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INTRODUCTION

When an unselected sample of rats is put to the task of learn-
ing a complex 17-unit alley maze, marked individual differences
in the final plateau appear. What is the psychological nature
of the differences between the animals when they reach their
several plateaus?

Theory of sign-learning components

One may postulate that the skilled performer follows specific
cues in his errorless runs. He is the expert “sign-learner” in
the maze situation. Theoretically, one could analyze his behav-
ior into a complex of stimulus-response connections—the dif-
ferential -visual, auditory, tactual, olfactory, kinesthetic, and
other sense cues constituting the ‘“‘signs” to which his “correct”
movements have been associated by conditioning. Rats differ
widely and consistently in sign-learning, as experiments with
discrimination boxes show (13). Hence, one may postulate that
individual differences in plateau performance are due to differ-
ences in capacities for sign-learning. We may call such deter-
miners “sign-learning components.” If one postulates these
factors as the exclusive determiners of final skill, one would

1 The writer wishes to express his indebtedness for financial assistance in the
form of grants-in-aid from the National Research Council, the Carnegie Corpora-
tion of New York, and the Research Board of the University of California.
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assume that the stimulus differences upon which the learning
depended are above all rats’ thresholds.

Theory of sense-acuity components

One may assume, on the other hand, that sense-organ effi-
ciencies are the major components of maze behavior. Rats
doubtless differ widely in their acuity thresholds in the various
sense-modalities. Though admitting that rats are directed by
sense cues, a proponent of the sense-acuity theory would believe
that the major determiners of individual differences in final skill
are acuity differences in the animals. On this theory, one would
hold that rats would perform similarly if they could perceive
cues equally well.

The above two theories may be termed theories of sensory
componenis since both assume that performance is determined
by the responses of the animals to specific stimulus features
presented to the animals in maze running. Neither theory
postulates necessarily the existence of a single component, for
there may be multiple sign-learning or sense-acuity components.
One may, indeed, postulate the operation of both types of com-
ponents.

Theory of generalized directional components

One may assume, however, that the final skill is not determined
by responses to specific stimulus features. Differences in per-
formance depend on the capacity or capacities of the animals
to evolve generalized directional “‘sets.” These abstracted sets
determine his movements at choice points. Performance dif-
ferences do not turn on differences in sense efficiencies or in sign
learning. Stimuli serve only as data on the basis of which the
animal constructs or abstracts directional sets that determine his
final efficiency. Ample stimuli are supplied to all animals for the
development of an adequate ‘“‘conception’ of the true maze path.
Even from different modalities, sensory data may be supplied,
and from these, ‘“‘correct”’ directional sets are educed by the
animal. Since the generalized postural sets are in the nature of
abstractions, after the animal has educed them, one may, within
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wide limits, unsystematically vary the stimulus features of the
maze, and the animal could continue his correct performance, for
it is controlled by directional abstraction and not by sensory
signs. Individual differences in performance at the plateau
would reduce to differences in capacity to educe or evolve these
relational directional abstractions.

It is theoretically possible, of course, for final efficiency to
involve the interaction of the three types of components: the
bright rat may be the one with the best sense efficiencies and thus
perceive more crucial stimulus features, he may be better able to
associate specific cues with certain paths and actually do so in
parts of the maze, and he may more readily develop generalized
directional abstractions regarding the ‘“plan” of the maze. Rats
doubtless differ in sense efficiencies, sign-learning capacity, and
ability to evolve generalized directional sets. The question as
to the extent to which these cognitive components enter into
complex maze learning constitutes our problem, which clearly
lends itself to experimental investigation.

In a previous paper (12), the writer reported evidence indicat-
ing that the visual stimuli of the alley maze were apparently
quite unimportant to the rat in the maze studied. The results
led the writer to reject the possibility of visual components being
the determinant of differences in maze ability and to postulate
that the differences resided in “capacity for association.” This
last phrase was not analysed further, and was simply put forth
to indicate that the important differentia constituted some sort
of internal integrating capacity. No evidence was available to
indicate the r6le of sense acuity in other modes than vision, and
no evidence was presented to indicate whether the ‘““capacity for
association” referred to simple stimulus-response connectability
or to a more generalized mode of association.

The present paper proposes to describe experiments? the results
of which lead one to reject the possibility of acuity differences in
other sense modes than vision determining maze ability, and

2 The reader will not be burdened with a superficial summary of previous work
on the sensory control of the maze habit. A bibliography may be found in the
monograph on this subject by Honzik (4). .
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further to describe the methods and results which have enabled
us to decide that differences in maze ability are determined by
relational-set formation rather than by simple S-R connectability.
The method in these experiments required the rats to run nine-
teen trials on the 17-unit T-maze. By the nineteenth trial
the effects of practice ceased—as a group and as individuals the
rats reached their several plateaus. Analysis shows that there
are marked differences between rats in final efficiency and that
these differences are determined primarily by hereditary causes.
If these fundamental hereditary causes primarily operate as
determiners of differences in the sense acuities so that differences
in maze ability are caused by the animals being differentially
capable of discerning cues in the maze, then by the simple pro-
cedure of disrupting the cues in the maze, we would disrupt in-
dividual differences in efficiency. For example, if a rat is bright
because he has inherited a superior olfactory apparatus which
enables him to pick up and be guided by distinctive olfactory
cues in the maze, then if we disrupt such cues, he should lose his
efficiency. If we find by disruption of olfactory cues that the
animal still runs the maze perfectly, we know that he is not bright
by virtue of olfactory superiority. If, for the full array of rats,
the correlation is high between a trial with olfactory cues present
and a trial with such cues disrupted we know that the factors
causing individual differences in ability are not mediated through
olfaction. Further, if no disruption occurs, we have also elim-
inated the second possibility of efficiency being determined by
simple olfactory stimulus-response association ability.

