is no correlation between 
weight or X-Rays and mental age for this group when chronolog- 
ical age is kept constant, there is a positive correlation between 
height and mental age. 
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Summary AND CONCLUSIONS 

1. There is a similarity in the mental growth curves of broth- 

ers and sisters. The resemblance between brothers and sisters is 

further shown in physical traits by the correlation of the height 

X-Ray and weight quotients and in mental traits by the corre- 

lation between the I. Q.’s. The correlations are higher for the 

physical traits than for the mental. 
2. The mean mental age of physiologically accelerated is 

higher than the mean mental age of physiologically retarded chil- 

dren. This study is the first to determine for the same individuals 

the relation between general physical status and mental growth 

as determined by consecutive intelligence examinations. 

3. The coefficients of correlation between height and mental 

age are high even when the influence of chronological age is elim- 

inated. 

IV. GENERAL CONCLUSIONS 

For years the literature has been full of statements in regard 

to the desirability of obtaining repeated measurements on the 

same children in order to study the process of mental develop- 

ment. The use of the Stanford Revision of the Binet scale even 

for the relatively short period of four years shows the unsuita- 

bility of this scale in its present form as a means for measuring 

mental growth. The limited number of alternative tests results 

in a certain practice effect on repeated examinations. Another 

defect of the present system of tests is the lack of a sufficient 

number of tests at the higher levels to measure the mental growth 

that apparently goes on in a bright young child even after the 

exhaustion of the 16 or 18 year old tests. It is commonplace in 

clinical psychology that a gifted child has more opportunity to 

gain a high I. Q. if measured early in his life where he has a 

greater range of tests in which to succeed. Theoretically it would 

seem to be a better measure of mental growth to use a combina- 

tion of point scales for specific mental traits, each scale to be suf- 

ficiently extended to measure whatever ability exists and the whole 

system to include a sufficient variety of traits to afford a general 

measure of the development of the individual. 

The findings of this study have been summarized in detail at 

the end of each section. A survey of these results show the im- 

portance of many factors influencing mental growth processes,
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and producing differences in the mental growth curves of boys 

and girls, and of children of superior and average ability. 

An analysis of the individual growth curves shows that the I. 

Q. is only approximately constant during successive examinations. 

The amount of difference between I. Q.’s obtained at various ex- 

aminations is sufficiently small, and the correlations between the 

examinations are sufficiently high with small probable errors of 

estimate, to permit of predicting from an earlier examination 

what the individual’s later development will be. 

The most significant outcome of this study is the empirical de- 

termination of the mental growth curve and the establishment of 

the close interrelation between mental and physical development 

as shown by the general similarity between growth in height and 

in mental age, the rise in the mental age curve at the adolescent 

years, the superior mental development of physiologically accel- 

erated children, and the high correlation between mental age and 

height. 

It is evident that mental age ratings by the present scale are the 

result not only of native intelligence but also of the degree of 

physiological acceleration over that which is normal for the age. 
This latter factor is of extreme importance in any educational or 

social treatment of the individual. A high I. Q. reflects this fac- 

tor as well as the general intelligence that it is designed to 

measure.
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