This technique has been used in all of the experiments reported
below. In each, the animals were run to a plateau, then they
were given several ‘“test trials’”’ in which cues of the various sense
modes were disrupted in various ways. In the first experiment,
all the visual, olfactory and tactual cues associated with the
portable choice points and curtains were disarranged in the
test trial by simply interchanging the choice points and curtains.
In the second, all visual cues were completely withdrawn by
running the animals in complete darkness. In the third, fixed
serial kinesthetic cues were disrupted in the test by ‘‘short-
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cutting” the animals in the maze, that is, by leaving out a sec-
tion of the maze and permitting the animal to go directly from
unit 2 into unit 7. If an animal is bright because of a superior
ability to sense proprioceptive stimuli or to form simple serial
kinesthetic associations such disruption of the serial order should
reduce him to ignorance of the maze pattern after the short-cut.
In the fourth and fifth experiments, stimuli of all modalities were
obliterated or disarranged on the test trial by running the animals
in the dark, short-cutting them, interchanging the units, ete.

If, despite such violence done to the stimulus field, there still
remains a high correlation between the period of “fixed stimuli”
and the test period of “disarranged stimuli,” the factors causing
individual differences must not reside in differential sense acui-
ties or capacity to make simple S-R connections, but must be
mediated through a higher generalizing, abstracting capacity.

EXPERIMENTAL DETAILS AND ANALYTICAL METHODS
The maze

The maze used consists of seventeen T-units arranged in the
pattern shown in figure 1. Each T-unit is like that shown inset
in the figure, consisting of a stem, choice-point, blind, true path,
and generally an elbow or corner. A one-way door is in the
stem, one curtain in the blind, another in the true path. All parts
and sections of each T are removable. Except the choice-point
which has a stationary floor, the floors of the blind, stem, and
true path balance on a central fulerum so that as the animal steps
on them they dip slightly, causing an electrical contact to be
made underneath which transmits an electrical impulse to a
recorder. The animal thus writes his path on a running tape.
By means of a revolving table each animal is debouched into
the maze and “picked up” after his run. Full details of the
construction and operation of this apparatus are given else-
where (8).

The animals

These experiments were adjuncts to an inheritance problem
(10, 13, 14) and the animals employed were subjects also in the
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inheritance problem. The animals were given nineteen trials
on the maze, the total number of errors made on these trials,
excluding the first, being the score on the basis of which ‘bright”
‘and “dull” animals were selected for breeding. The subjects
reported below were drawn from the P, F;, Fs, and F, generations.
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Fra. 1. FLoor PraN oF THE 17-UNIT T-MaAZE .
The dashed line beginning at TD, is the preliminary practice path. The
inset figure shows the detail of each T-unit. -

General procedure

Full statement of the procedure is given in previous papers
(8). Briefly, it consists in giving the animals eleven trials on a
practice path involving no choices but gradually introducing them
to the mechanical features of the maze. Then they run one trial
a day for nineteen days. The test trial in most of the experi-
ments reported below followed the nineteenth trial. In several
experiments, slight deviations from this procedure were intro-
duced but these will be mentioned in their proper place.
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Methods of analysing resulis

We shall analyse the effects of the sundry variations in the
stimulus field in two ways:

Effect on mean performance. In view of the high correlations
found between trials on this maze and of the fairly large number
of animals employed in each experiment the standard error of
the difference between means on consecutive trials is exceedingly
small, and the learning curve especially in the plateau period
before the test trial is generally smooth. If variation in the
stimulus features has any real effect in the test trials, the curve
will rise up out of the region of variation of means on the pre-
ceding plateau trials. Instead of calculating the standard error
of the difference between the means in the test trial and the
means in the preceding plateau trials, we shall use the more
empirical test of significance in which the actual variation of the
means in the preceding plateau period is used as evidence of
chance fluctuation of such means, and declare that if the mean
performance in the test trials lies outside of this actual preceding
variation of means, then the stimulus variation has a true effect
on the particular sample of rats employed.

In cases where a real loss of efficiency in the test trial is indi-
cated, the next question arises: What is the psychological signif-
icance of the magnitude of this loss? We need psychological
reference points against which to gauge this loss. One such
reference point is the final degree of improvement at the plateau
period. If this, for example, shows a mean score of zero errors,
this fact would indicate that all animals know the true maze
path perfectly. Whatever its magnitude, however, the plateau
level represents the mean limit of learning in the group. Now,
the obvious other psychological reference point is that represented
by no knowledge whatsoever of the maze. There are two methods
of determining this. The first is theoretical, and may be calcu-
lated for errors by determining the mean number of errors ex-
pected by chance. If each animal runs by chance, being equally
likely to make a correct as an incorrect choice, then the most
probable number of errors for N rats per trial would be for our
seventeen blind maze 8.5N.
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A criticism of the view that mean chance performance repre-
sents zero knowledge of the maze is that animals ignorant of
the maze may never run by chance. Much depends on the
pattern of the maze. The writer has analysed the entrances of
more than one thousand animals into each blind on the first
trial of their maze runs when, if ever, chance behavior should
manifest itself, and has found that rarely do blinds get fifty per
cent errors. For instance, in our maze, blind 15 earns eighty-
five per cent errors and blind 14 only twenty per cent on the first
trial. Thus, the theoretical chance performance cannot be used
uncritically as a criterion of ignorance. The second method of
determining zero knowledge is the empirical one of using the
mean performance of the animals on their first trial, when they
know nothing of the maze.

The importance of knowing the zero point of knowledge of the
maze is to discover to what extent a loss of efficiency in the test
trials is a return to ignorance. For example, if we blotted out
visual cues entirely in the test trials and found a real loss of
mean efficiency, it is important to know whether or not that loss
represents a return to complete ignorance. If the mean score
returned to the magnitude shown on the first trial we jshould
conclude that visual cues are the sole cues used in the maze
(neglecting for the moment the possibility of emotional upset or
distraction as being a factor). If the mean score showed only a
slight loss relative to the reference point of ignorance, then we
would know that other factors than visual were at work enabling
the animal to find his way correctly through the maze.

Effect on individual differences

One method of analysis consists in discovering whether or not
individuals take the same relative position in the plateau as in
test periods. For example, in the experiments where, in the
test trials, all apparently, relevant stimuli were varied, if the
correlation between the test trials and plateau trials approached
unity, we would conclude that the factors causing individual
differences were the same in the two periods. But since high
efficiency in the fest trials could not be due to superiority in
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discriminating stimuli or in simple S-R connectability, as all the
stimuli were translocated in this period, then the factors making
for superiority must represent some non-sensory function.
Another method of analysis consists in noting the number of
rats making errorless and high speed performance during the test
trial. For these rats it would appear unequivocal that their
performances were governed by non-sensory components.

THE EVIDENCE

Evidence indicating that trials immediately preceding the test trials
represent a plateau tn mean performance

Our technique requires that the animals plateau in learning
before variations in the stimulus field are introduced. If they
do plateau then the group serves as a ‘“‘control’” on itself in the
sense that, had the animals been run on into the test period
without disruption of stimuli, we know that they would continue
with the same statistical constants per trial. We thus may com-
pare the nmew statistical constants earned under the new test
conditions with the previous plateau constants just as if we were
actually dealing with two different groups: an experimental and
a control group. The two such theoretical groups would be
perfectly matched samples and not two random samples.

To establish unequivocally the presence of a plateau, we need
a large number of animals so as to smooth out sampling fluctua-
tions. The mean errors (1,170 rats) and mean time (1,160 rats)
per trial on successive stages of learning are given in table 1. For
errors, each mean value was secured by adding the total errors for
a stage of three trials, dividing this total by 3N to secure the aver-
age error per trial. The mean time was similarly figured for three
trial stages for 387 rats from generations F, to Fs. In the earlier
generations, P to F;, as the time data were totalled for successive
stages of two trials each in our computations, the total time of these
773 rats per stage was divided by 2N to give mean time per trial.
Note that in errors, from trials 14 to 19 there is no material change
in efficiency; in time, the F, to F, group show a slight loss, the
P to F; a slight gain during this period, but in general no im-
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portant changes over this period appear. We have therefore
termed the period .from trials 14 to 19 the ‘“‘plateau period.”

We conclude from these data (1) that were the animals to
continue for several trials beyond nineteen under unaltered
stimulus conditions the statistical constants of these later trials
would correspond closely to those of the plateau period, (2) that
any material changes of efficiency in the test trials following
trial 19 would be due to experimentally produced changes in the
stimulus field.

TABLE 1
Mean errors and time (5 second units) on successive stages of learning
Trials included in a stage enclosed in parentheses

- 3 5 8+9 1 2 14415
omume | N | @S GRS Sy | GRP | Wi | E
Errors.......| P to ¥y |1,170, 7.0 4.3 3.4 3.0 2.6 2.4
Time........ Fito¥Fe | 387 42.1 | 27.7 23.7 20.8 19.3 20.5
(z+l(4+ o+ 6+ |ao+ (1z+l(u+ as+| 08+
| H | |9 1w 13| 1| 1] 1y
Time........ PtFs| 773 50.3| 31.1] 22.6| 18.5| 17.3 15.7| 15.0{ 15.1} 14.4

Evidence as to the generality of the components causing individual
differences in capacity in the plateau period

Since our primary objective is inference as to the psychological
nature of factors causing individual differences during the pla-
teau, we must establish the fact that there are stable components
throughout this period. This fact is established if there exists
an exceedingly high reliability coefficient of scores in this period.
Reliability coefficients and relevant constants are given for
stages of three trials and of six trials in table 2.

In view of the fact that the means and sigmas of stages (14 +
15 4+ 16) and (17 + 18 + 19) are approximately equal, these two
measures satisfy the statistical requirements of two comparable
measures of che same function. Hence the correlation between
them represents the reliability coefficient of each. Note that
for all three generations considered together the value has the
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high magnitude of .918 =+ .007 for errors, and .892 =+ .010 for
time. Due to the excessive skewness of the time scores, a fact
which weighted heavily the differences between the slow ani-
mals, the calculations were done all over again, this time using
the logarithm of the time scores according to scale A (see appen-
dix). But this transformation did not significantly change the
correlation, the value turning out to be .900 + .009. Graphic
evidence of the high correlations between the successive stages of
the plateau period is shown in table 3.

The criticisms by Leeper (6) and Spence (7) of the method of
using the correlation between trials as evidence of the reliability
of individual differences at such trials requires comment at this

TABLE 2

Reliability coefficients and other constanis of errors and of time on stages (14 + 15
4+ 16), (17 + 18 + 19), and (14 to 19) for the F, + Fs -+ F¢ population

sTaGy (14 4 15 + 18) | sraex (17 4 18 + 19) ’('I:ﬂ:ff BELIABIL~

ITY CORFF.*

16) AND (17 or
M ! 8.D. M SD. |[+18419)| (147019)
Errors.....covevuvenn.. 400{ 9.7+.5 9.3::.3 9.4k.4 8.8%.3 | .918:.007 | .957.004
Time (raw)............ 391 57.2+1.9 | 38.41.4 | 60.8:£2.1 | 42.0:1.5 | .892--.010 | .943:-.006
Time (log scale A)..... 391 6.854.18 | 3.62+.13 | 7.193-.18 | 3.65::.13 | .900::.000 | .9474-.005

* Reliability coefficients of raw errors and time for F, ¥s, Fs separately are respectively, errors: .95,
.97, .93; time: .93, .97, .92.

point. Their position is, briefly, that such correlations are too
high due to ‘“correlation of errors’” between trials. This criti-
cism harks back to Kelley’s declaration that securing the re-
lability of a test by correlation with a “retest’” gives too high a
value due to “memory transference’” (5). However aptly Kelley’s
point may apply to a single form of a mental test, it seems to the
writer that it does not apply to a specific learning function, for
the simple reason that in such a function ‘“memory transference’
is not here an error but the very ability which one actually wishes
to measure. On trials (17 4+ 18 + 19) we wish to measure the
capacity of the rat to transfer the memory of what he experienced
in trials (14 + 15 4 16). The correlation coefficient between
these periods tells the degree to which individuals consistently
differ in this capacity. There is nothing spuriously high in such



TABLE 3
Correlations belween errors (a) and between time (b) on successive stages (14 + 15 + 16) and (17 + 18 + 18) of the plateau period for
400 (errors) and 891 (tsme) Fy + Fi + F, rats

{a) Errors (b) Time (Log scale A)
-37 1 17
-35 16 1 1
-33 y |1 |s i 1 15 ERERERE
-31 sl 1] |11 14 21|41
-29) sl |11 2 1 3 3 13 11 2| 4] 2
-7 2 1] 2 8 1 12 1 33643
o HEEEEREE €u 114882 [1
T 28 IEEREBREE ;10 1] 1] 3| o| 5| of 2| 3|
® 21 2 20 8 2011 |1 + 9| REELEEEE
;.:-19 2 1 2 2 4 3 2 1] 2 1 c g 128771111
§-l7l s |23 1 |2 §7 NECEEERE
& -1 2 3 2 2 3 3 8 4| 8| oliof 1 r=90
-13 R EERERE 5 2| sl12013] 8] 2{ 1
S IR EEEEERREE r= 92 4 | 1] 722 9] 8 4
o 1 1] 3 6 7 2 |2 3| 1| ef19j13] 9| 1 1
S HBEEKEREERI 2 1[11| 6| 6| 4| |1} 1
-5 515 8 8 4 |1 11 1}1 1 .
-3 10| 24/ 17] of 1| 2 12345678 01011121314151617
oalzal il Stage (17 -+ 18 + 19)

o1 -3 -5 -7 -9-11-13-15-17-19 -21 -23 -25 -27 -29 -31 -33 -35 37
Stage (17 +4- 18 + 19)
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a statistic, for it is simply a symbolic statement of what one can
actually see in table 3. Knowing what score a rat secures in the
first stage of the plateau period, we can predict with small error
what he will secure in the second. In other words, this magni-
tude measures the consistency of individual differences over the
period, and from it we can secure the error of an individual’s
score, which in this case is small. We conclude from these high
reliability coefficients that potent systematic causes are at work
causing individual differences.

We turn now to discovering the extent to which the factors are
the same on successive trials. To answer this question, I present
the data from a group of 67 rats of the F; generation, called the
5/22/31 group as designated by the date of their first maze trial,
a group used in several of our experiments reported below. In
table 4, the raw intercorrelations between trials 14, 15, 16, 17,
18, 19 for time and for errors are presented in regular type re-
spectively above and below the upper-left-to-lower-right diagonal.

We define the reliability coefficient of a trial (in the plateau
period) as its correlation with the preceding or with the following
trial (or the average of these if both are available). We have
considered the validity of this definition above and a further
complete vindication of such a definition will appear later. So
defined, these coefficients are given in the second column and
.second row of the table. For errors, they are on trials 14 to 19:
.86, .87, .88, .87, .85, .83; for time: .94, .93, .90, .88, .88, .89.
It is evident that even for separate trials the reliability coefficients
are high, that as between trials they are approximately equal
and show little systematic change. We conclude, therefore, that
on successive plateau trials true systematic factors are of equal
and high potency in determining individual differences.

As to whether these true systematic factors or causes of individ-
ual differences on each trial are the same, or general throughout
all plateau trials, I present the following evidence:

We have stated above that i, 15, for example, is the reliability
coefficient of either trial 14 or 15. If 14 and 15 each measures
the same components and differ only in “chance” factors, then
the reliability coefficient of the sum of these scores, namely, of
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(14 4 15) is, by the theoretical Spearman-Brown formula,
2ry, 1s/(1 + 714, 15). This coefficient is by definition the correla-
tion between (14 + 15) and another theoretical score comparably
composed and equally saturated with the same common com-
ponents present in (14 + 15). Is (16 + 17) such another score?

TABLE 4
Intercorrelations between errors and between iime* of trials 14, 15, 16, 17, 18, 19
for 67 Fs (5/28/81) rats
Coefficients below diagonal are for errors, above, for time; regular type, raw;
italics, true. Left margin refers to errors; top to time;
r refers to reliability coeflicients

14 15 18 17 18 19
1} .03 .90 .88 .88 .89
8.7x.5 | 7.0.5 | 6.9 .5 | 6.8x.5 | 7.5.5| 7.3+.5
414 | 3.8£.3 | 414 | 444 | 393 | 4254
’
14 1.8 M | 3.0:.4 .94 .92 .9 .89 .89
8D 3.2+.3 1.01 1.00 1.00 .98 .98
15 .87/ M | 3.2+.4] .86 .92 .90 .90 .89
SD | 3.4%x.3 1.00 1.01 1.00 1.00 .98
16 (.88| M | 3.2x.4] .88 .87 .88 .86 .90
SD | 3.4x+.3 1.01 1.00 .99 97 1.01
17 |87} M | 3.0x.4] .85 .82 .88 .87 .87
8D | 2.9%.3 1.00 .94 1.01 .99 .99
18 |.85( M | 3.1+.4] .90 .87 .87 .86 .89
SD | 3.4x%.3 1.06 1.01 1.0t 1.00 1.01
191,83} M | 2.7%.3) .82 .82 .87 .78 .83
8D | 8.4%.3 .98 .96 1.02 .92 .99

* Log scale D used; time record for one rat not complete, hence excluded.

If so, then the experimental coefficient, 7115 as+1m, should equal
the theoretical value. Table 5 gives the actual results. The
first row gives the values to be compared in the example just
given. When 7y, 15 (column 1) is substituted in the theoretical
SB formula, the value for errors is .925 (column 3). The experi-
mental coefficient, rqwasn asvan (column 2), is 917 (column 4).
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Similar comparisons throughout the plateau period are given in
the next four rows. The standard errors of the theoretical
coefficients by Shen’s formula are for errors of the order .018,
for time .013. The experimental values thus fit closely the
theoretical value. This evidence leads to the conclusion that
any two consecutive trials measure the same factors as any ad-
jacent four consecutive trials.

We can likewise test whether any three consecutive trials
measure what all siz trials do. We do this by calculating the
theoretical correlation between (14 4 15 + 16) and another score

TABLE 5

Correspondence between theoretical coefficients (Spearman-Brown) expected if same
true factors common to all plateau trials and the actual experimental coefficients

ACTUAL VALUES
Errors Time
’n““m’mmm""%“‘: ULA EXPERIMENTAL CORFFICIENT i :
Ela| g [81s] g
el 8 |E|4] B
T, 18 T4 4 16) (18 4 17) .925/.917 +.008 .969|.958 +.011
715, 18 b 4 16) (17 4 18) .9301.925{+ .005(.958{.937|+.021
6. 17 T8 4 17) (18 4+ 19) .936/.907|-.029}.936|.931!-}-.005
717, 18 (17 4 18) (15 4 16) .925(.925 .000{.930 .937 —.007
Tis, 19 (s 4+ 19) (16 4173 9071.907] .000{.9421.931/+.011
716, 18, T4, 16, T16, 16 T4 4154 18) (17 + 18 4 19)].953].953] .000|.964;.954|+.010
717,18, T17, 10, 7119 | TQ4 + 16 4 16) (17 4 18 + 19)}.949].953) — ,004{.936/.954|— .018

equally saturated by the same systematic common factors.
We find the unit or average reliability coefficient, r, per trial
in this triplet-set of trials, and then substitute this value into the
Spearman-Brown formula, 37/(1 + 2r). This gives the theo-
retical correlation between the sum of these three trials and that
of three other such comparable trials. This value we now com-
pare with the experimental value, 715110 a7+18419, and should
expect agreement if the same factors are at work in all six trials.
The values are given in the last two rows of table 5. The
standard errors of the theoretical coefficients are of the order
.010. Here again we find striking agreement. We thus conclude
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that each of the six plateau trials is approximately equally satu-
rated with the same common factors, and that no residual or
“group’’ factors overlap on any two trials.

It follows necessarily that the intercorrelations between all
plateau trials however remote, should be unity when corrected
for attenuation. The corrected coefficients are presented in
table 4 below each of the raw coefficients. They are uniformly
approximately unity.

Our problem is to determine the nature of the stable common
factors (or factor) at work causing individual differences in these
plateau trials. In the next section, we shall briefly present evi-
dence showing that, whatever their nature psychologically, they
are definitely inherited. Following this, we shall present the
evidence bearing on the psychological nature of these factors.

Evidence as to the hereditary causation of the components deter-
mining individual differences in ability at the plateau period

The extent to which these systematic causes are hereditary
will be determined by discovering the relationship between the
individual’s score and that of his parents. If rats who are bright,
that is, who make few errors, during the plateau trials, are progeny
of bright parents, and conversely if those who make poor scores
in this period come from dull parents, then we may conclude that
the cause of such a difference is hereditary. Since the animals
studied here were subjects of the general inheritance investiga-
tion, we are in a position to investigate this matter. Table 6
presents the data on progeny of bright and of dull parents. For
each rat the total errors and total time on trials 14 to 19 were
summed. The mean (M) and standard deviation (SD) of
progeny of bright parents (B) and of dull (D) were figured for
the four generations, F, to F;. For errors and time, these values
are shown in the table. The difference between means is given
in the next to last row, and the critical ratio in the last. For
example, the mean errors of 74 offspring of dull F; parents, i.e.,
the M, of F,, is 29.4 errors; the diiference between them and the
bright is 21.3, which is 10.7 times its standard error. In the
F,, the difference was 24.5, which is 17.5 times its standard error.
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A negligible amount of overlapping of the two groups of progeny
occurs. The least overlap was in the F; where 95 per cent of the
progeny of bright parents made fewer errors than the very
brightest of the progeny of dull parents. Even these data do
not give the best case for heredity, for by the F; the course of
selective breeding for maze-brightness and maze-dullness had
not proceeded to a point of complete homozygosity in the genetic
factors determining the difference between the strains. The
facts of table 6 prove definitely that the common factors occa-

TABLE 6
Constanis for errors and for time of progeny of bright (B) and of dull (D) parenis
Jor generations Fy, Fi, Fo, and Fy and only for the plateau period
(Trials 14 + 16 + 16 + 17 + 18 + 19)

(a) ERRORS (b) T1MB (LOG 8CALE B)

Fe Fs Py r Fe s Fa Fr
Np 4 67 73 68 72 [ 3 68
Np 92 86 88 85 90 82 88 85
My 29.4:1.8 | 34.06-.2.0]33.0=1.9 [27.4-2:1.4 (15,173 ,44/15.26:.53{16.214:.45] 14.84:.43
Mp 8.1:21.0 | 12.441.8(11.2::1.2 | 2.0:=.20 | 8.36::.20( 8.30:4-.44] 0.42:.44{ 4.8.27
8D 15.5:4-1.3 | 16.7-1.4{16.04-1.3 [11.14-.85 | 3.73:.31] 4.342-.38] 3.80:.31f 3.52:-.30
SDp 9.24-.68 | 16.2::1.2{11.0:.83 | 3.74:.20 | 2.80.21] 3.97-.31| 4.203=.31] 2.44:.19
Mp-Mp 21.3::2.0 | 22.2:4.2.7|21.8212.2 (24.5::1.4 | 6.51:.53| 6.87:.69( 6.70.4-.63| 10.0:.50
Diff/SD* gisr. 10.7 8.2 9.9 17.5 12.8 10.0 11.0 20.0

* These critical ratios are approximate since conditions of random sampling do not strictly hold.

sioning individual differences during the plateau period are not
environmental but are largely nereditary.

Evidence as to the effect on performance of variation in visual,
olfactory, and tactual cues associated with choice points and
curtains

Our first experiment attempted to answer these questions:
Is efficiency in traversing the maze controlled by response to
stimuli at the choice points and at the curtains to the left and
right of these? Are individual differences in efficiency deter-
mined by the capacity to sense such stimuli and to make simple
S-R connections between such stimuli and correct response?
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For a group of 71 (5/22/31) Fs animals which had plateaued in
learning, we completely interchanged the choice points and cur-
tains. If the animals were being guided by such cues and if
individual differences hinged upon capacity to sense such stimuli
and to make specific S-R responses, then the mean performance
in the test should revert back toward chance, and the intercor-
relations between performance on the plateau and on the test
trial should go to zero.
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curtains interchanged, trial 17; 8 choice pomts mterchanged tnal 18 and trial 19,
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. Effect on mean performance. Figure 2 shows the mean error
and time curve of the 71 rats, the left ordinate referring to
errors, the right to time. Note that by the 16th trial both
functions show a plateau. Before the run on trial 17 we intro-
duced the first variation by interchanging the curtain in the
blind of each unit with its companion curtain in the opposing
true path. Before the daily run on trial 18 was made, half of the
choice points were interchanged as follows: Choice point 1 with
17, 3 with 14, 6 with 15, 8 with 12. On trial 19 others were inter-
changed as follows: 2 with 4, 5 with 7, 9 with 13, and 10 with 11.
If specific cues in these choice points controlled the rats’ behavior,
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then on these trials the animals’ performance should have been
disrupted. In figure 2, for trials 18 and 19, there appears no
disturbance of efficiency whatsoever from these stimulus changes.

Effect on individual differences. As to the intercorrelation
between plateau trial 14, 15, 16 and “test trials” 17, 18, 19, the
data on 67 rats of this group have already been presented in
table 4 above, where it was seen that the crude correlations were
exceedingly high, and that the true r’s were unity? On the
basis of our analysis of table 5, we concluded that exactly the same
true systematic causes of individual differences were at work on
trials 17, 18, 19 as on 14, 15, 16.

From the data presented in figure 2 and table 4, we conclude
that the animals are not guided by specific stimuli at the choice
points or curtain in the maze and that the causes of individual
differences cannot be assigned to the capacity to sense stimuli
presented by these features of the maze or to the capacity to
form S-R bonds between such stimuli and movement.

Eyidence as to effect on performance of complete obliteration of
visual cues throughout the whole maze

The above evidence does not rule out completely the possi-
bility of the use of visual cues other than those specifically pre-
sented by choice points and curtains. Shadows in the paths,
lights, and other fixed objects above the maze, the hardware
cloth maze-unit covers, and other visual cues from the walls
and floors might present stimuli which serve as signs of the
correct route.

Our next experiment attempted completely to obliterate such
visual stimuli. This was done in the test trials by running the
animals in darkness. Since our maze room at the time of this
experiment was located in the basement of the old Psychology

3 In calculating these #’s, four animals were dropped from the total of 71 in the
error calculation and five in the time. These animals were not excluded because
of atypicalness in their performance but because in another experiment involving
the run of this same group on trial 20, a complete record was accidentally not
secured on these animals, so that in our correlational analyses involving trials
17, 18, 19, 20 (to be presented later) these animals obviously could not be included.
They were therefore excluded from all the correlationa.
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Building (now razed), turning off the light and covering one
small window with opaque cardboard sufficed to enshroud the
maze in darkness. The rats’ progress was automatically written
on the recorder in the next room.

I have presented briefly the results of this experiment in the
previous paper (12) but did not there show the effects on time,
or in certain sections of the maze. The animals used were 46
rats from the P generation and 25 from the F;. These animals
had run 19 trials in the maze, then they were given a long rest
(during which time the P rats had run on another maze) and
then, they ran 16 relearning trials. We shall examine the results
on all 71 animals considered as one group. On trials 14, 15,
16 of the relearning series all animals ran for the first time in
darkness as above described.

If visual cues completely or partially control maze perform-
ance it would appear that such cues would be utilized by the
animal throughout the length of the maze. Shutting off the
lights would therefore cause approximately an equal loss in
efficiency in all sections of the maze. On the other hand, if the
animals are not guided in any extent by visual cues, some dis-
tracting effects of the sudden absence of light might nevertheless
still appear. The sudden change in the environmental field
would, it is reasonable to suppose, have different effects on suc-
cessive units of the maze. On entering the first section of the
maze, the rats, though not dependent in the maze run on visual
cues, would notice the absence of light. I am sure that most
experienced rat operators would agree that such a sudden new
condition would act as a distraction, at least, to some of the
animals, who would proceed in a cautious, investigatory fashion
in the first few units. As the animal continued through the maze
the effect of the dark distraction would diminish as a disturbance
and in the last section of the maze affect negligibly the maze
run. To investigate these possibilities, I have divided the maze
statistically into three sections: Section A consisting of blinds
1, 2, 3, 4, 5, 6; section B of blinds 7, 8, 9, 10; and section C of
blinds 11, 12, 13, 14, 15, 16, 17.

Effect on mean performance. The time and error learning
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curves per section are presented in figure 3. The first four trials
are presented in each graph to show the ordinal reference point
of ignorance as denoted by efficiency at the beginning of learning,
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then trials 5 to 10 are deleted as not being particularly relevant,
then the three trials, 11, 12, 13, immediately preceding the shut-
ting off of the light are given to show the plateau period, and
finally the trials with lights off, 14, 15, 16, are given.

These curves prove conclusively that removal of visual cues



382 ROBERT C. TRYON

affects errors and time only in section A consisting of the first
6 blinds. Beyond blind 6 the animals were not disturbed by
the absence of such cues. These data support the hypothesis
that sudden darkness distracts the animal on his first entering
the maze, and that such distraction disappears quickly. In the
later sections of the maze he ran with the same efficiency and
speed as in previous lighted trials, evidently being directed by
determinants of a non-visual sort.

TABLE 7

In a group of 71 (P + F;) rais, the numbers per trial who made no errors, and who
ran at high speed in sections A, B, and C during lighted and dark trials

TRIALS

SECTION CHANCE Lights on . Lights off
IENE l 4]---'11[121[13# 14[15'16

Number of rats who made zero errors

A (1-6) 1.1 11 3 {12 |11 {132 129 {31 |13 {19 128
B (7-10) 4.4 12124 |38 {43 | — |55 |52 |52 |54 |58 |54
C (11-17) .6 4121 |82 |38 | — 5 |53 |54 |48 |51 |47
Number of rats who ran at the speed of about 1.5 feet per second or better}
A (1-6) 0] 2 4 6 |—[19 {21 |24 4 |19 |26
B (7-10) 010 |17 {23 | — |40 |43 |39 |40 |52 {50
C (11-17) 1| 8 1183 |16 | — |37 |40 |33 |29 |36 |38

* Time record for one animal not secured.

t Time record for two animals not secured.

} In section A this includes in log scale E steps 1, 2, 3; in section B steps 1, 2;
in section C steps 1, 2, 3.

Effect on individual differences. Effect on most skilful per-
formers. Very significant is the fact that some of the most skilful
performers were undisturbed by the darkness even in the first
section. For these the possibility of their use of visual cues seems
completely out of question. In table 7, I present the number of
animals who showed perfect scores (zero errors), and exceedingly
fast time. These data are presented for trials 1 to 4 and 11 to 16,
and for the three sections of the maze. Thus, in the error section
of table 7, in the row marked A (1-6), the number 1 under trial 1
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means that one animal made 0 errors on trial 1. Notice in this
row that on plateau trials 11, 12, 13, the number of animals who
made perfect scores were 32, 29, and 31 respectively, but on
trials 14, 15, and 16 in the dark the number of perfect scores
dropped to 13, 19, and 28 respectively. While this drop is prob-
ably significant, the point to be made here is that even on trial 14
and in section A of the maze, 13 animals showed no loss of effictency
—in fact, ran perfectly. That this loss does not mean a lapse to
ignorance of the blinds is clear from a comparison of the number
of perfect performers on trial 14 with the number on trial 1,
namely 13 as compared to 1. Under “chance’” I have placed
the theoretical number of rats who would run the section with no
errors by chance. This chance frequency is determined as fol-
lows: since the probability of a single rat making no errors in one
unit by chance is 21, for n units it is 2-=. Hence for N rats the
number making zero errors in n units is N2-». In section A this
number, for 71 rats, is 71/64 or 1.1 rats; in section B is 71/16 or
4.4 rats, in section C is 71/128 or .6 rats. In section B (blinds
7 to 10) on day 14, 54 rats out of 71 made no errors, and in
section C, blinds 11 to 17, 48 made no errors.

Table 7 also shows the number of animals who ran at high speed.
Time in section A was read off the recording tape from the stem
of unit 1 to stem of unit 7. The true path involved traversing
20.3 feet, turning 10 corners, and operating six doors. I have
counted the animals who managed this in 15 seconds or less, that
- is, those who ran about 1.5 feet in a second or less. Thus, in
trial 1, the table shows that none satisfied this criterion, but on
trial 13, 24 made this speed. On the first dark trial only 4 made
this speed but on the next trial 19 returned to high speed. In
section B, time was taken from stem of unit 7 to stem of 11, the
true path involving traversing 14.3 feet, turning 8 corners and
operating 4 doors. I have here counted the rats who managed
this in 10 seconds or less, that is, those who ran about 1.5 feet in a
second or less. Note that on the average about 40 out of 71
could do this in the three lighted plateau trials. Forty kept this
speed on the first dark trial, and 52 on the second trial, trial 15.
In section C, time was taken from stem of unit 11 to unit 17, the



384 ROBERT C. TRYON

true path here involving traversing 22.5 feet, turning 12 corners
and operating 7 doors. As in section A, I have counted those
who managed this in 15 seconds or less, that is, those who made
1.5 feet in a second or less. On the average about 35 did this in
the plateau period and that number was not markedly changed
when the lights were turned off. Except for a short section at
the beginning of the maze, the evidence from table 7 shows that
about half the animals ran at high speed when the lights were
turned off, being unaffected by this change. For these brighter
animals who ran perfectly and with high speed when visual cues
were withdrawn, visual acuity or visual sign-learning played no
role in their performance.

Correlation between trials with visual cues present and trials with
visual cues absent. If highly reliable differences in performance
occur in the dark and correlate unity with performance in the
lighted maze, we would conclude that individual differences in
the normally lighted maze in the plateau period are not due to
visual components. The correlation plots showing the relation
between total score in the lighted period (trials 11 + 12 + 13)
and in the dark period (trials 14 + 15 + 16) are given in table 8.
The error plot (a) gives a raw r of .895, the time plot (b), .876.
Though these coefficients are not unity, they do indicate a high
community of function between fallible performance in the two
periods. Does the departure from perfect correlation mean that
in the light vs. the dark trials different specific behavior com-
ponents operate which are elicited by differences in the external
stimulus matrices? Not necessarily; it may indicate merely that
each measure is somewhat ‘“‘unreliable.”” By correcting for
attenuation, we may solve this problem. To do this, we need
data on the internal consistency of each period.
~ Table 9 presents the constants of and intercorrelations between
the trials in each stage. In section (a) of this table are given
the means and standard deviations of each trial, in (b), the corre-
lation between trials. Note that between trials of the lighted
stage, where no stimulus changes were introduced, the coefficients
are not unity, indicating that some unreliability is present. What
we need for correction for attenuation is the reliability coefficient



TABLE 8

Correlations between errors (a) and between time (b) on lighted trials (11 + 18 + 18) and dark triale (14 + 15 + 16) for
71 (P + F) rals

Trials 11 + 12 + 13 (Lights on)

(a) Errors

-29

-2

-26

-23

-21

-19

-17

~15)

-13

-11

-9

895

~7

-5
-3

2

2

2

3

2
4 1
1
3

0-1

10

11

2

2 1

0-1-3 -§ -7 -9 -11-13-15-17 -190-21 23 -25 -27-29

Trials 14 <+ 15 4 16 (Light off)

Trials 11 4 12 + 13 (Lights on)

-49
-45
-41

(b) Time: log scale D

-37

-33

-29

-25
-21
-17

4 3l r = 878

-13

-9
2-5

1
1] 9 2
1 2| 6

1 2

2-5 -9 -13 ~17-21 -25--20-33 -37 41 4549
Trials 14 + 15 + 168 (Light off)
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of each period or stage totaling three trials each. To secure this
value, we find the reliability coefficient of a single trial in each
stage, substitute in the Spearman-Brown formula, setting n equal
to 3. On an earlier page, we have shown that this procedure is
valid. Thus, the single trial reliability for errors in the lighted
stage is .805, this being the mean of the three intercorrelations
between single trials in the lighted period, namely, of .871, .707,
.839. Substituting this value in the Spearman-Brown formula
gives .925, the reliability coefficient of the lighted stage. Cal-
culated in similar fashion, the reliability coefficient of the dark
stage of three trials is .957. As these coefficients are not unity,
it should be apparent that the raw coefficient between the lighted
and dark stages could not be unity. The raw coefficient, .895,
when corrected for attenuation turns out to be .988. In table 9
the estimated reliabilities and true ’s are given in sub-tables (c)
and (d) respectively. For time the true r is .928. From these
values, we conclude that the factors determining individual dif-
ferences in performance as measured by errors are in no sensible
degree visual components. Some slight specific factor generated
by the sudden removal of visual cues affects speed of running.
Whether speed of running is to this slight degree controlled by
specific visual cues, or whether a new but relatively unimportant
factor of distraction appears in the dark period by the sudden
stimulus change is not determined by these data.

Evidence as to the effect on performance of variation in the serial
order of kinesthetic cues

There remains the possibiﬁty that the rat may be guided in his
correct choice of paths in the maze by the specific pattern of his
movements made before such choices. The muscle movements
involved in the correct right turn of the first unit may provide
the stimuli determining the correct left turn in the second, this
latter movement providing proprioceptive stimuli eliciting the
right turn in the third, and so on. On this theory, the bright
rat may possess the most superior proprioceptive acuity, or he may
possess the most superior capacity for proprioceptive sign-learn-
ing, or he may be the most superior in both regards. Such abili-
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ties as these, in so far as they determine individual differences
in performance, we may term proprioceptive sensory components.

TABLE 9

Constanis of and intercorrelations between errors and time* on lighted trials 11, 12,
18 and dark trials 14, 15, ‘16 for 71 (P 4 F,) rats
(a) Means and standard deviations

LIGHTED TRIALS DARK TRIALS
1n 12 13 1 15 16

Errors

M........... 20x.83 ! 21£.8 { 2.0%.3 | 2.94+.3 | 2.3+.3 | 2.3%.3

SD.......... 2.5+.2 ) 2.5:.2 | 2.4+.2 | 2.6:.2 | 2.5£.2 | 2.54.2
Time

M........... 6.54.4 | 6,434 | 6.2 4 | 78L.4 | 6.2+.4 | 5.7k.4

SD.......... 3.54-.3 | 3.7+.3 | 8.5.3 | 3.2&.3 | 8.4.3 | 3.4%.3

(b) Correlation between trials
12,12 11,18 112, 13 7i4, 18 i, 18 i 1
Errors......... .8714:.028] 707 .059) .839: . 035/ . 7361 . 054} . 688 . 062). 7423 .053
Time.......... .9174-.018(.856-4.031|.873+.028].816 .039|.762: . 049.894:4-.023
(¢) Reliability coefficients
ERRORS TIMD

Stage (11 4 12 + 13):

Single trial..............c.ccviiianat .805 .882

Three trials..........cooovvvviiinien, .925 .957
Stage (14 + 15 + 16):

Single trial................cooioiial 722 .824

Three trials............ccovviivininnne. .886 .933

(d) Intercorrelations between stage (11 + 12 4 13) and stage (14 4 15 4- 16)

BAW TRUB
B34 £33 - T .895 .988
5 1T P .878 .928

* Log scale D used.

Our next experiment constitutes a test of the existence of these
components in our maze ability. Clearly, if they operate as the
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exclusive determiners of maze efficiency, then any experimental
disruption of proprioceptive cues during the plateau period of
learning should completely disrupt performance and return all
animals to ignorance of the maze pattern. Proprioceptive dis-
turbance was effected on the 20th trial by the simple expedient of
short-cutting the animals through an initial part of the maze.
This was accomplished by deleting units 3, 4, and 5 (see fig. 1).
The rats thus ran directly from the true path of unit 2 into the
blind of unit 6 and from there on into unit 7 and the rest of the
maze. Mechanically this was effected by the removal of the
corner which originally turned the rat unto unit 3 and of the end
- block of blind 6, and by substitution of a straight piece of alley
in the gap. This straight alley was part of the straight path of
the deleted section connecting the true path of unit 4 with the
stem of unit 5, and thus was adequately “smelled-up.” The
curtains were left as usual in units 2 and 6, and the door in the
stem of unit 6 was wired up to prevent the animal from getting
back through into the deleted section.

Were the animals guided by the proprioceptive stimuli occa-
sioned by the maze pattern, they should be completely at sea in
the maze beyond the short-cut. This will be clear from a study
of the turns in the maze. The correct turns at the 17 successive
choice points are as follows:

RL(RLLR)RLRLRLRRRLL. In parentheses are the choices
removed by the deleted section. The first choice point beyond
the short-cut is in unit 7 where the correct turn is R. If the rats
have learned the maze as a sequence of the correct turns, then in
unit 7 they would make an R turn appropriate to unit 3 and here
make no error since R is also correct in unit 7; in unit 8 the L turn
appropriate to unit 4 would give no error; but in unit 9 the L turn
appropriate to unit 5 would send them into the blind. Note in
the above series that R for unit 9 has been italicized, meaning by
this that the rat would go counter to the R turn here and thus
make an error if he persisted in a kinesthetic sequence appropriate
to the deleted series. As the italics show, errors would also occur
in units 10, 14, and 17, making a total of four errors on the short-
cut trial. It is possible that the kinesthetic sequence is even
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more refined, bringing in corners as well as choice points. This
full sequence is as follows:

RRL(RRLLLR)LRRLLRLLLERRLLRLRRRLLLL. If this
full pattern were persisted in after the short-cut, errors would be
made at choice points in units 10, 11, 12, 13, 15, 16, and 17, a
total of seven errors on the short-cut trial.

Seventy-six rats of the F; generation, group 3/18/31, were sub-
jects in this experiment. They were given 19 trials, one trial a
day, with the full pattern maze. On the evening of the 19th day,
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the maze was arranged for the short-cut. No other features were
altered other than those above mentioned. On the 20th day,
they were run on the regular time schedule.

Effect on mean performance. The performance is analysed for
section B (blinds 7-10) and section C (blinds 11-17). The error
and time learning curves for these two sections are shown in
figure 4. Mean errors and mean time are shown for the first four
trials and trials 17, 18, and 19. The curves show that the rats
had plateaued in efficiency on these last trials on the full pattern
maze. On the 20th short-cut trial when the kinesthetic sequence
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was altered, there the curves show no significant loss of efficiency.
Even in section B, just following the short-cut, time did not
increase and errors show a negligible increase; in section C no loss
in time or errors appears. Errors did not increase to chance, or
to initial errors,* or to the magnitudes of 4 or 7 errors expected if
kinesthetic sequences appropriate to the deleted sections were
persisted in. We conclude, therefore, that the rats knew precisely
where they were in the maze after the short-cut, and that this
knowledge was not elicited by the specific sequence of muscular
movements made in the traversing of the maze.

Effect on individual differences. Effect on the most skilful per-
formers. As in the previous experiment, we are especially inter-
ested in those rats who, before the test trial, ran perfectly and at
high speed. What effect does the disruption of the kinesthetic
sequence haveupon them. Table 10 gives